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SUMMARY

Krypton-85 is a2 chemically inert, radiocactive gas pro-
duced by fission of uranium br plutonium isotopes. Depending on the
fuel cycle, krypton-85 production in nuclear reactors may range from
n200 to ~600 kCi/CWe-year. However, the EPA has published a standard
restricting krypton-85 release to 50 kCij/GHe-year for fuel irradiated
after January 1, 1983.1 To conform w1th the federal stundard, recov-
ery and storage of krypton-85 wiil be r°qu1red in some nuclear fuel
cycle processes.
~ The long-term waste management of krypion-85 poses unique judge-
mental problems. Release, recovery, immobilization, and storage { in-
dividually, and in combinations), involve a wide range of environmental,
economic, &nd social commitments. The choice of applicable technologies,
if such technologies are to be used at all, imposes another set of
boundary conditions. ;
This strategy analysis describes the use of - a general framework

for dec1s1on»mgk1ng in evaluating krypton-85 waste management systems.
Such a framework can ba further used to provide technicel assessment

and dose-probability calculations for individual technologies,?»3 and
to show the interaction: among techno]ogica] options required for the .

overall waste managenent scheme®




The major options in kryptbn-BS waste management, shown in Figure
1, include spent fuel storage (1.0), fuel protessing (2.0), release of
krypton-85 (3.0) or recovery (4.0}, further krypten-85 separation {5.0)
and purification (6.0), krypton-85 immobilizatiqn or bottling (7.0},
packaging and shipping (8.0), and storage or disposal (9.0).

! 4
Krypton concentrations and dnventories vary a great deal. Typical concentratiof

for a 2000 MTHM reprocessing plant scale range from 10-0.01 Ci/m® during the dissolu-

tion and release options and become <40 MCi/m* during the recovery/separaticn/
purification steps. During immobilization/storage the concentration
approaches that in the spent fuel, £0.1 MCi/m®. Inventories range from

10% to 106 curies per day for recovery and immobilization processes.

Storage inventories will apprcach several hundred megacuries from the
Tifetime production of a 2000 MTHM per year.reproccssing plant.

Major Decision Points in Krypton-85 Waste Management

(a) Process or Store Spent Fuel

If krypton is recovered from fuel processing, it can be stored
safely by several methods. Containment of krypteon in spent fuel may
not be as certuin during fuel disposal, and unplanned releases may

result.

(b) Relezse to the Environment or Recover and/or Purify Krypton
From ihe Processed Fuzl

Release of dilute krypton isconsidered only as a global
hazard. Hhen krypton is recovered, however, several hundred mega-
curies can accumulate at one site, leading to pctential local
and -global hazards. If a decision to recover krypton is made,
immobilization and storage technologies must be on hand which will
givevVery low probabilities for release. ’

(c) Engineered or Environmental Storage

Disposal o,tions which don't mechanically immobilize krypton
include filling of underground caverns, trapping during grout in-
jection, or ocean disposal. Reduced costs are offset by potentially
larger probability for release during storage/disposal. Similar
tradeoffs occur with krypton in pressurized cylinders. Engineered
storage could provide better secondary containment than that of gedlogical

disposal.
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Possible Constraints in Kéxpton~85 Waste Manqgementb
If one technological option is fixed, constraints may be imposed
on other options in Figure 1, for example:
(a) 'Dispoéed fuel may not provide krypton storage integrity com-
parable -with geological disposal. B
(b) If the physical characteristics of a geological d1sposa1 site
limit removal of radioactive decay heat, the
amount of krypton which can be immobilized in a zeolite or

metal may be Timited.

(c) A Kr-Xe separaticn step may be required for metal immobiliza-
tion processing or for economical engineered storage of pres-
surized cylinders.

(d) Concentrat1ons of 05 or Nz in the krypton may have to be re-
duced to mppm levels to avo7d serious corrosion of pressurized
cylindeis by the decay product Rb.

"This strategy analysis provides & framework for evaluating the
options for krypton-85 waste management. ‘}ajor decision poinis are jdenti-
fied and illusirated, as are constraints imposed by the choice
of one element of the waste management system on the remaining serial
optionﬁ. : . This ‘type of‘ana1ysis may be used as a basis
for the systematic resolution of a set of linked process decisions. Wnile
standard technology assessmant methods are used for individual tech-
nological options, this analysis defines 1nterac110ns with other tech-
nological options.
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The majbr options in krypton-85 waste management, shown in Figure
1, include spent fuel storage (1.0), fuel processing (2.0), release of
krypton-85 (3.0) or recovery (4.0), further krypton-85 separation (5.0)
and purification (6.0), krypton-85 immobilizatign or bottling (7.0),
packaging and shipping (8.0), and storage or disposal (9.0).

Krypton concentrations and inventories vary a great deal. Typical concentratiog
for a 2000 MTHM Feprocessing plant scale range from 10-0.01 Ci/m3 during the dissolu-
tion and release -options and becoma <40 MCi/m3 during the recovery/separation/
purification steps. During immobilization/storage the concentration
approaches that in the spent fuel, 0.1 MCi/m3. Inventories range from
10% to 10% curies per day for recovery and immobilization processes.

Storege inventories will approach several hundred megacuries from the
lifetime production of a 2000 MTHM per year reprocessing plant.

Major Decision Points in Krypton-85 Waste Management
(a) Process or Store Spent Fuel
If krypton is recovered frem fuel processing, it can be stored
safely by sevéraT methods. Containment of krypton in spent fuel may
not bz as certain during fuel disposal, and unp]aﬁhed releases may

result.

(b) Releese to the Environmznt or Recover and/or Purify Krypton
Fron the Processed fFuel

Release of dilute krypton is considered only as a global
hazard. When krypton is recovered, however, several hundred mega-
curies can accumulzte at one site, leading to potential local
and - -global hazérds. 1f a decision to recover krypton is made,
immobilization and storage technologies must be on hand which w111

give very low probabilities for release
(c) Engineered or Environmental Storage

Disposal options which don't mechanically immobilize krypton
include filling of underground caverns, trapp1ng during grout in-
jection, or.ocean disposal. Reduced costs are offset by potentially
larger probability for release during storage/disposal. Similar
tradeoffs occur with krypton in pressurized cylinders. Engineered
“ctoragg could provide bet;er secondary containment than that of geological
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Possible Constraints in Krypton -85 Waste Manaoement
If one technological option is f1xed constraints may be imposed
on other options in Figure 1, for examp]e.
(a) Dispoéed fuel may-not provide krypton storage integrity com-
parable with geological disposal. ’
(b) If the physical characteristics of a geological d1sposa1 site
1imit removal of radioactive decay heat, the
amount of krypton which can be immobilized in a zeolite or

metal may be limited.

(c) A Kr-Xe separation step may be required for matal immobilizae-
tion processing or for economical enginegered storage of pres-
surized cylinders.

(d) Concentrations of 0, or N, in the krypton may have to be re-
duced to &ppm levels to avoid serious corrosion of pressurized

cylinders by the decay product Rb.

This strategy aralysis provides a Tramework for evaluating the
options for krypton-85 waste managzment. Major decision points are identi-
fied and illustrated, as are constraints imposed by the choice
of one element of the waste management sysilem on the remaining serial
-options. : . This type of analysis may be used as a basis
for the systematic resolution of a set of linked process decisions. While
standard technology assessment meihods are used for individual tech-
nological options, this ana1y§is defines interactions with other:tech-

nological options.
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