EVAIUATION OF THE KAPL SEPARATIONS PROCESS STACK EFFIUENT

By J. J. Fitzgerald, GE, KAPL
ABSTRACT

The KAPL Separations Process stack effluent is evaluated. The adequacy and
the effielency of all the sampling instruments are determined., The size of the

- particles entrained in the stack are studied under both the light and the elec-
tron microscrope, The mean particle size is less than 0.035 microna. Autoradio-

- grephs of the particulate material indicate that the majority of the activity is
geposited on these sub-micron particles. :

' Chemical separations of the material deposited on the Hollingsworth and Vose,
E-70 filter papers end the ceaustic scrubber arc nade. The rare earths comprise
the lsrgest portion of the particulate activity while Ru-106 is given off in

‘ypelatively larze quantities during the Head End Operation, :

The relative percentages of the activities given off during the most impor-
tant phases of the Separations Process are tabulated, The KAPL stack effluent is
then evaluated on the basis of the MPC recommended in the Bureau of Standards
Handbook 52, _ : '
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'EVAIUATION OF THE KAPL SEPARATIONS PROCESS STACK EFFLUENT

An evaluation of tho KAPL stack effluent from the operation of the oscpara-
tions process was conducted; to determine the environmontal and biological ef-

- fects of the Pilot Plant operations, to establish maximum permissible limits for
discharge of the effluent to the atmosphere, and to determine whother more
stringent control of the discharge of activity would be required at higher (gm

~ Pufton U) operating levels.

: The elr monitoring and air cleaning system for the separations process

oporations is schematically illustrated in Figure KH-9A2403. This stack is ap-

proximately 100 feot high end 3 feet in diameter, The gaseous and particulate
material emanaeting from the separations procoss 1s passed through a caustic

. scrubber which takes out somo of the volatile components while tho CWs-6 filters
are over 99 per cent efficient in the collection of most particles. The stack
effluent is sampled at the top of the stack after it has been diluted by a fac-
tor of approximately 103 by the room air. At distances from the stack, constant
air monitors are located in selected sites to check the radloactive cencentrations
at verious points near ground level. Vegetation ssmples are collected and ana-
lyzed on a regular schedule to evaluate the accumulationr of radiocactivity on the

vegetation,
The eveluation of the stack effluent required the kmowledge of ; the total

" activity discharged, the particle size distribution of the activity discharged
from the steck, the isotoplc camposition of this activity, and the dispersecl of

the radloactive material from the stack, Each of these requisites will bo dis-

_cussed briefly. : :

- TOTAL ACTIVITY

. "The determination of the total activity discharged from the stack involved
the investigation of; the adequacy of the sampling units, the efficiency of each
of the sempling units, representative sampling, and the absorption of elpha and
beta activity in the filter wmedia.
' As illustrated in Figure KE-9A2403, the sampling gysten conslsts of a £il1-
"ter unit to collect efficiently the entrained particulate material followed by e
- caustic scrubber to collect such radiocactive componente as ruthenium end icdine
‘which rey bo readilj volatilized, This sempling eystem.vas considerad adeguate
“since it collecta or detects a portion of the radioactivity diééparged‘ o
“from thé Bmtack witha ¥nown efficiency. The efficiencies of e Hollingsworth .
: and'Van, E~T0 ‘filtor papar were determined for a particle ucnsity of 2.7 g:/cm3 .
'~ over a wide range of particle sizes and linear face velocitles. At an operating
' face velocity of approximately 5 cm/sec the H-TO filter paper wes 97.7 per cent
" . for 0.2 micron particles. Tho efficiecncy of the caustic scrubber shown in
| Figure K¥-110441%4 was determinod for a variety of flow rates, quantities of berl
-1 s8addles end of caustic solutions, In tho range of operating flow ratna tho al -
i ficlency was 95 per cant for the collection of volatile iodine.
I Icokinetic sampling was conoidercd sinco it "is not only necessary that the
monitoring syctea boe edoquate but that the sample taken be reprogsoentativo.
" Altbough tho syotem was designod for isokinotic saxpling, particle size mnalyses

.-




”

.336  WASE-170

. msdo tho nood for tho balancing of tho sampling and stack lincar flow rates less
stringont. : .
Absorption studios of the alpha and bota fission product activity of theo
entrained particulate material collocted in tho H-70 filter pepers revealed av-
erage absorptions of 35 and 25 por cont for the alpha and bota activities, re-

spactively.

.+ PARTICLE SIZE DISTRIBUTION OF STACK EFFIUENT

Since the stack effluent due to separations oporations is composed of a
heterogeneous mixture of entrained radicactive and non-radioactive partlicles,
the particle size distribution was studied in relation to the physical size of
the heterogeneous mixture of the particles, end in relation to the radiocactive
“distribution. Co N
. The molecular filter paper wes used as a filtering medium to collect e
representative sample of the stack effluent. This type of filter papoer was
_‘chosen for its efficiency in the collectlion of submicronic particles end eass in
detecting particles in the same medium under the microscope. The particle size
distribution during various chemical operations of the Separations Process are
{1lustrated in Figure KH-9A2354., The data reveal the abundance of sutmicronic
particles end the similerity of distributions during various phases of the
chemical process., A geometric meen of 0.2 micron in each case 18 roadily ob-
served when the data are plotted on log-probit paper as shown in Figure KH-942354.,
An everege of 10 analyses during all phases of the process as shown in Teble 1,
indicated a geometric mean of 0.2 micron and & standard deviation of 2.7. Since
the limit of detection with the light microscope is 0.1 micron, it was felt at
the time that the true goometric mean was less than 0.2 micron. This feeling was
later substentiated by electron microscopic analyses of the filter samples and
by autoradiographic studies of the radiocactive particle size distridbution.

TABLE 1 oo

__ SIZE DISTR1BUTIONS OF PARTICULATE MATERTAL

Repetitive Seperations  Gecmetric Mean,

Run Operation " microna Stendard Deviation
1 " Dissolving ’ 0.2 2.5
1 Diesolving . 2 - 3.1
2 Dissolving S .2 2.9
2 Dissolving . 2 2.7
3 Dissolving ' S L2 2.6
3 Dissolving T L2 2.6
L Eead-End 2 2.5
. , Eoad-End .2 2.3
L Extraction : .2 ‘2.9
5 Extraction .2 2.4

The modifiod casocede impactor with a molecular filtor paper in the fifth
8tage was used to determine a reluntionship botwoen particlo sizeo and activity.

srsee
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Even with flow rates of 3% 1/min thyough the impactor, mearly all of the activity
was deposited on the molucular filter paper, indicating that moot of the activity
was composed of or deposited on sub-micronic particles.

- Autorediographic techniques were investigated to determine further the re-
lationship between particle size and radioactivity. A stripping f1lm technique
similar to the methods employed by la’ Riviere¥* and Boyd** indicated the preaocnce
"of many sub-microscopic particles and the need for electron microscope studies.

Samples were analyzed under the electron microscope at the General Electric
Research laboratory. Silicon dioxide was evaporated on a small section of the
Milliporé filter, under a vacuum of 0.1 micron of mercury. This section of the
. filter paper was then dissolved in acetone. Upon hardening, the sillcon retained
an impression of the surface structure of the filter and served to hold the
sample particles in position., -The electron micro-graph of an unexposed filter
paper uced for control purposes is shown in Figure 1121212, The surface of the *
Millipore filter paper under & magnification of 15000 is seen in this electron
micrograph. The electron micrograph of a portion of an exposed filter paper
which hzd a geometric mean and standard deviation under light microscope studies
similar to those previously indicated, is illustrated in Figure 1121213, The
. pusber of particles in the range of 0.0l to 0.05 micron are far in excess of
those greester than 0.05 micron. The true geometric mean, then, is closer to
0,05 micron than 0.2 micron as determined- under the light microscope.

ISOTOPIC DETERMINATION OF FISSION PRODUCTS DISCHARGED FROM PIIOT PLANT STACK

EKnowledge of the isotopes contributing to the discharged redicactivity was
. an important requisite in this investigation. ' The biological effects and con-
sequently the maximum permlssible concentrations depend not only on the level or
radioectivity, but also upon the body metabolism of the elements that comprise
the activity. To determine the maximum permissible concentration that may be
discharged from the Pilot Plant stack, the activity was isotopicelly analyzed
during all phases of the separations process for several repetitive runs.

ISOTOPIC DETERMINATION OF FISSION PRODUCTS COLLECTED IN°'THE PARTICUIATE FORM

. The isotopic composition of the radicactive particulate components present
in the effluent was determined by radiochemical analyses of the Hollingsworth
and Vose, type H-T70, filter papers. Thece filter papers ere used as the particle
collecting media in the health physics stack monitoring system.

Radlochemical enelyses of the filter paper samples collected during all
phases of the separation process revealed that the radiocactivity emitted fram
the Pilot Plant stack in the particulate form was composed of the rare earths,
ruthenium, zirconium, nicbium, barium, strontium, and iodine.

*USNRDL-342, "An Autoradiographic Method of Datecting and Identifying Bota-
Active Perticles in a Heterogoncous Mixturo," by Philip D. LaRiviere and Stophen
K. Ichiki, April 1952. :

*¥UR-209, "Stripping Film Techniques for Histologlical Autoradiographs," by
Georgo A. Boyd and Agnos Williams, May 1948,
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During the initisl analyscs of the stack effluent, separations process
operations without variation in procéduros wore repeatod. These procecoscs were
called repetitive runs. Tho rolative proportions of bota-gamma emitting radio-
isotopos discharged in the particulate form during cach of the chemical opera-
tions for seven roepetitive runs and several non-repetitive runs were analyzed,
An analysis of the third repetitive run is shown in Figure MH-9A8127. The rare
earths precdominated throughout nearly all of the opevations, representing from

’approximately 50 to 80 per cent of the particulate activity during the dissolv-
ing and extraction phases. Ruthenium-106 contributed the greatest portion of
the particulate activity during the head-end operations end, in most instances,
exceoded the rare earths* during the first part of tho dissolving and latter part

. of the ceke dissolution operations (the third repetitive run shown here was an

exception). Tho cake dissolution operatiocn usually tekes place following the
extraction cycle but it is physically a part of the head-end. Niobium was

emitted in varying amounts during all operations, represcnting from less than 1

per cent to approximately 50 per cent of the particulate activity. Zirconiunm
represented less then 10 per cent of the activity during all operations except
the cake dissolution., During the cske dissolution zirconium reached a meximum of

- 20 to 25 per cent of the particulate activity. Strontium contributed from ap-

- proximstely 5 to 20 per cent of the activity during nearly sll of the dissolving,

extraction, and cake dissolution operations of the third and fourth repetitive
runs. The strontium component was as high as LO per cent during the extraction
cycle of the fifth repetitive run.

The relative proportions of the particulate fission products discharged

during 5 repetitive and 2 non-repetitive runs are listed in Table 2,

The rere earths and Ru-106 composed the largest portions of the total par-
ticulate activity during repetitive and non-repetitive runs. The per cent rare
earth particulate activity in the stack effluent appears to be reduced signifi-

" . cantly when the cooling time of the slugs are reduced from 95 to 85 days, Scme

varietions in the isotopic percentage of activity discharged, however, are at-

tributable to the veriation in the decontamination factors obtained during dif-
ferent runs. During the dissolving, head-end and extraction operations, on the
- average, 9, 85 and 10 per cent, respectively, of the total particulate activity
was discharged. ' ‘-

ISOTOPIC IDENTIFICATION OF VOLATILE MATERIALS IN STACK EFFLUENT
‘ The total volatile activity, excluding the radiocective noble gases, col-
lected in the csustic scrubber comprised less than 1 per cent of the total ac-
tivity discharged from the stack durling all repetitive and non-repetitive runs.
Anslyses of the contaminated ceustic solution revealod varying percentages of
I-131 and Ru-106 collected in the scrubber during operating phases. The volatile
components Kr-85, Xe-133 and Xe-135 detected by the constant air monitor conm-
" prised the majority of the activity discharged from the stack. Detail analyoces
of the percentago composition of these volatile materials during phﬂses of the
separations process cre given in KAPL-814 and KAPL- 803 .

#KAPL-814, Semi-Annual Progress Report of Rediological Development Activ-
itiea in the Health and Safety Unit, Jan.-June 1952,

- e
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TABIE 4

MAXTIMUM PERMISSIBLE CONCENTRATIONS IN ATR AND STACK EFFIUENT

, Max, Percentage in MPC in Alr,  MPC in Stack,
Isotove ' ~ __Stack Effluent ucfcc ' pcfecc
: Beta-Gamma o o : ».f‘ Coe : |
Kr-85 + Xe-133 + Xe-135 F\-j__, - 99 " k x 10"6** (body) | | 4 x 107k
Rere Earths & Y-91 , 1 7 x 10~9¥ (bone) © 5x 107
Ru-106 | 20 3x 107  (ddney) = 2x 1075
Ru-103 IR 2 x 10°T%** (aney) b x 107
sr-89 o -1 T 23108 (vome) 2 x 107"
2r-95 1 1 x 108 (lung) 1x 107
. Nb;95 _ 4 'y)-l» x 10~ (bone) | o 1x 1073
 Ba-1L0 a1 6 x 10-8*  (bone) <6 x 107%
1-131 B 3 x 10" (thyroid) 3x 205
Alpha _ -
Pu-239 - 7 0 2 x 1012 .(bome) 2 x 10-10

*#MPC listed in Netionel Bureau of Stendards Handbook 52.. '
*#)MPC listed in Eandbook 52 or calculated using formula in Handbook 52.
#1#MPC crlculated using formula lieted in Handbook 52. ’
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0 DISSOLVING OPERATION
O HEAD END OPERATION .

- 0.8

L LRI

PARTICLE SIZE, IN MICRA

0.6
0.5
04

T

.
ot

0.2+

o
m D)
T ¥ T P {

g
o

o)
N
Y

A EXTRAGTION CYCLE

PARTICLE SIZE DISTRIBUTION

STACK EFFLUENT

PERCET\T LESS THA\] SIZE STATED

L - A

5 0 15 20 30 40 50 60 70 80 85 90 95 98%
. PERCENTAGE

KH-9A2354




WASH-170

S ba,..‘..,,.;l :n.-rdaw.,.:f Yo A en, _ Y

.,. -1( TOA‘ 3 ‘ R .
Crreth ) RS L A B ot —4 ..
LR \ . \;J \ r%,ﬁ..ﬁ e P /.br ....\r....“\ { [ r (W
w\‘\ I T,y i Pl\. \Hcl \txJ/ Ve . » ._...v..\ 5
- X 1 - OV AN I N AT T ;.
W.ﬁ./ A .cf,..wi.\.\yr“, I~ / Py v\\ R
- i Ca / \/‘\.\lﬂ \,w
' ~

\Ilum‘d.-l T d&r\lﬁl
7. J\\M\w ~e ., Vs \.J\ . J
. /\“I(.’ farf ,f vy g

7333\11“%3 e RO ALY
G T SR e (AN :
..r‘-.e“.....,u.ﬂ.? ; )vu/m{t »Jhw ..,.U. f .,\ <, qh,C.,v,u-J <. w
. et N DAy

.

AR RAS [ .
Y ST O N S T - \
VEym st M...'. .(M&\ “.\r Vi /M uﬂ. ISV {
-.;. Coa” N e 1—.- v " P .(.../...-.“ N / \\o...~.». .um.c
Ay LT \)N”;izv.u; TN
A R T SNt g O
M .I.r.. R s a‘\l vs.d\..’»_ N )y l,).u.... N o
- 2 e AL EERIR RN T AN ,:\N,x\‘?
) A Ty : S0 AEININT
{2 NTAL RN . "

4 - “.f
.«
EY

ooy i .
gt O] N AR A # :
K .fk~ . A..YJ b 1N O\P.M... N
[ A \ ; '
; oy !
M,. b1 : \

o Ty i , 2 . . e o ....
.,.w.\»,w... W \ .. ﬁ»\cUr..M«.. . MNN«..\/,.,VP»:MQ.. MWM.._J*A..\. A

\ﬁx\.w.x K\.(.W M\..A.“../ ?JI\ X-.\ \,% )\ :
.-. : : . )
omo ~ N uwu:){.». . h..l\uﬁ. .0( | {

. P
v T e . ‘
‘-I:f;.-a...-L‘u -

MILLIPORE FILTER UNEXPOSED-CONTROL FILTER

—— Scale 0.5 micron

Magnification - 15060

Kg-1121212
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Scale 0.5 micron

Magniflcation - 15000

\,M\\

MILLIPORE FILTER EXPOSED TO KAPL STACK EFFLUENT
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