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RE)CTOR GAS DRIER CONDENSATE WASTE - DECONTAMINATION STUDIES

L. F. Coleman
IRTRODUCTION

Reactor coolant gases used in the production reactors are clrculated through

silica gel drier beds to remove accumulested water. The water and sdsorbed or dis-

solved gases collected on the sllica gel are removed when necessary by heating. The

volume of condensste from silica gel bed regeneration is normally measured and the

condensate vouted to the river or to dry welle. As a result of neutron irradiation

of the coolant gas cll‘ conteining species are found in the drier condensate.

Concern was expressed regarding the amount of C.‘]'l‘L in the condensate, pasrticular-

ly at the K reactors where uge of nitrogen-helium gas mixtures were beiny tested in

plece of the normal carbon dioxide~helium mixtures.

Theoretical predictions of the
clh

increased production in the gas coolant sysiem resulting from this change in cool-
ant gas composltion have been presented by Carter(l) and Bunch(g) based on slightly

different models. In both cases the clh increase is related to the more favorsble

N4 (n,p) clh‘ reactions over that of 013 {n,y) cm. Hall, Barton and Milligan(3)
considered the radiclogical aspect of cll* in reactor effluents.

As a result of an observed incresse in Clh in K Area dyier condensates several

samples from reactors were analyzed, and methods for removal of Clh were sought. The
decontamination studies showed much lower Clu concentrations in the condensate than
enticipated. Results are reported for methods investigated for decontaminating
these condensaie wastes along with a generaﬁ. description of the wastes.

2
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SUMMARY

ik
Pour methods for removing oa containing species from condensate solutions were

investigated. These methods gave the following results:
1. Acid Distillation

Distillation of volatile speciee from acid solution removed 20 to 80 per-
cent of the f activity {excluding tritium) for the series of samples analyzed.
Addition of potassium permangenate, ammonium persulfate or potassium perlodate

to the distilling system appeared to have little effect. Barlum nitrate addition

to the residues from the acld distillation reduced the activity to less than 10
percent of the original activity which suggests removal of 835
sulfate.

ap precipliated

2. Precipitate with Barium and Calcium Salts

Precipitation with caleium nitrate in elkaline solution removed 27 to 9L
percent of the total beta activity. Thie step followed by barium nitrate ad-

dition increased removal to greater than T0 percent in moat cases and greater

then 90 percent in many cases. Precipitation with barium nitrate alone gave

essentially the same effect aa the coupled calcium nitrate-barium nitrate ad-

dition.
3. Ion Bxchange

Equilivrium data for = strong base anion exchange resin (IRA 410) gave Kq's
of 9 to 1k for K reactor condensates and 101* for an F area condensate.

4. Mineral Bed Reaction

14 . 14 -
The reaction: Casoh(s) + 003(aq) 2 Ca003(s) + S°h(aq) gave xd-s

from 3 to 13 for K ares wastes.

UNCLASSIFIED
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4
Tctal beta sctivity of K area vastes {excluding tritium) based on ct counting

efficiency, ranged from 0.1 to 11 we/ml. 8ulfur-15 contributed 20-80 percent of

the initial activity while (¥ composed the remainder. Tritium concentrations

are reported to be a factor of about 10 higher than the total other week beta emit-

(4)

ters present”

EXPERTMENTAL METHODE

Counting Technigue

All samples were counted in l-inch dishes ir a gas flow counter. Twenty-five

to 250 microliter aliquots were pleted on dishes %o which two drops of saturated

h
barium hydroxide wvere added. Counting efficlency based on ¢ standards plsted

as the carbonate was 14 percent. Precislon of analytical results was usvally with-

in £ 20 percent, whereas the accuracy ls considered to be £ 50 percent.

Acid Distillation

Initiel experiments vere carried out in a reaction flask connected to a train

of caustic scrubbers. The solution wae sparged with alr passed through an Ascarite

bed, and the bases and distillate evolved on boliling were collected in the scrubbing

train. Samples and residue were analyzed. In these sxperiments the sum of the beta

activity found in the scrubbers and residue egreed with the total beta activity

present in the originsl sample. Bubsequent experimsntes employed acid addition to

L
covered beakers and analyses were cbtalned for residues only.

Precipitation Methods

Excess concentrations of calcium and barium solutions were added to samples

followed by centrifugation and sempling. Carbonate concentration in the K area

UNCIASSIVIED
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samples waes sufficient to effect good precipitation of oog while sulfate carrier
35
wae needed to obtain good removal of 835 as n;soh.

Ion Rxchange snd Mineral Bed Rxperirents

A strong base anion exchange resin (TRA-410) vas used in these experiments.

The solutions and reein were equilitrated T2 hours prior to anslysis of the solu-

tions. Distribution coefficlents reported express gross beta decontamination with

no attempt to isolate the holdup of particular 835 or clh species.

The mineral bed reaction:

14 1

CaBO co” »  Cal0 + 80°
be) " 3aq) 3a) | Meq)

was investigated using 35-60 mesh gypsum particles. Mixtures of 5 gu gypsum samples

and 12.5 ml of condensate waste were agitated for 72 hours prior tc analyaes.

RESULTE AND DISCUSSIOR

Acid Distillation end Precipitation

The mathods investigated for removal of cl" from drier condensates were solec-

ted for their simplicity and on the basis of a limited knowledga of the chemical

composition of these wastes. It was originally sssumed that much of the cl 4 vas

associated with carbonate jon, end classical acid distillation and precipitaticn meth-
ods of carbonate removal were studied. When incomplete removal waa cbtained by these

methods, sulfate carrier and barium solutions vere added to effect removal of 035 ex-

L]
isting as sulfate. The source of the activity remaining after both acid distillation

end precipitation (2-30 percent) was pot determined except that it vas due primarily

to weak beta emitters having maximuz energies of < 0.2 MEY. Bince iron and cys-

nide were found in the wastas, 1t is posaidla thet stable cyanids complexss are
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clh
present which could acsount for a portion or all of the remaining activity.

Other carbon and sulfur compounds may be present, but few would be expacted to

pereist in bolling 2 - 4 K m3 followed by precipitation with barium ion in alka-

line solution. Another observation that contributes to the existence of cyanide

complexes 1s the formation of a pinkish precipitate on eddition of ECl to the

westes. This precipitate conld be due to copper-iron cyanide complexes which

are qulte insoluble in hydrozhlorie acid solutions. Data for the decontamination - i

experiments are listed in Table I. The perzent of the act!.ity removed during

arld distillation trom nitric acid would seem to be limited to volatile carbon come
pounds, those oxldizing to carbon dicxide and from cyanides. The difference in re-
moval by acid dletillation and acid distillation plus barium sulfate precipitation

ghould then glve a measuras of the 835 concentration. Based on this criteris, an

spproximation of Clu to 835 ratios can be obtained. The percent activity remain-

ing in solutlon after precipitation with barlum glves a measure of the activity

in forms other than carbonate or sulfate and smounts to 2 to 60 percent of the
total. Part of this larger varlation is due to analytical insccuracies; however,

trends are esteblished. The gpperent differencs in the abllity to decontaminate z
aged and current solutions is based on X decay. From these results one would j
predict that approximetely SO percent of the clh' ectivity vas in the form of cxrbo- : %

ngte originally. The remainder of the activity in these cases may sgain be due in ;
part to stable cyanide complaxes.

Ion Ex e eriments

Data for the lon exchange and minerasl bed reactions are rresented in Table II.

The high selt concentrations of the K area wastes (about 1-3 M) would require




DRCONTAMINATION BY ACID

TABLE I

DISTILLATION AND PRECIPITATION

:“““_-lﬂl—-__--——
Percent Beta%* Activity Removed

Acid Distillation Precipitation Precipitatio.

Beaple Origin Acid Distillation  + Precipitation w/BaZNO3) w/Ca(N0_)

and Date only w/Ba(N0, ), 2 3%2
KE - 8/31/61 5065 58-66 63 56
XB - 9/ 3/61 52-67 T0-76 60 67
KB -10/29/61 5466 67-T0 418 50
¥ - 9/18/62 86-90 97-99 99 86-88
KR - 9/28/62 66-78 88-92 89 6975
KR -10/24/62 16-30 Sh-98 90 27-55
¥ -10/25/62 - - 98 82
KB -11/12/62 37-50 88-96 80-82 72

b -11/30/62 56-60 90-93 88-90 51-53

? -11/30/62 i3-hg 90-96 93-97 b1
XB -11/30/62 L2-47 86-90 65-T2 64
W -12/ 3/62 78-80 90-93 82-84 91

*Excludes tritiur

I TAISIVIONN
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rather large quantitiee of resin for adequate treatment. The Ky values obtained are
consistent with this since one is stiempting Clh decontamination by removal of up to
1.M carbonate. In the decontamination of the F Area condensate one is concerned with
salts concentrations on the order of 0.0)M and a correspondingly higher Kg value is
obtained. A column experiment with this F Area waste reached 30 percent breakthrough
after 1000 column voelumes at which point the condensate sample was exhsusted. The
50 percent breeskthrough is estimated to be at mbout 1300 column volumes.

TABLE 1I
10K EXCHANGE AND MINERAL BED DECONTAMINATION VALUES

Conditions « Resin and Bolutions Sheken for T2 Hours at Room Temperature

Totegl beta
Kq = E- _resin
Saryle Origin Yolume Waste Tctal beta
end date ml Grams Resin ml solution
KB - 9/28/62 10 3.79  IRA 410 13.0
KB - 9/28/62 10 2.96 8.8
KB - 9/2B/62 20 L4.82 10.¢C
KB - 9/28/62 20 4.89 13.3
KW - 9/18/62 20 h.62 2.7
™ - g9/18/62 20 5.12 2.6
KB - 10/24/62 20 b.os 11.1
KB . 10/24/62 20 5.00 10.8
KW - 10/25/62 20 L5 6.2
KW - 10/25/62 20 5.2k 5.2
P - 11/30/62 100 0.77 2 x 0%
F - 11/30/ 62 100 0.77 2 x 104
KW - 9/18/62 12.5 k.91  Gypsum 3.4
KW - 9/18/62 12,5 L.67 3.1
KE - 9/28/62 12.5 5.08 10.0
XB - 9/28/62 12.5 445 12.0
KE - 10/24/62 12.5 5.48 10.3
KF - 10/2h]62 12.5 5.12 13.6

UNCLASSTFIED
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Physicel end Chemical Descriptions of Drier Condensates
Deternination of chemicsl species present in the condensste was not ine
cluded in the scope of this work as this aspect of the problem is being investi-

gated by Barton(h). However, a general description of the solutions 1s given in

Teble III. ALl K-Bagt Area samplee were dark blue in color and strongly ammonlac-

al, the blue color being attributed to tetramine copper (II) ion. K-West Area

samples were dark blue to colorlese sud ale. strongly ammoniacal. Sclutione

from D asd F Arees were colorless with a brownish, hydrated ferric oxlide-appear-
ing sediment prescat in the F Area SBample.

Values ‘or total beta activity, excluding txitium, are alsoc given in

Table III. These data indicate approximately a ten to a hundredfold higher

clh' concentration in the K Area condensates compared to those of D and I Areas.
However, in comparing total Clu output (taking into account differences in vol-

umes of condensate produced in the two cases) the difference is diminished.
CONCLUEICON

Cerbon-14 deconteamination fectors of ebout 2 to 10 cean be obtained by

the methods investigated. Further decontamination appears to require a
multiatep process which could best be establlshed af'ter determining the Cll"
containing epscies present in these wastes as well as their relati-re concen-

trations. In view of the low cll' concentratione ohserved as well as the low
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TABLE IT1

DESCRIFTICNS OF DRIER CONDENSATE SAMPLES

Bample Origin Total ¥ Estimated Clk 8§35
and Date He/ml pe/ml e /rl, P moles/liter Remarks
KE - 8/31/61 0.2 0.2 - Carbonate, cyanide,
KB - 9/ 3/61 0.3 0.3 -— copper and iron pres-
KB - 10/29/61 0.2 0.2 ——- ent in all K Area
condensates.,
KE - 9/28/62 2 1 9.1 0.84 CO3™ 0.03M N
KE - 10/24/62 6 1 to 0.5
KE - 11/12/62 11 4 10.4 to R
KE - 11/30/62 1 0.6 .1 2 S
' to
KW - 9;’18;22 o.é 0.06 T
KW - 10/25/62 0. 0.3
KW - 12/ 3/62 0.6 0.5 _L
D - 11/30/62 0.03 0.02 0.01 5.0 0.02 0.01M 003‘=
F - 11/30/62 0.02 0.01 0.0 7.6
%
*Total B based on C counting efficiencies - tritium excluded.
&
¥
A
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tetal Clh output estimated for the drier condensate streams, attempts to obtain

higher decontamination factors do not appear justified at the present time.

Bart n's work on charscterization of the Clh specles present in these wantes(h)

and some further analyses of these wastes to obteln a good cross section of data

on groés cl b releage factors way encourege a few additional specific type de-

contamination ex; eriments at a later date.
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