£2465, PUSLTCATT NG AND F10Lid TUFORUATICN
G prv. Cice 110 02
SAND77-8766

Unlimited Releast: N - . , /
< (. fyeicd -

Results of Tritium Tests Performed
on Sandia Laboratories
Decontamination System

(Presented at The Technology of Controlled Nuclear Fusion Conference held
May 9-11, 1978 in Santa Fe, NM and to be published in the proceedings)

P. D. Gildea, W. R. Wall, V. P. Gede

SF 2900 Q{7-73)

DisTIBUTION OF THIS DOCUMENT 13 UNLIMITED



RISTT I« 0 v o o s b e AN
SANDIA §APGRATORIES Lok o T ssE)
| O X1
SANIHAY TS A FOIRES
FVE LATONE, ¢ CEOLNGA v
Voobooade
FAWRENCE FAIVERMG L D ABUA T
FAVERMNORE, CATOFOGRNIA 30 )
The Tritium Research laboratory (TR, -acility for performing experi-
ments using gram amounts of {ritiun, became « -rational on October 1, 1977,

As secondary containment, the TRI, employs sez ! glove boxes connecied on de -

mand to two central decontarnination systems, the Gas Purification Systen and

the Vacuum Effluent Recovery System. Performance tests on these systems show
that tritium removal systems can achieve concentration reduction factors (ratio of

inlet to exhaust concentrations) much in excess of 1000 per pass at inlet concen-

trations of 1 part per million* or less [or both tritium and trniated methane.

INTRODUCTION

The data presented in this paper are the re-
sult of performance tests completed on the two
central decontamination systems incorporated in
the Sandia, Livermore, Tritium Research Labor-
atory2 (TRL). The laboratory (Figure 1), de-
aigned as a research facility for a wide range of
experimeits using gram amounts of tritium, be-
came operational on October 1, 1977,

The Tritium Research Laboratory provides
for both personnel safety and environmental pro-
tection by employing a secondary containment
system connected to two central decantamination

systems, the Gas Purification System (GPS) and
* 1 part per million = 2.6 Ci m™3 for T, and

CH2T2 .

the Vacuumr Effluent Recovery System {(VERS).

CONTAINMENT

All experiments are secondarily contained in
sealed stainless steel glove boxes of welded con-
struction (Figure 2). Each box is equipped with
glove ports, viewing ports, and an air lock pass-
through; and on each end there are removable
panels for the installation of large items. Both
regular utility and emnergency clectrical power
are provided within the box. Also, there are feed-
througr provisions for insirumentation and for in-

ert gas pressure connections, and a cooling system
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Figure 1. The 1THI
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{o remave the heat generated by experiocnts,
Both tritiun concentration and huniidity rontrol
are maintained by connecting the boxes to the de-
conlamination system. Normally, the glove hoxes
are operated with dry nitrogen maintained by the
box preseure control systen: at a pressurc of
-0.25 to -1.0 kPa with respeet to the room; how-

ever, the box can be operated with an argon or air

atmosphere if desired.
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DECONTARLN S (10N
becontamination 1s acconiphished by two cen -
The fiest of these, the GIPS,
remaoves trittne, and tritiated hydrocarbons from
gases ~haugted (rom the laburatory vacuum sys-
tens Laefore the decontaminated residue gases are
venter) to the stack.  Hoth systems were designed*
to he capable of reducing tritium concentrations
to the low parts-per-hillion level, All of the tri-

tiure removed by the decantannnation systems is

contamned, cithe - for recovery or (or digposal as
solid waste on type 4\ miolecular sieves,

Gas Purification Systemns

The GPS (FPigure 3), a 340 m3

hr_1 flow-rate
svsten:, which protects against either an acciden-
tal retease or the slow bhuildup of background triti-
urn concentrations, consists of a central manifold
connected to each of the laboratory glove boxes, a

catatvirc reactor to oxidize the tritium, two

T Original svstems were designed by Engelhard
Industries Systems Department, Union, NJ
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molecular £..ve dryers ip series to collect the
tritiated water, a blower to circulate the glnrce
box atmosphere through the system, and a con-
trol and diagnostics system to provide both re-
mote and local control and to assess operational
gtatus. In the recirculation mode, the normal
method of GPS operation, the glove box gases
are pumped from the box, through the GPS, and
back to the box until tritium contamination is

reduced to an acceptable level.

Vacuum Effluent Recovery System

fron. the laboratory vacauis yS50enes b wont
ing to the stack, 15 sieilar to the GES o nd uaes
the same precious metal catalyst. * he yvsten,
consists primarily of a laboratory v o raani-
fold and two holding tanks to collect the contamy -
nated waste gases, a catalytic reactor to oxidize
the tritium, two molecular sieve dryers connec-
ted in series to collect the tritiated water, the
necessary pumps to evacuate the laboratory man-
ifold and transfer the waste gas through the sys-
tem, and a control and diagnostics section to

provide both automatic and manual operation and

The VERS (Figure 4), a 17 m3 hr! flow-rate to assess operational status.

syatem, which decontaminates exhaust gases
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Both the VE®S and GPS catalytic reactors
are maintained at an elevated temperature
{783K) in standby condition to ensure readiness

to begin processing upon receipt of r start gignal.

DECONTAMINATION SYSTEM TESTING

The decontaminatinn systems in the 7'I'], were
given two series of performance testa. The first
series wag with hydrogen and methane to provide
confidence that the catalytic reactors in both sys-
tems were operating properly beforc tritium waa
introduced. ‘The iests were also to determine the

ppropriate catalyst operating temperature.

The second test series was with tritium and
tritiated methane to determine that the systems
were capable of achieving the design requirement
of a single-pass concentration reduction factor
(ratio of inlet to exhaust concentration) of 1000
per pass for inlet concentrations of 1 part per
million. Sengitivity limitations of gas chroma-
iography required that this confirmation be made
with tritium as the test gas. Tests were run with
methane and tritiated methane because tritiated
hydrocarbons are expected to be preseat in both

systems, 2 particularly in the VERS.
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Figure 5.

GPS Hydrogen and Methane Tests

Many ring were made to assess the system
operation hefore the parameters shown in Table
were selecter] for tests measuring temperature
effects upon catalyst performance. Inlet concen-
trations were chosen to provide a reasonable

range of detection for the gas chromatograph.

TABLE
GBI DK 8 AN BT HANE 1EST PARAMETHRS
fnlet Catalynt
Flow Bate € aueentration Temperalure
fent taw b S b} ppn K
Hodrogen 140 120 116-743
Methane anl 700 116-810

The test gas, together with oxygen, wasg in-
jected into the manifold upstream of the system
blowers., The oxygen, which was added to permit
combusation, wag injected in an amount exceeding
(A

diagram of the test configuration is shown in

stoichlometric requirements. gimplified flow

Figure 5.} Inlet and exhaust concentrations were

measured with a gas chromatograph both upstrearu

and downstream of the catalytic reactors at the

approximate locations of the tritlum monitor

sampling linea. .
The effect of temperature upon the concen-

tration reduction factor is displayed in Figure 6
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Figure 6. Effect nf Catalyst Temnerat re on

Concentration Reduction Factor
for both hydrogen and methane. Temperatures
below 316K were not achievable because of the
heat of compression generated by the circulation

blowers.

GPS Tritium Tests
A series of four tritium tests has been com-
pleted to date. The test parameters are summar-~

ized in Table II.

TABLE Il
TRITIUM TEST PARAMETERS
Total
Test Sample Tritlum
Designation Composition _ Curies Flow Path
GPS T-1 Tritium in 1.0 Hlower 1
Nitrogen Catalyst 1|
Dryers 1 and 2
GPS T-2 Tritium in 10 Blower 2
Nitrogen Catalyat 2
Dryers | and 3
GPS T-3 Tritium and 5 Blower 2
2% Hydrogen Catalyst 2
in Nitrogen Dryers 2 and 3
GPS T-4 Tritium in 750 Biower 2
Nitrogen Catalyst 2

Dryers 2and 3

Al four tests were run ar a catalyst temper-
ature of 7B3K and a flow rate of 340 std ’“3 hr-].
Fhese tests were run without adding water ahead
of the second dryver. Hydrogen was added to some
iest runs to simelate processing tritiunm at higher
concentrations,

in nll cases, the ieat gas was injected into
the giove box (taigur. 5) by flushing the test gas
cylinder with mtrogen; and in the case of GPS
‘I'-3, hydrogen was injected into the box to achieve
the 2 percent concentration after the tritium in-
jection had heen completed.  The glove box conl-
ing sygtem blower was runmng during both wujec-
tion and testing to ensure complete mixing of the

gased in the glove box. Glove box cleanup was

¢rw=iirated when the tritium concentration
; . -3
reached approzimately 10 mCi m = or less.

Tritium concertrations were measured in the

glove box and at five locations in the GPS. The

least counts of the inlet and exhaust tritium rnoni-
- -3

tors were 1 mCim 3 and 1 uCi m ~, respectively.

Test results are summarized in Table 1II.

TABLE Iit
GPS TRITIUM TEST RESULTS
Maximum Maximum
Inlet Exhaust
Tritium Tritivm Concentration
Test C ati ation
Designation cim™? i m™3 Frctor
GPS T-1 0.14 2.0 7.0x10*
GPS T-2 1.3 15 6.7x10"
GPS T-3 8.4 1020 0.2 30°
GPS T-4 115 250 4.6x10°

Concentration reduction factors were calculated
by dividing the maximum inlet tritium concentration
by the maximum exhaust tritium concentration. Al-
though the reduction factor measured in GPS T-3
is much larger than 1000, it is smaller than ex-
pected for the inlet concentration used. VERS test

T-6 was also run with 2 percent hydrogen, but the



VERS data are nnt directly comparable since the
catalyat residence time for the VERS is approxi-
mately 2.5 times that for the GPS. However, hac
the VERS T-6 concentration reduction factor been
gimilarly lowered by an order of magnitude, the
exhaust tritium concentration would have been about
10 uCi m-3. o detzctable concentration. A number
of hypotheses have heen proposed to explain the
anomaly, and a test program is planned to deter-
mine the cause of the lower value. An uncertainty
of approximately 30 percent should be applied to
the GPS concentration reduction factors because of
inaccuracies in both tritium measurements ard

data acquisition methods.

VERS Hydrogen and Methane Tests
Since the GPS and the VERS use the same cata-

lyst material and are operated at the same tempera -
ture, it was not considered necesgsary tc repeat all
of the ( PS testing, It was, however, important to
ensure personnel safety by demonstrating that the
system would perform as expccted before tritium
was put into it. To achieve this aim, concentration
reductton factors were measured a4 & function of

catalyst temperature for both hydrogen and methane.
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The test gases, nitrogen and combustion air, were
injected upstream of the catalytic reactor, and in-
let and exhaust concentrations were meagured with
a gas chromatograph upstream of the catalytic
reactor and downstream of the heat exchanger,
respectively (Figure 7). Again, oxygen was in-
jected in excess of stoichiometric requirements.
The hydrogen test was performed at an inlet
concentration of 100 parts per million and a aya-
tem flow rate of 16.4 6td m> br™>, At 302K, the
lowest tzmperature achicvable, the exhaust con-
centration was below 0.1 part per million, which
is the detection limit of the chromatograph. The
methane test was performed at an inlet concen-
tration of ©390 parts per million and a system
flow rate of 13,3 std m> hr *. The results were
easentially the same ag those for the GPS methane

tegt (Figure 6),

VERS Tritium Teating

A series of seven tests was completed on the
VERS.

mainder with tritiated methane.

Four tests were run with tritium, the re-
The test condi-

tions are summarized in Table [V.
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TARLE IV

VERS TRIT UM AND TRITIATED METHANE
[EST PAHAMETEKS

Towul
Test Sample Tritum
bresignanion U nmpositiin 8

VERS T-1 Trtium in 1.0
Nitroger

VERS T-2 Tritian, an 1.¢
Nurogen

VERS ('H]T-I Tritiated Methane 1.0
1h Nitrogen

VERS ¢ H,‘T *2  Jriueted Methane 10
1n Nitrogen

VERS ¢ )I3 1-4 Tritisted Methane 40
and 0. 5¢ Mydrogen
In Nitrogen

VERS T-% Tritium and 145
0. 5% Hydrogen
tn Nitrogen

VERS T-F Truium and 750

27 liydrogen
1n Nitrogen

VERS T-1 2nd T-2 were identical tests, ex-
cept that the aiternate holding tank and transfer
pumps were used. The geven testas were all per-
formed at a catalyst temperature of 783K and a
flow rate of 17,0 std m3 hr-l. Ag in the case of
the GPS tests, these were run without adding
water ahead of the second dryer. Also, hydro-
gen was added to some test runse to aimulate
processing tritium at higher concentrations.

The test gas wae injected downstream of the
transfer pump into one of the 5,7 m3 holding tanksa
which had been evacuated to 13 kPa (Figure 7).
Nitrogen was used to flush the test gas out of the
sample cylinder and into the holding tank, and the
procedure was continued until the holding tank

pressure reached approximately 86 kPa, After the

tritium concentration in the tank had stabilized, the

holding tank contents were processed through the
recovery system and circulated into the alternate
holding tank, where the concentration was meas-
ured to verify tritium removal before the efiluent
was stacked. Tritium concentrations were meas-
ured in each of the holding tanks and at the out.et

of the second dryer. The holding tank tritium

monitors and the exhaust tottnn nuanitar had least
ooo-3 . -3 .

counts of 107t m © and 1,0 uCy 1. 7, respectively,

The resnlts are summarized in Tahle V',
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As in the case nf the GPS, tne conceuiration
reduction factors were calculated by dividing thr
maximum inlet tritium concentration by the maxi-
mum exhaust tritium concentration, However,
during the VERS test, the inlct tritivm concentra-
tion remained constant. An uncertainty of approxi-
mately 50 percent should be applied to the VIERS
concentration reduction factors because of inaccur-

acies In tritium measurements at 1 4Ci m ™.

SUMMARY

Tests with hydrogen, methane, tritinm, and
tritiated methane have been performed on the
Sandia Tritium Research Laboratory decontami-
nation systems to determine their ability to incet

design specificaticns.

1. The hydrogen and methane tests show that to
achieve concentration reduc*icn factors
greater than 1000 per pass, the catalyst
must be operated at temperatures in excess
of 365K and 750K for hydrogep and methane,

respectively.
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Tritium ang tritiated methane tests on the
Vacuum Effluent Recovery System have ea-
tablished lower bounds on single-pass con-
centration reduction ijactors over a range of
inlet tritium concentrations from 0.18 Ci m_a
to 132 Cim ™.

‘Tritium tesis of the Gas Purification System
have established single-pags ¢oncentration
reduction factors over a range of inlet triti-
um concentrations from 0.14 Ci m-3 to

115 ¢i m ™7,

An apparently anomalous data point has been
generated in GPS T-3, wherein hydrogen was
added to achieve a 2 percent mixture to sim-
ulate higher tritium concentrations. Addi-
tional tests are planned to assess the validity
of the data point, even though the reduction

factor was considerably greater than 1000.

The test program to date has demonstrated
that both the Gas Purtification Syatem and Vacuum
Effluent Recovery System perform 10-1000 times
better than required by specifications and that tri-
tium removal systems can be designed to achieve
conceniration reduction factors much in excess of
1000 per pass at inlet concentrationa of 1 part per

million or less for tritium and for tritiated methane.
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