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RADIOACTIVE GAS AND HYDROGEN
REMOVAL AFTER A LOCE AT THE LOFT FACILITY

The use of a silver-zeolite halogen adsorber placed in series with a

hydrogen catalytic recombiner and a cryogenic noble gas adsorber assembly

constitutes a waste gas processing system (WGPS) capable of handling hydro-

gen and fission product gases following a Loss-of-Coolant Experiment (LOCE).

This paper describes:

(1) The types and quantities of gases expected to be found at the

facility after a failed-fuel LOCE,

(2) The purpose of the WGPS, and

(3) The general configuration and expected decontamination factors

associated with the LOFT WGPS.

The Loss-of-Fluid-Test (LOFT) Facility, located at the Idaho National

Engineering Laboratory, is a reactor safety research facility scaled to a

commercial pressurized water reactor (PWR). The facility is designed to

simulate loss-of-coolant accidents by using valve/orifice combinations sized

to represent various pipe breaks in a commercial PWR. The effluent from the

simulated break is discharged to a blowdown suppression tank (BST) which is

designed to simulate a reactor containment. Following a LOCE, the BST con-

tains primary coolant water, soluble and insoluble corrosion and fission

products, nitrogen used as a BST purge gas, and, if fuel failure occurs,

hydrogen and fission products.

In order to fulfill the primary objectives of LOFT, and to conduct

multiple experiments in a safe but timely and economic manner, rapid re-entry

into the LOFT containment vessel is desirable. The LOFT UGPS is designed to

reduce containment re-entry delay time by removing and processing BST radio-

active gases outside che containment without exceeding radioactive gas release

rates prescribed in 10 CFR Part 20. The WGPS is also designed to remove oxygen

and hydrogen before potentially flammable concentrations can exist.



Table I shows the predominant halogens and noble gases expected to be

found in the BST gas space following a LOCE in which 20o of the fuel pins

have been damaged. Hydrogen and oxygen may also accumulate in the BST

following a LOCE. The oxygen content is initially controlled to <2% prior

to a LOCE to reduce the possibility of a flammable mixture of hydrogen and

oxygen. The limits of flammability are 4.0% by volume hydrogen and 4.92

by volume oxygen^ . If i zirconium-water reaction occurs during a LOCC,

it is assumed the concentration of hydrogen will be above 4% immediately
(2) <•

after a LOCEV ', Since the oxygen concentration prior to a LOCE is below

the limit, radiolysis of water becomes a concern; but radiolysis is a

relatively slow process, requiring nearly 6 days (fcr a 20?; fuel defect)
(3)before reaching the flammable limit^ .

The WGPS begins operation within a few hours after the LOCE. The gas

leaves the BST at a temperature less than 366.5,K and a pressure less than

0.48 MPa. The gas is carried outside the LOFT containment to the WGPS

located in heavily shielded, sub-surface, concrete vaults. Once in the

vaults, the gas is cooled and filtered, removing particulates >_50 microns

and any condensed moisture. Next the gas is reheated, effectively lowering

the relative humidity, and is sent to the halogen adsorber. The halogen

adsorber contains silver-zeolite designed to permanently remove 99.99% of

all halogens. From the halogen adsorber the gas passes through a second

cooler/filter arrangement and men is sent to a catalytic recombiner designed

to recombine oxygen with hydrogen in order to lower the oxygen content to

approximately 1 ppm to control ozone formation in the cryogenic adsorbers.

After the recombiner, the gas is again cooled and filtered prior to being

sent to a regenerative molecular sieve dryer, designed to lower the process

gas dewpoint to £210K. From the dryer beds, the gas is sent to a cryogenic

charcoal bed adsorber. This adsorber is designed to adsorb radioactive noble

gases and have a decontamination factor of 1000 and to hold the gases until

they decay to a level acceptable for atmospheric venting. The effluent gas,

consisting primarily of nitrogen, leaves the cryogenic adsorbers and then

passes through a High-Efficiency ^articulate Air (HEPA) filter, designed to

remove 99.97% of >0.3 micron particles, prior to being discharged to th?

atmosphere.



The nuclear tests conducted at LOFT have yet to result in fuel pin damage.

The VJGPS is equipped with gas-sampling capabilities which, in the event fuel

damage occurrs, will allow actual decontamination factors to be calculated

and compared with design estimates. When this information becomes available,

it will be reported in a later paper.

Having the capability to remove fission product gases and hydrogen from

LOFT's BST and process these gases in a safe and environmentally sound manner,

enables experiments to be conducted without the fear of developing potentially

explosive concentrations of hydrogen and oxygen or the inconvenience and com-

plications associated with holding large quantities of radioactive gases in an

area where personnel need access.
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TABLE I

PRINCIPLE RADIOACTIVE HALOGENS AND NOBLE GASES

TO BE PROCESSED AFTER A LOCE*

Halogens

Isotope Half Life

Br
83

Br84
2.4 hr

31.8 min

3.05 day

2.3 hr

20.8 hr

52.5 min

I 1 3 5 6.7 hr

Total Halogens (Curies)

I

32

33

134

50 min. After a LOCE (Ci) x 10"

2.2

1.8

15

22

33

30

26

130

Noble Gases

Isotope

Kr83

Kr

Kr'

Kr'

Kr

Xe

Xe

85M

85

87

133M

133

135

Half Life

114 min

4.4 hr

10.6 yr

73 min

2.8 hr

15.3 min

5.27 day

Xe1"" 9.2 hr

Total Noble Gases (Curies)

50 min. After a LOCE (Ci) x 1O':

26

55

0.21

82

140

34

330

320

1100

20"', fuel defects 2000 effective full power hours (EFPH), 11% of total

noble gases and 1.1% total halogens are present.


