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ZVAilJATlON OF TlIE KAPL. SEPARATIONS PROCESS STACK EFFilJENT 

ay J. J. Fitzgerald, GE, KAPL 

ABSTRACT 

'f~~ KAPL S~p~rations Process stack effluent is evaluated. The adequacy and 
th~ ~ffi~iQnGy of all the sampling instruments are determined. The size of the 

.. ~~rttel~9 ~ntr~in$d in the stack are studied under both the light and the elec­
t;rgn mi CfQ§{;J.'9r1©, 'fh.~ mean particle size is less than 0.05 microns. Autoradio­
~~~h§ Qf th~ v~rticulate material indicate that the majority of the activity is 
d.~:po~tt~Q. Qfi thi?oe eub-micron particles. 

- Chemie~l e~v~r~ttous of the material deposited on the Hollingsworth and Vose, 
l•iO ftlt@~ D~PG+~ §.Pd th.e caustic scrubber aro made. The rare earths co~prise 
th~ l~~~e~t ~~rtion ~f the particulate activity while Ru-106 is given off in 

':otil~t.:i.-vt';J_y lJ.H';3A q.uar-!tities during the Head End Operation. 
The r~lQtive ~ercentages of the activities given off during the most impor­

tant v~s~Q o: th~ Separations P~ocess are tabulated.. The KAPL stack effluent is 
trnm ov~lua:teQ. on the be.sis of the MPC recommended in the Bureau of Standards 
l!Andbook 52. 
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EVAWATION OF TIIE KAPL GEl'ARATIONG PROCE!::lS STACK EFFWENT 

An evaluation of tho KAPL ota.ck effluent from the operation of tho ocpnra­
tione process was conductod; to detormine the environmonta.l and biologicul ef­
fects of the Pilot Plnnt opera.tiono, to eota.blioh maxim.um permiooiblo li~its for 
diachnrge of the effluont to the_a.tmoophero, and to determine whother more 
stringant control of the disch.o.rge of activity would be required at higher (gm 
Pu/ton U) O,i)Orn.tine; levels. . 

The air monitoring and air cleaning system for the separations proceos 
operations ia sche:::w.tico.lly illustrated in Figure KH-9A2403. This stack ia ap­
proxin:stely 100 feet high e.nd 3 feet in din.meter. The gaseous a.'1d particulate 

• material e:r:i.s.nating from the separations process is passed through a caustic 
scrubber ''hich takes out sor:io of the volatile components while tho CWS-6 filters 

I . 

·a.re over 99 per cent efficient in the collection of moat particles. The stack 
effluent ia sampled at the top of the stack after it baa been diluted by a fac­
·tor of approximately 103 by tho room air. At distances .from the stack, conata.""l.t 
a~r monitors a.re located in selected sites to check the radioactive concentrations 
at var+ous points near ground level. Vegetation samples are collected and a..""l.a­
lyzed on a regular schedule to evaluate the accumulation of radioactivity on the 
vegetation. , 

The evaluation of the stack effluent required the knowledge of; the total 
activity discharged, the particle size distribution of the activity dische.rged 
fro:::n the stack, the isotopic composition of this activity, a.nd the d.iapersul of 
tho radioactive material from the-stack. Each of these requisites wilJ. bo dis-. 
cussed briefly~ 

TOTAL ACTrvITY 

_The determination of the total activity discharged £rom the stack involved 
the investigation of; the ade~uacy of the sampling uni~s, the efficiency of each 
of the sampling units, representative sampling, and the absorption of alpha and 
beta activity in the filter media. 

As 1ll.uatrated in Figure KH-9A2403, the sampling Bj'"sten consists of n fil-
:; ·ter unit to collect efficiently the entrained particulate material followed by a 

: caustic scrubber to collect ouch radioactive componenta as ruthenium and iodine 
: vhich r:.ay bo rendily volatilized. Thia oe.mpling eyatem.. was considered adcq_ur..te 
. since 1 t co-llect_o. or dctEicta o. ]?ortTon of-.tne -rud:l.o-act"iv-:fty -dischnre;ed . 
from -t'le -otack. w{th-a .kno·.m effide-ncy. - .The- efficiencies- of the -Roll:ings..,,.orth · .. 

-and-Vos~ 1 F.-70 'filter paper were d~~ermin~d for a particle <lcnaity of-2.7 g;;:./cm3 __ -
~-over-a wide range-of-Particle oizea and linear face velocities. At an operatir.g 

face velocity of a.:pprox.i.Inately 5 cm/sec the H-70 filter paper wns 97. 7 :rier cent 
,. for 0.2 micron purticles. Tho efficicn.cy of tho caunti.c acr1.1bbor oha..m in 

Figure KE-ll044Jl+ was deterrninod for a ve.rioty of flow rateo, quantities of berl 
·· sad.d.100 c..:ld of cauotic solutions. In tho run.go of operating flow rat~o tho ef-

1 . 

l f'icie:::i.C"'.f waa 95 per co.--it for the collection of v~lnti_la .iodine. r 
. l- Iookinotic on.:npling was conoidorcd since 1 t 1o not only necoooa.ry that tho -- - · 

monitoring o;rctc~ bo c.d.oquato but that tho S8.!llplo to.kon be re:prooonto.tivo. 
AJ.thouE;21 tho oyoto:.i Yna deo.ign()d for iookinotic oa:r.plir.,z, particle oizo o.nn.lyooa 
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·. ma.do tho nood for tho balancing of tho sampling and stack linear flow ratoo looe 
etringunt. 

. Absorption etudioo of tho alpha and bota fission product activity of tho 
entrained pa.rticul.D.te material collected in tho R-70 filter pa.pore revealed nv­
eraso aboorptiono of 55 and 25 :per cont for tho alpha and bota act1v1tieo, re­
spectively. 

PARTICLE SIZE DISTRIBUTION OF STAC~ EFFUJENT 

Since the stack effluent due to separations o:porations is CO!llposed of a 
heterogeneous mixture of entrained radioactive and non-radiOa.ctive particles, 
the particle size distribution was studied in relation to the pbysical size of 
the heterogeneous mixture of the particles, and in relation to the radioactive 

· diatribu.tion. · ~ 
. The molecular filter paper was used as a filtering medium to coll.act a 
~epresentative sru:i.ple of the stack effluent. This type of filter papor was 

. chosen for its efficiency in the collection of aubmicronic particles and ease in 
detecting particles in the same medium under the microscope. The particle size 
distribution during various chemical operations of tho Soparationo Process are 
illustrated in Figure KH-9A2354. The data reveal the abund.ari'ce of sumicronic 
particles e.nd the similarity of distributions during various phases of the 
chemical process. A geometric mean of 0.2 micron in ea.ch case is readily ob­
served -when the data are plotted on log-probit pa.per as shown in Figu.re KH-9A2354. 
An average of 10 analyses during all phases of the proceso as shown in Table 1, 
indicated a geo:ir.etric mean of 0.2 micron and a standard deviation of 2.7. Since 
the limit of detection v.ith the light microscope is 0.1 micron, it was felt e.t 
the tix:le that the true goo::::ietric mean was leas tr.an 0.2 micron. This feeling was 
later subste.ntia.ted by electron microscopic analyses of.the filter aa.ni:ples and 
by a.utora.diographic studies of the radioactive particle size distribution • 

TABLE 1 • 

··- ·-· --- -· SIZE DISTRlBUTIONS OF PARTICULATE MATERIAL 

Repetitive Se:parationa Geometric Moan, 
Run .OJ??ration microna Stand.a.rd Deviation 

1 Diaoolving 0.2 2.5 
1 Dissolving .2 3.1 
2 Dissolving .2 2.9 
2 Dissolving .2 .2.7 
3 Dissolving .2 2.6 
3 Dissolving .2 2.6 
4 Head-End .2 2.5 
4 Ho ad-End .2 2.3 
4 Extraction .2 '2.9 
5 Extraction .2 2.4 

The modifiod caoccde impa.ctor with n molecular filtor pnpor in tr,.u fifth 
ataga vaa uoed to detornino a rolutionahip botwoon ;pnrticlo o:!.zo and activity. 
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Even ~ith flow rntea of 34 l/min through tho imp~ctor, nearly nll of tho activity 
was depooitod on the moluculnr filter pnpcr, ~ndicating that moot of the activity 
was compo3ed of or deposited on sub-micronic pa.rticloo. 

· Autoradiographic techniques were investigated to determine further the re­
lationship between particle size and radioactivity. A stripping film te~hnique 
similar to the methods employed by Lo.' Riviere* and Boyd** indicated the preocnco 

·of many sub-microocopic particles and the need for electron microscope studies. 
Samples were analyzed under the electron microocope at the General Electric 

~esearch Laboratory. Silicon dioxide was evaporated on a small section of the 
Millipore filter, under a vacuum of 0.1 micron of mercury. This section of the 
filter paper was then dissolved in acetone. Upon hllrdcning, the silicon retained 
an impresoion 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 paperr under a magnification of 15000 is seen in this electron 
micrograph. The electron micrograph of a portion of an expoocd filter paper 
which had a geometric meo.n and standard deviation under 1ight microscope studies 
similar to those previously indicated, is illustrated in Figure 1121213. The 
nutlber of particles in the range of 0.01 to 0.05 micron are far in excess of 
those greater than 0.05 micron. The true geometric mean, then, is closer to 
0.05 micron tha.~ 0.2 micron as determined-under the light microscope. 

ISOTOPIC DE:rERMIN.ATION OF FISSION PRODUCTS DISCHARGED FRO~ PILOT PLANT STACK 

Knowledge of the isotopes contributing to the discharged radi.oactivi ty was 
an important requisite in this investigation. · The biological effects and con­
sequently the maximum. permissible concentrations depend not only on the level or 
radioactivity, but also upon the body metabolism of the e1ements that comprise 
the activity. To determine the maximum permissible concentration that may be 
discharged from the Pilot Plant stack, the activity was iaotopically analyzed 
during all. phases of the separations process for several repetitive runs. 

ISOTOPIC DETERMINATION OF FISSION PRODUCTS COLLECTED IN"TBE PARTICUIATE FORM 

The isotopic c0t:1position o:f the ·radioactive particulate components pre~ent 
in the ef:f'luent was determined by radiochemical a:n.alysea of the Hollingsworth 
and Vose, type H-70, filter papers. These filter papers are uaeu as.the particle 
collecting media in the health physics stack monitoring system. 

R·o.diochemical analyses of' the filter paper samples collected during all 
phases of' the separation process revealed trot tbe ruclioactivity emitted fro:n. 
the Pilot Plant otack in the particulate form was composed of the rare earths, 
ruthenium, zirconium, niobium, barium, strontium, and iodine. 

*USNRDL-342, "An Autorudiogru:phic }~othod of Detecting and Identifying Bota­
Activa Particles in a Heterogonooue M::Lxturo," by Philip D. IaRiviere and Sto:phen 
K. Ichiki, April 1952. 

**UR-209, "Strlpping Film Toc1miqucs for Hiotologice.l Autorad.iogra.phu_." by 
Georgo A. Boyd and Agnoa Williruna, May 19lt8 • 

. ' ........... . 
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During the initi~l analyooo of the stack effluont, ae:paro.tiono proceoo 
operations without variation in proceduroo wore ropeutod. Thooe proccooco wore 
cai.led ropetitive runo. Tho rolo.tivc proportiono of botn-go.mma cmittine rndio­
ieotopoB discbnrgod in tho :Particulo.te form during ouch of the chcmico.l opera­
tions for seven repetitive runo and several non-ropotitivo runs were W1Ulyzod. 
J.:JJ. a.nalyoio of the third repetitive run ia shown in Figure MII-9A8127. The ro.re 
earths prcda.u.inated throughout nearly all of the ope"t"o.tiono, representing frcrn 
approximntely 50 to 80 :per cent of the po.rticulo.te activity during the diBoolv­
ing and extraction phases. Ruthenium-106 contributed the greatest portion of 

,. the pa.rticula.te activity during the head-end operations and, in moot instances, 
exceeded the rare earths* duri~ the first part of tho diosolving and latter pn.rt 

. of the cake dissolution o:poro.tions (the third repetitive run shown here was an 
exception). Tho cake dissolution operation usually takes place foll~~ing the 
extraction cycle but it is physically a part of the head-end. Niobium was 
emitted in varying amounts during all operations, repreocnting from less than 1 
:per cent to approxin:ately 50 per cent of the particulate activity. Zirconium 
represented less than 10 per cent of the activity during all operations except 
the cake dissolution. During the cake dissolution zirconium. reached a maximum. of 
20 to 25 per cent of the :particulate activity. Strontium contributed from ap­
prcxi~~tely 5 to 20 rer cent of the activity during nearly al1 of the dissolving, 
extraction, and cake diaoolution operations of the third and fourth repetitive 
runs. The strontium. component was as high as 40 :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 rims are listed in Table 2. 

The rare earths and Ru-106 composed the la.rgest portions of the total pe.r­
. ticula.te 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 deys. Some 
variations in the isotopic percentage of activity discharged, however, are at­
tributable to the variation in the decontamination factors obtained during dif­
ferent runs. During the dissolving, head-end and extraction operations, on the 
average, 5, 85 and 10 :per cent, respectively, of the total particulate activity 
waa discharged. • . 

ISOTOPIC IDENTIFICATION OF VOLATILE MATERIALS IN STACK EFFLUENT 
• 

! The total volatile activity, excluding the radioactive noble gases, col-
lected in tho caustic scrubber cooprieed lees thn.n l per cent of the total ac­
tivity' discharged from. the stack during all re1">etitive and non-repetitive runs. 
Analyses of the conta."n.inn.ted caustic solution revealod varying percentae;es of 
I-131 and. Ru-106 collected in tho· scrubber during operating phases. The volatile 
components Kr-85, Xe-133 and Xe-135 detected by the constant air monitor coo­
prised the majority of the activity discharged from the stack. Detail analyses 
of' the percentage CC:llJOBition of these volatile materials di.iring pb.asea of the 
separations process ere given in KAPL-814 and KAPL-863. 

*KAPL-814, Semi-Annual Progreso Report of Radiological Development Activ-
1tiea 1n the Health and Safety Unit, Jnn.-June 1952. 
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TABIE 4 ·. 
~!MUM PERMISSIBIE CONC~"TRATIONS m A.IR AND STACK EFFWENT 

Max. Percentage in MPC in Air, MPC in Stack, 
Ieotone Stack Effluent µc/cc µcLcc 

-~ 

Beta-Gamma 

Kr-85 + Xe-133 + Xe-135 '- --·--- -- 99 4 x io-6** (body) 4 x io-4 
I 

Rare Earths & Y-91 14 7 x io-9* (bone) · 5 x io-6 

Bu-106 20 3 x lo-8* (kidney) 2 x io-5 

Ru..:103 50 2 x lo-7*** (kidney)· 4 x 10-5 

Sr-89 1 2 x lo-8* (bone) 2x io-4 

Zr-95 l l x io-8*** (lung) l x lo-4 

Nb-95 4 4 x io-7* (bone) 1 x io-3 

Ea-140 -,· l 6 x io-8* (bone) <6 x io-4 

I-131 l 3 x io-9*' (thyroid) 3 x _10-5 

Alnha 

?u-239 100 2 x io-12* •(bone) 2 x io-10 

. - ... -.. - -- - - .. -· ···- -- -·· - -- ·-- .. -- . 

*MP.C listed 1n National Bureau of Standards Ra.ndbook 52. 
**HPC lioted in liandbook 52 or calculated using fornru.la in liandbook 52. 

*i:*MPC cr.lculated.. using formula. listed in Handbook 52. 

. ' ~ -~· .. -·· -: ~-- - . 
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MILLIPORE FlLTER UNEXPOSED-CONTROL FILTER 
Mazn.ification - 15000 - Scale 0.5 micron 
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MILLIPORE FILTER EXPOSED TO KAPL ST ACK EFFLUENT 

Magniflca tlon - 15000 -- Sc.a.le 0.5 micron 

KII-1121213 
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GENEnt\L ELECTRIC CO. . . 
KNOLLS ATOMIC POWER LAO. 

RELATIVE PROPORTIONS OF PARTICULATE FISSION PRODUCTS RELEASED FROM STACK 
DURING THIRD REPETITIVE RUN 

[EACH PLOTTED F'O:NT REPl1ESENTS THE AVERAGE RELATIVE ACTIVITY OURING THE 
rtrERV..'11. Pn:::cl::C:DING IT.] 
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