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DECLARATION OF DONALD W WALLACE:>

2

,

I, Donald W. Wallace, declare as follows:
.

1. I am a 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 I Fire Station of the Los Angeles -
Fire Department. (The NFPA is the National Fire' Protection Association).- ;

3. I was appointed a' Los Angel es City firefighter in 1964; appointed'
-

Captain I in 1979; and Captain II in 198:1, 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),
Unit ed Firefighters of 'Los Angeles City.

-

'

5. My' fire station was identified by the Rocketdyne Division of.Rockwell
International in its Radiological 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 planned 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 this involvement, and. because of item

| - 5 above, I am familiar with issues associated with the TRUMP-S project that-
has now been moved to the -University of Missouri. -'

7. The view presented here are my own alone and do not' necessarily
represent those of the Ios Angeles Fire Department--nor of any other-

organization with which I may be associated.

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 "TPUMP-S" project at its
MURR facilities. My review has included relevant sections of the following,_

'

- doeurtents:

University of Missouri application 'for license amendment for TRUMF-S-

Declaration of Henry Ottinger of 14 October 1990 -
Affidavit of Ertran Call of 24 October 1990 '

.

,

L Affidavit of Walter A. Meyer, Jr. of 29 October 1990-
i- Declaration of TRUMP-S Review Panel,15 October 1990

Emergency -plan for the University of Missouri Research Reactor,.- r

..
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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 !
i

i

9. The University's- Affidavits of 24 October and 14' November make a number
1

of claims, including: (1) that the emergency plan and associated facility: |emergency procedures prepared for the Missouri University research reactor -

prior to TRUMP-S even being aantemplated are adequate ~for dealing with any- '

potential TRUMP-S accident,' including a serious fire, -(2) that planning in -)
~

advance how to fight a fire that could involve _ transuranic radioactive-
i

'

materials is 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 r.esistant . -

materials" with virtually no combustible or flammable materials 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 seri,ous fire would git at ~ risk at .3
most a small fraction of the TRUMP-S radioactive _-inventory, (7) that the '

local fire department would fight a fire-in _which radioactive 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
emergency planning and procedures. And lastly, I have been asked regarding .

my knowledge of reference works or guidelines which describe proper
emergency planning for radiological emergencies involving fire..

J1. In my opinion, the various plans can be summarized'in two words:
inadequate and confusing. The Emergency Plan for the Research Reactor is - =,

standardized bureaucratic "newspak." 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 that it is-devoid of
specific content and provides no direction for how to_ respond to a- fire.

12. The Facility Emergency Procedures -("FEPs") in general are somewhat
better and a more complete " emergency plan" than is the misnamed document .
referenced above. But they too are quite inadequate.'

13. "FEP-3, Fire Procedure," and "FEP-3a, Control Room Response to -Alpha
Laboratory Fire" are each a mere one page and do not provide:the necessary *

prefire planning anc procedures that are necessitated in advance planning-
for f. ires at facilities handling radioactive materials.'

2
.
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14. Both fail to require that the first 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 MUFIR are all competent adults there is no reason to encourage or
require that precious moments be lost while they go through channels to
report a fire. There is every reason to train all staff in the proper way
to report a fire or other emergency directly to the Fire Department.

15. FEP-3, items 8 and 9, are not specific as to the potential for fires
whien 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. I 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 to me
by two of our Hazardous Materials Scuad Commanders, is to TOT fight fir 3 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 radioactive 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 errergency personnel operating in areas where
radiation exposure is a danger must b_e fully trained and provided
with suitable protect,ive, clothing.

!

NFPA Manual,16th edition, p. F-9, attached, emphasis added

| 16. The materials presented to date do not demonstrate that the Columbia
Fire Department has the equipnent and training specified in the NFPA Manual

i 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.

17 In short, most fire departments are not equipped to fight fires in
facilities with severe radiation hazards. The elements of the MUPR plan
which describe technicians with radiation monitoring devices accompanying
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 fitefighting will take place if the
MFC is detected. I expect that downwind evacuation would be the incident
Comrrender's operational goal if ANY airborne radioactivity were present.

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

3
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19. The separation of the emergency plan into on-site (FEP) and off-site
(SEP) elements is poorly planned and unnecessarily complicated. The
Colurbia Fire Department is the primary agency with responsibility for both
fire and energency medical incidents whether those incidents involve
radioactive materials or not. There are no instructions for notification ofthe Fire Departrent in any FEP but #3. The "EFergency Class" and " Action
Levels" in the Energency Plan are inadequate for effective Fire Department
response. The Fire Department should be cal, led on EVERY fire and on most
emergeng raithcal incidents beyond simple first aid needs. The lack of
recognition in the planning documents of these needs discloses a plan for
disaster rather than a disaster plan.

20. As previously noted, the discussion of the role of the Columbia Fire
Department fails to mention the possibility that radiological assessment of
the area may reveal radioactive contamination above the limits any sensible
Incident Commander would order his crews to approach. This planning failure
is evident throughout the documents I reviewed.

21. The discussion of the design features of the Alpha Lab leave me with
several questions f rom a firefighting point of view?

a. What is the " fire load" in the lab and FUER basement? In other
worcs, What is combustible? What is the size and distribution of
combustibles? What are the fire and smoke characteristics of the
combustibles?

b. Does the lab and MUFR basement have fire sprinklers or other
automatic fire suppression equipment? An automatic sprinkler system
is required by the Los Angeles Building code for all basements in
commercial or industrial properties in los Angeles. The NFPA
standard for facilities handling radioactive materials also mandates
them. I see no mention of a sprinkler system for the Lab and
Mbu basement in any of the documents I reviewed. The provision of
various typs of fire extinguishers is prudent' but certainly not an
adequate substitute for automatic sprinklers. I saw no mention that
Lab personnel have been trained in the selection and proper use of
fire extinguishers. I saw no mention of extinguishers designed for
Class A fires (ordinary combustibles),

What are the avenues of toxic or radioactive smoke spread duringc.
a fire?- The description of the location and construction features of
the Lab would have one believe that a below grcde concrete box with
three openings is an ideal containment area for fi;e and smoke,
Quite the contrary, basement fires are among the nost dangerour and
difficult fires known. Extremely high temperatures ineffident
combustion and consecuent dense smoke with hich leves of carbon

_

nonoxide rising through the only access points are hallmarks o_f_
basement fires. Both the emergency plan and Mr. Meyer's affidavit
reveal a very poor understanding of necessary fire related design
features and appliances for basement laboratories. The description
of the rubber gasketed doors and the various windows are offered as
safety features. The windows and rubber gaskets would be very likely
to fail under fire conditions where the temperature would easily3

exceed 2000 degrees F, perhaps reaching 3000.

A



- - . . _ .- .

*
. ,.,

*i .

The need to confine and control the spread of potentially radioactive
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 systers 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 III system? Was it
designed for occupant use or Fire Department use? Is it properly
sized and equipped for the fire load in the Lab and basement? Is
there an adequate water supply from nearby hydrants or other sources
to supply the dry system?

,

e. 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
never a discussion of what the MURR response team and the Fire
Department are to'do if this vaunted capability shows a positive and
dangerous radioactive 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 careful 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.

22. 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. In 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 fire gases will find an' avenue of escape. Under
normal fire conditions the gases in a room will increase by three times ori

! 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. Furthermore, 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 Fire Department
has chosen to not fight the fire.)

5
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23. A basic misunderstanding of Fire Department ventilation practices is i

also evident in the university documents I reviewed. We ventilate to allow
the heat to dissipate so 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 cannot 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 f acility, and either pull 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, those at the top of the main steps to the ba;sement. As smoke
is expelled and temperatures decline, firefighters could slowly advance
toward the seat of the fire.

25. 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 chdices: let the fire burn
'

itself out, which could take many hours and would result in the smoke from
the fire (and potentially radioactivity) pouring out of the building from
all the penetrations it can find, primarily at ground level; or providing
forced ventilation f rom 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 MLEUPs application for a NRC license and
should be studied prior to a decision. The most pertinent chapters are:
Smoke Movement in Buildings; and Nuclear Reactors, Radiation Machines, and
Facilities Handling Radioactive 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

6
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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 is assertedly no different than what local fire
departments do routinely anyway. Mr. Meyer goes so far as to say:

Intervenors seem to be concerned that there is no explicit
procedure spelling out exactly how a fire involving. radioactive
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, radiatica machines, and in
other facilities handling radioactive 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 public fire 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,16th edition,- p. F-9, enphasis added

The importance of automatic sprinkler systems is also made clear in the
Handbook, as is the necessity of preparation for the collection 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
radiation machines, and facilities handling radioactive materials.'

Sprinklers can operate with full effectiveness under radiation or
contamination conditions that would make approach by fire fighters

; impossible.
:

I In spaces where water used ir, fire fighting would be subject to
possible contamination, the collection and disposcal of this water
must ce provided for in the local facilities; this means the
facilities should have water-proofed floors and controlled floor

,

drainag?. Substantial 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 =

7 .
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Materials." I have attached NFPA-801, with certain passages emphasized.
For example,

Automatic sprinkler protection provides the best means for
controlling fires involving combustible occupancies and should be i

provided unless it can be shown that their operation will !
definitely create a situation more hazardous than that brought about 1
by uncontrolled fire. i,

And note that NFPA-801 recommends that buildings in which radioactive !
materials are to be used should "be of single-story height without !
basements or other be: low-grade spaces." J

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

Furthermore, NFpA-801 makes clear that construction in such facilities
should be 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
load.

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

Additionally, a natural gas 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,
it 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." In
reality, the Alpha Lab is itself composed of a large quantity of highly
combustible material, enclosed in a concrete oven that would substantially

8
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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 radioactive
materials makes the hazard extraordinary.

I ncte that the minutes of the February 14, 1990 Isotope Use
Subcommittee state: " Smoke alarms for the rest of (MURR) besides the alpha
lab) would be desirable, but are not affordable right now." Coupled with
the lack of automatic sprinkler systems for the basementi 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 closure 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.

Conclusion.

It is my conclucion, based upon my review, that: .

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

b. Such 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 construction of this
laboratory in a basement is a major fire hazard and violater ocrong
recommendations by the National Fire Protection Associatiot. 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 control of the fire,

e. 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 2003

0to 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 radioactive materials labs in
~asements. (NFPA-801)

9
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f. In such a basement fire, the entire basement will fill with intense
smoke; pressures at least three times nornal will result from the heat; and
smoke will 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.

9 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 situation,

b. The MURR Reactor Emergency Plan is inadequate for protecting
against incidents involving the TRUMP-S project. 1

1. A fire at MURR involving the TRUMP-S 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 credible for this facility,
one should look at the high end of experimental data on release f ractions in
fire, because a basement fire in this situation could be long-lasting, high
in intensity, and ir.volve violent air currents.

|

|
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I declare under penalty of perjury that the foregoing
is true and correct.
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Donald Wallace

this 24th da
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dated
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NATIONAL FIRE PROTECTION ASSOCI ATION'

.

MANUAL, 16th : Ed.'
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)
NUCLEAR FACILITIES 10 125 I
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lly engaged in radiation work should not be sublected to severe radioactive contamination from the accidental es.
unreasonable radiation levels; also a person outside the cape of radiactive substances. <

'

installation should not be sublocted to excessive radiation Radiologicc! contamination may not stay in one :

level exposure through contact with radioactive weste or aree-It can sif t through openings or ventilating systems in
'

by other means. Alt should be monitored continuously for the form of dust or vapor, and spread the radioactive ;

the presence of radiation from Axed sources or from material throughout a structure. Careless movement of 5

airborne radioactive matter. in emergencies, slarms should persons through a contaminated ares could also spread j
sound, and radiation levels be recorded by available ccm. contamination to en uncontaminated area.

Once a surface has become contaminated, a decision : |
mercial instruments. must be made es to how the particular contaminating !

Fire Department Radiation Exposures material is to be removed, if this is possible. Vacuum ,'
Emergency exposures are usually allowed to exceed clesning can sometimes be used to remove radioactive

these tolerable to persons who work continuously with dust from building surf aces. !! vacuum cleaning is used, ..

however, absolute Alters must be used on the exhaust. !radioactive materials. in an emergency case, such as a
Ho:Ing with water can be used on some surfaces. Cleaning :necessary rescue operation,it is considered acceptable for

the exposure to be reised, within limits, for single doses. with soep and detergents is often a hand operation which !

The National Council on Radiation Protection and Mea. must be carried out with continuous checks on the amount
surement has recommended that in a life saving action. of exposure that may be tolerated by the persons doing the

such as search for and removal of injured persons or for cleaning. Sand or vacuum blasting can be used on some .

entry to prevent conditions that would injure or kill surfaces and paint may cover alpha enntamination. |

numerous persons, the planned dose to the whole body .

i

should not exceed 100 rems. During less stressful circum. P} ant Fire Protection Organization
stancu, where it is still desirable to enter a hatardous aree in properties where atomic energy is a factor, an in
to protect f acilities, eliminate further escape of efiluents, or plant fire protection force la recommended. In nuclear ,

control Ares,it is recommended that the planned dose to reactors and many other such plants,24 hr/ day routinea '

the whole body should not exceed 25 rems. These rules must be maintained for handling Rres and emergencies,
i

may be applied to the Are Aghter for a single emergency:
further exposure la not recommended. Internal radiation * Plan for Handling Fires

-

!

exposure may be guarded against by adequate respirstory
equipment, in plants involving a nuclear reactor, radiation ma. .

?

| External exposure at the time of a single Are emer. chines, and in other facilities handling radioactive mate.

gency can be judged by the use of commercial radiation rials, the problems affecting decisions on how but to deal
survey meters which measure radiation in toentgens or by with a Ste or other emergency are not those types of
counted disintegration rates, or by the close observation of . problems that can be sqlved by simply calling the public .

!

i the dostmeter indicators carried by Individuals Pocket f fire department. As many decisions as possible must be'

sized dose rate alarms, which can be carried on the person, made with respect to the types of fire or emergency to be
'

.i

are also available. These give an audible algnal dependent expected -and these decisions must be made well in
upon the redtation intensity. Film badges do nut provide advance. The particular fire oghting and personnel safety
immediato information. measures to be taken may involve shutting down or.

A rescue procedure which would combine external leolating parts of the plant or individual equipment items.
and intamal radiation exposure is usually not attempted. The areas where special procedures are necessary must be
Selfeontained breathing apparatus should be used when identined and the procedures fur these speclei areas thor.
Instruments Indicate the presence of any altborne radia. oughly understood by all plant / facility personnel,
tion. Fire / emergency arrangements include provisions for

prompt notlacation of the public Are department, usually '
FIRE PROTECTION hrough a pubite Are alarm signal box. However, the plant l

'
Are protection de artment must preplan Are fighting oper.
stlons with the focal Ilre department so that the local

-

As noted previously, substances and operations in*-

j volving radioactive substance? or devices presenting redl* department will be properly coordinated with the plant's
atton hatards have the ume Are and explos!on features as own emergency plans. Emergency planning should in.
thou of similar materials and operations without radiation clude measures to prevent the reed of contamiastion

,

hazards. The ins: caused by fire, explosion, and accidont is and to promptly decontaminate t e area in case of accl.
affected by the presence of radiation or of redloactive dental release of radioactive substances. .

substances in th following ways: Fire Bghters and other emergency ersonnel operatin -

in areas where radiation exposure is a fanger must be full fi!1. Possible Interference with manual Bre Aghting due to
the presence of harmful radiation or poulble critical, trained and provided with suitable protective clothing. - i

Ity of radiation levels, Respiratory protective equipment is a must, and compe.
2. Poutble increaud delay in salvage and in normal tent redlological advisors, equipped with instruments for

'

>

resumption of operations due to the necessity of de, measuring area and local exposure, are necessary to guide
contamination of buildings, equipment, of materials, emergency personnel. Dosimeters or other Instruments for

recording each Individual's accumulated radiation exp'o.
Contamination of Property sure are helpful.

A nuclear reactor site must have e generous water
Entire buildings, land, and important equipment can supply to facilitate fire control and decontamination oper. !

'

be rendered unusable for long periods of time because of attons. Facilltles must also be prearranged for safe disposal

IllTERVENORS EXHIBIT 21, ATTACHMENT 1
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or storege of water that may be contaminated. The use of K

flammable oils, plastics, foam insulations, and other me. 9/ noncombustible materials for reactor buildings and equip.
ment will help to avoir? complications of are har.ards. For terials that generally require copious quantitles of water 3
example, all Anish matnials used for decorative, acousti. for are extinguishment. Where such mixed hazards exist,
cal, or insulation purposes should both be noncombustible It is imperative that carnful consideration be given to the 4

i
j and easy to decontaminate. poteollais for a failure in one system to cause a failure in

The hatard of a reactor structure exposing olhar bulld. the Incompatible system. In such cases, either protection
Ings to radiation is prevented by appropetste distance systems must be provided that can ensure the extl9gvish.

ment of Bre in either system before !! can cause a ruptureseparation or Are barriers. To prevent exposure to the
reactor, it is always appropriate to separate shops and of the other system. or a single protection system (such as
service spaces from the reactor equipment and structure inerting) must be developed that is adequate for either
itself. Wiring ducts in doors introduce an orportunity for batard The dimcuttles inherent in such problems warrant
the spread of are or nf contaminated liquid or gas from one the most thorough hazards analy:Is at the entliest design

stages,
space to another. Good duct seals separate one space from
another. Subanembly er other operations in the prepara,
tion of fuel elaments for reactors is carried on in work 3|bjjography
areas separated from the reactor in such a way that 6te
cannot reach the reactor space, NFPA Coda,

gS , gg, g,g,,, Standards, Recomewnded Practices and Manuals.3773 g,j, ,,g gf,,j,fg, c,f,f,, g,, ,,,gg,
Equipment for Fightm, g Fires ability of current editions of the followleg documenta.1

,

Automatic sprinkler systems or specially designed
piped water spray systems are the Arst choice for Are protoc.

NFPA 10, Standard for Pcrtable Fire Estlegulshers.

tion in any location where hres may occur In nuclear reactor
NFPA se, Stonderd for the Storage, Handling and Processing of

3,fn$rd on Automolle fire Detectors.plant.s, properties housing radiation machines, and facilities gypg
handling radioactive materials. Sprinkjer can operate with NFPA 220 Standard on Types of Building Construction,
full effectiveness under radiation or contamination condl, NFPA 255, Standard Method of Test of Surface Buming Choroc.
tions that would make approach by Are aghters impoasible. teristics of Building Materials.

in spaces where water used in Are Aghting would be NTPA 239. Standard Test Method for Potential Heat of Building
Matertals.> subiect to possible contamination, the collection and dls.

NFPA 44t. Stonderd for the Production, Pmeessing. Handlingposal of this watar must be provided for In the local and Storogu of Titonium.facilltles:
thla means the facilities should have water.

( proofed Goors and controlled Door drainage. Substantial NFPA 482. Standard for the Production. Processing. Handling
"'"

capacity of such dralnese systems would be required tf NFPA a , ecor en d Flre rotection Pmedce for FacilHin
hose streams and manual Are fighting were necessary. Dy Ilondling Radioocave Materials.
contrast, sprinklers et a specially designed spray system NFPA 802, Recommended Fire Protection Practice for Nucl"r
would requi:e relatively modest amounts of water for Are Hewatch Reactore.

NFPA 603, Standard for Fire Protection for Ught Water NuclearBghting.
Power Planttif a hre occurs in a contalnment vessel during con,

struction, the dlMcultles of access and visability warrant Additional Readings
the provision of temporary Axed automatic extingulsh|ng
systems when combustibles cannot be ef'ectively can, UL 566, Test Perforrnonce of High E6letency Particulote. Air
trolled. Temporary interior hose stations and an ample
supply of portable extinguishing equipment should be ;{ltre Units, Underwevers Laboratortu inc., Northbrook,

F

within easy reach in all portions of the vessel. Decause of ASTM Elsa, Standard Test Method for Behavior of Materialin a
the smoke connnament potential. oaly very fast manual Nicol Tube Furnace et 730*C. Arnertcan Society tot

Teettna and Materials. Philadelphte, PA.response may be effective, hence the evallable manual Bre
hghting equipment should be in excess of normal con, IEEE 383. Standardfor Type Test of Class lE Electric Cables. Fleid

Sphces and Connections for Nucleor Power Generatingstruction practice to insure the earllest response.
Stoflons, insutute et Electrical and Electronic Er ginetts,
New York. NY.

IficomEatible Materials NCRP 30, Safe Handling of Radiocetive MetarioleN85 Handbook
$Careful design analysis is required to reduce the Are 02, The National Council on Radiation Protection and

protection problems inherent in the use of materials that
Measurement,1964.

are incompatible in Are situations, As an example, the NCRP 34. Protection Against Neutron Radfollon. The National
Council on Radiation Protection and Measurement,1971.contemplated use of liquid metal as a reactor

coolanVmoderator requires special extinguishing systems NCRP 39. Bosic Rodlotton Protection Cruerto.The National Coun.
cli on Radiation Protection and Measurement.1971.

not compatible with water: in fact, the EossibilltY of a #" *I *' 3 ""d ' N'8"I ' 'Y """I"I" ** Iwatet. liquid metal reaction may justify the exclusion of Federal Regula'tions."Part 20. Chapter t. Tltte '10. U.S.
water systems from the ares, if such a dec!ston is made. Government Printing Office. Washington, DC.
however, it imposes severe limitations on the presence of Nuclear Solety, (bimonthly) U.S. Covemment Printing OfMce,

Washington, DC.

,
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j Recommended Fire Protection Practice for u

Facilitle Handling Radioactive Materials fj

2

$1986 Edition
h

This edidon of NFi'A 801, Recommended fire Prattelion Practier for Facilities
p;

the Technical Commhter on "3Handling Radioactite Malerials, was prepared by
Atomic Energy, and acted on by the National Fire Protection Auociation. Inc. at its

- Fall Meeting held November 18 20,1985 in Baltimore. Maryland, it was luued by the
"

Standards Council on December 10, 1985, with an effective date of December 30.
1965, and superudes all previous editions.

The 1986 edhlon of thlt document has been approved by the American National $-,

j
Siandards Institute,

f,Origin and Development of NFPA 801 A
t

The Committee on Atomic Energy was organlied in 1953 for the purpose of pro, b
viding the Orc p.otection speciallat with certain fundamental information about'

radioactive materish and their handling, and to provide designers and operators of f)
s;

such laborsiories with some guidance on practlees necessary for Gre safety. The nest
edition of NFPA 801, whose coverage was limited to laboratories handling radioactive

;
_ *

1
materich, was adopted at the 1955 NFP A Annual Meeting.

In 1970 the format was reviwd, and it van updated to reneet current thinking and {
practices. It was aho expanded to apply to stilocations, exclusive of nuclear reactors,

j
+

where radioxtive materials are stored, handled, or used,
fThe 1975 edition was a reconfirmation of the 1970' edition with editorial changes.
IThe 1980 edition included a clarined itstement regarding the presence of and icich

,

of radiation: csutionary statementi about the suumption of risks by the fire officer
y
f

and the importance of training In the handling of radioactive materials by fire depart.
ment personnel: a clarification concerning the variations of the intenalty of a radiatinn F
neld: and a restyling of the document to conform with the NFI'A Manual of Style. ,) .t

The 19R5 edition revius and updates previous material for clarification in recogni,
dnn of technology and terminology changes,

p
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dividual respotnible for " approving" equipment, an in. |
NFPA Sol 1 ,

stalladon or a procedure.
iNott.: The phnw tha,ir, baang pridanian* h niin

Itecommended Fire Protection Practice for Nrra 4.n ii. a 6r d m n ,, pros.n n. and a . .

L
Pn"*I' *t"'r** n'Y 18 de A"r N'Ponubdan Whne g w

Facilities Handlinw Radioactive MateriaIS anter, a pnmary, the authonry havu.g brud.nen* may be a*

Interst, mate. nant er esbre regwi6al acparuwwns or indmdualD

e a.a u M .nn m e c w w a w ennuwn
1966 Edition burros. Laher drpartanni. heshh chaparumens. buildaag omenf.

9 einemrti inspeist, or ahts having masu authoruy. For in-

talarmation ce referenced pubt'.cataeus can be taund la Chapter 7.
,,"," ' [hr' "

, , ,
pri.u n. i. -., <m unn, u .

ava.ri,, har,n, has drugsated agma asumes the reie of the C
-

'propreep owner er

nihar=, hay.nm.r=d.n>=a's u swmmem to.unat.ons. ihe
1 p

- } Chapter 1 Introduction
omwwr hmas br=tict6a.r.ea .mm.i -, be ~ au.

.r 4,

,

1
.

1 1 Scope. This test deals with practices aimed .Cosaboscible, A material which does not comply 3
reducmg the rkki of Gres and erplosions at facilides han. wuh the definition o either noncombustible or hmited i.
dling radioactive materials and also with certain methods combusdble.- a
for mimmtung persoc.nel haaards and propert damage

radioactive contaminadon resuldog from tre or es. I. ire Prevention, Measures directed towards
p osion. The recommendations are applicable to all loca- avoidmg the incepdon of fire,.

tions, exclusive of nuclear rescarch of power reacton,
where radioactive materiah may be stored, handled or Fire Prosection. Methods of providing for fire con.
used, including hoepitab, laboratories, and industnal trol or fire extinguishment.
properties.

I.abeled. Equipment of materiah to which has been
12 Purpose. The nature of radioactive materlab is

~

anached ,a label, symbol or other identifymg mark of ansuch that their involvement in Gres or explosions can act
0.rgarutauon acevptable to the authonty har,m jurisdje.

to impede the efficiency of fire fighting personnel, thus tion" and concerned with product evaluation, t at mayn-
1esultmg in increased potential for damage by radioactive tain8 Periodic ins and by whose labeh,of labeled equip-

ion of production ;

- "f contammation, ng the manufac.
.

ment or matena *

Thb, text is prepared to provide an outh.ne for the fire turer indicates compliance with appropriate standards or
rotecuan specialut, mcluding fire :ervice penannel, of performance in a specified manner. i

>

;
<. une mformanon conurmng radiauon protection !methods, and provides some guidance on fire protection Limited Combualble. As a

- practices to those persons,r-symsible for the design or sinaction material, a material,pplied to a building con.not com lying with the
~'

i

auon of faciliues wh% mvolve the storage, han- definition of noncombustible material, t at m the form
oping, or use of radioactive materials. In wh;ch it is used has a potential heat value not es.

-

d. '"
Additional specific requirementa for nuclear reactors creding 3500 Btu per Ib (8.14 x 10' J/kg) (see NFPA

_

are delineated in NFPA 805. 5tandardfor Fire Protection 239; Stendard Test Method for Potential Heat ofy
- for Light Water Nuclear Power Plants: and recommen. Building Maternis), and complies with one of the follow.
_' dations for research reactors are described in NFPA 802. ing y aragraphs (a) er (b): ,

!

Recornmended Fire Protterion Practier for Nuclear (a) Materiah having a structural base of noncombuni.
- RestoreA Reactors, ble material with a surfacing not exceeding a thickness of :

All other applicable NFPA codes, standards, and % in. (3.175 mm) that hu a Game spread rating not !
'

recommended practices should be followed. greater than 50.
(b) Materials, in the form and thickness used, other i

13 Definttlons. than as described in (a), having neither a Came spread-

g f

- Approved. Acceptable to the " authority having rating greater than 25 not evidence of continued pro-
juriadsetion." gressive combustion, and of such composition that sur.

faces that would be exposed by cutting through the,

A NOR Vw Natbnal Fire praection Ameciatica does noi s p. material on any plane would have neither a name spreadk pree, in. pen or nnity sar insu'auans, procedures. equip. [
swas or maierub nor daci k a ppro,e er ciatu siv iesting tabora- rating greater than 15 nor evidence of continued

= ro.-

!iones. La omrmining tiw anepubiliar et inansitat== n pro- gress:ve combustion, u tested in accordance with N PA

N " *"NMp innIeI'* Ytd Nr"T A 255, Standard Method of Test of Surface Burning'"

Ne'iaw mandarda. In the ab.rne, ,( such mandards, saidChardeterUtica of Buildrng Mattfiah.
,

h,,se ce
_--

appropr
autkrit may reguire c4denct or propre installailon. precedure Materiali.sub' t to lneresse ln combustibilit orGame_ se use, sothority having tiedicuen may aisu refet to the read ratmg beyond the limlu herein established +

betings or labeung prac1kts an orgenlastbo concemed wkh : '

.cs nei stion. .hkh is in a tion to detennine can- t rough the efreets of age, moisture, or other at.
latus wkh appropthw mandords or the current productlan et mospheric ct".dition shall be considered combustible. r

=

ed tiem. t

I
- Authority llaving jurlediction. The " authority Lister'.. Equipmeat or materials included in a list ,

having jurisdiction" is the organitation, office or in. pubil6ed by an organlaation acceptable to the " authority |

i'

'
190s (#88a_
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haiing jurisdiction" and concerned with product evalua- 2 1.l.3 The presence of radioacthe materiah may com.
tion. that maintains periodic irupection of production of plicate a fire fighting situation by presenting hatards of

lined equipment or materials and whow listing ustes which the fire fighter may be unaware and may cause real

either that the equipment or material meets appropriate or imagined hasards to fire fighten, which may inhibit
stat,dards or has been tested and found suitable for use in normal fire fighting operations.The dispersal of radioac-

tive materials by fumes, smoke, water, or by the, move.
a specified manner, ment of penonnel may c.auw a radiauon contamenanon |

NOTL ne === tar Wmhat med equipmem mn m incident which may contribute greatly to the extent of ,i

damage, complicate cleanup and salvage operations. and [t.n eun wi.muim eumennt .a p .. ai mtw=n. wm,am * k'd ple= i' 'aW
.t.huma == m*rmar'9.w:prmts # da.w maae ihr delay the rntoration of normal operations.tabew. n, .chorvr tun-

me. empkned by the tui.: ..gamuu n io mienoir 4 twed
3" " 2 2 Fire Problems.
Noocombestible. A material which, in the form in 2 2.1 Facilities handling radioacthe materiali should

which it is uwd and under the conditions anticipated, will be dnigned and operated with special recognition given
not aid combustion er add appreciable heat to an am- to the propenies of radioactive materials. The effects of
bient fire. Materiah when tested in accordante with 5 tan, the pre ence of radioactive substances upon the extent of

dard Test Method for Behavior of Materials in a Vertical lou caused by fire or explosion are:
Tube Furnace at 750*C(1382'F). ASTM E136, and con. (a) Possible interference with manual fire fighting due
formmg io the criteria contained in Secuon 7 of the refer * to the fear of exposure of Gre fighters to eadiation,
enced uandard shall be considered as r'oncombusuble. (b) Possible increased delay .in salvage work and in

$bould. Indicates a recommendation or that wbich is
resumption of normal operations, following fire.,exp,lo-

'

sion. or other damage due to radioactive contamination
adviwd but not required. and the conwquent need for decontamination of

Uolu. Metric uniu in thh document are in accor.
buildings, equipment and materials.

dance with the International Syuem of Uriits which is of. (c) Possible increau in the total damage resulting
ficially abbreviated 51 in all languages. For a full ca. from contamination of buildings and equipment to the

planation see the Metric Practice Guide. ASTM E380: po:nt that they are unusable.

ANSI Z210.1. i 5.2 Radioactive materials may be expected to meh.
vapotire, become airborne, or oxidire under fire condi,
tions. None of these alterations will slow down or hah the
radiaactivity, it is conceivable that certain radioactive

Chapter 2 Sources of Radiation -The Natur of the materiah under fire conditions might he converted to
radioactive vapor or oxidised to a radioactive dust or

Fire Problem smoke. This dust or, smoke could be carried by air cut-
rents and subsequently deposited on other pans of the
burning buildings or even on nei,ghboring buildings or

21 Cencral, land. These lou and personal in;ury aggravating char.
2 1.1 Rad.ioacuve materials are substances which spon* aeteristics of radioactive materials justify a high degree of.

taneously decay emitung energetic rays or parucles in protection against fire and explosion at those facilities
the proccu. Certam elemenu occur m more than one where this potential exisu. The use of fire resistive
form. The various forms are chemically identical, but building componenu and ecjulpment is higNy desirable
differ m their atomic weighu. These different fortns of in thow aress where radioactive materials a ne stored

the same elements are calJed isotopes. Those which are or used. Some form of automatic protection such as
ru'ioacuve are called radioactive isotopes. It is possible automatic sprinklen, would be highly advantageous
for an element to have one or more - wherever combustibles are encountered. The installation
(stable) isotopes and one or more radioacu,nonradioacuveof automatic citinguishing systems will make it less neces.ve isotopes (ra-
dionuclides). Each of the radioisotopes emits a definitive sary for personnel to expose themuives io possible
type or types of radiation. In ducuuing radioactive danger, wdl stan the fire control proccu automatically,
matenal. therefore, it u always neceuary 'o uw the ter* will sound an alarm and rnake efficient use of the
mmoJogy which identifies the particular isotope, such as available water supply. However, caution should be exer.
uratuum 238 or, alternatively. 238 uranium. ched to auure that the hatards of criticality and reac-

tivity be considered.
2 1.1.1 Some radioisotopes occur in nature and may be
wparated by vanous physical or chemical proccues and 2 2.3 Some commonly encountered radionuclides are
othen are produced m particle accelerators or nuclear pyrophoric (e.g., plutonium) and, as such, should be

given special consideration. Radionuclides generate heatreacton,-

arvi may have to be cooled in storage; these too require
2 1.1.2 Emiulons from radioactive materiah cannot be special consideration.
detected directly by any of the human senses. Of
themwives, radioanive materials present no unusual fire 2 2A In view of the pouibility of the spread of radioac.
hazards as their fire characteristics are no different from tive materiah during a fire. certain precautions and pro-
the fire characteristics of the nonradioactive form of the cedures should be incorporated into emergency planning
same element, for Gre fighting operations.

sees t.. a
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The curie hu been historically, and is silll, the mostt

2 2 A,1 The property manager should keep the local commonly used unit for source strength. However, the $1
'

[d fire department advised of the locations and general

$!r nature of ndioactive materials on hand, Emergency unit for source strength is the becquerel, One becquerel is

/f planning is most r e:essary in order that fire Oghters may
equal to one ditintegration pr second. Hence, one curie

O function at maximum efficiency without exposing is equal to 3,7 x 10" becquerels,

k. themselvu to harmful radiation on the one hand and (c) Among the radiations likely to be encountered ar<
alpha panicles, beta panides, gamma ra ys, andp without causing unwarranted fean of radiation hazard to

inhibit the fire Oghting effon on the other, Specific provi- neutrons, The fint three come from many radioactive

Ht sion should be made where nerenary by the property materish, but neutroru are likely to be present in the vi.g ,,

'J manager and the fire department for monitonng service, cinity of nuclear reactors of accelerators only while they
protecuve clothmg, and respiratory protective equip- are h o ration, or from.censin special neutron sourcer ,

.Ne ' ment, the need for which is determined by the nature of materia Neutrons, alpha particles, and beta particlesy

b *7 the specific hasard The radiation hatard can usually be are small bits of matter - smaller than an individual

g .i anticipated in emergency planning studies. (See Chapter atom.-Camma rays (and X rayi) are electromagnetic

iu 6, Prorection Agairut fire and E.rplosion.) radiations (like radio waves but with much shorter wave
lengths),' '

4 2 3 Radiation Harar6 sad Protection Methods, (d) All radioactive embsions are capable of injuring
living tiasue.The fact that these radiation are not detec-|E 23.1 Significant levels of radiation exposure may occur
table by the senses ma'res them insidious, and serious in-

f under emergency conditions and could cause acute injury
jury may be done without the redpient of the injury beingor death. This should be undentood by fire Oghters in aware of it at the time, Because of their relatively highp

order that they will understand that radiation exposures
,

$ ) which are talenble in the event of a fire or other acci- penetrating power, gamma rays and neutroru may be aa ;

1 dent, especially where rescue operations are called for, serious external hazard (i.e., may be very dangerous even

are unsuitable for day in, day out exposure. when arising from a source outside of the body), Beta
m

'
,

,

I panides, being less penetrating, can be somewhat of an'

2,3,1,1 Bued on information provided by a heahh external hasard if approached within inches but are
mainl an internal hasard; while alpha panicles, because

physicisa, the lewl of radiation rbk to be assumed should
,

7

! be decided by the officer in charge of the fire fighting of their extremely low penetrating pcwer, are entirei an

i operation, bued on knowledge and the importance of the
internal hazard (i.e., can only injure the bod if

k'ii u - operation to be accomplished. In the absence of informa- emanating from a source within the body after ha ing

|! 'f tion from a health physicist, the ehk should be auumed to entered the body in some manner),

be significant. (e) These radiattoru are measured in toentgens, a unit'

resenting the am unt of radiation absorbed or which
2 3,2 Nature of the Hasard of Radioactieitfso, w to "I Produce a specified effect Radiation dosages arein wi
order that fire fightinE Penonnel may undentand measured in rems, a dose unit which will produce a
effes. thel,y protect themselves against dangero,us arnouru specified effect in man, The ultimate effect upon the

human bod will depend on how and where the energy hof radiauon,it is necesury that they be famihar with the
>

i

opendd. fn industry,iation esposure to personnel to aj7 basic nature of radiation and the safeguards which are safeguards are provided for the-

generally ded under normal operating conditions at urpcne of keeping rad
()

.

those faciiues where this huard is to be found While racucal minimum and under certain amcunts,
quite brief and simplifial, the following paragnphs The roentgen and rem have been hinotically, and aren-

O should auist in identifying for the fire fighter those aren uill, the most commonly used uniu for radiation dosage.,

R of concern. The current $1 unit for dosage is the sievert. One sievert h,

h ! (a) For brief definitions of some of the terms used 00 mn, A neun u equasknt to w jouk per
" radioactivity" may be defined a: the spontaneous emb hu

/- ,

uon of rays or parucles dunng change of an atom a (f) In an emergency case, such as a necessary rescue8

i nucleus. " Radioactive decay" mearu the spontaneous operation,it is ennudered acceptable for the exposure to
dhintegration of a nucleus. Each radioactive isotope has be raised within limiu for single doses. The National'

a " half life" - a period of time that is a charactenstic of Council on Radiation Protection and Meuurement hasE

the particular botope in which the intensity of nudcar recommended that, in ,a life saving action, such as search
,#

E radiation, uctibable to that botope, progreuively Iof 8.nd removal of injured penons or entry to prevent
b decreases by half, However, products forrned by the condiuons that would injure or kill numeruus persons,.

@ radioactive decay of the original it.otope may in turn be the planned dose to the whole body should not exceed 100
radioactin. rems. During less streuful circumstances, where it is still

h b) The unit for meuurin h i f dioactivi, dqur,able to mn a batardous area to prouet fadlitin,i

h .& ty n the source material b tbt e quant ty o racurie; aho the millicurie ehminate further escape of effluenu, of to control Dres, it
hi (one one thoutandth curic) and the microcurie (one one. is rec mmended that the planned dose to the whole body

h millionth curie). The term " curie" wu originally should not exceed 25 rems. These rules ma be applied to
b designated u the standard to meuure the disintegration the fire fighter for a ungle emer ncy: furt er exposure is

rate of radioactive substances in the radium family " * *** m'"d'd I"L'f" 81 ' 8 18tlo" e2Posure may be

@7.4 (reported u S,7 x 10'' atomic disint ations per Sec r guarded against by adequate respiratory equipment,

h'i gram of radium), It hu now been a pied to all ra o-

grp uotopes and refen to the amount of the isotope that hu 2 3.3 Personnel Protection Methods, ' Monitoring" is

y the same disintegration rate u 1 gram of radium, the proceu of measuring the intensity of radiation

4
h mesnu.A. .

Mn
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2 3.4 Protection from- External Radiation, in the
associated with a person, object, or area. It is done by case of external nuclear radiation, the dosage, and hence| mea ns of instruments which may be photographic or elec. the injury theref-c.m. may be kept to a minimum in f
tronic, instruments used by personnel for radiation several ways. |

"

detection or measurement include:
'

P e um wM 23.4.1 First, only the smallest uible portion of theN

ree rd i a and b ta rad at on "' be exposed. (c.g., the ands, rather than the

5 (b) Pocket iosimeter - measures gamma radiation * e body).

(c) Cei er. Muller counter - measures beta and gam.
6 2 3.4.2 Second, by efficient organitation of the work--

- ma radiation. Procedure, the time spent in the hasardous area and
- (d) Scintillation counter - measures alpha. beta, and thereby, the time of exposure, may be kept to a mme

gamma radiation. *"*'

] (e) lonitation chamber - measures alpha, beta, and
,

] gamma radiation' 2 3.4.3 Third, the intemity of radiation during ex-
posure may be minimited by maintaining the greatest(f) Proportionalcounter - measures al,W qMon- ,msilble distance (e.g., by using long. handled tools for

(g) Camma survey meter - measures intemity of marm.Neing radioactive materials); or by the use of -
gamms radiation, suitable rCrials interposed between the radiation

(h) TLD . Thermoluminescent Dosimeter. A crystal source and the peon for shielding. Radiation intemity
chip that records lont:Ing radiation, decreases (inversely) .: the square of the distance from

the source only when the source is a point source. This
relatiomhlp is more complex with multiple poin sources

2 3.3.1 Common effects of exceulve (200 toentgens or and does not apply to large sources until the distance is
more) nuclear radiation on the body include vomiting, equal to one. half the maximum dimemlon of the source.=
fever, lou of hair, loss of wel(nt, a decrease in the wnite Prarilcally speaking, th:s could be 30 to 50 ft (9.1 to 15.2f
blood cell count, and an increased suneptibility to m). The cases in which a fire fighter will encounter a

s
"

disease. Radioactive materish absorbed into the body and
single point source are probably in the minority,d.E

often tend to accumulate at a particular location (e.g., therefore, the conservative statement should be use"

- plutoniu n and strontium tend to collect in the bone) the -
particular . organ.radios etiv4y, concentrated in a 2 3.5 Protection from Internal Radiation. Thegradually destroys the cell t'4 sue so that the organ is no possibility of radioactive materials entering the body may

_-
3 longer capable of performing its normal function, and be reduced by the wearing of protective face maska and=

the entire body suffers, - clothing while in a hasardous area. These masks should
fit properly and be of a type which will prevent the entry

,

=

"_: 2 3.L 2 Radiation injury requires prompt, highly spe, or ,he particular radioactive materials encountered into
clalised treatment. Imtruments should be provided to the lungs or digestive system. Clothing should be of such a
detect radiation centaminailon in ciothing or on the skin, nature as to prevent the entry of radioactive materlah-

There should be a routine monitormg of the degree of ex. into the body through wounds, scratches or skin abra,_
and chewing must be

posure to the various particles and rays. Personnel work' ilons. Eating, drinking, amoung,lting -decontamination
-

Ing in the facilliy will generally be required to west avoided while in. or while swa
pocket radiation meters or indicators which are examined after being in, radioactive areas.

riodically, and records of the exposure shall be kept for
Futun ufnence. 23.5.1 Penennel working with radiohotopes are com.-

monly subjected to routine biomedical checks for posalble
ingested radioactivity. Where applicable, routine checks

.

-

The practice of placarding dangerous arcas is2 3.3.3 a re aho made to show that a permlulble concentr allon of .
for the protection of both regular operating personnel - redloactive materialin the body, the alt, or ehewhere is

--

and those who,like Dre Oghters, may have to deal with an
-

not exceeded,g emergency situation if fire fighters are to have the best
protection, they should Impect, long before they are 2 3.5.2 Blomedical checka- are promptly conducted

e
G called to any Dre, the premlies where there may be radia. whenever human Ingestion of dangerous qvsnthlet of

tion huards to comlder during Gre operations. Aho, by radioactive materials is suspected for any reason When-

frequent follow.up inspections, they should reach an fire Oghters are exposed to radiation and there la any
G agreement with the utentists or other personnel directing doubt as to the severity of the exposure, they should be -
-

the facilitks at to steps to be taken in case of fire, given thli kind of biomedical examination."
8

2 3.3.4 Fire righters who ma attend Dres in o erties 2 4 " Sealed" and "tJnsealed" Radioactive Matarists.where thee are hasards of ratfloactivity shoul[be given
'

24,1 For purposes of this publication; a " sealed" radla.e
-

special trsIning in what to wear for pruteciton and what
Z to do by way of cleanup or decontamination of their per.

(lon source le one which h tight y encapsulated (or the
-

l

8 sons, clothing, of equipment afterward, in all esses, they practical equivalent by bonding or other meam) and la
~ should have and be trained in the use of suhable radia.

not Intended to be opened at the fac|Ilty. An "unnaled"

tion monitoring equipment themselves or have monitor, source is one that la not so sealed and/or is Intended in be

Ing specialhts with them. opened at the facility.

_-
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2-4.1.1 The protection of properties against the spread density to monitoring height and leseli in storage and
of radioactive contamination as the result of fire or emplo. proccu equipment.

'

tion is considerably simpiined by the fact that many (c) Certain of the intensive sources of radiation have
radioactive materials are shipped, stored. and in some the ability to ionite gases. One of the important applica.
c ases used, without ever esposmg the radioactive material tions is to prevent accumulation of atstic electricity on
itself to air. In many cases the ship 9g containers. or moving machinery. Here the ionised air effccu an "at-
even .he une contamers, may have su icient inte ity to mospheric oundinE" and prevenu buildup of static
withstar.d a Die or an enternal *nplosien. Examp es are: charges (ra sum and polonium as low penetrating alpha
metallic cobalt 60 nources tip'htly entsp'oulated in steel emitters have been used, along with the more penett sting,
nd sen'ed sources und in beta gege thickneu and beta. emitter krypton.85). These sources are also being<

y measuring devicn. It may be noted that there have been used u setivatin agents with self. luminous (phosphotes.
several irutances of stainleu steel encapsulated '' beta cent) aints an coatinp for $srious markinp. emer.

1, tage sources survmng appreciable fire exposures gency ighting, and instrument par.els,
w hout release of the radioactne isotope contamed (d) Radioactive materials are being employed in theg

deve nent of atomic batteries (as isotopie wer
fuels" . The small currents generated are utilised i low.

! 241.2 'ibe principal reason radioactive materials are current demand micro. circuits; also, the liberation of
senied la to prevent spread of contaminatloa. In mme
cases the manufaturer of the container may not thor. thermal energy durin radioisotope decay is convertedi

into useful electricity rough thermoelectric couples or
! oughly conskler Gre resistance and it is important to re. therrnloruc systems. The sources include some fianon

member that a unled source may burst iflu contents are roducts and some of the radioactive materials obtainedI subject to therinal espatuion as a result of exposure to y neutron. irradiation of special target materials.
f fire,

(e) Powerfulwurces are usedinindustrialradiopaphy-

and nondntructive testing of critical proccu e uipment.
c, 2-4.1.8 Unsealed sources, such as may be found in lab, The leading industriell used laoto of hi h. energy

: i, oratories during transfer and use, may be readily spread emluton is cobalt.60, wh ch is obtain by the activation
about during n Ore or an emplosion. of cobalt in a reactor,

4

The Industrial radlops her has a choice of X ray2 5 Applicadons. .s
machinn or radioisotopes. n many cases the latter offers2 5.1 The specine a plication for lonlaine radletion isM; somewhat governed the physi si makeu of the
the most advants . The increased availability .of
cobalt 40 has espan ed 1:a use pestly in more extenalvesource, whether it is in he " unsealed" c,r " scal d" form,
radio hic inspection as a routine testln procedu re.and sometimes by its redistion intensity.
Steel neues of frem y in, to 6 in. (12. to IS! mm)

M b6.2 Most o'the ihousands of scientine and industrial
can be radiopaphically evaluated and mar:y companies

-| uses of radioactive materials take advantage of one o, are now licensed to provide such examination servkn.

more of the types of radiations emitted, l.c., alpha, beta, Other radlotsotopes which have leu energetle gamma
gamrna rays, and neutrona, Certain radioimtope app!!cs. rey emlulona than cobalt.60 att coming into wider use
tions take adventage of the ultrasensitive detection caps. for lighter materials such as aluminum, copper, Inc, and
bilhy of certain Instruments for extremely smell amounts thin sections of steel,

|
of ridioleotopes.Other uses tshe adventage of the abilliy (r) po,,,ful sources of hl h Intensity radlation such as
of radiation to penetrate matter, while the entremely from cobalt.60 are used I food prescrystion, and in
ener etic sources have the abllhy to bring about radiological sterilltation of pharmaceutical and medical
biol gical, chemical, and physical changes, su plies. Research and development Indicate consider.

romise in polymerlastion of plastics, vulcanitationa e

can be pouped into the following categories:pplication82 5.3 The mesi common nuclear radlailon a of ru ber, im rovement of wood properties, graft poly.
meritation of lastics, and in catalyting chemical rese.

|
(a) Radioisotope "itscer" applications utillie small tions.| .

amounts of short lived, unsealed sources, involving easily
detectable radiation emissions of the particulari

tedioimiope em loyed. Such applientions ve found 2 6 Nuclear Reactors,
j( wide use in medl al diagnosla, biological and leultur31 2 6.1 Nucleat teactors rnm rpecial roblemi that re.

esplorations, water surveys. Irrigation control, under. qulre Individual study. *fhey tre used for electric powerg
; pound leak and seepage detectior, atmospheric pollu- 8,,, a t io n , research Pu oses, reduction of

tion, now and transport retn in proecufng pera tions, Molmtopo, and ship propa ens.a

J lubricailon and west measurements, rapi chemical
anal th for contingous proceu control, and activation

!
anal its, g.6.1.1 The Ore proiectlen requirements for nuclear

,

(b) Radionetive gages and proccu controlincruments power plants are published in NFPA B03, $landardfor
ut' lite the more penetrating types of raolation from Are Prettelion r Ught Wofer Nuclear Power Planh.
murces which are sealed to prevent the tidloactive The general re protection recommendations for
material from lesking out. The radioactive ma terlst in no research reactors are published in NFPA B02, Recom.
way enters into the system or proccu This includes a mended Are Protection Proclice for Nuclear Renotch
wide range of operations from measuring thicknew or Reactors,'

r

*
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2 7 Nuclese Reanor Fuel Element hf anuf acture. 2 7.1.3 in addition to the hasards of redstion and the

fuel element manu-
C. 2 7.1 Certain radicarthe nuchdes are finde (fis. potembl for accidental"crincalhy,"f combustib!c metals

recture will often invol -e ihe vie o
V sionabh1. Neutroni absorbed by such nuclides emit addi. such as uranium and plutonium e,nd comhuitible clad.

tional neutront plus energy, largel in the form of heat. di.ig material such as sitconium. T he prnention of fires6
Because more neutrons are emitte than are absorbed, a Involving combustible rne ah requirn specialitchniques.

W;3 icif sustained nuclear chain reaction li pouible w hen cer. ' A' 3'8'ep. Ha ndhnr entI
I3'r NIPA 4. 3'8"d8'8l''FPA 4#1 $tantford for l ArY isin ennthtioni are rnet. These condition include a mini. I'*"88'"I 'l AI8& h'8'u m N

4 mum quandty of finile malerial(crideal maul and other Producion. nssing. Hannng onst Sinoge,of
M feetnri tuch siihape. geometry, tchettion. and modera. W8"'um and@Afra 4M, Standardfoe # Ae Production.
Y tion tot slowing down of neutron 1. Finile materiah to be Procemng, Hondhng and 3f otoge of 2reroniuma
$ used in a nuclear reanor are arranged in specific artsyi it in important to trmember that nuttr e f.>cl elements

using fuel elementiin order to optimise conditions for fin, are entremely valuable and entraort' *t eterautinni3 ilon to take place. When a nuclear chain reaction takes

k place wheve lt was noi intended, a " criticality" accident is
may be necenary to prettet them from t e efferin of an#
Otherwise inconsequential fire..

$ naiti to hair occurred.

2 8 Nuclear Twel Reptoctuing.

3 27.1.) The enternal radiation hitardi present during 28.1 Reactori ste generally capable of utilialeg e dt a |

t- fabrication of uranium 235 fuel elementi li of a low very anill part of the fuelin its elements and as a triuh it
-

order. Uranium.233 and plutonium 239 present severe is economical to tecover the remaining fuel bv processing
inhalation hasards to penannel: therefore, an enclosed the so called *apent" elements in specially drilgned f atil-

prmecuon syvem must be used. These systems are calledlun. These planti contain large quantitin of radioacihe
glo e benes." They may be extensive, with appreciable materiali(fiuion products) entracted from nent nuctrar

glati or,ttaraparent plsitic areas, and present unique Ote fuel elements which were produced u by products during

protecuon problems. Under normal conditions, the nuclear finion. Procepirig operations will usual'y inenho

radiation hasard shhough present, can be largely pro'. large quantitln of Dammable and/or ent:rnhe lickulds.om thetected against. On the other hand,if a "criticahty incl Fire and esp'.oilon haurdi will be prnent
dent theuld occur, the type and quantity of radiation possibilliy of an aceldental " criticality" incident,
emitted create grave hasards to penonnel. Even a small although guarded against and remote. will sho be pen.
fire wnhin a " glove bon can produce serious conie. eng'
quences if not properly controlled. Fire control systemi..

and procedureo for " glove boxes" should be carefully larp quantitin of h hly radicarthe
matenah prnent require snenhe ihtcl@irg for penonnel2 8.2 , The

dtveloped and applied before the bono are used. Gener- d

ally such proiecuve systems are cuuom deilgned for each safety. and mmt themtral proctuing and montenance
,

!

particular application. (See 3ection H.) operations are conducted enutely by remote controk., .

Fire hasards are present during the sewing and chopping
2 7.1.2 In handling dolle materbh. precautioni nhouhl of fuel elementi containing combustible metsh ei.ber in

and in the chemical proccu<
be isken not only to protect againn the normal radiation the form of fuel or cladding,igned fire detection and enn-
hazarri. but aho against the " critic ality" hasard c aused by ing operation. Specially des
the anembly of a " minimum ethical man." To svold trol sp;emi tre usetl to protect these operations. Vent-

encies, finile materlah that llating synemi should be 30 artanped si to maintain theirp
ethicality s'uring fire emer$mimise the poulbility of a integrity under Ore condbloni. Such facilities handlingM hate been arranged to m
eriticality occurring should be mmed only If absolutely large quanthlet of highly radicactive materish requirrt

nerruary. If h heromn necessary to move such Gulle the application of a high degree of fire protection plan.4
*

materiah, it thould be donc under the direction of a ning in all aren,
rnpon ible penon on the uaff of the facility and in bat.
chn that are below the ethical mau. or moved in layers 24 Pn&le MulnCon.

/
that minimite the poulbilhy of e "ethiculhy" occurring. 29.1 Pareltle neeleratori lerlude Van de Graaff- . Since unter h a renetar and a moderator of neutroni. genernon, linear accelerators cyrluttom synchrotrem.concern for a "ethicality" hasard sometimn lentle to the betatrons, or beverons. The machines are used n thei

C unjuulfied and unnaluated escluilon of fire protection name implici, to accelerate serious charged particln of
water from the stes where On lle materf ah sie stored or whlth stoms are compmetl to trememlous speeth andv

F handkd. The pnulbility of water modrestlen and rence, conicquendy, to high enecgy leveh. Radlailon machinn
u tion bringing about a "ethicalky" accident can be furnkh aclentists whh atomic part|cIn in the form of a
% calculated in advance. If. In (set. such a horard eshts, beam, which may be utilised for fundamental studin of
3 combunible martial that would requlte the use of water atomic uructure, in addhlon, they furnhh hich energy

for Ore Oghting should be eliminated, if combustible radladon, which may be utliked for *ndiography,U.t. a-

N rnuerlais ne unavoidably present in quantiti suffic|ent therapy, or chemical procruing.
i to comthute a flee rhk. water or other suheble en-

}
tinguishing agent should be provided for fire fighting
purpmn. The flulle muerlah should be io oranged that

39.1.1 These miehinci emit radistion only while in
operation and attempts to entingukh a Dre in the Im.

-

water moderation and renection will not present a
huard. In many f aellkies. Dutie materish are noted end mediste vietnhy of the machine shouhl ha delayed until

handled in sprinkleted areas, the muhine power supply can he dheonnected

)
sau se w I
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p 2 9.l.2 Cerialn * target" materials become radiosctive
S.2 Location with Respect to Other Bulldings ar'd

when bombarded by stomic particles and for this repon althin Buildings,
;

monitoring ec{uipment should be used during fire 5 2.1 Facilities having quantities of '.dlesetive
f Oghting r>peratioru to entirr. ate the radiation hatard. The materi:1s that mi>,ht become airborne in case of fire or

usual hasard proented by particle secelerators is largely explosion should be located well away from other impor.
~

that of electrical equipment. There are, however some tant buildir7s of operations where contamination coulda

T important enceptions to this. Some instatistions have interfere seriously with plant operations or where radio.O

used such haastdous materi:1s as liquid hydrogen, or sedve substances could come in centset with materials

[! ] other Osmmable materials. In considerable quantities. susceptible to damage.

Large amounts of parsifin have been used for neutron/ Another factor is the pouible 3 2.1.1 in encrat. facilities handling radioactiveshiciding purposes.| resence cI combustible oils used for truu! sting and cool. materials shou d be 501(icated that there is no through or
, ,

crou trafuc."8'g Particular attention thould be given to the lootion of
1 2 9.2 Industrial applications include chemical activa. Intakes and outlets of air cleaning systems. A breakdo3n

tion, acceleration of polymeritation in plastics produc. in an air cleantry system can be more serious if the die-

tien, and the sterillandon and ptnervnion of packaged charged air can immediately be drawn into another tys-
drugs and autures. The general ute protection and tem. General isolatio.. of redistion facilities from allprevention meuvres for these matunes should include other plant f acilities causes an increase in both construe.i the use of noncombustible or limited combustible (Type 1 tion and operating costs, but should be undert. ken if a:

noncombustible or
or Type 11) corutruction housing, iringslow 4urning (e g. IEEE.585) w and interior study of the pouible results of a contarrination tricident

"
,

indicates that this Is justined. In order to avoid un.'

. | finishlesg, and the elimination of ts much other combusti-
ble material si poulble (see NFPA 220. Standard on neceuary complication of accidents, such facilitin should

Tyees of hildent Coruiruchkn). Automatic sprinkler
be locaird away from those handling explosive , or flam,

'

,
r

m6ble materials.protection should be provided for areas having hatardouss

smounts of cornbustible material or equipment. Special.

fl*t protecilon should be prodded for any hi h voltage 3 3 Manning for Decontamination. The extent toE

electric al equipment. which decontamination might ' e neceuary depends upon. v; the amount of radioactive material being handled. Its

4.I half life, type of radiation emitted, and its chemle I and
physical form. Taking all of these into account a realistic,

suumption should be made as to the extent of a poulblea

contamination incident. When decont amination is necn.M it is accomplished by hand, often by personnel not

stry,d in the work of clean.u$n. but highly paid because of
y

skille,

their other skills, and often a hurry. All these factoriChapter 3 Arrangement of Tacilitin llandling
i " Unsealed" Radlosetive Materials tend to talie costi and thus justify capital expenditures in,

reduce them to a minimum through good emergency
planning procedures. The baile purpose is to provide,

construction that will conune a contamination incident31 Special Conalderations, as closely as poulble and which also will include easily
,

31,1 There are special considerations which should b, cleaned surfaces,
applied in the arrangement of f acilitin handling radiose,
tive materials. The radioactive meterials themselves may "'

or may not prnent special fire characteristici but the 3 4 Construction.
combattog of a Gre may be inhibited by the presence of 5-4.1 Dulldingiln which radioactive materiali are to be ,

'

used thould preferabl be of tingle.itory height withoutradioactive materiali. and the restoration of the property
after the are has been extingul: Sed may be compilcated basements or other below. grade spaces Construction,'
by the problem of radioactive contamination, it should should be !!mited combusilble or noncombustib!e (Type t i

be recognlied that redioactive centemination may be the or Type 11) construction including interior Onlih, !

most costi element in a fire lou; therefore, the control of scoustical or Insulsting treatments, and partitions, j
j a ute lou a inenricably related to the conitol of radioac.

f
,

tive contamination. $ome of the important icaturea to be SC Th Seludon of br Mali fu m,

J.
g p cons dered n thl connection are: facility should meet the demands of comfort, appearance. {

b (a) Crouping of fselllties handling st nincant quan- cou, ene of m Intenance, and entstance to west corro- i
5 '

n . ms titles of uniested radiosetive materials f acilitsin air slon. Gre and wster, in addition, the particular work may

j cleanin , fire and proceu control procedures. and decon. require that the noor be electrically conductive or
. temlnn on. noniparkinr. To all of these requirements the tadle-

(b) Where the probability of redloactive contamina- liotope facillty adds the requirement that the floors have
tion is a serlous matter, the deilgn of many other building a continuous surface, that they have a low porosity and

components mey become critical. Light natures electric that they can be tailly clesned or replaced. Because of& i

9 a
conduits, ceilings, heating and cooling syiiemi, and the weight of materlsls used for shielding purpoon, the

o rating equ ment should be deilgned and installed floor may be required to withstand heavier than normal

A w th the lew facilitating decontamination. loads

c *

h ;

h oos tema
,
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activity can be maintained at slightly below simoipheric..

3 4.1.2 Remooble sheetirt of strippable costir, i pressure, the Dow of air will have the proper direction tof meeting the requirement Icir bmited combustible show d 7
minimite the spread of contamination should an accident |,i

be used for sutfaces directly esposeu to centamination,k These coatings are apphed as solutions which may con- poccur.
> tain flammable tohents and cae. be applied with spray 4 2.2 Hoods serve as the primary means of air remosalQ guns to speelally prepared bases and remosed whhout from some facilities. Electric motors driving ventilating% great difnculty. The use of spray guns for applying such equipment should be located outilde the exhaunt stream;a materish may be hauf dous, especially in small areas or to redute the poidbility of their being contaminated. No4 tooms. Care should be taken to provide sufhcient forced part of the ethaust system within the building should be

""

ventilation in the ates and to remove all sources of igni, under pontive pressure. All hoodiin a single area should
tion to avoid 6 poidble Orc or esp!cilon. be controlled by a master switch in order that contam.9

inants will not be drawn into the room from an unusedp Care should she be used in removing and3 4.1.3 hood.

(v disposirg of these coatings. Not only should their con-
-

;;ig) taminated nature be conndered. but some when burned. The degree of contamination of the exhaust'

which can cause extenthe 42.3liberate corroshe iaport stream may be such as to require filtratien, washing, or,4 damage to tenuthe equipment. electroustic preciphation before dhcharge to the outer
stmosphere. Recirculation of air within an area wherein34.1.4 The practice of constructing combustible struc- dangerous radioactive materials are handled shuuld nottures. or the vie of houir trailers w,ith combustible in.
be permitted under any circumstances. Careful attentionterior finbh Int the housing of esperirnental equipment

within or adjacent te a structure, provides the fuel for a theuld be given to the disposal of fibers - especially if

.

'

they are loaded with materials having any Ognificant [
hot, f ait fire which can do serious structural damage to

degree of combustibility. The use of combustible fibersan unprotected steel building. Even in a aprinklered introducci a serious fire hasard into the ventilatingbuilding ibe losi may be nevere. $uch structures should be
#

bulk of noncombustible or hmited combustible metera
svitem and requires automatk sprinklers or other special
fire protretion in the absence of protection totemslah. nt should be provided with automatic iprinklers. cren
whhin the ducts and for the filter banks. Dreiin com-if the building in which they are located is sprinklered,
bustible Chers become estremely difficuh to extingubh.

L

42.3.1 The accidental burning of combustible Gliers
.

(
carrying radienctive contamininis may create a serious
contamination esposure situation which couhl invoke '

Chspter 4 hrvict Fact!!les large areas as the radioactive materialis dhcharged from
the exhaust nyttem,.

,

4 2.3.2 Self clean.mg filters wh|ch pass through a61 5pecial Considerations.
41.1 The design and installation of such s'.tvice viscous li uld yield a radioactive sludge to be disposed of.
facilhles as light and power, hesting and ventilation, and the lier system may require addklonal fire protec-
storage, and waste dhpoint at faclhties not handling tion because of the combustible nature of the liquid.
radiosulve materf ah usually present no major probtems. Such systemi should generally be svolded in areas
The introduction of radioactive materbli Into a plant wherein radioacilve materlah are handled,

presents additional hasards to both personnel and prop. The use of filters of low combustibility such aserty, which warranti special considerations of these ser-
those which comply with Underwtiters Laboratories Inc.
4 2.3.3

vices. Inadequate attention to the dedgn features of ict-
vice facilities hai unfortunately contributed to the entent Standard No. 56, is recommended. Thelt use con,
of decontamination found to be neceniary 6ttowing fires Oderably reduces the likelihood of the spread of con.
and explosions, it u considered good practice to anal se tamination by fire. Roughing Gliers, when necessary,
the design of each service for the purpose of determin ng should be constructed of materlah which will not con-,

,

, what effect the service would have upon the spread of tribute to the fire hasard.-

contamination following an accident. An apprabalof the
Fresh air inlets thould be located to reduce theseriousness of contamina!!nn spread may then be used tot 4 2.3.4

[inbility of radioactive contaminants being introduced.ch inleti should be located where it would be mostq determine the necendty for modifying the design of the
service facility under conalderation'

unlikel for ratheactive contaminants to be present. For
,

,

42 lleating and \.entilating, ,,,mpfe, they should not be located near itorage areas of*

4 2.1 The dedgn of the heating and ventilating system
combuitlble redlesttive waste material which upon igni-

($ must ensure that altborne radioactivity of the building tien could dhcharge radioactive combuitton products
,

-

atmosphere li whhtn permhalbk limbs. The choice of that may be picked up by the ventilating system,

eithet a central system of ventilation or c system com'.
posed of Individual un!ti la dependent upon that par 4'8 LI ht '"d PO*'f'!
ticular bulldtvg and the processes it houses. A baile prin.

>

4 3.1 1.lghts, ventilation, and operation of much'

ciple which should be folloved is that there can be no remote controlled ertulpment are dependent upon a
reverse flow of radlosctive gates et dusti from " hot" aress
into attas of low or normal activhy, if the stes of high

reliable source of electrical power. l.oc ation of

;
4 ms spea
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transfonners, twitchen, and comrol panch well away operating are a of the facility at the end of each work 3'

from "high activity" areas emures that maintenance work
day.

i

can be done without direct esposure to radiation from
45.3 Care should be exercised in selecting the lxationsauch areas. The need for effective ventilation during and

,

'r
immediately after an emergency such as a fire u of con- for the storage of radioactive waste material. Such
siderable importance. An aunihary power rystem should material should not be located near the fresh air intakes
be available to prende, temporary lighting, i:ntilatio,n. to the air. conditioning rystema not the air intakes for air

and radiation monito,nng equipment le those facilities cornprenon. Should the products of combustion of waste

1r
wherein the radioactive matenals beie.e handled are materish containir g long. lived radiractive materish be

potentially dangerous to penennel. disperwd through air. conditioning or comprened air
systems. a decontamination problem of serious

44.2 It is important that electrical equipment be magnitude could ruult.
Selected for its esse of decontamination and early restora.
tion to service in those aren wherein a comamination in- j
cident is comMered likely. Elecitical conduits leading'

from " hot" areas should be internally scaled to prevent
entrance of radioactive materish.

Chapter 5 Equipment for llandilog and Procculag
! 4 4 $torage. bdlosethe Materfah

4 4.1 With neeption to those amount: needed for im.'

! mediate or continuous uw, cheminh materials, and
l supplies should be in wparate storerooms and not in areas 5-1 General.

where wuk with radioactive materish is conducted.I
' 51.1 All equipment to be used for handling and pro.

I 4 4.2 Automatic sprinkler protection providn the best
cruing radioactive materish should be designed to
minimite fire and raplosion potentiala. There are many*meam for controlhng fires involving combustible oc.
types of equipment and rystems for hand!!ng radioactive

'y cupanties and should be provided unins it can be shown materiah but most may be claulfied u either benches,
I that their operation will dennitely create a situ ation more

M hasardous than that brought about by uncontrolled fire. hoods glove bones or * hot" celh.

It is very important that radioactive materials not be
stored in the same area u other materiah. especially if 5 2 Benches.
either are flammable or combustible in nature.

~I 5 2.1 Benches are used for handling relatively small
amoums of alpha. or beta emitting materials. Benches

4-4.3 Special comider#,si :hould be given to the should be of noncombustible construction with a non.
storage of radioactive c epieued gues u their release Porous continuous working surface which may euity be
under fire or esplosion conditions can result in a severe decontaminated. One of two layers of blotting paper on
loss by contamination. Storage facilities for such gases the bench top to abeorb imall spilk will usually not
should be designed with the peculiar characteristics of the materially increase the fire huard
gases in mind. Special noncombustible storage facilities
located remotely from the main facility may be necesary
in some cues. 5 3 lloods.

. .

5-3.1 Hoods are similar to benches, with the addition of
! If stored radioactive matenals requ. ire a cooh.ng an erglosure and an cahaust system for removing vapors.4-4.4

system, the cooling system should be periodically checked in addition to fire protection (Jee Section 6.J.J). the
and rnaintained in good working condition, nature of the operations conducted within the hood mayg

require a filter system to prevent the spread of radioactive
materiah If filten are uwd, they should have a low

4 5 Wute !)lsposal. degree of combustibility. (see $ecnon f.2.)
4 5.1 'Ik disposal of liquid radioactive wute usually

.,
will present no Gre huards vrden the liquids are com. ''

-

I bustible. Such combustible liquids abould be handled 5-4 Clove Bones.
5-4.1 The term * glove box"is und broadly to dneribe awith reccynition of their fire huard u well u of their;

i ndiesetinty. system dnigned to contain materiah. generally alpha.
radinion emitters, which resent little or no enternal
radiation hasard but woul[present a serious problem if

4 $.2 Special utention thould be given to the prompt they became airborne. 5uch bones may be large and used
disposal of combustible wute ptrticularly such wute u to conduct a wide variety of operationa involving Cam.
absorbent paper arid tags which have been used to clean moble liquids and gues, combustible solids, and toxicradioactive contaminated surfaces, it becomes npecially materials. The sides are fitted with long rubberlike gloves
important if the wute hu been used to a y nitric acid

which permit manual operatiom to be conducted withoutor other oxidizing chemicah that are su t to spon-
taneous heating. Wute that is collected d ring normal penonal contact with the hasardous materials. Special

setivity should be stored in metal containen having tight
ventilation and fire protection sptems are usually con. ,c

'

Self closing coven and should be removed from the sidered to be necesary.
.
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the glove bon. For 6teoriginating in or outside
_

S-4.2 Construction Materials. Construction materiahoriginating outside the glove bean, aviomane sprinklers
,

should be r>oncombustible or limited combustible. Com.are commonly uwd and att effective for conventional firei

bustible comtruction rnaterials or materials which arecontrol and estinguishment. Fire occurring within the
-

f noncombustible but lack fire integrity introduce specialproblems. All surfaces should be nonporous and easy toglove bones may involve materials of construction of com-bustibles within the bosn. Thew situations may be dif.
,;-

~ . '

M. decontaminate. Surface coatings are often used to pro. ficult to comrol unten advance consideration has been
4

##
? 3 vide a ready meam for the removal of contamination but given to the spe:ific fire problem which may develop

the Gre haarda connected with their application should undet the specMr cov.ditions of glose boa use. Where+ r}
~

such hatards eaht. comideration should be giten to an, ', be comidered.
automatic fire detection and control sistem within gloie'&N 5-4.3 Materlah flandled in Glove Bonn. All
bones. This system should detect and control the fire
before it destroys the glove box imepity or treen smokeqq materiah to be inttoduced into these bones, is well as the
which clop the Shers. Where emplosion poitibilities esist9 construction materiah used, should be chosen " wnhin a glove bon, provision should be made for esplo-4e mmimiae the pcmibihty of an emplouon. fire, or uncon-gt tro!!cd riothermic chemical teaction. The connnemt nt
sion suppreulon or venting by a predetermined path to a

W' prtmded by the bones together with uften near static airufe un'
conditiorts are conducive to the production of captosive

"' ''""*I"' '"mistures of nammable vaport and gaws with air. 'I I' b I" " * " ' " ' '
does not spread end the confines of the room orThe quamity of combustible materials within glove(al building in which it originates. This indicatn the needbones should be kept to an abiolute minimum. 5bthe

extinguishing agems or systems wmpuible wit for the mcat e(Gelent and prompt supprnsion and isola.
masenah bung handled. should be proviard within gk,ve tion of Gre. To the essent that water from the sprinkler
bones in ordet to avoid the delay and hazard inherent in ryum clonus air d ahne comaminadon. h,un

reduce a unous three dimensional airborne comanina-introducing the estinguhhant from outside,
'

'. n froblem to a much more manageable two dimen-
o
4

uona watnbwm comaminadon prWem,
H .3.1 Care should be esercised when handling com-

N buuible mnah whhin such encimurn. It is pouible that
low meking point allop such as iron plutonium M.7 Tim Presention. Fire prevenaion may be im-

y?.:f
that are ohen more pytophoric than the parem proved by the convemional te;hnictues of reducing to a
materiah, may be formed. mmimum the amount of combustible materials, by elim.

insting or ufepuding munn of ignition, or by ,inerting
q
3

H.4 Equipment Uwd in Clase Bosn. Electrical the glove bot whh a gu such si argon. hehum or
equipmem. includin,r moton and heat prorfucing devices niuogen. In s me ows.moinutoftn air may be und to#

such as osem,but plain, soldering irons and direct Game Prevem ibe formation of combustible and uniitive metal
/; ,f,
# dnien such u torchn and burnen, prewns special h) d ''d"-( hantds which should be ufeguarded.y H.7.1 An effective Gre prevention program for glove

neceuarily involvn a study of allV M .4.1 The small volume and low a.ir veloch cond,i. boses is one that
parameters and the interactiom which enter into theiry tiom provide for leu than normal heat removal. The

vulnerabih,ty of rubber gloves to melung or burning constructien and operation. Sir.ce the specific fire that
might occur in a glove bon can usually be anticipated)3 through as a rnult of tery brief contact with heat sources

requirn thu glove port coven be kept immediaiely and,in fact can be studied in advance under controlled
condidom. it is pouible to provide a control and en.3;s

as adable.
* *'I"""" ' # ""9

H.5 Yeetilating ,5 Close bones are usually
connected to a speciabtems.entilating syuem and are normal'H .7.2 The development of a proceu and the tocen

. The( ly under conuant air flow. Fire dampen are not often in-
hasard control syuem muu proceed simuhaneou

.

ualled becauw of intert'erence with contamination con-
operation should not be permhted to begin umil the con.

uol. The ventilating spiems should be dnigned to ron- trol spiem is fully operable.a

stantly maintam a negauve preuute withm the bosns

even under Grc conditions. In this connection. comidera. 5*5 " lim" Cells.
.

i' tion should be ghen to two principal problems. 55.1 A * hot" cell is a heavily shielded enclosure in
(a) Smoke and soot f rom burning muerial c an quickly which gamma emi ting radioactive materials can be han-$,A t

clog toughing and high efficiency Glten in the enhaun died by persons using remote manipulators while viewing
,

M spiem. This may cauw rapid spread of the radioactive the operation through shielded windows et moniton.O .N materiah outside the boa as a enuh of preuute created

Q by the Gre. M .l.1 While wuing all of the fire and esplosion
(b) The Desible connenions,if any, between the glove hatards of glove ones, the damage potentialisincreased

5 boin and the enhauu syuem should be of Gre retardant by the nature of the high gamma.rsy producmg materials
uwd.The ufeguards recommended for glose bean applyy materials.

ety equally to * hot" celh.
h H.6 Containment and Tire Control. The contain.

mem intem may lose its integrity due to Gre or explosion

e ists|$.M86
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People on the premlin who have a good understanding of j
Chapter 6 Protection Ag31 nit Tite and Tsplosion the haastds to be safeguarded. 6

Hq & $ l.1 To 14 effnun, a ulNm etion pngram
N 61 Genen!. The hasard of radioactivity ma . without should be formal and .onScied object vely. The reporn r

N sie emergency planning, act to seriou y impede
adeIghting operations and result in unneensary injury

of thew impections shouit be tewewed by managemeu1

fire at a level that can initiate corrective action. ior best?
to. .Iers.onnel and increawd propeny damage. By an. results, the self.irapection report forms should be speciG-hit A

,')3 ticipating emergency fire and emplou'on u'tuanom and by e !! dnigned for each facihty and include all aspects of
, fproviding special traitang for fire fighting pennnnel. the basic Gre Protection n well as those indiger.aus to theg total hasards of radioactinty can be comiderably:Y I8(ihlY.

,

3 mitigated. Special techniques and equipment will often

[*jj be required. 6 3.2 Automatic $prinklen. Effective protection
agaimi Gre damage is previded by automatic sprinklers.

5 6 2 OrIlinitation for Emergentin. Combustible contents or the presence of flammable hq-
6 2.1 in a well.organised facility wherem. radioacine uids or gaws calls for automanc fire protection even if the

. .

materish are lxated. Arc corarol starts well before the building construction is noncombustible or limited com-
Gre occun. The need for prefire planning for such bustible. The instinctive concern on the part of the facil- ,

Lf acilitin cannot be overemphauled. A Grm staicicent of ity managerfient about unnecesis*y water damage le not
policy by the management of the facility as to the intent bome out by the record. To reduce the danger of ac-
of the plan. its wope its importance, and its organisation tidental discharge of water on delicate apparatus, which
will materially assat in in effectne appbcation. li should may be susceptible to water da' mage, a specially
be published, renewed at periodic intenah, and kept et.gineered sprinkler system such as a preaction system

,

with advance alarm may be uwd. Individualitems can. ifrunent.

.
necessary, be shielded with hoods,1,ack of sprinkler pro-

62.1.1 The areas of comideration of facility manage. tection uscally results in fire control efierts by high
mem in dnigming their emergency prog am should in. preuure how streams and the enultant water damage
ciude, u a inimmum, the following: will far escred inat which would have been caused by.

(a) A wlf impection program. sprinklen.
(b) A private fire Oghting organization and an outhrie 6 3.3 Other Fire Control Systems. Where automatic

} for its training. sprinWn $annot W provided due to the prnence of
;" "' A Prisate wcurity organisation and an outline (t rwater.tescove matenals or the proven posubihty of,

(c)
>

' * "I ' criticality, ahernate automatic fire esunguishing systemsi
, d) Penonnel comrol as h relates to emettency situs. should be comidered (see NFPA #01, $tandardfor Tere(J Protection for LigM Water Nuclear Power Plants. Sec.nom.

(e) Heahh physicist enpomibilities. tion 101).

(f) 1.iaison with public emergency organisatiom.
6 3d Penable Eulnguishen., in,cipier.t fires may be

(g) Procedures for lou minimination and decon. controlled by portable Gre eatmgunhen. This phaw of
sammation. Gre control ,s parocularly important. even thoughi

(h) The safeguarding of valuable pwns data and nutomatic sprinklers have been provided. A supply of
remdi. portable hand fire extinguishers nuitable for use on the

(i) Community relations. specific t.anards should be provided (see NFPA 10, Pot,
lable fire ErringunAers). Special Gre potentials

6 2,1;2 The abose items are basic in nature and should sometimn enctnemered involve unusual chemicals or
be molded into a well considered organlaational ap. combustible metali. Some special stinguishen ate effee.

preach to meet the specine needs of each facihty. No tive on incipient fires in combustible metals such as may
neganisation to cope wah emergencies can be enpetted to be found on berches, in hoods, or in glove bones. Gener.
function efGeiently without traming and practice on the ally al.e entinguishint must be tailoted to the particular
pan of all invohed. Familiarity with ntabbihed pro- metal involved. Dry powder extinguishen, approved for
cedures and how to implement them etuickly is a neces. combuuible metal fires, are effective on most such
sary ingredient for effecthe control of fire and emplosion- materiah.
connected emergencies, 6 3.5 Tire Detection. The need for, and the type of.

.

detection wrvices most desirable should be related to the
6 3 T. ire and Esploilon Prevention and Control, hasard, the eatinguishieg controh available, public and

..

6 3.15 elf. Inspection Program. Personnel best private nre depanments. t rid all combinationi nf thne.*

quali6ed in present the occunence of fire are those who Yarious devices, operating on different principles are
have an inumne knowledge of thow facion likely to suitable for detecting Gre (see NFPA ME. Standard on
create a Gre situation at a speciGe f acihty, Many, m. Automatic Fire Dstectors). Additional considerations
surance re'ited and public fire protection organinuens prior to selection should include:

,j
preside effective fire irupecuen sernen at intervah, but (a) Respome chancienstics. {

.

the value of thew wrvices cars be greatly enhanced by
thorough wif-impertiom of the facihty by knowledgeable (b) Mairuanence requiremtrus.

.

.,
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(c) Testing requirements. ASTM E156. Siendard Ten Aftshed for Behowor of
Afsteriah an a Pertical Tube furnact at 730'C(d) Adaptability to environment,

ASTM ES80 (ANSI 7.210.1). The Aferric Practice(c) Accruibility. Guidt.

The following publication is available from the in.
Chapter 7 Referen ed Publications stitute of Elecincal and Electronics Engineers. $45 Esit

47th St., New York, NY 10070: !

IEEE 383, Standarafer bpt Ten of Class IE Unint~
71 The followin docornents or portions thereof are CoWn, ptId 3ptien and Connnhonsfor Nuclear Pown
referenced within skin recommended tactice and should
be considered part of the recommentfatiuns of this docu.

Cennoung Stanons.

ment. The edition indicated for eech reference is current
si of the date of the NFPA lisuance of this document.
These references are listed separately to facilitate up-
dating to the latest edition by the vier.

71.1 NFPA Publicationi. National Fire Protection
Anociation, Batterymarch Park. Quincy, MA 02260. Appendix A Additional Publicationi

NFPA 10 1984, Standerd for Portable Fort E.e .
The Appeness u een e poet of the retsmarate of then WP4 d.ree, *. bet n

NFPA 481982. $landard for the Storage Handling ,,,,,#,e j,, ..j,. .n.. p,p ,, e.8
and Proteuing of hfagnnium

' * #, "
NTPA 12E.1984, Standard on Automatic fire Dette. ,, ,7;,

" The National Louncil on Radiation Protection end
NFPA 2201985, Stendard on Typn of Bu 7 ding Con. Measurement has inued a number of reports on specific

d'W'U*" rediation protection subjects. These reports are available
NFPA 2551984, Standard Afethod of Ten o/Surfact from NCRP Publications. P. O. Box 4867 Washington,

Burning Charcettrinics of Building Atattrich DC 20008, or from the U. S, Government Printing Of.

NFPA 2591982, Standard Test Afsthodfor Potential fi(e, Some applicable publications include:*. ,

Heat of Building Materich NCRP so. 3sjt Handling of Radicartire Afatenab.
NFPA 4811982, Standard for the hoduction, Pro. Nils Handbook F2,1964

cowng Handling and Storage of Titariium NCRP $8, hotection Againn Neutron Radiation.
NFPA 4t21981, Standard for the heduction, Pro. 1971 ,

etwng Ha* dhng and Storage of Zirconium NCRP 59. Basic Radiation Prottetion Cnteria,1971
NFPA 8021981, Recommended Fire hottetson Prat.

Standardi of the U. S. Nuclear Regt.latory Commission
ticefor Nuclear Restorch Reacton for rotntion against radiation are published in the CodeNFPA 8031983, Standard for fire holection for of [ednal Regulations as Part 20. Chapter ,1, Title 10,
Light Water Nuclear Power Plants available at most libraries. Revisions are pnnied in the

Federal Register, available at subscribing libraries or by71,2 Other Publicationi, The following is a selection subienption from the Government Pnntmg Office.
of additional referenced material: A bimonthly magazine, NucItar Safety, is available

The following publication le available from Under- from the Government Printing Office it covers many

writeri 1.aboratoneijne., $$$ Pfingsten Road, North- areas of intereit, including general safety, accident
brook,11. 60062: analysis, operating esperiences, and current eventi.

UL 586 Ten Performance of High Efficiency Par. Sp cific terluirements for fatilities handling radiose.
ticulott, Air filter Uniu. tive materialihave been inued by the American Nuclear

i

insurcri. The Eachange 210 Farminpon Ave.. Farm.
The following publications are avaMable from the ington. CT 06032. and the M AERP Retniurance Associa.

American Society for Testing and Materials.1916 Race tion,1151 Iloiton. Providence Turnpike, Norwood, M A
$treet, Philadelphla, PA 10105: 02062,

-

%
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T he enpirighi in this Imlet le iepe r sie snel distinre fenm the enpitishi in the ilnrumeni o hig h it infleses The litenemp pres ioinns eri intili (nr she it.a u -i f he
feens are nni apphesble in this inden. Thiiinstes mei ini be reprelveed in uhnte ne in pen he sn) meant withavi the espress seinen prem sunn o t

*
:

.$; National Fire Proiettinn Auocisuon. inc.

#|
y .g. Nuelest teattoft . .. -{ a

-

9f ueleterient manufstiure .

I"( .h 1 Fuel repenreult.2 .g ,,, g n
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fD
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Elster.esl mer ...
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li /U Truc copics of the for,ogoing were mailed thic 24th day of -

-

Dacomber 1990, by United Statcc Exprocc Mail, poc,tage prepaid, to:
,Jmc

The Honorable Peter D. Dioch
Administrative Law Judge
Atomic Safety and LicerWi$djarh 02
U.S. Nuclear Regulatory Commincion
Wachington, DC 20555 ,; . ,1
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t ., q > , , . .

Dgn m . !,SU

The Honorabic Cuctavo A. Lih@hfiorger, Jr.
Administrative Law Judge
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commiccion
Wachington, DC 20555

Maurico Axelrad, Ecq.
Novman & Holtninger, P.C.
Suito 1000
1615 L Strcot, N.W.

* Washington, DC 20036

and by first clacc mail, postage prepaid, to:

Director
Reccarch Reactor Facility
Roccarch Park
Univorcity of Miccouri
Columbia, Miccouri 65211

Secretary
U.S. Nuclear Regulatory Commiccion
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Attn: Docketing and Service Branch

(original plus two copics)
'

Office of the General Councel
U.S. Nuclear Regulatory Commiccion
Washington, DC 20555

Executive Director for Operationc
U.S. Nuclear Regulatory Commiccion
Washington, DC 20555

Ms. Detty H. Wilson
Market Square offico Building
p O. Box 977
Columbia, MO 65205 '
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