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I, Walter A. Meyer, Jr., being duly sworn, hereby state as ollows,

1. | am the Reactor Manager for the University of Missouri
Research Reactor (MURR) a position 1 have held since March ', 1989 My
background, qualifications, and invclvement in the MURR Facility
Emergency Plan and its implementing emergency response procedures arc
described in the Affidavit of Walter A. Meyer, J:. Regarding Emergency
Planning (Oct. 29, 1990) (Oct. 29 Meyer Affidavit). 1/

2 | have reviewed “Intervenors' Responses to Licensee's Written
Presentation,” Section IlI, Conrerns No. 2 and 4, pages 27-44 (Dec. 24.
1990) ("Intervenors' Rebuttal’j or ("Int. Reb.") and Declaiation of TRUMP-S
Panel 949 60-72 (Dec. 24, 1990) (Int. Exh. 20) as well as the "Declaration of

1/ This affidavit was filed with "Licensee's Submittal in Accord: nee with
‘Memorandum (Memorandum of Conference call of October 19,
1990)" (Oct. 30, 1990).
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Donald W. Wallace” (Dec. 24, 1990) ("Wa'lace Declaration” which is 1it. Exh.

21).

3. Intervenors argue that the Columbia Fire Department (CFD) will

2

not fight a fire involving radioactive materials in the Alpha Laboratory or

MURR Facility. Taey further allege that the MURR Facility Emergency Pian

("Emergency Plan") (and its implementing procedures), the CFD fire

fighting equipment, and design of the Alpha Laboratory are inadequate from

a fire safety standpoint.

4. As is shown in this Affidavit, ‘he asgc-tions of the Intervenors
are incorrect and based on a selective gpplication ¢ several recommended
fire protection practices that they claim ae applice Je. Furthermore,
Intervenors ignore the fi.e protection pracaces th' ¢ the Licensee has
implemented, In ouder to respond to the unfounued claims and
misstatements in the Intervenars' Rebuttal and Mr. Wallace's Declaration,
this Affidavit will include discussions of the following:

1)

2)

3)

4)

5)

6)

7)

The MURR Ficility Emergency Plan, which applies to all
activities within the MURR Facility including the Alpha
Laboratory;

Facility Emergency Procedures FEP 3 "Fire Procedurcs’
(March 22, 1990) and FEP 3(a) "Control Room Response
to Alpha Laboratory Fire" (July 11, 1990) which would
guide the Facility Emergency Organization's (FEO)
response to a fire in the Alpha Laboratory;

The response of the CFD to a {ire «t the MURR Facility,
including the Alpha Laboratory, that may involve
radioactive materials;

The fire loading in the Alpha Laboratory and the general
basement area (outside the Alpha Laboratory) and the
severity of a postulated fire in these areas;

The features of the design and placement of the Alpha
Laboratory in the MURR are consistent with NFPA
guidelines;

The adequacy of the CFD equipment to protect fire
fighters from radioactive hazards associated with the
TRUMP-8 experimonts; and

Other activities which also serve to protect against a fire i

the Alpha Laboratory.
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THE MURR Facility Emergency Plan

5. There is no regulatory requirement that Licensee develop an
emergency plan in order to atilize the uranium, plutonium, neptunium and
americium allowed by the amendments to its materials licenses. However,
since the TRUMP-S experiments are being performed in the Alpha
Laboratory located in the basement of the MURR Facility, this research
project benefits from coverage by the MURR Facility Emergency Plan
(‘Emergency Plan’), which is applicable to these experinients. Oct. 29
Meyer Affidavit, 9 12,

6. The Emergency Plan was described in detail in 99 12-17 of the
Oct. 29 Meyer Affidavit. This plan satisfies the emergency planning
requirement for a research reactor in 10 CFR Part 50, Appendix £ and is in
gecordance with Reg. Guide. 2.6 "Emergency Planning for Research and Test
Reactors” Rev. 1 (Mar. 1983) and ANSI standard ANSI/ANS 15,16-1982
‘Emergency Planning for Research Reactors,” Sege Letter to Robert M,
Brugger (UOM) from Cecil O. Thomas (NRC) (July 12, 1984). It has been
reviewed and approved by the NRC on five separate occasions. Oct, 29
Meyer Affidavit, ¥ 13.

¢ Mr. Wallace's claims that the Emergency Plan "addresses no
specific potential emergencies” and is "nothing more than an organizational
chart and emergency classification table” are without merit. Waillace
Declaration, 4 11. NRC guidance provides that emergency plans "should be
an expression of the overall concept of operation that describes how the
elements of advance planning have been considered and that provisions have
been made to cope with emergency situations,” Reg. Guide 2.6, p. 2.6-1.
The Emergency Plan contains the eleinents of advanced planning necessary
for a broad range of emergency situations. See Oct. 29 Meyer Affidavit,
q9 12, 33.

8, As is clear from review of Section 3.0 "Classification of
Emergency Conditions” (MURR Facility Emergency Plan pp. 8-10) and Table
| "Emergency Classes" (Id. at 25-27), the Emergency Plan has considered a
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Emergency Plan § 3.0, pp. 8-10. Similarly, the “action levels” (i.e. the
conditions which define a particular radiological incident and establish the
threshold for an emergency classification and the appropriate inftial
emergency response measures) in the MURR Facility Emergency Plan are
consistent with those provided in the ANSI standard. Sge ANSI/ANS
Standard 15.16-1982, Table I: MURR Facility Emergency Plan, Table 1, pp.
25-27.

12.  This nwthodologg for classifying potential accidents (so that the
appropriate responses may be determined) was not intended o provide
direction to the CFD for fighting fires. As is demonstrated in th  Det, 29,
1990 Meyer Affidavit (19 37-40, 50-53), the protective equl(n..‘nt.
experience, training (including emergency preparedness drills and facility
tours) for the CFD, and the assistance of knowledgeable MURR staff (by
providing detalled information on the location of any radiological or

chemical hazard and monltorm? for any radiation or airborne radioactivity)
determines what response should be taken by the CFD to a fire in the MURR
Facility,

13.  Mr. Wallace argues that the CFD should have "responsibility for
both fire and emergency medical incidents whether those incidents involve
radioactive materials or not.," Wallace Declaration, 1 19. His related
suggestion 18 that the "Fire Department should be called on EVERY fire and
most emergency medical incidents beyond simple first aid needs.” Id.

14. The fire procedures (FEP-3, step 2 and FEP-3(a), step 1) &/
require the Shift Supervisor or the Senior Operator in the Control Room to
contact the CFD in the event of any fire, To the extent that Mr. Wallace
expresses concern about emergency medical incidents not involving
radioactive materials, those concerns are beyand the scope of this
proceeding. Nevertheless, the Licensee has a specific procedure (FEP-4,
"Medical Emergency Procedure” (July 3, 1985)) for responding to injuries at
the MURR Facility., Since the Licensee has son.e onsite first aid capabilities
to treat minor injuries and the University of Missouri Hospital and Clinics
(UMH&C) is approximately 1 mile away, it is unnecessary to call the CFD for
every medical emorgency. The CFD will be called when appropriate for
medical emergencies. The MURR Facility Emergency Plan (§ 2.3)
contemplates that the TFD wiil provide support in the case of "life
threatening Injuries.” Consequently, emergency medical "needs” have been

5/  Contrary to the implications of Mr. Wallace's Declaration (9 19), FEP-
3(a) does direct the Shift Supervisor to contact the CFD in the event ol
a fire in the Alpha Laboratory. Sce¢ FEP-3(a) step 1; Sce also SEP-2
Table 11, SEP-3 Table 111, and SEP-4 Table IV (which state the CFD
shall be notified in the event of a fire or the need for emergency
rescue ability). Thus, FEP-3 1s pot the only procedure with
instructions for contacting the CFD.
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properly considered by the MURR Facility Emergency Plan and it s not ‘a
plan for disaster.” Wallace Declaration, 4 19.

15, Mr. Wallace claims that the MURR Facility Emergenc, Plan ar. |
fire protection procedures (FEP-3 and FEP-3(a)) do not provide ‘necessary
refire planning” for handling fires involving radioactivity. Wallace
eclaration, 99 11, 13. 1 explained in my earlier affidavit why a prescriptive
procedure directing the CFD on how to fight a fire would pet be helpful. As |
stated there:

“The key to appropriately fighting a fire involving radioactive
materials {8 to have present (1) capable fire fighting personnel,
(2) facility personnel who are knowledgeable of the existing
Facility and of radioactive and chemical contents of the fire
location, (3) appropriate protective breathing apparatus and fire
gear, and (4) suitable fire fighting equipment and resources,
including the MURR Facility's (loodable) dry fire mains. When
all of these are provided for, as they are under the MURR Facility
Emergency Plan, the CFD Incident Commander, with the advice
of the MURR Emergency Director can then make the
appropriate decision as to how to fight that particular fire,
taking into account the actual circumstances involved, rather
than the specifics that would have 1o be written in any
rescriptive procedure, It is the type of decision that fire
ghters traditionally have to make in situations involving any
hazardous substances; and the fire fighters wiil be better
equipped to make such decisions at MURR than at many other
locations because of the knowledge and assistance they will
obtain from the MURR staff." Oct. 29 Meyer Affidavit, 4 53,

Facility Emergency Procedures FEP 3 and FEP 3(a)

16. My previous affidavit describes how the MURR Facility
Emergency Plan and its imglemenﬂng A)rocedures. such as FEP-3 and FEP-
3(a), wouid be apg())lted to a fire in the Alpha Laboratory. Oct. 29 Meyer
Affidavit, 99 44-60. This description will not be repeated here. However,
Mr. Wallace's allegations about the adequacy of these procedures are in
error. | will discuss some of these errors as follows,

17. Mt Wallace claims that "precious moments will be lost while
they [the first persons who discover a fire) go through channels, . .
Wallace Declaration, 4 14, His concern 18 mistaken. FEP-3 (step 1)
requires "Any indwidual discovering a fire shall notify reactor control (#13)
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of fire, giving nature and location of fire." €/ The Shift Supervisor {or Senior
Operator in the Control Room) then notifies the Columbla Fire Department.

FEP-3, step 2: FEP-3(a), step 1. Thus, the CFD would be promptly notified

of any fire in the Alpha Laboratery.

18.  The licensed operators who contact the CFD are knowledgeable
of the facility and the Eme:fcncy Flan and thus can provide the CFD with
accurate information regarding the location of the fire and any radiological
or chemical hazards, as well as any need for medical assistance. By follewing
these procedures, the MURR Facility Emergency Plan is initiated; the full
resources of the MURR staff, the Facility Emergency Organization (FEO), and
any necessary Emergency Support Organizations are brought to bear on the
fire; and approrrﬁate protective actions are taken to minimize the effect of
the postulated fire, including facility evacuation. Mr. Wallace fails to
recognize that by notifying the Control Room the FEO is mobilized to deal
with a fire emergency.

“ Mr. Wallace also claims that FEP-3, items 8 and 9 "are not
specific as to the potential for fires which involve rauioactive materials,”
Wallace Declaration, 94 15. Mr. Wallace completely misunderstands this
procedure. Like FEP-3(a), FEP-3 assumes that any fire in the MURR Facility
may involve radioactive materials. FEP-3 directs the Emergency Director to
‘investigate the fire and determine steps to minimize hazard to both
personnel and property,” which includes an assessment of oifsite
radiological consequences, Sge FEP-3, step 3. If determined to be
appropriate, the ventilation is secured to reduce the emission of smoke
(minimizing the release of radioactive materials) and to smother the fire.
FEP-3, step 7. If the fire is in the laboratory and cannot immediately be
brought under control, the facility {s evacuated, minimizing the health
hazard to MURR Stalff from fire, smoke, and airborne radioactivity, FEP-3,
step 8. The Emergency Director or his delegate meets the CFD personnel
when they arrive outside the facility to provide information about fire
location, and any specific chemical or radiological hazards and to assist in
fire fighting efforts. Sge FEP-3, step 9 and subsequent note.

§/  The FEPs guide the personnel in the Facility Emergency Organization
(FEO) who understand and utilize these procedures. However, there
are over 200 people who work or do research at the MURR Facility.
Many of these are not members of the FEO and have varying levels of
knowledge of the facility. As part of the annual facility indoctrination
and at the annual training seminar for non-FEO personnel, these
members are instructed to call the Control Room in the event of an
emergency. This process allows the Contro! Room, assisted by the
FEO, to ensure that appropriate responses are taken for any
emergencies that might occur at the MURR Facility, including fires.
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20.  Contrary to Mr. Wallace's complaint Licensee has pot taken the
position that “[njo preplanning is necessary . . . Jor that] fighting a fire
involving radioactive materials is . . . no different than what local fire
departments do routinely anyway.” Wallace Declaration, 4 27. Quite the
contrary, Licensee has completed substantiul preplanning to ensure an
approprlta!e response to any fire at the MURR Facilitv involving radioactive
materials.

21, As detailed in my earlier affidavit, the CFD has participated in
emergency action drills on how to fight a fire involving radioactive material.
The MURR also sponsors emergency preparedness training for the CFD.
Furthesmore, the fire fighters in the two stations likely to respond to a fire
at the MURR have toured the facility to famillarize themselves with the
facility layout and the location of radioactive and hazardous materials. Oct,
29 Mever Affidavit, 991 36-39.

22.  When the CFD arrives at the facility they are met by either the
Emergency Director with layout drawings which provide the location of the
fire and any chemical or radioactive hazards. ]d., 1 49, Furthermore, the
fire fighters are escorted by MURR staff personnel to determine the
radiological risk as the fire area (s approached. [d.. 9 50.

i e e il e D
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23.  Mr. Wa'lace has mischaracterized the Licensce's position, 2/ The
Licensee has always believed that preplanning for fires involving radioactive
matenals is necessary. That is exactly what has been accomplished through
the existing fire protection procedures (FEP-3 and FEP-3(a)) and the
existing preparation (including training, drills, and coordination) with the
CFD, which are adequate to deal with fires anywhere in the MURR Facility
involving radicactive materials, including the Alpha Laboratory.

24, The last of Mr. Wallace's allegations regarding the fire
procedures is that the elements “which describe technicians with radiation
monitoring devices accompanying fire fighters in their approach to the scat
of the fire presume that no radiation or extremely low levels of radiation will
be detected.” Mr. Wallace also concludes that “no fire fighting will take
place if the MPC [Maximum Permissible Concentration] is detected” and that

Z/  Mr. Wallace's quotation from the NFPA Handbook is also taken out of
context. Waliace Declaration, 1 27, The paragraph states in full:

‘In plants involvi. g a nuclear reactor, radiation machines, and in
other facilitics handling radioactive materials, the problems
affecting deisions on how best to deal with a fire or other
emergency are not those tvpes 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. The particular fire fighting and personnel safety
measures to be taken may involve shutting down or isolating
parts of the plant or individual equipment items. The areas
where special procedures are necessary must be identified and
the procedures for these special areas thoroughly understood by
all plant/facility pe. ‘onnel.”

Ni'PA, Fire Protection Handbook, p. 10-125 (16th Ed 1986) ("NFPA
Handbook") (Attachment B).

The !icensee matitains procedures for dealing with fires and other
emers encies at the facility - Facility Emergency Procedures in
gartlcular. FEP-3, FEP-3(a); Site Emergency Procedures (SEPs); the

AM Emergency Procedures; and the SOPs. These procedures and
the MURR Facility Emergency Plan fnclude provisions for shutting
down the reactor and isolating the Alpha Laboratory. Furthermore,
MURR personnel are thoroughly familiar with these procedures. This

aragraph and the remainder of this section of the NFPA handbook
fnﬂ; pp. 10-125 to 10-126, "Plan for handling fires,” Attachment B)
describes protective actions which are of the type that have already
been adopted at the MURR Facility,
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50. The Emergency Director will stay in contact with the ChL . cident
Commander (and the fire fighters) and provides the CFD guidance on the
acceptability of any radiological hazards.,

29.  Mr. Wallace's claim that CFD activity would be limited to down
wind evacuations if "any rad.oactivity were present” is plainly false. The
Emergency Director would determine whether a particular ]abomturv or lht
entire MURR facility should be evacuated, For example, FEP-1 and FEP
recommend evacuation of non-FEO personnel when airborne radioac mm
exceeds 5 MPC to minimize exposure.

Fighting a Fire Involving Radioactive Materials

30.  Mr. Wallace's claim that "no fire officer would knowingly lead or
send his crew inte a fire where radioactive materials were burning or being
directly exposed to fire conditions” ie contrary to standard fire fighting
practices and all the objective evidence presented. Wallace Declaration, 4
15,

31,  Battalion Chiefl Call stated that the CFD would fight a fire
involving radioactive materials at the MURR Facility, including the Alpha
Laboratory. See Affidavit of Erman L. Call, Exhibit A (Oct. 24, 1990),
Additionally, this has been confirmed by the Affidavit of the CFD Fire Chief.
See Lic. Exh, 22.

32.  Morover, the NFPA practices, upon which Mr, Wallace relies
throughout his Affidavit, indicate that fire departments will fight a firc
involving radioactive materials. NFPA Practice 801, "Facilities Handling
Radioactive Materials" § 2.3.1.1, (1986); NFPA Practice 802, "Nuclear
Research Reactors" § 2.2.6 (1988) (Attachment C); NFPA Handbook, J)

125 (16th Ed., 1986) (Attachment B). 2/ This practice was confirmed by Mu
Purington, the expert on fire protection and fire fighting who was retained
by the Licensee, g&; Lic. Exh. 199 4, pp. 50,

Postulated Fires in the
Alpha Laboratory General Basement Area

33.  Attachment A to this Affidavit is a calculation developed by the
MURR Staff which contains a detailed fire loading analysis for the Alpha
Laboratory and the general basement to the MURR Facility. This caleulation
was performed in accordance with the guidance and direction of Mr,
Purington. A fire loading is the measure of the maximum heat that would be
released if all the combustibles in a given area were burned. It is expressed

9/  Mr, Wallace's reference to page F-9 actually refers to NFPA Handbook
p. 10-125, (Attachment B).
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13. 1990) (Lic. Exh. 5). In accordance with Mr. Purington's instructions the
Licensee did not include the wooden structural members protected by the
type X (fire rated) gypsum wallboard or the plywood roofing above the Alpha
Laboratory which is protected by fire retardant paint. Sce Lic. Exh. 19, 1 6.
p. 13.

35.  The vast majority of combustibles in the MURR basement are
contained in metal cabinets or containers (e.g.. the combustible low level
radioactive waste are stored in metal barrels). See Lic. Exh. 4 1 38, Since
such materfals will not burn completely and do not contribute fully to the
fire loading (and in accordance with Mr. Purington's directions), these
materials were considered to be "derated.” Sce Lic. Exh. 19, 1 6, p. 14:
NFPA Handbook Section 7/Chapter 9, p. 7-111 (Attachment 13). 'I'ﬁc-
derated fire load is determined by the sum of the equivalent weight of free
combustibles plus the product of the derating factor (K) times the equivalent
welght of the enclosed combustibles, d. at p. 7 113, The derating factor
for fully enclosed con.” ustibles such as t' in the basement area are
0.1 Id. Thus, the derated fire loading * 1 basement area is 0.50
Ib/ft2 or 3,977 BTU/N12 12/ See Attac o .t A,

12/ Mr. Wallace argues that the MURR basement houses "‘numersus” and
“substantial” fire loadings, including: 1) flammable hydraulic oil, 2)
barrels of combustible radioactive wastes, and 3) a natural gas line.
Wallace Declaration 9 27. As is indicatew by Chester Edwards' Affidavit
(Lic. Exh. 4) the hydraulic oil in the basement is contained inside the
freight eleve lor (located primarily in the freight elevator's
self-contained hydraulic ofl reservoir (Id. at 9 35)) and two hydraulic
presses and thelr self-contained hydraulic oll reservoirs (1d. at 1 37).
This oil i1s completely contained inside metal machinery, Similarly,
the low level radioactive wastes in the basement are compressed and
encased in r etal barrels [d. at 4 38.

Finally, there is a low pressure natural gas distribution piping system
in the general basement area. This natural gas system is a one (1) inch
steel pipe located in the ceiling of the MURR basement with a safety
valve and an isolation shut-off valve at its entry point into the MURR
Building. Id. at 9 36. In the event of a fire at the MURR Facility, a
licensed control room operator can be dispatched to turn off the
natural gas distribution system within a matter of minutes. This safety
valve would automatically shut off natural gas flow in the event of a line
break. Furthermore, the likelihood of rupturing this gas line is
remote. Thus, the natural gas distribution system was not considered
in the fire loading analysis, Moreover, as demonstrated by Mr,
Purington (Lic. Exh. 19, 4 15, p. 24), in tke event of a leak in the gas
lines the natural gas would accumulate at the ceiling (it is lighter than
air) and be removed by the building ventilation system making the
explosion postulated by Mr. Wallace unlikely.
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36. The walls and celling of the Alpha Laboratory are covered by 5/8

%vpsum wallboard fire rated type X. See Lic. Exh. 4, 9 20. This wallboard

as a 40 minute resistance rating (i.e., it would protect the studs and joists
in the Alpha Leboratory for 40 minutes in a fully developed fire). NFPA Fire
Protection Engineering Handbook (1990) Table 3-8.1, p. 3-131 (1990)
("Engineeriv § Handbook", Attachment D). As indicated in Mr. Purington's
Affidavit (Lic. Exh. 19, 94 6, p. 18), this wall board is adequate to protect the
wooden support members in the walls of the Alpha Laboratory from a fire of
the t which could reasonably be expected to occur in the laboratory or
the MURR basement.

37.  Mr. Walla~e argues (Int. Exh. 21, 4 22) that there will be a
‘grovnd level release” from the MURR basement driven by an alleged large
increase in pressure resulting from a fire in the MURR basement. The
Intervenors’' Review Panel (Int. Exh. 20, 991 63-67) reiterates the same
erroneous claims. In characterizing the movement of smoke out of the
Alpha Laboratory in MURR building basement, Mr. Wallace and the Panel
ignore the "stack effect.” Air in a building, particularly in the presence of
fire, is warmer and less dense than outside air. Thus, the buoyant air inside
of a building will rise to the top of the building through any vertical shaft
until it is expelled. This effect is known as the stack effect and is a
particularly significant factor for mov«ient of smoke inside a tall building
such as the MURR Facility, 13/

38. The facility exhaust ventilation ducting from the basement area
via the mechanical equipment room and/or the hot cell exhaust to the
MURR Facility exhaust stack represents the tallest vertical shaft available at
the MURR Fcility. 14/ Even if the facility exhaust fans are secured (sge FEP-
3 step 6; FEP-3(a) step 6), sriroke and air will exhaust through the main
stack due to a passive draft in the ventilation system. Morris Affidavit

13/ "In shorter buildings, the influences of the fire (such as heat,
convective movement and fire pressure) are the major factors which
cause smoke movement . . . In tall buildings, these factors are
modified by the stack effect." NFPA Fire Protection Handbook "Smoke
Movement in Buildings”, p. 7-128 (Attachment D).

14/ There are several ways that smoke from the Alpha Laboratory could
enter the Facility ventilation system. In addition to the glove box
exhaust and the room exhaust within the Alpha Laboratory, any smoke
which might escape the Alpha Laboratory to the basement area would
be drawn through the Facility ventilation exhaust system from the hot
cell and/or the mechanical equipment room. Sege Affidavit of J. Steven
Morris Regarding Errors in Petititioners’ Analyses, 4 54 (June 14,
1990); Lic. Exh. 4, 99 28, 29, 30.
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Exh. 1, 9 19, p. 5), Licensee plans to install a sprinkler system for the Alpha
Laboratory within a few months. The Licensee has also agreed with the
recommendation of Mr. Purington to replace the window in the Alpha
Leboratory with a wire glass window within several months (Lic. Exh. 19,
note 15).

46. Mr. Wallace questions whether the "dry (floodable) fire system”
is properly sized and equipped for the fire load in the [Alpha) Labloratory)
and the basement.” Wallace Declaration, 1 21.d. The dry fire mains cun

rovide an adequate supply of water to extinguish a fire in the Alpha

boratory and basement. The dry fire main system can supply
approximately 1200 gallons per minute to the fire maing in the basement
area. See Oct. 29 Meyer Affidavit. 1 31. Mr. Purington has concluded that
this supply of water 1s adequate. Sge Lic. Exh 19, 9 12, pp. 22, 28,

47. Inter _nors' Rebuttal (p. 42) indiscriminately alleges that
Licensee's facility or procedures conflict with « number of NFPA
recommended practices. To the extent that these practices are supported
by Mr. Wallace's Declaration they are ad.' ssed in the body of this affidavit,
See 91 44-47. The remainder of these alleged conflicts have po support
whatever. Furthermore, several of the provisions relied upon by Intervenors
have no relevance to the MURR Facllity or the activities being performed
under the Licensee's material licenses. See NFPA Practice § 8.01, 12.7.1.1]
and 2.7.1.2 (relating to "Nuclear Reactor Fuel Element Manufacture') and
2.8.2 (relating to "Nuclear Fuel Reprocessing'). Consequently, the
Intervenors’ alleged conflicts are without merit,

The Columbia Fire Department Equipment

48. Mr. Wallace claims that the CFD has not been issued "protective
clothing or breathing apparatus which protects them from radiation hazards
that can be expected from fires on or directly exposing radioactive
materials.” Wallace Affidavit, « 16. The normal fire fighter turnout gear
with self-contained breathing apparatus (SCBA) is considered adequate to
protect fire fighters from exposure due to airborne alpha radioactivity (an
internal radiation hazard) that might be presented from TRUMP-§ materials.
The Alpha Laboratory has insufficient radioactive material to present a
significant external radiation hazard from gamma radiation. See 9151,

49. Normal fire fighter gear will protect fire fighters against
radioactive hazards. See Affidavit of Mr. Purington (Lic. Exh. 19, 9 5, pp. 9-
10). This fact is widely recognized, for example:

1) NFPA-802, "Recommended Fire Protection Practices for
Nuclear Research Reactors.” 2-2.7 (Attachment C), states
“the problem of internal radiation exposure is entirely
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different from the external exposure problem . . . this i
really no different than the problem presented by trying to
define inhalation limits for smoke, carbon monoxide, and
other products of combustion. Fortunately, the mandatory
use of self-contained breathing apparatus in radiation
emergencies can materially reduce the problems.”

International Fire Service Training Association (IFSTA-

209) EMS_EJKMLL.QLLH?&MELS  p. 182 (Attachment
F), states "Alpha particles do not present a penetration

hazard to humans . . . to combat Alpha radiation hazards a
fire fighter should be clothed in full protective gear
including positive breathing apparatus.”

50. The CFD fire fighters are equipped with heavy coats and pants
and Self Contained Breathing Apparatus (SCBA). Sge also Oct. 29 Meyer
Affidavit 4 50, 52, The SCBA used by the CFD have positive pressure
facepieces, Lic. Exh. 19, 1 5, pp. 9.10. Smoke will not penetrate a positive
pressure facepiece because alr movement past the facepiece seal is always to
the outside. Consequently, there is little risk of an internal exposure to a
fire fighter wearing a SCBA with positive pressure facepieces. 12/

61, The only significant potential for external exposure to the fire
fighters from the materials used in the TRUMP-S experiments is from
gamma radiation emitted from americium-241 either by direct radiation or
cloud dose. If 1 gram of americium-241 (3.43 Ci) were present in the glove
box (unshielded) the direct dose rate to a fire fighter from a point source of
this radioactive material would be less than 100 mrem/hour at 10 ft. If |
gram of americium-241 were consumed in a fire (with a release fraction
.001) and released into the MURR basement (1¢7% m3) the external dose to
a fire fighter from airborne radioactivity would L. ~aximately 0.064
mrem/hr. This does not constitute a significant ra .ogical hazard to fire
fighters, 18/

17/ “Self-Contained Breathing Apparatus: In the demand mode a
protection factor of 100 is provided: while in the pressure mode, the

rotection factor is unlimited.” Purington & Patterson, Handling
ﬁmmmmm. p. 28 (Attachment E).

18/ The CFD persoanel will be accompanied by MURR personnel as they
engage in any fire fighting activities in the Alpha Laboratory. The
MURR personnel will monitor the dose raic from any airborne
racioactive materials (and ensure that appropriate radiological safety
recautions are taken and indicate if other radiological or chemical
wazards are present).
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Fire Protection Methods

52,  The NFPA Fire Protection Handbook (p. 10-121, Attachhment 13)
describes three important methods for fire safety in nuclear facilities.
These include:

1) Designing the plant to limit the consequences of a fire,
2) Fire prevention, and
3)  Quick detection and suppression of fires.

53.  Mr. Wallace focuses only on the design ot the Alpha Laboratory,
Mr. Wallace's erroneous claims about the Licensee's design are responded (o
in 991 42 - 47 of this Affidavit. A description of the ample fire safety features
Incorporated into the design of the Licensee's Alpha Laboratory will not be
repeated here, See Oct. 29 Meyer Affidavit 99 24-32; Licensee Exh. 4, 99
12-38; Licensee Exh. 5, 919 10-21.

54.  Mr. Wallace is silent about fire prevention measures, such as low
fire loading of basement area, the use of glove boxes with inert atmospheres
to é)crfoml the TRUMP-S experiments (NFPA B0O1, 5-4.7, Fire Prevention!,
and the provision of fire resistent membrane (5/8 inch type X gypsum
wallboard) on wooden framing members of the Alpha Laboratory which
Provide a 40 minute grotecdon rating. The reactor operators also perform
Tire watch” tours of the MURR Facility every four hours. The operators are
directed to detect and eliminate any potential fire hazards. A University of
Missouri fire safety officer also tours the Facility every six months and a
MURR fire safety inspector conducts monthly tours of the facility for fire
safety. Oct. 20 Meyer Affidavit at 9 30. The CFD reviews of this facility and
the Alpha Laboratory are described in my Oct. 29 Affidavit. |d. at 99 31-32,

65.  Mr. Wallace is also silent with respect to quick fire detection
and suppression. The Alpha Laboratory has a fire detector in the argon glove
box as well as the Alpha Laboratory. Both of these detectors alarm {n the
reactor Control Room which is manned 24 hours/day so detection of any fire
would tmmediately prompt a response. Oct. 29 Meyer Affidavit, 4 28, The
Reactor Operators tour the MURR Facility every 4 hours and would detect
fires in the Alpha Laboratory. Furthermore, there are fire extinguishers in
the Alpha Laboratory and surrounding basement to allow an immediate
response to a small fire. Oct. 29 Meyer Affidavit, 99 22-29. The Control
Room Reactor Operators and the persons authorized entry into the Alpha
Laboratory have been instructed on the types of fire extinguishers to be used
in fires at the MURR factlity.



CONCLUSIONS




he oblective evidence indicates that the
a fire in the Alphi Doratory even {1t involves radloactive materials
CFD 1s adeguately equipped to Hght a fire with thelr SCBA and normal
fighting gear. The potential for radiological hazard to fire fighters fion
materials used in the Alpha Laboratory is low

subscribed and sworn | | Jj/ ‘\M

before me in A, ‘!)\ \V \A-':R"" -
L500NE County Walter A. Mevyer, J¢
Missour] this £8™* day of Reactor Manager vV
January 1991

/| J

/

// |
I A
At eV asaeboman
“ Notary Public

fv
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My Commission Expires
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ATTACHMENTS

Attachment A - Licensee's Fire Load Calculation (Jan. 24, 1991).
Attachment BB - NFPA, Fire Protection Handbook (16th Ed. 1986},

¢ Section 7/Chapter 9 "Confinement of Fire in
Buildings," pages 7-111 to 7-113, 7-126 to 7-128.

¢ Section 10/Chapter 17 “Nuclear Facilities,” pages 10-
121 to 10-126.

Attachment € - NFPA Recommended Fire Protection Practice 802, "Nuclear

Research Reactors' §§ 2.2.6, 2.2.7 (1988),

Attachment D - NFPA, Fire Protection Engineering Handbook (1990).

¢ Section 3/Chapter 8, "Analytical Methods for
Determining Fire Resistance of Timber Members®
Table 3-8.1, pages 3-131.

© Section 3/Chapter 9 "Smoke Control," pages 3-143,
3-144.

| Attachment E - Purington & Patterson, "Handling Radioactive

Emergencies,” pages 28, 101-102 (1977).

Attachment F - IFSTA - 209 "Firefighter Occupation Safety,” pages 182, 188

R Bl B BBl Sl A B L L A b e L L

(1979).
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LICENSEE'S EXHIBIT 20,
ATTACHMENT A

Fire Load Calculation

These fire load calculations have been prepared by Licensee staff using
procedures in tne NFPA Fire Protection Handbook (pp. 7-111, 7-112, 7-
113, .uttachment B) and following the instructions of Mr. Robert Purington,
a fire protection engineer.

Some of the combustible occupancy of the MURR basement were
derated to indicate their limited contribution to a fire as specified in the
NFPA Handbook (pp. 7-112, 7-113).



Lab:
Polycarbonate
Glove box windows
Tubing
Doors
Gloves
raper
Misc.
Backing on Gypsum Board
CPU, Monitor, Printer

Balance of Basement:
Qil
Texaco Rando MD-32
MFA Industrial 200
Opti-Fluor
Trash (Barrel)
Loose
Compact
Metal Cabinets
Paper etc.
Doors
Plywond
Hepa Wood Frame
Wood Crate

“

v L =

Fire Load Calc. 1/24/91

Welght
pounds

177.8
2.0
177.7
83

50.0
125.8
10.0

21263
735
2749

92.0
690.0

17856.0
177.7
258.2
85.1
206.3

Heat of
Combustion
BTU/Lb

13323
13323
8000

19680

8000

8000

18000
Yotal

Lab Fire Area

Fire Load| 1.39 ps! |

19440
19700
17973

8000
8000

13445
8000
8000
8000
8000

Total

Weight of Free Combustibles
Derating Factor(K)

Derated Fire Load

Basement Fire Area

Specific Fire Load| 0.50 psf |

Equivalent
Combustible
Welght
pounds

2961
33
177.7
203

50.0
126.8
22.5

695.7

500 sq. M.

Equivalent Combustible
Weight Enclosed In
Metal Containere
pounds

11,131 BTU/sq. ft]

5166.9 5166.9
181.0 181.0
617.6 617.6
92.0 92.0
690.0 690.0
3900.0 3000.0
177.7
258.2
85.1
206.3
104748 0747.5
7273 Ib
0.1
1702.0 b
3424 sq ft.

3,977 BTU/sq. ft.|
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"126 FIRESAFETY IN BUILDING DESIGN AND CONSTRUCTICN

that | arces, such as wind and stuck effects and the
meche ©cal heat, ventilating, air conditioning or other
air movement systems. [n these areas the movement of
sinoke is essentially the same as the movement of any
othar pollutant

SMOKE MOVEMENT IN THE HOT
SMOKE ZCME

The valume of combustivn products entrained in a
rising plume in the hot smoke zone is relatively small
voinpared with the volume of air in the total mixture
Consequently, the smoke produced by a fire will approxi-
mate the volume of air drawn into the rising plume. Figure
7-10A illustrates the process

ln those situations where the height of the plume as
measured from the top of the fire to the level of the smoke
layer, as shown in Figure 7-10A, Is more than about twice
the height of the solid body of flame. it is reasonable to
pstimate the amount of smoke using developed formulas
(Thomas et al 1963) and presented in the book, “Smoke
Control in Fire Safety Design’” (Butcher & Parnell 1476).

The formulas involved were derived from research
vonducted at the British Fire Research Station more than
20 years ago. This work showed that the amount of sinoke
could be reasonable estimated solely as a function of the
height of the fire plume over a “'virtual fire source.” The
research indicaed that the virtual source for a free burning
fire having a circular shape would be approximately 0.15
diameters below the burning surface.

The mass of gas drawn into the fire can b2 estimated as:

M = 0.086 Pg.y*? (g T¥T)"?
where:

M = rate of smoke production |kg's)

P = perimeter of the fire (m)

qe = density of ambient air (kg/m”)

y = distance from floor to bottom of smoke layer (m)
g = acceleration due to gravity (m/s’)
T, = absolute temperature of the ambient air (°K)

T = absolute temperature of the flames of the smoke

plume (°K)

Typical numerical values of the parameters are:

Qs =122 kg'm’ @ 12°C
Tn = 200 K

T = 1100 K

g " 9.81 nus®

I "ag these values, the rate of smoke production
cimes.

M = 0188 P y*?

4
TOAMMARE ARCAY

FIG. 7-10A. The production of smoke from a fire.

The sitmple expression . = 0. 188Py includes a sere
of assumptions. the most important of which are:

1. The tip of the flame is & significant distance below '
bottom of the smoke laver. The fermula, while useby
is much less acourate in spaces having a low ceiling
relative to the height of the fire involved

2. The fire hed itsell covers an area having a length ang
width that are reasonably approximate to each othe
The original formula is based on the assumption ot 4
circular fire. The degree of error in the formula i
creases as the relationship of length to width o
creases

Flame Height

A reasonable estimate or flame height (Alpert ane
Ward 1963) can be obtained from the espression:

Hi = 0.011 (kQ)**
where

H; = flame height (m)

k = wall effect factor. The value of k to be used is.
k = 1 when there are no nearby walls
k = 2 when the fuel packages near a wall
k = 4 when t* - tuel package is in a corner,

Q = fuel heat release rate (watts)

The results of this formula is shown graphically 2
Figure 7-108.

Plume Gas  mperature

Detailed engineering formulas for properties of fin
plumes have been presented (Heskestad 1982). [n simpie!
terms, however, (Alpert and Ward 1963) an empirics
estimate plume temperature is piovided at a given point
above the fuel as:

A ]
AT = 0.22;&59!

where
AT = maximum temperature increase , 2) above
ambient (room) temperature.
Q = total heat release rate (W),
k = wall factor. The value of k is:

k = 1 when there are no nescby walls
k = 2 when the fuel package is near a wail
k = 4 when the fuel package is in a cornef

H = distance (m) above the top of the fuel packas?
(for a pool of flammable liquid, such as gasolin®
ar heptane, H is the distance above the fuel
surface minus one poc! diameter).

Smoke production is, therefore, dependent upo? l"’,
perimeter of the fire and the effective h-ight of the ¥
column above it. As the fire continues to burn, the “‘":,,
smoke production will vary as the distance y choi'¥
Figure 7-10C illustrates this variability

The mass rate of smoke production, M, can b
verted into a volumetric rate of production by dividit®
expression above by the density of the air (as sﬂ‘““.‘" ‘
T°C. This factor becomes 1.22 (290/T+273) kgm’

T B e ey
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NUCLEAR FACILITIES

poy raddioactive substances and operations in
naterials or devices and equipment wh
; tion hazards have the same fire and explosior
1 similar materials and operations without ra
", } rds However, due 1o the hazard (o personng
o e itv of long term contamination of propert
e 14 jre 1o sudden accidental escape of radios tive
ohoences the subject of protection from radiation haz
v (PABTVES S PO ial consideration, sspecially the proce
o« #es Thal must be foliowed during emergencies
NUCLEAR REACTORS
A nuclear reactor is a device or assembly for inttialing
¢ mantaining @ controlled nuclear chain reaction in a
twionatie fuel (utanium or plutonium}. Nuclear reactars

o+ uied 10 produce energy, to study the fission process, or

w produce radicactive materials within the reactor or in a
sarenial exposed by the reactor's radiation or radioactive
whicles Basically, nuclear reactors mav be divided int

nuciear power reactors of large size, up to 3,500 MW
megawatts thermal) or 1,100 MWie) (megawatts electr
@ and research reactors that oparste al power levels
s & fow watls 1o many megawatts. In 1985, there were
Vooperaling or near operaling nuc lear power reactors and
 additional 30 nuclear power reactors with construction
permits 0 the United States alone Construction of many
wners hiae been delaved—some indefinitely. Dozers of
wearch reactors are now operating. but in general the
Sumtet Of resedrch reactors 1s not increasing

Nuclear reactors that include a containment vessel
Foerating equipment. and heat removal equipment can be
® arge as the largest fossi fueled electrical generating
punte Most research reactors, however. are so small that
ey may occupy only one small corner ot a room 1n ¢
Svieal laboratory building at a research {a
“RpuUs the magnitude of hazard presented b
- r varies considerab

national and international groups
w need tor e nrotection requirements 1or

ity or collegs
1 heretore
LinA of react
Var nave ac

e L

LY surance

Revised by George Weldon, P.E

ear power reactors and research reactors These groups
include the National Fire Protection Association (NFPA)
the American Nuclear Society, the American National
Srandards Institute (ANSIH, the United States Nuclear

datory Commission (NRC), the Mutual Atomic Energy
weinsurance Pool, and the American Nuclear Insurers
They are referenced in the Bibliogrophy at the end of this
napter
The “Defenise in Depth” philosophy. which calls for
the provisions that follow, is applicable to both power and
research reactors. Those provisions are

K

1. Fire prevention
2. Quick detection and suppression of fires that occur
3. Designing the plant to limit the consequences of fire

Heat Removal

All nuclear reactors, even very low power training or
research reactors, produce heat while operating. This heat
vither must be dissipated or used, depending upon the
amount produced and the purpose for which the reactor is
intended

Reactor Control

Reactor control systems and safety svstems are of
utmost importance. The control system design is fitted to
the technical characteristics of the reactor and is capable of
producing power changes at acceptable rates. The control
systemn design also makes it possible to produce and
maintain the desired power level within the reactor in
such @ way that excessive temperatures are avoided. The
safety system. which is an addition o the control system
is adopted to the characteristics of the reactor in the
nstrument and control system. It responds to signals from
the instruments by automatic operation, in order to pre-
vent operational variables from exceeding safe limits. On
wpropriate signals, the safety systom warns of incipient
performance changes and, f necessary, shuis down the

ter
rea 3

A rpartor hecames “critical’” when the total rate of
nroduction of neutrons, under conirol conditions. is such
{ elf-sustaining reactions occur. Control methods mus!
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RADIATION MACHINES

pop— . . ’ har v mig
n machines include mechanical and slectru

[ articled ]

vices tha! produce or make use of subatomi
electromagnetic radiation, or both. X ray machines & B Prolection
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igiograpny, therapaulic treatmen

f the bshavior of radiation and its effects upon materia
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narily devices for imparting extremely high energie? e ln ”\
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NUCLEAR FACILITIES 10123

Lrane The machines are used. ua the name implies, t
Wt vanious charged atomic particles lo tremendous
o " and, consequently, o high energs jevels, Particle
CE L atars furnish scientists with atomic particies. in the

2 A boam. which may be utilized for fundamentu
10« ol atamic structure, In addition, accelerators tur

' & high eneigy radiation which may be utilized for
¢ Lagraphy therapy. of chemical processing
particle accelerators emil radiation only while in
pration Attempts to extinguish & fire in the immieciate
S ity of the machine should be delayed until the ma
ap's power supply can be disconnected
Certain target” materials become radioactive when
harded by stamic particles, and for this reason mon)
'_ ne euipment should be used during fire fighting
eptions 10 estimate the radiation hazard The
o4 nresented by particle accelorstors is largely the' of
el squipment, There are. however, some important
wons. Some installations wie such hazardous mate
ate 08 liquid hydrogen or other Nammable materials in
~iderable quantities. Large amounts of paraffin are used
seutron shielding purposes Another factor is the
e presence of combustible oils used for insulating

(%

»

d \
usual

e

ini
aNYY
antt cOOUNg

industrial applications for parti le accelerators in-

Aude chamical sctivation, ace sleration of polymerization
a plastics production and the sterilization and preserva.
nan of packaged drugs and sutures. The general fire
protection and prevenlion measures for these machines
should 1nclude the use «<f noncombustivle or limited
combustible (Type | or Type Il} construction housing
anncombustibie or slow burning wiring and interior fin
i«hing. and the eltmination of as much other combustible
material as possible. (See NFPA 220, Standard on Types of
Ruilding Canstruction.) Automatic sprinkler protection
should be provided in areas containing hazardous
amounts of combustible material or equipment Special
fre protection should be provided for any high voltage
slectrical equipment

A
)

FACILITIES HANDLING RADIOACTIVE
MATERIALS

The type of equipment used lo process radioactive
materials depends not only upon the work to be per.
formed, but also upon the degree of hazard associated with
the material and the process it is to undergo Materials
with low levels of radioactivity and with little or no
inherent fire or explosion hazards require less protective
eauipment than uthers. For purposes of personnel protec
won the amount and kind of shielding vequired will
depend upon the types of rediation emitted as well as the
shivity involved. In addition, the chemical and physical
nature of the radioactive materials will dictate the degree
o containment necessary, as well as the construction
materials necessary in the containment svstem. All equip:
ment to be used for handling and processing radivactive
materials should be designed to mimimize fire and explo
son motentials as well as 10 protect personnel against
tarmbul radiation exposure and praven! damage to prop
ey by contamination. There are many types ol equipmerit
i systems {or handhing radioactive materials, but mos!
Mmay (s
hey

classified as elther benches. hoods, glove baxes

Benches

Benches are used generally for handling relatively
small amounts of alpha or beta emilting materials reguit:
ing little or no shielding when handied with gloved hands
of tongs. No special ventilation for the bench is provided
in mos! instances and ils use is thereby restricted o
materials which will not easily become airborng

Benches should be of noncombustible construction
with 8 nonporous continuous working surface which can
be decontaminated easily, Usually, one or two lavers of
biotting paper on the bench top to abisorb small spills wili
not increase materially the fire hazard

Hoods

Hoods sometimes referred to as “fume hoods,” are
similar to benches except for the addition of an enclosure
and exhaust svstem fo: removing \ apors The nature of the
operations conducted within the hood may require a filter
system to prevent the spread of radicactive materiuls
Filters with a low degree of combustibility are desirabie

Glove Boxes

The term “glove box" refers to a system designed to
contain matetials, generally alpha radiation emitters,
which present little or no external radiation hazard but
which can present & serious problem il they become
aitborne Glove boxes may be large and used in a wide
varisty ¢ operations involving flammable liquids and
gases. combustible solids, and toxic materials. The sides
are fitted with long rubberlike gloves which permit manual
operations o be conducted without personal contact with
the hazardous materials. Special ventilation and fire pro-
tection systems are usually necessary. (See Fig 10-178)

Hot Cells

A hot cell is a heavily shielded enclosure in which
gamma emitting radioacuve materials can be handied by
persons using remote manipulators while viewing the
operation through shielded windows or pariscopes. Hot
cells are constructed preferably of noncombustible mate-
rials and contain the minimum amount of combustibles
consistent with operu!iﬂnnl requirements

in addition to all of the fire and »xplosion hazards of
giove boxes. hot cells also present i .eased damage po-
tential due to the nature of the high gamma ray producing
materials used The safeguards recommended for glove
boxes apply equally to hot cells. Where very high gamma
radiation leveis are encountered. consideration must also
be given to the possible failure of containers as a result of
radiation darmage

RADIATION EXPOSURE

Radiation Injury

The harmiu) effect of radiation is due to its ability to
jonize the atoms present in the various compounds which
compose the body, How the radiation actually damages the
hiving cells i1s not exactly known Unfortunately, the hu.
man bodv has no defense mechanism against radiation
nor can nuclear radiation be detected by any of the five
senses. Thus. it is possible for an individual to receive a

severe exposure to radiation withou! knowing il This
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10126 PROCESS FIRE MAZARDS

of storage of water 'hat may he omtaminated The yse of
nancombustible materials (o reactar b itdings and equip
mant will help to avoid complications of fire hazards For
t-xample. all finish materials ysed for decorative gtnusti
cal, or insuiation purpases should both be noncombustitile
and easy 1o decontaminate

The hazard of a reactor structure exposing other build-
ings 10 radintion s prevented by appropriate distance
suparation or fire barriers. To prevent Exposure to the
feactor, it 18 always appropriale 1o separate shops and
service spaces from the reacior equipment and structure
itself. Wiring ducts in floors introduce an apportunity for
the spread of fire or of contaminated liquid ot gas from one
faace 1o another. Good duct seals separate onhe space from
another. Subassembly or other aperations in the prepara.
Hon of fuel elements for reactors is carnied on in work
areas separated from the reactor in such a way that fire
tannot reach the reactor space

Equipment for Fighting Fires

Automatic sprinkler svstems ot specially  designed
Piped winer spray svstems are the st cholce for fire prote
Hon in any location where fres 4y DCeur in nuclear reactor
plants, properties housing radiation machines and facilities
hat dling radioactive materials Sprinklers can operate wit,
full effetiveness under radiation or contamination condi.
tions that would make approach by fire fighiers impaossible

In spaces where water used in fite fighting would be
subject to possible cantamination. the colleation and dis-

osal of this water must be provided for in the local
acilities: this means the facilities should have water.
proofed floors and controlled Noor drainage. 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.

If a fire occurs in a containment vessel during con-
struction, the difficulties of access and visability warrant
the provision of temporary fixed automatic extinguishing
systems when combustibles cannot be effectively con-
trolled. Temporary interior hose stations and an ample
supply of portuble extinguishing equipment should be
within easy reach in all portions of the vessel. Because of
the smoke confinement potential, only very fast manuai
response may be elfective, hence the available manual fire
fighting equipment should be in excess of normal con-
struction practice to (nsure the earliest response

Incompatible Materials

Carsful design analvsis is required to recduce the fire
protaction problems inherent in the use of materials that
are incompatible in fire situations. As an example, the
contemplated use of liquid meta! as a reactor
coolant' moderator requires spacial extinguishing systems
not compatible with water. in fact, the possibitlity of a
wiater-liquid metal reaction may justify the exclusion of
water systems from the area. If such a decision Is mate
however, it imposes severe limitations on the presence of

———

lammable mils. plastics. foam insulations. and other m
terials that generally require Coplous quantities of wae
tor fire extinguishment. Where such mixed hazards wyg
it 15 imperative that carefu' consideration be given in he
patentials for a failure in one svstem 10 cause a fuilure 1o
the incompatible system. in such cases, either Protecting
svstems must be provided that can ensure the EXTINQU sh
ment of fire in either system before it can CAUSe a ruptum
of the other system, ot 4 Single protection svstem (such “
inertingl must be developed that is adequate for #ilhey
hazard. The difficulties inherent in such problems warres
the most thorough hazards analysis gt the eariiest design
stanes

Bibliography

NFPA Codes. Standards. Recommended Practices and Manuvals
[See the latest NFPA Codes and Standards Cotalog for avaik
ability of current editions of the following documents.)

NFPA 10. Standard for Portable Fire ¢ stinguishers

NFPA 48, Standard for the Siorage Hondling and Processing
Magnesium

NFPA 72E. Stendord on Automatic Fire Detectors

NFPA 220. Standard on Types of Building Construction

N¥PA 155, Standard Method of Test of Surface Burning Charx
leristics of Building Materials

NFPA 250, Standard Test Method for Potential Heat of Building
Materials

NFPA 481, Standard for the Production Processing, Handhne
and Storage of Titanium

NFPA 482, Standurd for the Production. Processing. Handling
and Storage of Zirconium :

NFPA B01, Recommended Fire Protection Practice for Facilitiey
Handling Radicactive Materiols o

NFPA 802, Recommended Fire Protection Practice for Nucles
Hesearch Reactors i

NFPA 803. Standard for Fire Protection for Light Water Nucied
Power Plants

Additional Readings

UL 586, Test Performance of High Efficiency Particulate. A
Filter Units, Underwriters Laboratories Inc., Northorook
IL.

ASTM E136, Standard Test M'ethod for Behavior of Material ::
Vertica! Tube Furnoce ot 750°C. American Society
Testing and Materials. Philadeiphia. PA Feld

IEEE 383, Standard for Type Test of Class IE Electric Cables. £
Splices and Connections for Nuclear Power (nf’""“_:‘
Statians, Institute of Electrical and Electronic Engi®
New York, NY -

NCRP 30. Safe Handling of Radioactive Materials-NBS Hand 3
92, The National Council on PRadiation Protection ¢
Measurement, 1064 o

NCRP 38. Pro‘ection Against Neutron Radiation, The Né ;..‘
Council on Radiation Protection and Measurement. ! b

NCRP 19, Busie Radiation Protection Criteria, The Namm“l (¥
cil on Radiation Protection and Measurement, 1971 o

Standards of the U.8. Nuciear Regulotory Commission ‘4“' .
Faderal Regulations. Part 20. Chapter 1, Title ¥
Government Printing Office W ashington, DC i

Nuglear Safetv. (bimonthlv) 11§ Covernment Printing !

Washington, T

ion |

MAs Chaptar des
pension. and
B dischirge. ar
explosion ¢
fad Quids are |

8
¥ Section 3,
bnal informati
vishing agen
apter 5. For
blishes a bul!
rau of Mine

THE M

-~

. Metalworkir
L surface f
materials. in
1A con: dered a-
fre. Coolan
®iutions to
e Nucoassar
-““lh motor 1
.h’h- multime
Nlml ot a ct
Mlem,
* Though the
M:MO. the ma
Ngs, can prs
7ol these chip
\ metal ana
» Machinin.
e (hipg and «
:hm‘nhm\ et

cidg‘hlsﬂ s
< POy, ey 11
mhustion
\“

Mt Ay




€ 19882 NFPA. Al Rights Reserved

NFPA 802
Recommended Fire Protection Practice for

Nuclear Rescarch Reactors

1988 Editvor
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Origin and Development of NFPA 802

This recommended practice was tentatively adopted at the Annual Meeting in May
1958, As a result of suggestions received duning the period of its circulation, new text
was added in the sections on the Boiling Water Reactor and on Educational and Train
ing Reactors, and 1t was adopted in May 1960, as revised. A completely revised and
updated edition was adopted in May 1974 Revisions in the 1983 edition included the
substitution of jon’'zing in place of gamma to include other types of radiation to which
one may be exposed. Changes to this edition include a caution to special problems which
may be caused by graphite reactors. Other changes are edit nal in nat

ure to allow this
docurnent to comply with the NFPA Manua! of Seyle




BEACTOR SAVETY CONSIDERATIONS

FuTpeTe N Of marrnals I suthanty having Armieon me. has
SCCEPLARCT OR COMphance with NEFPA o oohves APITTIATE gian
dards In the atisence of such standardy saw auihornity may re
quire evidence of proper mnalianon procedure or use The
suthanty having junedston may also reies 1o the Rene o labeling
pracuices of an organalion concerned with produc: evaluations
whith 10 10 8 position 10 detenmine comphance with appropnate
standards for the current pristucton of lisied nem

Authority Having Jurisdiction.  The “authornity hay
ing junsdiction’’' s the organizanon, office or individual
responsible for “'approving ' equipment, an installation or
a procedure

NOTE  The phrase “authonty having junsdwtion’ w used in
NFPA documents in a broad manner unce juradscuons and ' ap
proval’’ agencies vary s do their responsbilies Where public
salety u prunary, dhe Cauthomty having junsdstion’ may be a
federal. state local or other regional deparument of incividual yuch
a3 2 fire chuel, fire marshal cheefl of a fire prevenoon bureau. labor
deparunent, health department . bulding official | elertncal inspec

tor, or others having sarutory suthonry For msurance purposes,
AN WnsurRnce inspecuion department, rating bureau, or weher -
SUTANLE COMpany representative may be the “'suthonry having
Junadiction ' In many arcumstances the properny owner or bis
designated agent asumes the rode of the authoniny having punadic

uon ', at government installations, the commanding officer or
deparunental official may te the “‘authorty haviag junadiction '

Labeled. Equipment or materials to which has been
artached a label, symbol or other identifying mark of an
organization acceptable to the '‘authonty having jurisdic-
tion"' and concerned with product evaluation, (gm main-
tains periodic inspection of production of .abeled e~uip-
ment or materials and by whose labeling the manufacturer
indicates compliance with appropriate standards or per-
formance in a specified manner

Listed. Equipment or matenals included in a list
published by an organization acceptable to ihe "author-
ity having junsdiction’’ and concerped with product
evaluation, that maintains periodic insp sction of produc-
tion of listed equipment or matenals and whose listing
states either that the equi&(nent or matenial meets ap-
rmpmlt standa ds or has been tested and found suitable
or use in a specified manner

NOTE  The means for identifving hisied equipment may vary
for each organizanon concerned with product evaluanon, sms
of which do not recognize equipment as bsted unless 1t 1 also
labweled The "authonty having junsdiction'* should utilize the
system emploved by the Listing organization to wenofy a histed
product
Shall. Indicates a mandatory requirement

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

Chapter 2 Reactor Safety Considerations

2-1 General. While it s beyond the scope of this
publication to discuss the entire range of problems asso-
ciated with the operation oi reactors, it is appropniate to

8025

enumerate a number of wdentifiable problems which have
a specific bearing on fire protecuon

2-2 Fire Control Problems Due to Radiation Effects.

2:2.1 It should be kepi 1n mind that almost every nuclear
reactor will have areas of intense radioactivity associated
with it. In fire fighting operations, it 1s essential not 1o dis
turb any pa 1 of the structure which is provided for shieid-
ing from radiation In many cases the targets are them:
selves radicactive and the shielding may be combustible

2:2.2 During fuel elemuent changes or when the reactor
1s openied, the poteniial for radiation exposure to person:
nel 1s increased Specialized shielding equipment, remote
handling devices, and protecied storage casks or water
pools are used to reduce this potential lor exposure 10 a
minimum

2:2.3 There is always the possibility, under emergency
conditions, that admuttance of personnel to the area hous-
ing the reactor or process areas would be forbidden due
1o high radiation levels or due to radicactive matenals in
dust or vapors which would be dangerous to inhale or in-
pest. It is essential that complete preolanning be carned
out between the public fire deparument and the reactor
management. where and how, and to what extent the
public fire department would be called upon to function.

2:2.4 It is important that reactor operations management
recognize that in those areas in which fire fighting forces
may not be admitted under some accident situations, com-
plete reliance must be placed on proper design, use of non-
combustible materials, and built-in fixed protection

2:2.5 The permissible radianon o which fire fighters and
other emergency pers anel may expose themselves is a sub-
ject on which no sir ple statement can be made. One kind
of exposure comes from external exposure (o ionizing radia-
tiori. Another comes from radioactive substances which
may be inhaled or ingested. -

2:2.6 'The exact limits should be defined by the emer-
gency program established for the particular installation
Limits for routine workers, as defined in NRC regulations
applicable to NRC contractors and in the Code of Federal
Regulations, Titde 10, Pant 20, applicable to NRC licen-
sees, are based on continuing exposure at those leveis for
a working lifetime. It does not apply to emnergency or once-
in-a-iifetime exposure. There are no mandatory limits in
this situation, although the Bureau of Standards, Handbook
59 recommended a 25-rem emergency exposure limit with-
out affecting the normally allowed accumulation rates for
workers. Some facilities have adopted 50 rems as an »mer-
gency limit. On the other hand, the National Cout..4 on
Radiation Pro.ection Report No. 39, Basw Radiation Fro-
tection Criteria, sugyests that under emergency conditions
which involve life saving actons the planned whole body
dose should not exceed 100 rems, and during other less
urgent emergencies, such as fighting fires, the planned
whole body dose shoukd not exceed 25 rems. [n emergency
situations such as fire fighting, the actual exposures may
be uncertain and exposures should be controlled by the
amount of good to be achieved, just as for any aher hazard
fire fighters are expected to face. The pertinent point is



8021

thist the expumurn that can be permptied in emergoney Situa
nons can b rmany tnes the routinge doy abies day exposarn
bty and mon gese @ threat 1o the bl of the fire fighior

2:2.7 The problem of internal radiation exposiire 18 en

urely different from the external exposure problem and
establishing limits for emergencies s impracticable in the
face of measunng difliculiies inherent in emergencies. This
i really no different than the problem presented by trying
1o define inhalation himus for smoke, carbon monoxide

and other products of combustion Fortunately, the man
daiory uee of selfl-contained breathing apparatus in rad:a
non emergencies can materially reduce the problem. This
protilem 18 discussed more fully in the AEC pubhication
Living With Radiation, Part 1, Fundamentals, and Fart 2, Fire
Service Problems

2:2.8 Radioactive materials, like other particulaie mat

ter, may be transported in the smoke of i fire 1f deposited
on the body or clothing, 1t can create a potential exposure
problem requiring decontaminanon procedures such as
washdown. clothing removal, personnel showers, etc

Every faciity should have procedures for decontaminanng
clothing, personnel, and equipment that may be exp-sed
In emergency situations

2:2.9 While many facilities provide, and require, special
coveralls, shoe covers, etc for all workers in the facility,
it should be remembered that this 1s an administrative con-
venience for plant operations. It does not provide a level
of radiation protection any greater than that provided by
a fire fighter's turnout clothes. In no case should emergency
response be delayed because of regulations intended for the
administrative convenience of routine operations. Pref ¢
anning should include recognition of such potential proo-
m areas

2:2.10 It is important that moverient of personnel who
may carry contamination from contaminated areas to un-
contaminated areas bs carefully controlled. Plans for such
controls should be included in the facilities’ emergency
plans and fire fighting forces should be indoctrinated in
the emergency systems

2-3 Accident Involving Fissionable Materials,

2:3.1 The fissionable matenals, uranium-233 and -235
and plutonium, should be used with provisions to prevent
the accadental assembly of fissionable material into critical
maasses

2:3.2 Since water 15 a reflector and moderator of
neutrons, it is theoretically pousible that an arrangement
of subcritical fissionable matenal could be made critical
by the introduction of water. Storage containers, shelving,
and storerooms are required (o be designed to prevent the
accidental assembly of a ertical mass. In many cases, the
arcas are designed to be cntcally safe even when com-
pletely submerged in water. Emergency planning should
include the effects of fire fighting water on such areas, as-
suming disruption of the contents by the accident or by
fire hoses. If manual fire fighting poses a potenual hazard
under the worst co ditions, then it is essential that any re-
quired fire-extinguishing capability be self-contained and
AULCMANC In Operation
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2:3.3 U duning a fire an assembly of fissionabile mare ral
should became ertcal . 1t could not explode hke an aroma,
bomb since special conditions are necessary for such an
explosion Expenence (o dare has shown that such rea

nons have been sell-himiting. but do result in manos
distribution of radioactive products over the immediare
area accompanied by a brief, very intense, burst ol nucleur
rachation which could be Jethal

2:3.4 Reacrors are normally loaded with a quantiny of
nuclear fuel greater than the minimum necessary 1o ob
tain an imual sell-sustaining nuclear reaction If Joss of
cooling results in melting or other fuel displacement. 1t is
unlikely that a eritical mass in a new form will resuic The
actual amount of fuel may vary from as little as about one
pound to tens of thousands oi pounds depending upon furl
entichment, fuel form, reactor type, and many other
facrors

2-4 Fire in Control Systems.

2-4.1 The possible effects of heat, smoke, and corrosive
gases on the operation of control systems require attention
to features of good practice and fire protection so as to
miniumnize interference with operation of these systerns. Fea:
tures of good design include compartmentalization. min)

mizing combustible matenals, and installation of automatic
fixed extinguishing systems. The physical separation of
alternative sysiems for control and safe shutdown of the
reactor should be considered and provided to the extent
practical

2-4.2 Electincal control mechanisms involve combusti-
ble insulation. Hydraulic conirols sometimes involve com:
bustible fuids. The control panels may be exposed 1o fire
damage if located near woodd platforms or in spaces hav-
ing combustible building finish or furnishings

2-4.3 If fire involving a reactor control system causes
reactor shutdown, the need for continued cooling of fuel
elements will be reduced, but will not, in most cases, be
eliminated.

2-5 Loss of Coolant or Moderator.

2-5.1 Another type of possible accident might be the foss
of either moderator or coolant in a reactor operated for a
time at or near full power. Sufficient residual heat might
remain in the reactor fuel elements to melt them. The
possibility of this occurrence in research reactors 18 ex:
tremely remote

2-5.2 The possibility of chemical reaction of core or
coolant materials under conditions of equipment failure
must be taken into account. Coolant fires may, for exam-
ple, result from leaks in sodium or organic coolant systems,
sodium-water reactsons may result from failures in sodium-
+  =r heat exchangers, and graphite may burn if air is in-

rtently introduced into a very hot graphite core. Core
design questions are involved in the choice of core
materials, in the prediction of chemical reaction and
radiolysis rates in the core, and possibly in the selection
of in-core instrumentation for the detection of troublesome
chemical situations.



™
v
~
-
v
-
T
-
.
o

SFPE Handbvook of
Fire Protection Engineering

ffirst Edition

Editorial Staff

Philip J. DiNenno, P.E., Editor-in-Chief
Craig L. Beyler, PhD., Section One

W. Douglas Walton, P.E., Section Two
Richard L. P. Custer, Section Three
John M. Watts, jr, PhD., Section Four

£
m National Fire Protection Associatiog / Society of Fire Protection Engineers
MNFPA* Quincy, Massachusetts o Boston, Massachusetts

ichment [



et S .

A

..r.r FEAIFESEZFLNLY

s T

w-w--u-?-ﬁr»

nﬁhw»ﬁ»»wn»uww»u

GIEFLIIIRFIIN?

W ANNRARNARRRORRRNRN
BRSSSEG SIS IS PSS .

B e e e

et T I ICtLTEET

i i i i
et el bl sl ettt




Section 3/Chapter 9

: SMOKE CONTROL

;; L] -~ John H. Klote

INTRODUCTION

In building fire situations, smoke often flows to loca
uons remote from the fire, threatening hife and damacing

and air condimonimg (MVAC) system, Generally, in a fire
situation, smoke movement will be caused by & combination
of these driving forces. The following subsections are a
discussion of each dnving force as it would a¢t independent

property. Stwrwells  and  elevators  frequently  become
smokedogeed, thereby blocking and/or and inhibiting evac
vation. Today smoke 15 jecognized as the major killer in fire
sHuanons :

In the late 1960s, the dea of using pressunzaton to
prevent smoke infiltration of stairwells started (0 attract
atiention. This was followed by the 1dea of the “'pressure
sandwich,” 1.e., venting or exhausung the fire floor and
pressurnizing the surrounding floors. Froquently, the build-
wng's venulation system s used for this purpose. The term

smoke control”” was coined as a name for such systems
that use pressurization producea by mechameal fans to lirmit
smoke movement in fire situations

Research in the field of smoke control has been con
ducted in Australia, Canada, England, France, Japan, the
United States, and West Germany, This research has con
sistedt of field tests, full-scale fire tests, and computer simu
lations. Many buildings have been built with smoke control
svstems and numerous others have been retrofitted for
smoke control

In this chapter the term smoke is defined 1n accordance
with the Amencan Society for Testing and Matenals
(ASTM)® and the Natonal Fire Protection Association

sFPAY definitions which state that smoke consists of the
arborne solid and higmd particulates »nd gases evolved
waen w material undergoes pyrolysis of combustion

SMOKE MOVEMENT

A smoke control system must be designed so that it 1
not overpowered by the dnving forces that cause smoke
movement. For this reason, an understanding of the funda
mental concepts of smoke movement and of smoke controd 1s
# prerequisite 1o intelhigent smoke control design. The migor
Unving forces causing smoke movemeni are stack effect
buovancy, expansion, wind, and the heating, ventdating

D John B Kiote 1s Leader of Smoke Management Research a
the L enter for Fire Research of the Nauonal Bureau of Standards i
atthershurg. MD

{

of the presence of any other driving force
Stack Effect

When it is cold outside, there 18 often an upward
movement of air within builuing shafts such as stairwells
elevator shafts, dumbwaiter shafts, mechanical shafts, or
mail chutes. This phenomenon 18 referred 10 as normal stack
effect. The air in the building has a buovant force because it
15 warmer and less dense than the outside air. This buovant
force causes air to rnise within the shafts of buildings. The
signihcance of normal stack effect s greater for low ot Je
temperatures and for tall shafis. However, normal stack
effect can exist in a one-stery building

When the outside air 1s warmer than the building air, a
downward airflow frequently exists in shafts. This down-
ward airflow 1 called reverse stack effect. At standard
atmosphene pressure, the pressure difference due to either
normal or reverse stack eflect is expressed as

AP = K.( f;’

| B
- = 1
7 ) {

!

where

AP = pressure difference. in. H,0 (Pa)

T, absolute temperature of outside air, °R (K)*

7, = absolute temperature of air inside shaft, °R (Kj*
distance above neutral plane. ft (m)**

A, = coefhicient, 7.64 (3460)

For a building 200 ft (60 m) tall, with a neutral plane at
the midheight, an outside temperature of 0°F (= 18°C) and an
inside temperature of 70°F (21°C). the maximum pressure

* Hecause the Fahrenheit and Celsius temperature scules are so
commonly used by design engineers. (hese scales are used eaciu
sively in the discussions in the text and in figures. However. the
reader 15 Caunioned 10 use absolute 1emperutures 1in calculations
where such lemperatures are stipulated

** The neutra! plane 15 an elevatwn where the hvdrostatic
pressure msude eguals that outside

3143



3-144 DESIGN CALCULATIONS

TOP OF BUILDING
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NEGATIVE 0 POSITIVE

BOTTOM OF BUILDING

PHESSURE DIFFERENCE

Fig 391 Pressure difference between an inside shaft and the vutsude
tue o normal stack effect

Jifference due to stack etfect would be 0.22 in. H.O (55 Pa)
I'his means that at the top of the building, a shaft would have
a pressure of 0.22 in. H,O (585 Pa) greater than the outside
pressure. At the bottom of the shaft, the shaft would have a
pressure of 0.22 in. H,O (55 Pa) less than the outside
pressure. Figure 3-9.1 1s a diagrar » of the pressure difference
between a building shaft and the osutside. In the diagram. a
positive pressure difference indicates that the shaft pressure
15 higher than the outside pressure, and a negative pressure
difference indicates the opposite

Stack effect is usually thought of as existing between the
inside of a buillding and the outside atmosphere. The air
movenm.2nt in buildings caused by both normal and reverse
stack effect is lustrated in Figure 3-9.2. In this case. the
pressure difference expressed in Equation | would actually
refer to the pressure difference between the shaft and the
outside of the buikling

Figure 3193 can be used to determine the pressure
difference due 1o stack effect. For normal stack effect. the
term APk is positive, and the pressure difference i1s postiive
above the neutral plane and negative below it For reverse
stack effect, the term APA is negative, and the pressure
difference is nugative above the neutral plane and positive
below it

In unusually airtight buildings with exterior stairwells,
reverse stack effect has been observed even with low outside

NOAMAL STACK EFFECT 1EVERNSE STACK EFFECT
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Fig. 392 Air movement due ta normal (left) ond reverse stack effect
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Fig. 193, Pressure difference due lo stack effect

air temperatures.” In this situation, the extenor stairwell
temperature was considerably lower than the building tem-
perature. The stairwell was the ¢ald column of air and other
shafts within the building were the warm columns of ar

When considenng stack effect, if the air leakage paths
between a building and the out<ide are fairly uniform with
height, the neutral plane will be located near the midheight of
the building. However, when the leakage paths are not
uniform. the location of the neutral plane can vary consi
erably, as in the case of vented shafts, McGuire and Tamura
provide methods for calculating the location of the neutral
plane for some vented conditions

Smoke movement from a building fire can be dominated
by stack effect. In a building with normai stack etfect. the
existing air currents (as shown in Figure 3.9 2) can move
smoke considerable distances from the fire origin. If the hre
is below the neutral plane, smoke moves with the building af
into and up the shafts, This upward smoke flow is enhanse
by any buoyancy forces on the smcke existing due 0113
temperature. Once above the neutral plane. the smoke flows
out of the shafts into the upper Noors of the building If the
leakage between floors 1s negligible. the floors below the
neutral plane. except the fire Roor. will be relatively smoke
free until the quantity of smoke produced 15 greater han can
be handled by stack effect flows

Smoke from a fire located above the neutral e
carried by the building airflow to the outside through \‘P‘.“n
ings in the extenor of the building. If the leakuge “‘""“”n
floors 18 neghigible, all floors other than the hire floor w!
remain relatively smoke-free, again, until the quantity K
smoke produced 1s greater than can be handled bY “"fv
effect lows. When the leakage between floors 1S ”“”‘ldtrc
able, there 1s an upward smoke movement to the foor Lo

the fire floor

plane 4
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Alpha particles are ditficult
to detect

Gamma rays are difficuit
to shield

LICENSEE'S EXHIBIT 20, Attachment F

Alpha Radiation

Alpha particles do not present a penetration hazard to
humans. These particles can be stopped by a piece of paper or a
layerof air a few inches thick. Even though alpha particles can be
easily stopped from penetration, they still present a high hazard
to humans if they are ingested, inhaled or enter the body through
an open wound or sore. To combat alpha radiation hazards a
firefighter should be clothed in full protective gear including
positive pressure breathing apparatus. Under no conditions
should a firefighter smoke. drink or eat until he has been
completely decontaminated after contact with any possible alpha
radiation sources. It should also be noted that alpha radiation is
the most difficult to detect. A special alpha survey meter must be
used within a very close range (within 1/2-inch of contaminated
area) in order to detect alpha particle presence. If there is a
possibility that alpha radiation exists within the incident scene,
all precautions should be taken to prevent the spread of alpha
contamination. Alpha radiation is commonly found in elements
such as plutonium, uranium and cesium.

Beta Radiation

Beta particles have a greater penetrating range than alpha
particles. but are less hazardous to the human body. Beta
radiation can easily be s elded by a thin sheet of metal and or
moderate distance. Firefighters should always be in full
protective clothing including positive pressure self-contained
breathing apparatus when dealing with any possible radiation
hazard. Beta radiation is easier to detect than alpha radiation and
18 commonly found in must radioactive materials.

Gamma Radiation

Gamma radiation is the most difficult form of radiation to
shield. Gamma rays can easily penetrate any material with the
extent of penetration depending on the strength of the gamma
source, the distance from the material and the density of the
material (Figure 9-25). The greater the density, the less the
penetration. A firefighter may encounter gamma radiation
sources in hospitals, industrial plants, military operations,
nuclear power plants, mining sites, aircraft hangers and all forms
of transportation. For further information on locations of
radioactive source storage in your area, contact the state health
department or the nearest regional Nuclear Regulatory
Commission office.

X-Rays

X-Ray machines present little or no hazard to the firenghter
as long as the machine's electrieal power 13 shut otf. X-Rays are
considered s powertul as gamma ravs and should be considered

nmmedyee B eoaed iCthe moachipe s ind 1o e aper aon
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FIRE FIGHTING
Fire shou
extinguishing ager
restriction 18 designed
radioactive materials

Water runoff can be o

retention tank or reservoir. [1 ' the runoff can be
diluted by flushing with However, dilution
operations should be under the direction liation experts who

can determine the safe levels

ventilation shouid be Kept to an absolute

minumum. Some ventilation may be necessary to prevent
t'.\'piusml‘.:i or to channel heat ana sinake out f a t\kl!i(iil‘ﬂ Under
certain conditions, it m be appropnate to shut down the
ventilation system imit the spread of contaminants; in other

situations, itisb to leave them on. This decisi pendson the

type of ventilation, the exter the fire and many other
variabl ‘ ‘ '




