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REACTOR ROOM EXPERIMENTAL SPg TESTS TO DETERMINE PR LE
STACK ACTIVITY RESPORSE TO RADIOACTIVE RELEASES (J)

INTRODUCTION AND SUMMARY

A reactor incident lavelving a release of radicactive nuclides to
the atmosphere must be evaluated quickly to provide the data
necessary to make correct sbergency rssponss decisions, A
critical component in the evaluation process is an sarly
determination of the probable magnitude of the incident based con
the stack astivity monitor responee. The monitor response is
functionally dependent on the air flow characteristics in the
reactor process room and the amount of matarial being releaased.
The probable stack activity monitor response has been
axparimmntally determined based on 8Fg releases in the process
Toahm omar the reaster. Por a 4% ml S5Fg releawe, the rasponsae

wag consistant for cne or two v-utilltfan fans on-line. Resulta
of these analyzes ars shown in Pigures 2-7 for the mix tests, The
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concluaion from thesa reaults is that a simple model can
adequately represent a puff ralease to obtain data usefyl feor
emergeancy rasponse within a few (less than 10) minutes, PFurther-
more, tha mathematical model, as currantly programmed to perform
thése sstimates, should be ravised to provide more accuracy, This
ravision consists of assuming a responge curve of a chi-sguared
diatribution with three degrees of freedom.

DISCUBBION

h series of testal were performed in L-Area in late February by
the SRL Reactor Enginesring Divielon to datermine the ajir flow
¢haracteriastice in the process area, Tha ococurrence of these
teste provided an opportunity for the Environmental Transport
Group to perfora some additional experinents< with a minimum of
additional effort. These additicnal expariments were performsd to
obtiain information that could be ussful for obtaining an early
astimate of the probabla total stack activity monlior response Lin
the avent of an acoldental relamse of activity in the process
roam, If it ¢can ba shown that the stack activity monitar woulad
exhihit a "typical® shape as the activity passas the monitor, the
magnitude of an incident relsase may be reliably predicted for
smargency responiga purposes leng before the releasa to tha
envirensent ie complete.

BACKGROURDE INFORMATION

Computer methods developed at ERL for emergancy responde
associated with zeactor accidents have required an estimate of
core damage bafors a source term could be defined. This was a
severe rastraint because estimatem of the extent of core damage
waere based on analysis methods that were sensitive ta basic, and
prubshlf unrsliable, assumptions. These analyses could be
accomplizhed only after a mignificant delay and could result ip
inappropriate smergency reaponse action, Therefors, a program was
developad to base source tarm estimates on the response of the
total atack activity monitor locatwd in each reactor area.
Locaticns of these monitors are being standardized, and_responses
to unit releaves of various lootopes have been computedd ta
develop source terms from the monitor response. This capability
is offerad as an option in tha SRL Emergency Respcnsa Code,

The most probable incident leading to core damage is critieality
fallowing a leading erzror during charge~diecharge operations,
Thia {& still a very low probability svent and historically nc
unintentional criticality has ever occurred at the Savannah River
Plapt. Any fuel melted during such an ineldent is expected to
rapain in & moltan state for ¢nly a brief period dus to fuel
alumping, or tarmination of tha incident by safety aystem
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activation, Therefore, any activity release la axpected to ba
brief also, and may be aixulated as a puff releass into the

process room, Thia puff raleass rnods ham bes=n modeled in the
energency rasponse ¢ode to provide infermatiosn gertaining ko the
axtent of the incldent ma early as possible, If the releass is
other than brief, this will be apparsnt from the monitor responlafz
and could be avaluated accordingly.

A successful mathematical simulation of the monitor response to a
puff release in the process room reguires sone knowledge of the
shape of the responsa curve as the radicactivity {s transported
past the monitor. To determine this ghape, puff raleasss of 5Py
wera parformed in L Area which is being re-activated for
production. The S5Fg gas was used hecauss it is easily di%lctuﬂ,
neh-radioactive, non-texie, and apparantly causea no reactlon
detrimental to reactor components. These tests also were
performed with the asaistance of BRL Reactor Enginesring during
other ventilation and flow distribution tasts being performed
prior to L Area startup. The cbiective of the moniter raaponae
testa wan te show a characteristic responee that would allow
simulation by a simple algorithm that would apply for the likely
conditions prevailing during an incident.

SPg RELEASES

All 5Fg releames wers mads manually by the discharge of 5Fg
loaded syringes belng held immediately above the reactor tank in
the proceass room, BPBach diacharge was perforsed at the same
location. B8Fg samples for the detactor were drawn from a point
within the 200 foot discharge stack at an elevation of about 148
feqt. Thersfors, the 8Fg; gas was transported thrmgh the same
filter and confinemant systsm through which any ineldant
radicactivity would pass. 7Twe series of tasts were performed,
The first series consisted of three discharges of 10 ml 5Pg

each, Thess tests proved to be inadeguate for rellabls analyses
since the respenss from the BFg; monitor was only about 15 to 18%
of full scale on the most sanaltive umable scals. Howaver, these
tests wers included in the analyses {with the exception of the
first tast in the series in which the syringe was not adeguately
putged bafore filling). The asscond series comsisted of four tests
using 45 ml of SF5. Two of theae tasts ware performad with two
ventilation fane running, the final two with only one fan
running.

MN T HOLE

In the avent of a brief releass of radicactivity the stack
activity monitor indication would be axpected ta risa rapidly to a
peak valus and then decrsase approximately exponentially. The
mathematical model that was employed was based on the chi-sguared




distribution which was intuitivaly chosen because it appeared to
have the basic properties required. Thim dlstribution could be
made £o rige as steeply as required by adjusting the degreas of
frsedom, m, and the area under the curve integrates to anlty which
is convenlent for normalizatien., This chi-squared distributiocn is
shown in Figure 14 for sevaral deqress of freedom. Tha number

of degrees of freedom implementad was arbitrarily chosen as fiva,
which ils one of the curves represented in Flgure 1. The arrer
agscciated with the uae of this curve ia nminimized by normalizing
the curve peak valus to the peak indication of the activity
manitor, and alec by norwalizing the diaplacement of the peak from
the y=axis (a tims displacement on the x-axis) to agrea with the
time of the activity monitor indicatlon. Since the peak responss
of the activity monitor is expected to ocour very soon (minutes}
after any poff releass in the procesas room, the magnitude of this
peak and the tiwme of occurrence effectively fixes the magnitude of
tha incident if the mathepatical mcdel is realistic. Thia then
allews a quick assesament of expected envirenmental conseguances
of the incident to suggest the asppropriate amergency rasponse
actions. The resulta from the SFg tests ware used to test the
model,

The curves of Figure 1 are Awfined by
fl*1=[*{m'l }"2]% [f"/zl‘lm/zl] €xp (-”‘&?11

where fiwidw im the frequancy distribution functien of w, and

u iz an integer referred to as the number of
dagrees af freadom

w
and I f{w)dw= L0 (2)

To relats BQuation 1 to the experimentally determined SPg
consantrations (and conseguently to potential radioactive
relsases), the parameter w will be tranaformed to time and £(w)
will therefore repressnt monitor response intensity. Bguatlon 1
BmAY be sxpressed mors Janerally as

$=at¥e A}
(3)

whera u=a+[2‘li+“ﬂ}r{{1+l}/ﬂ)]




a = pormalization factor to adjust the pesk value of
fi{w) to agree with the cbaarvaed peak nonitor
responea.

Equation 3 iz now assumed to be the theoretical monitor response
for a puff releass and time ia measured relative to the time of
the firet perceptible responge. Equation 3 appears to have thres
free parameters that could be uged for curve fitting, @ , 2, and
Y. Howaver, after normalization to the paak obmarved valne it inm
saan that ﬂ is a function of ¥y which reduces the free
parametars o two,

In addition to peak value normalization it is alao nacemaary te
normalliza to the time at whiloh the peak value occurs, Thie
noryelization is also referenced to the time at which a resaponse
by the monitor is first perceptible. Tha time valuoe to producs a
peak valus of & in BEquation 3 can be determinad ap follows

® o tVye Pt 1ar ¥ 4 (e Py

=:t74='#tl7'ﬂt}
and for .mlx' t=y/ 8 (%)

How the normaliaation fastor W, reguired to adjust t in Bguation
3 to agree with the obmerved walus of E at the peak, can be
Astarmined,

At maximum monitor response, t.max = YL . ={Y/F)

as determined by Bguation 5, where t is the theoretical valuse.

Therefore,

-

Equation 3 may now be exprassed as
L
) |
= Y e At
g=a t’ & (73
L]
Whare the constants ¢ and p‘ now includs the tima
normalization constant ¥ . :
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Therefore, once a valus of ¥ , has been chosen the values of &
and P are fixsd as a rasalé of rthe normalization restraints.

Thus it 13 determined that there is only one parameter in Bguation
7 that can be adjusted to force a fit to the sxparimental data
being tested. EJuation 7 represants the thearetical fit ta a
glven experiment and compariscne may be made to determine Y for
the best £it.

ANALYEIS RBSULTS

In Tigures 2 through 7 the results of ueing various values of ¥
to mimulate the expsrimental data are ahown, In each figure the
experimental data ars presanted as & heavy solid line. The trial
curves are as lndicated in the legenda appsaring on esach figure,
Four curves are pressnted on sach figure to ahow the effect of
various values of ¥ . The errsr associated with sach curvae
;ela:&va te the experimental data are also indigated in the
woends,

Figurss 2 and 3 ara ths analysas for the first series in which 10
ml of EFg was released, As stated asarlier, this amount of 5%
wai not sufficlent to obtain a watisfagtory response at the
detactor. Howaever, lt ils noted that tha results from this saries
agrasd resasonably wall with the curve obtained with a value of 5/2
for ¥y . This i squivalant to the chi-square Alstribution with
five degreex of freedom as programmed for smergency responsa
before any experimental data wers available.

Flgures 4 and 5 are rasults from the second series of tests in
which 45 ml B¥g were released, This amount was sufficlent to
overrangs the most sensitive usable ratige on the SPg moniter,
however this was compansated by switching to the next higher
attenvation during the high respcnse period. In thasa two tests
thers wers two ventilation fans in operation which iwm normal for
norsal reactor coperations. In the next two tests, Pigursas & and
7, thara was anly one fan operating. This in a mors ilikely
configuration that would prevail during a radicactive raleass
ginge oparating proceduress specify this condition for an amargsncy
situvation, One fan, howavar, will deliver abgut 65 to 704 of the
vantilation flow that twae Fana dsliver. These four tasts, Figures .
4 through 7, show results that are consiatent and significantly
different from the first series. As shown, a valoe of 5/2 far ¥
ovar-eatimates the integral release by 50-604. The beat-Iit
curves in this series required a value of Y in the ranga of 0.4 to
0.5 which i{s more closaly sswociated with & chi-square
distribution with three degress of Ereedom, i.e., Y = 3/2.
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The zesults from the tests rsleasing 10 ml EFg indicated the
chi-square distribution with five dagreea of fresdom as programmed
is adequate for estimating scurce terms for BOergency rasponse to
short tarm releaszes. Rowsver, thesa results were not corroborated
at higher releasss (45 ml) that ahould have been more accurate,
The possibility of the SFg reacting with tha reactor confinament
lﬁstnu has not heen determinad, Tgi- would probably influence
theea rezults more at low level releases since a highaer petcantaga
of the relesed material would be involved, The remults using 45
ml ralsasad ware consistent but there was an unexpectsd flat
region at the peaks. The cause is currently speculative and also
is probably associatad with the confinewent system.

N,

CONCLUSIONB

The distribution curve for satimmting source terms currently in
use is teo conservative based on the 4% ml releases. Since the 45
ml results are held to ba more indicative of system responee thess
results will be used as a basis for using a distributicn curve
that is more reprasentative of thesa rasules. A response curve
more closely related to a chi-sguars distribhution with thres
degrees of freedom (Y= 3/2) should be used to provids early and
more realistic mstimates of integral source tarms,
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SF6 Concentration
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REACTOR ROOM SF6 RELEASES
EXPERIMENT 1.3, 10 mi

Legend
& Experimeant 1.3 10 ml SF&
S ¥ Computed 1.3, Exp 0.4, Err =78.5%

“‘"'\"-:\ o Computed 1.3, Exp 0.5, Err —70.8%.
. B Computed 1.3, Exp 2.20, Err —0.4%

Pigure 3




SF6 Concentration

REACTOR ROOM SF& RELEASES
EXPERIMENT 2.1, 45 mil

Legend
4 Exparirnant 2.1
® Computed 2.1, £xp 0.4, Err ~14.0%
O Computed 2.1, Exp 0.5, Err = 5.2% -
® Computad 2.1, Exp Q.56, Err -0.3%
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SF& Concentration

REACTOR ROOM SF6 RELEASES
EXPERIMENT 2.2, 45 ml

Legend
& Expariment 2.2 40 ml SF&

X Computed 2.2, Exp 0.4, Err 4.5%
O Computed 2.2, Exp 0.5, Err 17.2%
m Camputt_d 2.2, Exp Q.37, Err —0.4%
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SF6 Concentration

REACTOR ROOM SF6 RELEASES
EXPERIMENT 2.3, 45 mi

Legend

& Experlment 2.3 40 mi SFE 1 FAN
X Computed 2.3, Exp 0.4, Err -11.6

® Computed 2.3, Exp 0.48, Err 0.1%

0 Computed 2.3, Exp 0.50, Err 2.4%

Figure &



SF6 Concentration

REACTOR ROOM SF6 RELEASES
EXPERMENT 2.4, 45 ml

Legend
4 Expariment 2.4 4G ml SF& 1 FAN

¥ Computed 2.4, Exp 0.4, Err 2.2%
S Computad 2.4, Exp 0.5, Err 131X
2 Computed 2.4, Exp 0.39, Err 0.8%
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Figurs 7






