








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































18th DOE NUCLEAR AIRBORNE WAST!: MANAGEMENT AND AIR CLEANING CONFERENCE 

1. INTRODUCTION 

Iodine-129, krypton-85, carbon-14 and tritium are produced by fission and 
neutron activation reactions in the fuel and core zone of 
nuclear power plants. The decay characteristics and amounts of these nuclides 
generated in LWRs per GWe·year are shown in table 1. Contributions to the air-borne 
waste in a fuel reprocessing.plant (FRP) originate only from the radionuclide 
fraction which is produced in the oxide fuel matrix and does not escape from the 
hot fuel pellets and the gas plenum during irradiation. The amount, activity and 
isotopic dilution of volatile radionuclides liberated into the gaseous, liquid or 
solid FRP waste streams are shown in table 2. About half the tritium and C-14 are 
discharged as solid waste together with the leached zircaloy hulls. 

Gaseous waste management at nuclear power plants concerns especially the 
short-lived isotopes of iodine and the rare gases and is not addressed in this 
paper. A release of 1-129 or Kr-85 from the LWR is negligeable compared to the FRP. 
The release of tritium is less than 10% and of C-14 less than 50% of the amount 
produced in the LWR. 

The major source of the long-lived airborne radionuclides in the Fed. Rep. 
Germany will be an about 12 GWe LWR-FRP, expected to be in operation in the mid 
nineties. Experience and research and development efforts in airborne waste 
management for a FRP in· Germany are briefly summarized. 

2. RECOMMENDATIONS FOR CONTROL OF AIRBORNE RADIONUCLIDES 

A German state government will be the licensing authority for a FRP. Licensing 
conditions are especially based on the recommendations of experts in the 
11 Reaktorsicherheits'<ommission 11 (RSK: "reactor safety commission") and the 
11 Strahlenschutzkommission 11 (SSK: "radiation protection commission"). The SSK
reconnnendations /1/ and the RSK-comments /2/ are in accordance with the 
11 Strahlenschutzve!rordnung 11 (StrlSchV: "radiation protection ordinary") and pay 
attention to specific aspects of an inland LWR-FRP in a densely populated region. 
They are the guidelines for future release regulations and present R + O efforts 
and are briefly summarized in table 3. 

(a) Iodine-129: The annual release of I-129 with the gaseous FRP waste streams 
should be less than 0.2 Ci. An uncontrolled iodine release exceeds the dose limit 
for a hypothetical maximum exposed individual, according to§ 45 StrSchV. 

An uncontrolled release of Kr-85, -C-14 and H-3 via the stack does not exceed 
the release limits, even for a 30 GWe LWR-FRP according to § 45 StrlSchV. The 
following recommendations have been made in view of the 11 ALARA 11 principle in § 28 
StrlSchV. 

(b) Krypton-85: The development and hot demonstration of a Kr-85 control 
technology is to be recommended, on account of the probable future increase of the 
nuclear power economy. An additional incentive for recovery might be a commercial 
use of Kr-85 and Xe. Xe is a valuable material, the most abundant fission product 
and after 1 y cooling time. 

(c) Carbon-14: Control technology development for C-14 has a low priority. On 
the other hand, it would be simple to recover 14-C02 once separated in the course 
of 1-129 or Kr-85 removal operations. 
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radionuclide 

half life 

decay mode 
(energies in keV) 

specific activity 

iodine-129 

1. 6 · 107 y 

~r 1003 ( 150) 
y 100% ( 40) 

1.8·10-4 Ci/g 

krypton-85 

D E C A Y 

10.8 y 

p-99.6% (687) 
y 0.4% (514) 

3.9·102 Ciig 

carbon-14 tritium 

C H A R A C T E R I S T I C S 

5.7·103 y 12.3 y 

~- 100% ( 155) 13- 100% ( 19) 
no y no y 

4.5 Ci/g 9. 7·103 Ci/g 

PRODUCTION PER GWe·YEAR in LWRs 

fission fission • reactions 
in oxide 
fuel •activity 
matrix • volume 

1.2 Ci 3.2·105 C"i 
l29-I2 0.58m3(STP) Kr-85 0.22m3(STP) 

• weight 6.7 kg 0.8 kg 

neutron activation 
in core materials 
(cladding; structure 
control rods 
moderator, coolant 
etc.) 

n-activatior. 
Nl4 (n,p); 017(n,..:..) 
s._20 Ci 

l4-C02 :S:.8.3 1 (STP) 
c !64.4 g 

ternary fission 
Li~ Jn ,.c. \ ; Li 7 ( n, n, "-) 
2 [-3J .104 Ci 
HTO 15 [-23] 1 ( STP) 
T 2 [-3) g 

n-activation reactions in core materials 
Nl4 (n,p), 017 (n,.£.) BlO (n,2.,£.) etc. 
do not contribut~ to FRP airborne waste 

production of non-radioactive airborne fission products, LWR spent fuel::::> 1 y cooling time: 

Br2: O.l·Iz volume Xe: lO·Kr volume 

Table 1: DECAY CHARACTERISTICS AND PRODUCTION OF AIRBORNE NUCLIDES IN THE LWR (lGWe·year corresponds to 30 MTHM 
at 34 GWd/MTHM burn-up) 



radionuclide 

FRP airborne waste 
percent escapei;j from LWR 
spent fuel and plenum 

isotopic dilution factor 
major diluant in FRP 

airborne - activity 
waste - volume 
in FRP - weight 
waste stream in FRP 

short - lived nuclides 
produced by 
spontaneous fission 
of Cm•244, 242 

iodine 129 

negligeable 

-1.2 
inactive FP I-127 

1.2 Ci 
12 0.7 m3 (STP) 

I 
8 kg 

DOG 

8 d-I-131 
21 h-I-133 
7 h-I-135 

krypton-85 

negligeable 

- 15 
inactive FP Kr 

3.2·105 Ci 
Kr 3.2 m3 (STP) 

12 kg 
DOG 

2.8 h-Kr-88 
5.3 d-Xe-133 
9.2 h-Xe-135 

carbon-14 

negligeable 

- 103 ( 1) 
C-impurities in fuel 
co2 in DOG a i r 

,,..., 20 Ci 
C02 ..... 6 m3 (STP) 
c ,..,4 kg 
DOG 

Abreviations: DOG dissolver off-gas. HAW Purex 1. extraction cycle raffinate, Zry zircaloy 

Remarks: (1) 500 m3 (STP) DOG assumed per MTHM 
(2) no water recycle from HAW assumed 

Table 2: AIRBORNE RADIONUCLIDES PER Gl~e·year IN THE LWR FUEL REPROCESSING PLANT 

tritium 

about 50% 
(remainder in Zry 
cladding) 

,.., 107 (2) 
water input to 
FRP headend 

,,..., 104 Ci 
water-' 120 m3 
~:20 rJ 120 MT 
HAW 

.... 
; 
0 
0 
m 
z c n 
r-

i 
!: 
:D 

~ 
:D z m 

~ 
~ 
ttl 
I: 
~ 
15 
; 
~ 
~ c 
if! 
:D 
0 
i;; 
~ z 
Ci> 

8 
~ 
m 
:D m z 
0 m 



18th DOE NUCLEAR AIRBORNE WASTE MANAGEll.'ENT AND AIR CLEANING. CONFERENCE .. 
(d) Tritium:· Trit'iated waste water, onc1~ it has been separated in the plant,, 

should not be del'ib~rately released as water vapour via the stack. More rigorous 
release restrictions are applied to the aqueous effluents from an inland fRP at a 
dry site. Therefore, a control technology for tritium is being developed. 

IOOINE-129 : ANNUAL RELEASE LIMIT FOR EFFLUENTS < 0.2 Ci 

UNCONTROLLED RELEASE OF KRYPlON-85,CARBON-14 AND TRITIUM 
VIA THE ST ACK DOES NOT EXCEED RELEASE LIMITS 
RECOMMENDATIONS REFER TO THE "ALARA" PRINCIPLE 

KRYPTON-OS: TECHNOLOGY DEVELOPMENT ANO HOT DEMONSTRATION 
PRff:',UTIONS FOR THE FUTURE 

CARBON-14 TECHNOLOGY DEVELOPMENT HAS A LOW PRIORITY 
_...T.--R ...... IT~IU.;...;.M __ ;•TRITIATEO WASTE WATER ONCE SEPAR~.TEO IN THE 

COURSE OF PROCESSING.SHOULD NOT BE DELIBERATELY 
RELEASED AS WATER VAPOUR VIA THE STACK. 

TABLE 3: 

• IN AN INLAND PLANT MORE RIGOROUS HELEASE 
RESiRICTIONS ARE APIPLIEO TO AO.UEOUS DISCHARGES 

=======mffirl=========== IN{IU\l IHCH 

RECOMMENDATIONS FOR CONTROL OIF AIRBORNE NUCUDES IN A L WR 
FUEL REPROCESSING PLANT 

3. SUCCESSIVE AIRBORNE WASTE MANAGEMENT STEPS 

Airborne waste management is a complex set of interdependent operations, 
integrated into a complex processing system. The successive waste management steps 
have been divided into four successive sub-groups shown in tabie 4. 

(a) Processing concepts: A suitable processing concept in the FRP is the first 
and essential step of waste management and preconditicn for a simple, safe and 
economic control. 

- The airborne radionuclides should be confined to a small plant volume in the 
headend. This prevents a dispersion throughout the plant and obviates additional 
and ex.pensive control measures in large plant volumes. 

- The airborne radionuclides should be routed into a single, small waste stream. 
This avoids secondary waste streams and simplifies recovery and waste treatment. 

Exactly the same processing philosophy is observed for thE! non-volatile waste 
nuclide-s: They are confined to the aqueous headend streams and routed to the highly 
active raffinate HAW to more than 99%. Iodine and tritium conf'inement and 
concentration in a single waste stream requires minor process modifications in the 
FRP headend. 
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1 PROCESSING CONCEPTS IN THE FRP HEAOEND 
PRECONDITION FOR A SIMPLE SAFE ANO ECONOMIC CONTROL 
ARE MINOR PROCESS MODIFICATIONS IN THE Ht:AOEND 
• CONFINEMENT TO A SMALL PLANT VOLUME 
•ROUTING INTO A SINGLE ANO SMALL. WASTE STREAM 

Z, RECOVERY STEPS FROM WASTE STREAMS 
• 1-12V,i<r-85 ANO C-14 FROM THE OISSOL VER OFF-GAS 
• TRITIUM FROM THE· HIGHLY ACTIVE RAFFINA TE 

3 TREATMENT AND CONDITIONING OF RECOVERED PRODUCTS 
•WASTE PACKAGES COMPATIBLE WITH STORAGE OR OISPOSAL OPTIONS 

4 TRANSPORT.STORAGE OR DISPOSAL 
• UNDERGROUND DISPOSAL OF GASEOUS WAS TE FOR HS OR SEA DUMPING 

ARE NOT APPROVED 

============:=================================~ri~Rff=========== 
TABLE 4: "!JOO IH(lt 

SUCCESSIVE AIRBORNE WASTE MANAGEMENT STEPS 

(b) Recovery steps: Recovery is simple, if iodine, rare gases and C-14 as C02 
are routed exclusively into the dissolver off-gas {DOG) stream. The DOG stream is 
relatively small and contributes only few percent to the total process off-gas 
flow. Removal from a small gas vol~me improves the efficiency and cost
effectiveness of the recovery steps. 

Tritiated waste water can be routed to the HAW stream and is removed and 
purified from nonvolatile radionuclides by distillation from the acid recovery 
system. 

(c) Treatment and conditioning: Treatment and conditioning procedures for the 
recovered products must be compatible with the individual recovery steps and vice 
versa. On the other hand, the waste form and the waste packages must be compatible 
with the subsequent transport, storage or disposal requirements. 

(d) Transport, storage and disposal: Storage and decay over about a cEmtury in 
an on-site storage building is one of several options for the relatively short
lived lly-Kr-85 and 12y-tritium. Disposal in deep geological formations is suited 
to· the very long-lived 5730 y C-14 and l.6·107y I-129. Sea dumping is not approved 
by the federal government /3/, if a safe on-land disposal option is available. 

4. PROCESSING CONCEPT FOR I-129, KR-85 AND C-14 

The confinement volume for I-129, Kr-85 and C-14 is the FRP headend equipment 
vented to thE! DOG purification system. Individual pieces of the equipment are the 
shears, dissolvers and some surrounding vessels. It is desirable to route essen-· 
tially all the volatile radionuclides to the DOG. Special care has to be paid to 
the iodine, clue to the higher confinement factor required. 
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(a) Rare gases: Rare gases contained in the gas plenum of spent fuel pins are 
liberated"""during chopping. The liberated fraction amounts to less than 10% for LWR 
and up to 90% for FBR spent fuel. The fraction contained within the spent fuel 
pellets is liberated in the course of dissolution. In a chop and leach headend, the 
off-gas from the shear (SOG) is routed to the dissolvers and is the major DOG 
diluent. Thus, a complete liberation of the rare gases Kr and Xe into the DOG is 
straightforward. 

(b) Carbon-14: The bulk of about 10-100 ppm carbon impurities in the fuel 
matrix and the C-f4 originating from the activation of N-impurities is oxidized to 
volatile C02 during fuel dis~olution; 1-2% forms CO /4/. The probability for the 
formation of organic materials in the hot nitric acid dissolver solution is low. 

(c) Iodine-129 

1. Iodine confinement: 

In a conventional FRP the iodine contaminates a large number of aqueous, 
organic and gaseous streams. A reliable retention nece3sitates a complex variety of 
expensive removal steps and control measures at very low iodine concentrations in 
the presence of difficult-to-remove organic iodine. Iodine confinement to the 
headend equipment is not straightforward, but requires some minor process 
modifications. An efficient iodine removal from the dissolver solution into the DOG 
is the most important step to prevent an iodine dispersion throughout the plant. 
This can be achieved by fractional distillation, or more conveniently by boiling 
under reflux. The removal process can be improved by additional chemical treatment, 
e.g. addition of carrier iodate and NOx sparging. Transformation and stabilization 
of iodine,especially at lower concentrations, in the volatile elementary form is 
precondition for an effective and clear performance of most operations. A 
convenient reagent for this purpose is the nitrous acid HN02, normally present in 
most aqueous phases. 

2. Consequences of organic impurities: 

Provided that the confinement volume is not contaminated with organic 
impurities, the behaviour of inorganic iodine is clear and sufficiently well 
defined. A formation of non-volatile organic iodine may retain some iodin1e in the 
dissolver solution. Formation of volatile organic iodine may complicate the iodine 
recovery from the off-gas. Roiutine iodine removal from the large vessel off-gas 
volumes has to deal with this inconvenient situation and should be avoided. A 
possible source of organic impurities is the nitric ac'id rf!Cycled from the highly 
active recovery system into the dissolvers and DOG scrubbers. Acceptable 
concentration levels for the various organic spec·ies, which are compatible with a 
reliable iodine treatment, are not well specified. Production of a sufficiently 
pure acid should be possible, especially, if attention is paid to the details of 
the acid recovery operations from the HAW. 

3. Spontaneous fission p1roduces short-1iv-:d iodine isotopes: 

Large storage tanks for the high'Jy active waste contain some Cm. The 0.4 y-Cm-
242 and the 18y·-Cm-244 have a spontaneous fission half 1 ife of about 107y and 
generate continuously small amounts of Sd-I-131, 21h-I-133 7h-I-135 and additional 
short lived isotopes P..g. of rare gas1~s. The operating mode of the tank may allow 
sufffcient tfme for decay fn solution. .. Another option for the hf ghly active waste 
tank ventilation and the vitrification off-gas, is the delay of release in an off
gas purification system, if iodfne retention should be required. Cm-244 production 
increases considerably with the fuel burn-up /5/. The Cm amounts produced in LWR 
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fuel are shown in Fig.l; they are about one order of magnitude higher for Pu 
recycle fuel in thermal reactors and about on1~ order of magnitude lower for fast 
reactor fue 1. Compared to the Cm, the spontan1~ous fission of even Pu-· i siotopes is 
much lower. 

4. Release from the confinement volume: 
An accidental release of I-129 from the confinement area must be prevented by 
reliable processing and should be a rare event. Such an event will be less serious 
if ti1e iodine process inventory is low. The following procedure has been proposed 
to be prepared for emergencies: The acid in the vessel off-gas scrubbers can be 
replaced by a 'mercurex' solution (about 10 M HN03 plus 0.2 M Hg2+) from a standby
tank for some days or weeks /6/ until the iod'ine is sufficiently flushed out. 

A brief sullJ'llary of the processing concepts is given in table 5. 

• 1-129,Kr-85 ANO C-14 ARE ROUTED INTO THE OISSOL VER OFF-GAS 

• THE CONflNEMENT VOLUME IS THE HEADEND EQUIPMENT 
VENTED TO THE DOG PURIFICATION SYS HM 

Kr-85 COMPLETE LIBERATION INTO THE DOG IS S TRAIGHffORWARD 

C - 14 BULK OF· C FORMS VOLATILE C02 DURING DISSOLUTION 

1-129 REO.UIRES SLIGHT PROCESSING MOOIFICA TIOMS IN THE HEADEN[): 
EFFICfENT IOPINE REMOVAL FROM THE DISSOLVER SOLUTION BY 
BOILING UNDER REFlUX, IMPROVED BY ADDITIONAL 
CHEHICAl TREATMENT: E.G. CARRIER IODATE PLUS N01 - SPARGING 

NITROllJS ACID AND A LOW ORGANICS CONTAMINATION AID TO 
MAINTAIN r·HE IODINE IN THE VOLATILE ELEMENTARY FORM 

SPENT SCRUB ACIDS FROH THE DOG SYSHH MAY CONTAIN SOME IODINE ANO 
ARE RECYCLED TO THE OISSOL VERS 

1- DI ANO OTHER SHORT- l.IVEO ISOTOPES ARE PRODUCED BY 
1- 133 SPONTANEOUS FISSION OF Cm - 244 ANO Cm- 242 
1- 135 CONTROL BY DELAY Of RELEASE IS AN OPERA TIOHAL Pl10BLEH 

TABLE 5 : ~===ni=CH=== 
PROCESSING CONCEPT FOH 1-129 , Kr-85 AND C-14 

5. PROCESSING CONCEPT FOR TRITIUM 

(a) Voloxidation: A small confinement volume in the FRP and an extremely smal"I 
volume of tritiated waste water can be achieved by vo·roxiclation of chopped fuel 
prior to aqueous processing /7'/. The additional high temperature step is complex 
and expensive and is not approved as a desirable processing concept. Moreover, most 
of the tritium has escaped from FBR spent fuel pins, only few percent are still 
contained. 

(b) Tritium behaviour in the LWR and FBR FRP: Tritium contained in the fuel 
matrix forms HTO and less than 1% HT during dissol 11tion. In a LWR-FRP about half of 
the tritium is discharged as solid waste together with the "leached zircaloy hulls; 
the remainder accompanies the aqueous phases as water. Less than 10% of the tritium 
will arrive in a FBR-FRP, since most of it has escaped from the hot fuel during 
irradiation through the stainless steel cladding into the reactor sodium coolant. 
In the FBR fuel cycle the problems of·triti~m confinement and control are shifted 
to the reactor site. 
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aproximale cumulative 

50 
fission yields in ·1. • 
8d- 1-131 ..... 3 • x 21h- I-133.. .. 6.6 • ::c: 

!i: 40 1h- I-135 • .... 
41 __ ~quili!_ritJm i11!e_!!tory_!er_~_T-'r 0. 

-.I about 0.1 mCi 1-131 ~ 30 • I I 

E •• I 
c...> I s 20 CmH4 •• I 
d "' I .... 
c:n I 

10 ... I 

•• I • I .. I 

14 18 22 26 30 34 38 
burnup GWd/MTHM 

==========================~===;=IH=cH==== 
Cm- 244 Af.iQUNT IN SPENT PWR FUEL FIG. 1 

(c) Confinement and recycle of tritium in the FRP: The simplified flowsheet in 
fig.2 shows the processing concept, which is preferred for tritium control /8/. The 
standard flowsheet is slightly modified, to confine the tritium to the aqueous 
headend streams and to route it to the highly active raffinate HAW. The processing 
concept for the non-volatile fission products (FP) is similar and the tritium 
accompanies the FPs into the HAW .. A non-tritiated scrub acid is used in the final 
scrub extractor HS2 prior to reextraction, to replace the dissolved and entrained 
aqueous phase in the organic solvent. This prevents the carry-over of tritium to 
the subsequent extraction cycles. Radiolytic tritiation of the organic solvent in 
the highly active extractor HA was found to be negligeable. The aqueous phases 
recovere!d from the HAW stream are recycled exclusively to the tritiated aqueous 
headend streams. The disadvantage of this concept is an increased tritium concen
tration level. 

A sma 11 fraction of tri ti ated waste water is removed and cl i scharged from the 
acid recovery system. As a consequence, the input of non··tritiated aqueous phase to 
the confinement volume is limited to a correspondingly low value. The disadvantage 
is a decreased process flexibility, e.g, the recycle of non-tritiated concentrates 
from thE! subsequent extraction cycles is 1 imited. 

(d) Practicability of the processing concept: Individual process steps e.g. 
scrubbirrg the tritiated aqueous phase from the loaded so·lvent have been 
investi9ated, but ·the practical limits of this concept a1·e not known. Existing FR!'s 
are no·1; well suited for a reliable demonstration of the flexibility or availability 
limits of the over-all concept. Experience can be accumu·lated in suitably designed 
and op<~rated future plants. J\ moderate tritium confinement factor and a moderatt 
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• nonvolatile F P waste . 
• tritiated waste water E 2 

low volume of 
non-tritiate d 
rec c le streams 
or freshwater 

-1 
LWR spent 
fuel pins 

leached 
cladding 
segmenfs -----LWR .. 50•/ol 

(negtigeable 
for FBR J 

~HA extractor 

i FIRST 
EXTRACTION 
CYCLE 

~HSl extractor 
~ - FP scrub 

negligeable 
trrtiation 

1 C extractor 

t1:1t 
.'.1HS2extractor 

1
. 

I ] -11" scrub 

non- tritiate d 
aqueous phase 
to additional 
extraction 
cycles fiNlt:; .,,,,,;!<=~ - T replacement _j 

CONFINEMENT VOLUME FOR T:~ili:~~ : ~~;j!~~lrc~irf~~~~j~~)----__,-
THE BULK OF NON-VOLATILE f Ps is negligeable ~ 

~===-==.::..:.-== 

Fig.2 CONFINEM[HT OF TRITIUM IN A PUREX FRP HEADE ND IHC:H 
- aqutous-·-·-organic--- -waste streams x volume flow rate x ml per MIHM 

reduction of the tritiated waste water volume is expected to be a reasonably cost
effective and practicable compromise. Discharge of some tritiated waste water with 
the off-gas via the stack and ~ moderate recycle factor for the aqueous headend 
streams of about 3, will result in about 2 m3 tritiated waste water per MTHM 
containing about 400 Ci tritium (PWR fuel). 

{e) Consequences of waste treatment options: If the relatively cheap on-site 
injection of large volumes of tritiated waste water is a licensable disposal 
option, an extreme tritium concentration by recycling of aqueous phases within the 
FRP headend does not make very much sense. Additionally, higher confinement factors 
can be obtained without too mucl1 effort at the expense of larger tritiated waste 
wate· volumes. On the contrary, if extremely expensive conditioning and storage or 
dispcsal procedures are required, concentration by water recycling within the plant 
and even additional tritium enrichment processes to reduce the tritiated waste 
water volumes must be taken into account. 

(f) HT-dilution option in the atmosphere: In view of the high global inventory 
of tritium, which has been produced and dispersed in thermonuclear weapons tests, 
the tritium COi\Centration in the biosphere will decreas1~ for many decades in spite 
of an additim1al tritium release from the nuclear fuel cycle. Dilution and 
dispersion of HT via the stack generated from the HTO at the FRP, does not meet the 
approval of experts /9/. 

The processing concept for tritium is summarized in table 6 .. 
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MINOR MODIFICATIONS OF THE PUREX FLO\YSHEET ARE REQUIRED 
FOR CONFINEMENT AND HTO VOLUME REDUCTION 

• CONFINEMENT TO THE AQUEOUS HEAOEND STREAMS 
- "Tritium scrub" of the loaded solvent prior to reextradion 
- Se?arate acid recovery system within the confinement volume: 

• REDUCTION OF THE T RITIA TEO WAS TE WI\ TER VOLUME 
- Reduced input of non-tritiated aqueous phases 
- Recycle of recovered aqueous phases 

• MODERATE CONFINEMENT AND HTO WASTE VOLUME REDUCTION 
IS A PRACTICABLE COMPROMISE AND MAINTAINS 
PROCESS FLEXIBILITY 

VOLOXIOA TION PRIOR TO AO.UEOUS PROCESSING IS NOT APPROVED 

========================~-===========~~:========== 
TABLE 6: •'(III\\ lllCH 

PROCESSING CONCEPT FOR TRITIUM IN THE FRP 

6. INDIVIDUAL RECOVERY STEPS FOR IODINE, RARE GASES AND 14-C02 

From the various alternative recovery processes for volatile radionuclides 
from the DOG, only a few are listed in table 7: (1) present reference processes, 
(2) processes developed to the engineering or pilot plant scale and (3) additional 
R+D expected to be of interest for improved or advanced processes in the future. 

(a) Iodine recovery 
Iodine filters: A reliable iodine recovery from the DOG has been demonstrated 

in the Karlsruhe reprocessing plant since 1976. The iodine filters contain the 
commercially available AC 6120 material (silicagel impregnated with AgN03, price 
about 250 DM per kg;'-'12% Ag). At an operating temperature of about 150° c,an 
iodine decontamination factor of 104 and a high loading have been obtained. Further 
improvements, including the remote replacement of spent filters, detailed component 
design and operating conditions for the planned FRP, are tested in a cold prototype 
faci 1 ity /10/. 

Caustic scrubbers: A caustic scrub is a well-known, simple, cheap and con
lienient process and removes the bulk of inorganic iodine plus lLi,=C02 simultane
ously; organic iodine is badly removed. Plant experience is scarcely reported in 
the open literature. Improved efficiency and renewed attractivity is expected for 
the large FRP's in the future and the required preconditions are as follows: 

- An improved upstream NOx removal and a reasonably low DOG flow prevents an 
excessive formation of nitrate, nitrite and carbonate salt waste and results in a 
reasonably small volume of spent scrub solution per MTHM. 

- The organic "contamination level in the aqueous heade·nd streams must be low in 
order to obtain an efficient iodine removal from the dissolver solution. This 
improves also the iodine removal efficiency of a caustic scrub. 
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- Iodine removal from the DOG to the extreme trace level occurs automatically in 
the course. of. downstream rare gas recovery steP.s. Upstream recyc 1 e of ti1e 
~eco1 vereq lQdine traces avoid~ a secondary iQdine waste stream. The additional 
in- ine iodine recovery step improves the safety in case of upstream upsets. 

Nitric acid scrubbers: In an integrated DOG purification system, the iodine 
behaviour in the nitric acid scrubbers is of interest and has been investigateu 
under different modes of operation /24/. Simultaneous and efficient absorption of 
nitrous gases NOx plus iodine is possible from a concentrated DOG; such conditions 
correspond to a processing mode usually termed as 11 fumeless dissolution". Absorbed 
iodine must be desorbed from the spent scrub acid prior to dissolver recycling, to 
prevent an iodine accumulation in the DOG-system. 

Res·idual NOx plus iodine can be removed to the trace level in a low tempera
ture scrubber with 90% weight nitric acid. Low temperatures in general are ex
tremely effective for off-gas purification and are found automaticly in the course 
of the rare gas recovery steps /13/. 

(b) Recovery of rare gases: 
Two alternative rare gas recovery processes are being developed in the FRG /11/: 

A cryogenic distillation process without oxygen has been investigated in the 
50 m3 (STP)/h cold engineering scale 11 KRETA 11 facility since 1976. In the first 
distillation column the N2 is s1~parated from the FP rare gases at 5 bar pressure; 
the second column separates the Xe from the Kr at about 3 bar. Prepurification 
steps required prior to cryodistillation are also investigated on the 50 m3 (STP)/h 
cold engineering scale. In the 11 REDUCTION 11 facility oxygen and residual NOx in the 
DOG are burned with hydrogen at about 500°C on a Ru-catalyst. Further purification 
is accomplished by adsorption on silicagel and molecular sieves in the "ADAMO" 
facility. 

A selective absorption process using freon-12 solvent at low temperatures and 
atmospheric pressure is being investigated in an 25 m3 (STP)/h cold engineering 
scale test column (11 TED 11 -facil it,y) since the end of 1983 /12/. Xe and Kr are sepa
rated from each other in two absorption columns. The first column recovers the Xe 
plus 14-C02, N20 and traces of Rn from the DOG; the second column recovers the Kr. 
Prepurification steps required prior to selective absorption have been investigated 
on the 25 m3 (STP)/h cold engineering scale /13/. The freezing DOG impurities can 
be removed for recycle in a low temperature nitric acid scrubber and a defrostable 
feed gas cooler. 

Technical as well as safety advantages are expected for the selective absorp
tion process. A comparison of both alternatives will be made, if the state of 
development is considered to be comparable. 

Recovery of rare gases by adsorption on molecular sieves is being investigated 
at the laboratory scale /14/. 

(c) Recovery of 14-C02: C02 absorption in caustic scrubbers or adsorption on 
molecular sieves are well-1n1own processes and are described in many textbooks. 
Caustic scrubbing regains attractivity in the case of a simultaneous removal of 
bulk iodine plus 14~C02 from the main DOG flow. It is almost impossible to avoid 
the removal of C02 in the course of any rare _gas recovery steps either by adsorp
tion on molecular sieves or by absorption in a solvent. For these processes, 
caustic scrubbing is also well suited to recover C02 from the product or desorption 
gas streams. 
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INDIVIDUAL RECOVERY STEPS FROM. THE OISSOL VER OFF-GAS 

lcold or lracered engineering O or laboratory o scale , •hot plant conditions I 

7. INTEGRATED DOG PURIFICATION SYSTEMS 

A reliable evaluation of individual recovery steps can be made only as a part 
of an integrated DOG purification system. Many different tasks must be performed in 
an integrated DOG system: FP iodine and bromine, rare gases Xe and Kr and 14-C02 
are recovered for conditioning and storage or disposal on the one hand. On the 
other hand, radioactive particulates, large volumes of NOx, water and nitric acid 
vapours and traces of Ru04 must be removed for recycle into the process. The 
treatment of so many different component~ creates a comparatively complex total 
purification train. A reliable operatior; :)f the complex total system is essential, 
since the large gaseous waste volumes cannot be stored in case of malfunctions. 

A single version of a DOG purification system is not su-;ted to deal with 
different demands in different FRPs /15/. Important aspects for system design are: 
release regulations, processing modes in the plant headend, compatibility with 
subsequent waste treatment steps etc. An example cf such differences is the DOG 
di1ution range from about 102-104 m3 (STP) per MTHM found in existing plants. 

Two examples of DOG-systems under investigation at Karlsruhe on the cold 
engineering scale are shown in the simplified flowsheets of fig.3 and fig.4. The 
names of the individual experimental facilities are indicated below /11/. 

The first part of the flowsheet in fig.3 comprises a nitric acid scrubber plus 
aerosol and iodine filters and corresponds in principle to the DOG-system demon
strated 1.n the Karlsruhe FRP (WAK) at a throughput of about 100 m3 (STP)/h. The 
fol lowing part shows the cryogenic reference process and the required precleanin~l 
steps. Ir.tegrated operation of these facilities is not planned. 
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The first part of the simplified flowsheet in fig.4 shows a conventional OOG 
system comprising a nitric acid scrubber and a caustic scrubber plus aerc)sol 
fi iters /16/. The second part is located in a cold box and contains a lm~ tempera
ture nitric acid scrubber and the absorption columns for rare gas recovery. The 
total system is a conventional sequence of scrubbers and filters, operating at 
atmospheric pressure and stepwise temperature decrease. Integrated operation is 
scheduled for 1985. 

8. CONDITIONING OF RECOVERED MATERIALS, STORAGE OR DISPOSAL OPTIONS 

Treatment and conditioning steps are the link between recovery and storage or 
disposal steps. A suitable choice of processes should provide for simplicity and 
compatibility .of the successive operations. Suitable waste forms and waste packages 
depend on the selected storage, transport or disposal processes. 

According to a German Law (§23 "Atomgesetz") the "Physikalisch-Technische 
Bundesanstalt 11

, Braunschweig (PTB: "federal institute of physics and technology") 
is responsible for the construction and operation of federal repositories. The PTB 
is the applicant for repositories in a licencing procedure and has to demonstrate 
the safety of the disposal mine. Acceptable specifications for waste forms and 
packages will be established in an iterative process between the nuclear industry 
and the PTB /17,18/. There are limitations in view of a release of volatile 
radionuclides in those mines, which are accessible during disposal operations. A 
release of volatile radionuclides from waste packages in a disposa1 mine may 
contaminate the weathering and contribute to the dose rate of the operating 
personnel. Preliminary upper release rate limits for waste packages have been 
proposed. 

Some more important treatment, conditioning and storage or disposal options 
are briefly summarized in table 8: 

Iodine-129 and carbon-14: The design capacity for the iodine filters is about 
1.5 GWe•year. Spent units are not regenerated but replaced remotely and transferred 
into 400 l drums. Incorporation of the f·ilter material into a cement matrix 
improves the leach resistance. 

Simultaneous precipitation of barium iodate and carbonate has been proposed 
for spent caustic scrub solutions, preceded by oxidation and addition of a barium 
hydroxide slurry /15/. The precipitates may be incorporated into a cement matrix 
plus additives, to produce a suitable waste form. 

Krypton-85: Separation of Xe and Kr from each other is desirable for two 
reasons: (1) to recover the inactive Xe for commercial use and (2) to reduce the Kr 
storage volume. The thermal decay power of FP krypton cooled for 1 year is about 
lkW per 7 m3 (STP) and the concentrated waste forms produce heat and require 
cooling during storage. 

Gas storage in cylindrical pressure vessels is a familiar technology. Rb 
induced corrosion has been investigated and resistant construction materials have 
been specified. Heat removal by natural air convection is sufficient and concepts 
for storage in an engineered building have been developed. The building may also 
serve as a second containment barrier. 

Solid storage forms can be produced by continuous fixation in a metal matrix 
using ion sputter pumps or, alternatively, by encapsulation into zeolite SA. In 
this situation the first containment is the stable solid waste form and the second 
containment is the sputter pump cylinder or the vessel containfng the zeolite. The 
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improved waste form is expected to reduce the cost for storage or disposal. Both 
alternatives are being investigated /19,20/. 

Tritium: The reference process for the elimination of tritiated waste water is 
an injection deep underground,into isolated porous geological formations. On-site 
injection is preferable and avoids additional costs connected with transport. The 
back-up process is HTO fixation in a cement matrix, packed into tight 400 1 drums 
and storage in an on-site facility. Tritium enrichment by catalytic H20/H2 exchange 
/21/ and fixation of the tritiated concentrates in a zeolite matrix or as Zr
hydride is an additional area of research /19,22/. 

A general disposal option for low and medium active waste which is expected to 
reduce the dose rate to the plant personnel is the 1 in-situ 1 process /23/. Cold 
tests are made at the 11 ASSE 11 salt mine. LAW and MAW fixed in aged cement granules 
is mixed with about the same volume of fresh cement and pumped. into a large 
engineered on-site underground cavern,.__8dmixing_of---t-ritiated waste water, iodine 
filter material or Kr, encapsulated into zeolite, has been proposed. The ·11 in.-sit1-J 11 

process or HTO injection are attractive in case of colocation of reprocessing and 
disposal facilities. 

16,000,000y E>_ SPENT. IODINE FIL URS 
I - 129 -remote replacement without regeneration 

-incorporation in cement matrix in 400 I drums 
plus o SPENT CAUSTIC SCRUB SOLUTION 

S 730y -pretreatment and precipitation of Ba 110312 and BaCO~ 
(-14 -precipitate incorporation in inorganic matrix 

DISPOSAL of long-lived nuclides in solid form in geological formations 

10.8y 
Kr-85 

ON-SITE 
STORAGE 

12.3y 
H-3 

ON-SITE 

e PRESSURE VESSELS 
-batchwise cryopumping in cylindrical pressure vessels 

• ION SPUTTER PUMPS · } 
-continuous fixation in a metal matrix storage of 

• ZEOLITE ENCAPSULATION solid forms is 
-batchwise encapsulation into zeolite SA less expensivl! 

0 

0 

• 

in engineered building, air cooling by natural convection 

HTO INJECTION into deep geological formations 
HTO FIXATION IN CEMENT in tight 400 I drums 
HTO IN FRESH CEMENT injection into engineered underground cavern 

STORAGE OR DISPOSAL transport off-site is more expensive 
• TRITIUM ENRICHMENT. waste form Zr-hydride etc. 
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TREATMENT.CONDITIONING AND STORAGE OR DISPOSAL OPTIONS 

0 present reference process o bacl1-up • R·O o proposal for future R·D 
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9. SUMMARY AND CONCLUSIONS 

- The airborne waste management steps are part of a compl1ex integrated system. The 
total interacting system must be optimized, not only the individual steps. 

- The important first step of waste treatment is a suitable processing mode in the 
FRP headend. The general strategy is to confine the volatile nuclides to a small 
plant volume and to route them completely into a single, small waste stream. This 
is straightforward for the rare gases and 14-C02. Confinement of iodine and 
tritium requires minor process modifications. 

- Tritium is concentrated by recycling the aqueous phases in the FRP headend. 
Tritiated waste water is removed f~om the highly active acid recovery system. 

- Iodine, rare gases and 14-C02 are recovered from the DOG stream. Few recovery 
processes are demonstrated, many recovery alternatives are being developed using 
advanced technologies to improve safety, reliability and economy of the entire 
DOG purification system. An additional incentive for th 1e recovery of rare gases / 
could be a commercial use; this should not be neglected in a cost-benefit /. 
analysis. / 

- A pointless dilution of the DOG does not contribute to safety and cost- ./ 
effectiveness. The recovery processes will be more simple, safe and econo.rwtc, if 
the DOG flow is reduced to a reasonably low value. This is valid for an' off-gas 
treatment. 

- Conditioning, storage and disposal procedures are the least well developed steps 
and various alternatives are being investigated. 

-.Recovery and concentration of the airborne radionuclides in the course of the 
treatment steps may create an additional hazard for the operating personnel. An 
evaluation of alternatives should pay special attention to this safety aspect. 

- International agreements for release limits would be desirable. In view of the 
large inventories of iodine, hydrogen and C02 in the sea water, sea dumping or , 
sea disposal might be a suitable choice. The 'London Convention• governing sea 
disposal, should be reviewed on an international basis. 
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DISCUSSION 

CROFF: Thank you for the excellent papers. From the 
descriptions oI' the activities of the various countries and organiz&
tions, we have gotten a good overview of the various retention and 
recovery technologies that exist and some of the approaches being 
used to put them together. 

BELLAMY: I would like to address my question to each 
panel member, but I think I am addressing it prircipally to the last 
speaker. I get,,as a common thread, a sense of pessimism that an 
actual fuel reprocessing plant with an acceptable offgas treatment 
system may ever really be achieved. Am I misinterpreting your com
ments? Do you have optimism, or pessimism, that we will ever see an 
operating fuel reprocessing plant with a very efficient offgas 
treatment system? 

HENRICH: I am very optimistic because I think ef-
ficiency, safety, and cost effectiveness do not necessarily exclude 
each other. I amnot pessimistic, by any means. 

BELLAMY: I am curious whether other panel members 
agree or disagree. 

G1WENIER: I think if you detected pessim5_sm in my pre
sentat~on,. it was not whether or not we could achieve adequate offgas 
retention in a reprocessing system, it was iust whether we will ever 
have a reprocessing system. 

THOMAS, R.T.: My first question.is to Mr. Henrich regarding 
the proposed 350 ton per year fuel reprocessing plant. I followed 
the activities in West Germany for a number of years. Orginally, 
a 1400 ton per year plant with kryptonre~overy was proposed and now I 
realize a 350 ton per year plant, without krypton recovery, is being 
proposed. I am also nware of the recent ruling by the Radiation 
Protection Board that the dose impact does not justify krypton re
covery. Nevertheless, it occurs to me that it would be an excellent 
opportunity to demonstrate krypton recovery, as the Japanese are trying 
to do. I wonder why West Germany is not taking the opportunity, also, 
to demonstrate at least a partial recovery since you have a fairly 
small hot pilot plant. Would you know the reasoning behind it? 

HENRICH: The licensing authorities for a reprocessing 
plant in Germany will be the state governments. On one Side,is Lower 
Saxony, on the other~is Bavaria. Therefore, there could be different 
decisions. Statements by the Reactor Safety and Radiation Protection 
Commissions are only recommendations. Regulations are made by the 
governments. Although what really will happen has not yet been decided: 
a demonstration of krypton removal tecl:nology has been recommended. 
However, a "hot" demonstration of krypton recovery will wait for a 
future reprocessing plant. 

THOMAS, R.T.: So the possibility exists that you might 
still demonstrate krypton recovery on a small scale? 
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HENRICH: Yes, of course. 

THOMAS, R.T.: I have a second question for Mr. Henrich. 
I am aware that you have been developing cryogenic distillation 
since 1976 and that now you qre working on carbon adsorption and 
recovery. Is the purpose for investigating both technologies to decide 
in the near future which is better? I think you are in a unique 
position to do this, inasmuch as both technologies ar·e being looked 
at in the same laboratory. This is not the situation in the U.S. 
I am wondering by what method, or by whom in your compan~the decision 
will be made. If you were to go to a "hot" demonstration, would the 
decision be made at your company level, or would it be made by your 
Government, or by a private industry? 

HENRICH: When the development of both alternatives 
is at a comparably level, a comparison will be made. Not by K-of-K 
people but by others. It is not desir3ble that we do this. It will 
happen in a year or two. 

THOMAS, R.T.: Will it be done by private industry, by an 
expert group, by a panel, or by some other mechanism? 

HENRICH: By an expert group, not by K-of-K members. 

THOMAS, R.T.: This is addressed to Mr. Groenter. It is 
academic, but suppose we had to make the same decision in the U.S. 
Do you have any idea what process we would use? I certainly don't. 
If we had to decide on a technology for krypton recovery, say for 1990, 
what kind of a procedure do you suppose we would use? Would we have -
hearings, perform some more environmental impact studies, make cost 
effectiveness analyses, or what? What do you think would happen? 

GROENIER: It is very difficult to answer because of 
the large number of sources from which we recPi ve d~_rections. I can 
only answer from my own viewpoint, which alsG peflects the viewpoint 
within the program that I belong to at Oak Ridge. We would select 
the Freon selective absorption process. Primarily, because we 
bypass the ongoing safety concerns ~hout the cryogenic process. We 
also recognize that the pretreatment steps Pequired -for cryogenic 
distillation make it a complicated process in compariton with the 
Freon process. 

THOMAS, R.T.: Having thought about it for a number of years, 
I am wondering if it would be a good idea to combine the two techno
logies. I understand that fluorocarbon is a very robust technique, 
insensitive to contaminents, whereas cryogenic distillation requires 
very precise control of temperature, pressure, and reduction of 
contaminents to trace levels. I have always seen that to be a problem. 
The fluorocarbon process reduces the effluent flow by a factor of 
1,000, roughly; that is, you take in a very large flow and then the 
-product stream will be l/lOOOth the input stream. Wouldn't it be a 
good idea, perhaps, to put the cryogenic technology on the tailend of 
the Freon process? 
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GROENIER: That is quite true. In a sense, we 
already do it becBuse our overall flow sheet takes the produ~t stream 
from the selective abs6rption process, which is picked off in the 
single column concept at the concentration peak for both xenon and 
krypton, and then they are further separated by what we call a 
selective desublimation technique. It is cold trapping, a cryogenic 
cold trapping, if you will. So, in a sense, we do what you suggest 
in a way, although it is not done in the conventional cryogenic 
distillation sense. It could be, and it probably is,worth considering. 

THOMAS, R.T.: I would think from the standpoint of 
temperature control and mass transfer it would be easier than sub
limation and cold trapping. I would think the liquid phase trapping 

~~~;~ ~!o a p·~~~~;!e!a!f:~t t~i ~~n~~o;he ~~s~e~~~h~~l~~~ ~fm:II~age of 

HENRICH: I would like to add something. Our 
selective absorption process is a little bit different from the U.S. 
process. The experience we have up to now with our test column is 
that we are separating xenon and krypton with two columns.. The 
purity of the krypton product will be 99% or more, and the same will 
be true for xenon products. I do not see what an additional 
cryogenic process would do. We use very much lower temperatures and 
you can say that this is a cryogenic absorption process. With lower 
temperature, the separation selectivity and efficiency increases. You 
can say this is a comb:ination of both, that it is crogenic absorption 
that we are doing with our process 0 We have very low temperatures: 
in the first absorber we have -120 C and we have tested the second 
wj.th -140°, and we~tend to go to -150°C. So you can see, it is a 
combination of both. We get about the same product purity as with 
the cryogenic process. 

van AMMON: I think the discussion about the best 
process of Kr retention is academic as long as there is no chance of 
a hot demonstration. There is no such chance in the near future in 
this country (U.S.) or in Germany, where Kr retention won't go into 
operation before the mid-nineties, and this only if regulatory author
ities will demand it for the planned 350 t/a plant. I see only one 
place in the world where it will be possible soon, in Takai Works. 
I heard, however, that the Japanese hesitate to put their cryogenic 
Kr system into hot operation because they are afraid of handling the 
hot Kr cylinders. Could Mr. Naruki comment on this? 

NARUKI: Thank you for your encouragement. We are 
hesitant to go into. active operation. Demonstration is all right_, but 
we have a great need for shielded storage for the recovered krypton. 
When we once store the recovered krypton_,we must keep it many long 
years, but we have not :iret made any decisions what to do about storage 
of the recovered krypton. Maybe a small storage facility will be 
accepted, but to plan a large storage facility will require a big 
decision. Maybe we will go to hot operations in the near future. 

HENRICH: I he.ve a comment regarding an active 
demonstration of a krypton recovery process. Active means that 
radiokrypton is in the process. Looking at the krypton inventories 
of a cryogenic process and of a selective absorption process, there 
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could be a large difference, about a factor of 100. It would be very 
simple to have a hot demonstration with the selective absorption 
process on an engineering scale, but with the cryogenic process, where 
you have about 100,000 curies, this would be difficult. Though a hot 
demonstration of an individual process can be done, you need no plans 
for this if the inventory is sufficiently low. You do not nee{ a 
plan for a hot demonstration for a proce with a low inventor;y. 
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