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U.8. ATOMIC ENERGY COMMISSION

REGULATORY GUIDE

DIRECTORATE OF REGULATORY STANDARDS

asronvauossn POOR ORIGINAL

ASSUMPTIONS FOR EVALUATING THE HABITABILITY OF A NUCLEAR
POWER PLANT CONTROL ROOM DURING A POSTULATED
HAZARDOUS CHEMICAL RELEASE

A. INTRODUCTION

Criteriog 4, , “Eavironmental and missile design
bases.” of Appendix A “General Design Critena for
Nuclear Power Plants,” to 10 CFR Part 50, “Licensing
of Production and Utilization Facilities,” requires, in
part, that structures, systems, and components impor-

tant 10 safety be designed to accorumodate the effects of -

ané o be compatible with the environmental conditions
associzted with normal operation, maintenance, 1esung,
anc postulated accidents. Critenon 19, “Control room,"”
requires that a control room be provided from which
actions can be taken to operate the nuciear power unit

faly under normal conditions and to maintain it in a
safc condition under accident conditions. Release of
hazardous chemicals can potentially result in the control
room becoming uninhabitable. This guide describes
assumptions acceptable to the Regulstory stafl to be
used in assessing the habitability of the control room
guring and after a postulated external release of hazard-
ous shemicsis and describes criteria that are generally
asceptable to the Regulatory staff for the protection of
the control room operators. This gulde does not consider
the explosion or flammability hazard of these ch micals,
which also rmust be addressed. The Advisory Committee
on Reactor Safeguards has been conmulted condeming
this guice and has concurred in the regulatory position.

B. DISCUSSION

The control room of & nuclear power plant thould
be appropriately protected from hazardous chemicals
thz. may be discharged as & result of equipment failures,
operator errors, or events and conditions outside the
control of the nuclear power piant.

At present, there 15 no one standard design evalus-
tion method in use for evaluating the habitability of

sontrol rooms during the course of all postulated
hazardous chemical releases.' However, the “Acci-
dental-Episode Manual"? prepared for the Enwron-
menta! Protection Agency (EPA)in Apnl 1972 presents
2 method for the evaluation and estimation o. the area
affected by the release of hazardous chemicals as 2
funchon of source strength, type of chemucal, distance
from source, and meteorology. The “Accidental-Episode
Manual” metes accident potentials from both mobile and
stationary sources and identfies some hazardous chem-
cals that may be released. Human tolerance for hazard-
ous chemicals shawld be considered in the design stage of
nuclear facilities. E

For hazardous chemicals shipped on routes near the
nuclear power plant, the shupment frequencies speciiied
for consideration in this gwde (Regulatory Position 2)
reflect the relative accident probabuites for common
modes of transportation. A discussion of acadent rates
for various transportation modes can be found m
Appendix A, “Analyss of Transportation Accidents,”
of WASH-1238.° Consideration is alse gven to the
quantity of hazardous chemical shipped.

The purpose of this guide is to idenufy those
chemicals which, if present in sufficient quantiues, could
result in thlcontrol room becoming uninhabitable. The
genere! design considerations that are used in assessing

! A regulatory puide 13 bemng developed to descTibe speciic
design provimons and procedures that are scceptabie to mutgate

'hazards to control room operstors from an cemte Chuorioe

release,

3 Office of Air Programs, Publication APTD-1114. Copees
may be obtaned from National Techrzal Informsbon Servxce,
5285 Port Roya! Road, Sprirgficid, Virgma 22151
T T ASH-1238, “Environmental Survey of Transportatxoo
of Radioaztive Materals to and from Nuciear Power Plants”
Decembe: 1972. Copres may be ovtained from Natooa Tech-
rical lnformation Semce, $285 Port Roval Road, Spamgheic,

Virgnia 22151,
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: the capability of the control room, as designed, t0
 withesand hazardous chemical releases occumng either
~ on the site or within the surrounding area are presented.
Some of the chemicals specifically identified, such =
helium and nitrogen, thould generlly not present a
problem except when very large quantities are stored on
the site. Asphyxiating chemucals such as these need not
be considered unless s significant fraction of the control
room air could be displaced as a result of their release.
o
Fire-fighting equipment used for fighting chemical
and electrical fires should be considered as a potential
source of hazardous chemicals.

This guide identifies chlonne as a potentially haz-
ardous chemical. Chlorine is used in 3 majority of
muclear power plants for wair treatment and s nor-
mally stored onsite as a liquified gas. A separate guide
will be issued to describe the detailed demgn provisions
which are considered sdequate to protect control room
operators from an onsite chlorine release.

C. NEGULATORY POSITION

in evaluating the habitability of s nuclear power
plant control room during s postulsted hazardous
chemical release the folowing assumptions should ke
made:

TABLE C1

SOME HAZARDOUS CHEMICALS POTENTIALLY INVOLVE
RELEASES FROM STATIONA

1. If major depots or stomge tan's of hazardous
chemicals such as the chemicals listew m Table C-1 of
this guids are known or projected to be present within a
five-rmile radius of the reactor facility, these chemicals
should be considered in the evaluation of control room
habitability, ¢ Whether 3 major depot or storige area
constitutes a hazard is determuned on the basis of the
quantity of stored cherucals, the distance from the
nuclear plant, the inleakage charactensucs of the control
room, and the applicablie toxiaty lumuts (see Regulatory
Position 4 for definition) Table C-2 gives the critena
to be used in evaluating the hazards of chemicaks to
control rooms. A procedure for adjusting the
quantities gven in Table C.2 appropnately account
for the toxicity limit of a specific chemical, meteorology
conditions of & particular site, and air exchange rate of 2
control room is presented in Appendix A of this guxde.

Chemicals stored or situated at distances greater
than five miles from the facility need not be considered
because, If a releass occurs at such a dmtance, atmo-
spheric dispermion will dilute and disperse the incomung

4 The Lst of chemiza. aven tn Table C-1 is not allinclusive
but indicates the chemicals most commonly emcountered. See
uso “Guwde for Emerpency Services for Harardous Mawmals
(1973) ~Spills, Fires, Evacuation Areas’’ copees of which may be
obtained {rom the U.S. Department of Trarsportation, Office of
Hazardous Materals, Wasnington, D.C.

POOR, ORIGINAL

Toxicity L'ﬂ'&j’ - Toxicity Lwnrt

Cremacs! ‘ por’ g © ?nmval ppm uﬁn’
Acetaidenyde ' 200 € 360 || Ethylens oxice 200 180
Asetone 2000 4300 Fluorine Py 3
Acrylonitriie 40 70 Formaldehyde 10 12
Anh'drous ammonia 100 70 Helium aphyxiant
Aniline 10 38 Hydrogen cyanide 20 22
Benzene 50 160 Hydrogen sulfide 500 750
Butadiene 0.1%* 2200 Methanol 400 £20
Butenes asphyxiant Nitrogen (compressac

Caroon dioxide 1.0%° 1840 or hiquified) mphyxiant
Carbon monoxide 0.1%* 1100 Sodium oxide - 2
Chiorine 186 45 Sultur dioxide 6 26
Ethy! chloride 10000 28000 Sutturic scid - 2
Zthyl ether g0 2400 Viny! chioride 1000 2600
Ethylene dichioride | 100 400 || Xylene 400 1740

8 This ligt it not atl-inciusive but indicetes the hazardous chemicals most commonly encountersd.

b Adented from Sax's "Dangerous Properties of Incustrisl Materisls”

€ Parts of vapor or gas per mitlion parts of air by volume et 25°C and 760 torr (stendard temperatine and pressure).
¢ Approximete milligrams of perticulate per cubic muws of air, 8t standard temperature and pressure, based on

listed pom values.

.
Percant by volume.
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EXAMPLES OF WEIGHTS OF HAZARDOUS CHEMICALS THAT REQUIR
. CONSIDERATION IN CONTROL ROOM EVALUATIONS (FOR A 50 mg/m
TOXICITY LIMIT AND STABLE METEOROLOGICAL CONDITIONS?)

Distance From IS
. ::::,::0 g Type A d Type 8 i Type C
Contro! Room Contro! Room | Control Room

> 03t 05 g 2.3 f 0.1
= : 051007 35 8.8 0.4
07w10 120 20 1.0
1102 270 52 2.5

2t03 1300 280 | 13

3tc 4 3700 780 b

4105 8800 1400 60

2 £or ditferent woxicity limits as given in Table C-1 and aifferent meteoroiogical conditions, the
weights should be proportionately scaled as described in Appendix A,

© Al hazardous chemicals present in weignts greater than 100 lb within 0.3 mile of the control
room should be considered in a control room evaiuation.

¢ Control room types (Appendix A illustrates the use of this table for other air exchange rates):

Type 4 — A "“tight’’ control room having low leakage construction features and the capability of
detecting at the fresh air intake those hazaroous chemicais storec of transported near the site
Detect’ n of the chemical and automatic solation of the controi room are assumed to have
secur od. An air exchange rate of 0.015 per hour is assumed (0.015 of the control room air by
uniume ¢ renlaced with outside air in one hour). The controi room volume is defined as the
volume of the entire zone servicec by the control room ventilation system. The assumption that
the air exchange rate is less than 0.06 per hour requires verification by field testing.

Type 8 — Same as Type A, but with an air exchange rate 0f 0.06 per hour. This value is typicai cf a
control room with normal leakage construction features. The assumption that the air exchange
rate is less than 0.06 per nour, requires verification py field testing

- g ~ : ‘
Type C — A cortrol room that has not been isolated, hr. no provisicn for detecting hazardous
~nemicals, and has an air exchange rate o 1.2 per hour.

slime 10 such s degree that thers should be sufficient

iime for the control room operators (o take appropnate

sonen. In sddition, the probability of 2 plume remaining
within . gven sector for a long period of time 1s quite
M 2
3 1f iwsardous chemicals such as those indicated ui
Tucie C-1 are known or projected to be frequently

shupped by rail, water, or road routes within a five-miie
rudius of a nuclear power piant, estimates of these
siupments should be considered in the eviuation of
control room habitability. The weight limits ~f Table
C-2 iadusted for the appropriate toxicity limii metec-
rology, and control room air exchanege rate) ap, v aiso
to frequently shipped quantties of hazardous che ucals

POOR ORIGINAL

Shipments are defined as being frequent 3 if there are |
per vear for truck traffic, 30 per year for ral tratfic
50 per vear for barge maffic. * If the quantty, .
shipment, of hazardous chemicals frequently shipp
past a site is less than the adjusteC quantity siows
Table C-2 for the control room *ype being evaluate.
shipments need not be considered in the analysis.

3. In the evaluation of control room habitabil:
during normal operation, the reiease of any hazard«

S For expiosive hazards, a lower number of shipme
would be conmdered frequent since the effects of an explosy
would be independent of wind airection.

1.78-3
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ity greater than lmlMdbcemdmd Any
ardous chemical stored onsite should be accompanied
instrumentation that will detect its escape, set off an
~m. and provide a readout in the control room.

e
=

k

4. The toxicity lmits should be taken from appro-
priate authontative sourtes such as those listed in the
References section. For each chemical considered,
the values of importance are the human detection
threshold and the maximum concent-ation that can be
tolerated (qr two minutes without physical incapacita-
uon o' # average human (ie.. severe coughing, eye
burn, or severe skin imitation). The latter concentration
15 considered the “toxicity imit.” Table C-1 gives the
toxicity limits (in ppm by volume and mg/m ) for the
chemucals listed, Where these data are not available, a
determination of the values to be used will be made on a
case-by -case basis.

5. Two types of industrial accidents should be con-
sidered for each source of hazardous chemicals: maxi-
mum concentration chemical accidents and maximum
concentranon<duration chemical accidents.

4. For 3 mauamum concentration accident, the
quantity of the hazardous chemical to be considered is
the instantaneous release of the total contents of one of
the following: (1) the largest storage container falling
witiun thhe guidelines of Table C-2 and located at a
neardy stanonary facility, (2) the largest shipping
container (or for multipie containers of equal size, the

gure of only ong container unless the failure of that
container could leac to successive fadures) falling within
the guidelines of Table C.2 und frequently transported
near the site, or (3) the largest costainer stored onsite
(normally the total releass from this container unless the
‘ontyiners are intercennerted in such a manner that a
angle Taijure could cause a release from several con-
taners.

gases at 100°F and
n¢ pressure but are liquids with vapor
pressures in excess of 10 *or, consideration should be
gven 10 the rate oi flashing and hoiloff 10 determine the
rate of release to the atmosphere and the appropriate
ume duration of the release.

For chemicals that are not

namia: Jimospne

The atmosnheric dffusion model to be used in
the evaluation sho : be the same us or similar to the
model presented in Appendix B of thus guide.

t. For a maxmum concentraiion-duration acci-
dent, thie continucus release of hazardous chemucal:
; om the largest safety relief valve on a stationary
monile. or onsite source falling withun the guidelines o
"a“* C-2 should be considered. Guidance on the
atmosphenc diffusion model is presented in Regulatory
Guide 1.3, “Assumptions Used for Evaluating the

1.784

okt LaGI1OI O . . 0 3 ) - 3
Coolant Accident for Boiling Water Reacton.™ and
Regulatory Guide 1.4, “Assumptions Used for Evauai-
ing the Potenual Radiological Conseguences of 3 Lus-
of-Coolant Accident for Pressunzed Water Reactors.”

6. The value of the atmousphenc dilution factor be-
tween the reiease point and the control room that is
used in the analysis should be that va..¢ that is excesded
only 5% of the ume.

When boiloff or & siow leak is analyzed, the cffects
of density on vertica diffusion may be considered if
adequately substantiated by reference to data from
experiments. Density effect of heavier-than-air gases
should not be considered for releases of a violent nature
or for released matenal that becomes entrained in the
turbulent air near buildings.

7. For both types of accidents described in Regulatony
Position 5 above, the capability of closing the air ducts
of the control room with dampers and thus isolating the
control room should be considered in the evaluation of
control room habitability. In particular, the time re-
quired to shut off or redirect the intake flow should be
justified. The detection mechanism for each hazardous
chemical should be considered. Human detection may be
appropnate if the buildup of the hazardous chemical in
the control room is at a slow rate due to slow air
turnover. The air flows for infitraton, maleur ind
recirculation should be considered for both norma and
accident conditions. The volume of the control room
and all other rooms that share the same ventilating ar,
during both normal conditions and accident conditions.
should be considered. The time required for buildup of
2 hazardous chemical from the detection concentration
-0 the wieity limit should be considered. ® Table C-3

of thiz guide ~ontains a sample list of the chemical and
control room data needed for the evaiuation of control

room habitability,
%
8. In the calculation of the rate of air infiltration (air

leaking into the contrel room from ducts. Jdooss. or
other openings) with the control room isolated and not
pressurized, use of the fcllowing assumptons is sug-
gested:

a. A pressurz differential of 1/8 inch water gauge
across all leak paths. ’

 * The time from detestion to incapacitaion should be
greater than two minutes Two minutes 1s conwdend sufficrent
time for s trained operator 10 put 3 seif-contained breathing
spparatus into operavior., if these are 1o be used.

* This pressure differertial account- for wind effects,
thermal column effects. and barometnc pressure changes. It does
not dccount for pressure differences resulting from the operation
of ventilation systems suppiyving zones sdjacent Lo the control
room. It should be adiusted appropriately when the ventiianion
system supplies zones adiacent 1o the courel room.

POOR ORIGINAL
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TABLEC-3

. TYPES OF CHEMICAL AND
CONTROL ROOM DATA FOR
HABITABILITY EVALUATION

CHEMICAL

1. Name of hazardous chemical.
2. Type of source (stationary, mobile, or onsite).
3. Human detection threshold, pom.

, 4. Maximum allowaole two-minute concentration (tox-
icity limit as defined in Regulatory Positicn 4, ppm
and mg/m® ).

5. Maximum quantity of hazardous chemical involved
in incident,

€. Maximum continuous reiease rate of hazardous
chemical,

7. Vapor pressure, torr, of hazardous chemical (at
maximum ambient plant temderature),

& Fraction of chemical flashed and rate of boilo™
when spilling occurs.

8. Distance of source from control room, miles.

1C. Five percentile meteorological dilution factor be-
tween release point and control room for instanta-
neous and continuous releases.

CONTROL ROOM

1. Volume of contro! room, inciuding the voiume of
all other areas supplied by the control room emer-
gency ventilation system, ft°

2. Norma! flow rates for volume defined above, cfm:?
- unfiltered inieakage 0 makeup air,
~ filtered mukeup air,

- filtered recirculated arr,

3. Emergency flow rates for volume ocefined above,
cfm? (as in item 2. above).

4 Time required to isolate the control room, sec,

-

* “Futered air™ refers to the at filtered through fiters
whose removal capability for the particuiar chemical being con-
udered has boon established

b. The maximum design pressure differential for
fresh air dampers on the suction side of recirculation
fans

9. When the makeup air flow rate required to pressur- ,

:ze the control room is calculated, a positive pressure
differential of /4 inch water gauge shouid be assumed
in the control room relative to the space surrounding the
control room.

10. To account for the possible increase in air exchange
cue to ingress or egress, an additonal 10 cfm of
unfiltered air thould be assumed for those control rooms
without ariocks. This additiona! leakage should be
assumed whether o not ihe con room is pressurized.

L.

» i D v R d

11, If credit is taken in the evaluation for the removal
of hazardous chemucals by filtration or other means, the
experimental basis for the dynamic removal capability of
the removal sysiem for the particular chemical being
considered should be established.

12. Concurrent chemical release of container contents
during an earthquake, tomado, or flood should be
considered for chemical container facilities that are not
designed to withstand these natural events. It may aiso
be appropiiate tc consider release from a single onsite
container or pipe coincident with the radiolomeal
consequences of a design basis loss-of<coolant accigent,
if the contawmer facuities are not designed to withstan
an earthquake. :
13. If consideration of possible accidents for any
hazardous chemical indicates that the applicable toxicity
mits may be exceeded, selfcontained breathing appara-
tus of at least one-hal{ hour capacity or & tank source of
air with manufold outlets_and protective clothing, if
required, should be provided for each operator in the
contro. room. Additonal air capacity with appropnate
equipment should be provided if a chemical hazard can
persist longer than one-half hour. For accidents of long
duration, sufficient air for six houm (coupied with
provisions for obtaining additional air within this time
penod) is adequate. Each operator should be taught 1o
Gstungwsh the smells of hazardous cheinicals pecuiiar to
the area, Instrucuon should include a3 penodic refresher
course. Pracuce dnlis should be conducted to ensure
that personnel can don breathung apparatus within two
minutes

14. Detection instrumentation, iso’atior. svstems, filtra.
uon equipment, air supply equipment, and protective
ciothung should meet the singie-failure criterion. (In the
case of self-contained breathing apparatus and protective
ciothing, this may be accomplished by supplying one
extra unit for every three units required.)

15. Emergency procedures to be initiated in the event
o' a hazardous chemical veiease within or near the
sauon should be written. These procedur; should
address both maximum concentration accidents and
maxumum consentration<duration accidents and should
identify the most probable chemical releases at the
stauon. Methods of detecting the event by statiorn
personnel, both dunng normmal workday operation and
dunng muumum staffing penods (late night and week.
end siuft staffing), should be discussed. Special instru-
mentaion that has been provided for the detection of
hazardous chemucal reieases should be described includ-
g sensitivity, action initiated by detecting instrument
and level at which this action is wnitiated, and Techmcal
Specification limutations on instrument availability. Cn-
teria should be defined for the isolation of the control
room, for the use of protectuve breathing apparatus or
other protective measures, and for orderly shutdown or
scram. Cnitena and procedures for evacuating nonessen-
tiadl personnel from the station should also be defined.

POOR ORIGINAL
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Arrangement should be made with Federal, State,

and local agenoies or other cogrzant organzations for
the prompt notification of the nuclear power plant when

acey

within five miles of the plant.
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NECESSI

The weights presented in Table C.2 are based on the room requires that the control room leakage rate be ven
owing assumptions fied by periodic held resting

{ < { sutomaly 1solation

mg/m’

Atoxl ™

Ait exchange rates for the three

Type C control rooms

adusted for the actua

for Type B conuro

niroil 1oom has auto

A Control rooms ap

lated air exchange

the control room has
inleakage

ble C-2 are based on stable
L f‘J',q..nl

Toxiaty Limnt :
10 er sisper ! onainor equivaient
weights presente Table C-2 { F. This represents the wors! five percentile
h f ! o \

ynal 1o the toxicity himut, If a partuicular chem Oy
himit of 500 mg/m ' the weights fron for most cases. there will be no need 10 adiust

because of meteorology. I 1t 15 determined

1€

observed at the majonty ol nuclear plant

toxicity
hased on SO me/m’ ) are increased by a factor

ve percentie meleoroliory
per n meie J

1} the lollowing adjustments

Five Purcentiie Weight Multipication

Ouperson (Carmgory Fecror

atmos
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DIFFUSION CTALCULATION
-

1 DMusion Equation Windspeed doe: rot enter into the determination of
' unit concentration per se, but does affect the time- e

T"K diffusion equation for an instantaneous (pufl) integrated concentra‘ion nce it determines cloud
groundievel release with a finite 1nitial volume 1s:' passage time. The vanation of unit concentration at a
specific stationary receptor location is determined by
$ a2 s \4 ! evaluating x in the exponential term in the above

'é" = [7'87 (’x.y E °l)(': bk ) ] equation as follows:

3 3 x=D~-ut

exp 4 .- + 4 + Z’

oy * o o’y*o‘l' 0; + of where D is the source-receptor distance, u is the

windspeed, and ¢ is the tume after release.

2. Determination of Incet Deta

.(;_g - lfm" ct:rscenmuo;o u:‘ co';;dma’les s The following 2:sumstions end methods shouid be
rom the center of the pufl, m’ ‘
applied when analvzing worstcase instantaneous source
0x0y.0; = standard deviations of the gas concen- releases:
tratio i
zr:n'u;‘ c‘:g,u,::.::,".sz ‘:Ie::gﬁ'::.;::?d a. Select the appropriats stability category based
directions, respective’v (assume 0, = 0y) on the worst five percentile meteorology observed at the
m Ll site according to the AT method. Regulatory Guide 1.23

(Safety Guide 23), “Onsite Meteorological Programs.”
presents 3 clamﬁ.atxon of vanious atmosphenc staoility
categones as & function of temonerature change (AT)
with height. Normally, this category will be Pasquil

787 = 21/24312

0; = nital standard deviation of the puff, m® Condition F. in some cases, the worst case stabiity
category may be either Pasquill Condition E or G, This —
[ o 7173 occurs at sites having distinctly betiar or worse diffusion e
* it where Qp 15 the puff re- than 15 normally encountered. Figures | and 2 of thus
. © lease quantity, g. and X 18 appendix include conditions E, F, and G and encompass -
el | Gi ng gas @t siancang condi the worst expected stabiiity conditions at nearly all sites.
tions, g/m?.
) b. Determine the x, v, and z standard deviation
x,y.z = distance from the pull center in the values based on the Pasquill stability categones as
honzontal alongwind, honzontal cross- presented in Figures | and 2 '
windé, and vertical crosswind directions,
respectively. m. ¢. Additional credit due to building wake or other

despersive phenomena may be aliowed. depending on the
properties of the released gas, the method of release. and
the intervening topoiogy or structures.

"' G R Yanshey, E.H Marxee, Jr., and AP Richter “Cluma-
tography =7 the hauonal Reactor Testung Stauon,” IDO-12048,
Januars 1966, Copies may be obtawed from National Technical E
information Service. $285 Port Royal Road, Spnngfield, Vi d. Windspeed should be selected to maximuze the
pma 22151, two-minute concentration within the control room.
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HORIZONTAL STANDARD DEVIATION OF PLUME (meters)

P
o
e Pasquill Type ¢
= Pasquill Type F
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Figure 1. Horizonal Standard Deviation of Material in a Plume
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VERTICAL STANDARD DEVIATION OF PLUME (meters)
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Figure 2. Vertical Standard Deviation of Matenial in a Plume
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