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ABSTRACT

In Miirch of 1988 full operation of the 4-coiumn isotope separation system (ISS) was realized in
runs that approximated the design load of tritium. Previous operations had been fraught with
operating difficulties principally due to extemal systems. This report will examine the recent
highly sucressful 6-day period of operation. During this time the system wus cooled from room
temperature, foaded with hydrogen isotopes including 109 grams of tritium, integrated with the
transfer pumping, impurity injection, and impurity removal systems, as well as the remote
computer contrnl system. At the end of the operation 12 grams of tritium having a mecasured
purity of 99.987 % (remainder deuterium) were offloaded from the system. Observed protides in
the: columns in general agree with computer models. A Height Equivalent to a Theoretical Plate
(HETP) of 5.0 em i5 confirmed.

INTRODUCTION

T'he Isotopre Separation System (ISS) at the Tritium Systems Test Asscmbly (TSTA) was
designed in 1977, constructed by Arthur 2. Little, Inc. (Cambridge, MA), and placed initially in
service during 1981'. A scheraatic diagram is shown in Figure 1. In the intervening years many
experiments have been performe 4 on individual columns, pairs of columns, and even the entirc
4-column sysiem. The tritium inventory has been gradually raised until in June-July of 1987 a
100-gram level was reached. Previous 4-column experiments have suffered from a series of
difficulties, not entire,y due to the ISS.

*T'his work is suppbrtﬁ by the US Department of Lnergy. Office of 1'usion + gergy, and the
Japan Atomic Encrgy Rescarch institute.



Recent measurements on one and two column cascades of the ISS are reported elsewhere
at this conference.

STAR1 UP SCENARIO

The column system was cooled from room temperature by simultaneously starting to fill
liquid N2 into the radiation shield and the helium refrigerator. In about 4 hours colunins f and T
were cooled to the point that hydrogen isotopes, loaded into the condensers from uranium storage
beds, would condense. These two colurins cool more rapidly because of the extra coolant lines
along the column length, Within 8 1/2 hours liquid was obtained in the reboilers of these two
columns. After an additional 3 1/2 hours, the column D was cold and liquid filled into the
reboiler. Column H required a total of 17 1/2 hours to fill liquid into the reboiler because it was
not fed from a uranium bed through the condenser, but received its charge by flow through feed
and product lines from the other columns. For reasons of safety, the uranium bed supplying the
charge for column D was not heated until the uranium beds supplying columns I and T were
substantially empty. The schedule for cooldown could be reduced by a factor of about 2 if all of
the beds could be heated simultaneously.

OPERATING SCENARIO

The overall composition of the isotopic mixture introduced into the system was: hydrogen
11.1 grams, deuterium 218.0 grams, and tritium 109.2 grams or mole fractiors of 0.071, 0.696,
and 0.233 respectively. This is not the nominal mixture for which the columns were designed.
Through the transfer pumping system fuli flows were established which were close to tue design
values. After initial cooldown, the coolant flows available to remove tritium decay heat from
columns I and T were shut off completely. Therefore the packed sections of the columns were
operated adiabatically during the run. Over a period of 4 days, the columns were operated in a
mostly stable mode with little operator intervention requirec. i, .ring this period, the conditions
iisted in Table I were set, initially manually at the local control pianel, and later through instruc-
tions to the TSTA computer system (MDAC) after transierring to the remote control mode.

The system was designed to vent e, H, and HD fromn the top of column I and this task

was performed periodically at flow rates varying between 50 and 200 cm/min. During the
course of the run 0.1¢ molcs of 311e were removed together with 1.78 moles of protium and 0.51
moles of deuterium. Thus by the end of the run the net composition of isotopes in the overall
TSTA system were H:D:T = 0.050: 0.710: 0.240. Nominally i % H, added to the feed stream

continuously would have maintained constant compoasition, but this was not done during this run.

During the course of the run, gas samples were peviodically withdrawn for analysis by gas
chromatography. The chromatographs employ SA molecular sicve columns coated with I'e,0),



and coolzd with liquid N, and using neon as a carrier gas; both thermal conductivity and ion

chamber detectors were used. A typical analysis required 37 minutes. The relative locations of
the sample taps and feed points are shown in Figure 1. At the same time, all column variables
were archived by the data acquisition system (MDAC) every minute. From these archives it is
possible to reconstruct the operational history of the system and calculate many valuable
parameters relative to the system performance.

Near the end of the rur, 12 grams of tritium were withdrawn from the liquid pool in the
reboiler of column T both to prove that capability, and to have a source of pure T, available for
cxperiments. At the time of withdrawal, gas chromatographic analysis indicated a purity of at
least 99.995%. By the time the material had beer. pumped into a 50-liter tank, there was some
degradation, and the final analysis was 95.987% T, with the balance being D, (as DT).

Table 1
Nominal Conditions tor Column QOperation

Column Column Column Column
I H T D

Feed Flows, cm¥/min:

From T(top) 4300

From T(Bot) 200

From D(Top) 1100 3900

From D(Bot) 400

From I(Top) 1500

FFrom [(Bot) 4500

From H(Bot) 5400
Totals: 6000 5400 4500 5400
Top Fraction 0.25 0.0 0.956 0.926
Product Flow,, cm’/min;

Top 1500 0* 4300 5000

Botton: 4500 5400 200 400
Totals: 6000 5400 4300 54(X)
I’ressure, torr 860 800 700 700
Reboiler Power, W 37 17 25 20

* 50 - 200 cin*/min were removed intcrmittently
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RESULTS
A. Separation Characteristics

Steady state simulations of column characteristics were made using our computer model-
ing codes and measured feed stream composition, product flow rates, and previously measured
HETP. Figure 2, 3, and 4 show the expected composition profile for columns I, T, and D to-
gether with the observed analytical data. It can be seen that the agreement is relatively good. At
present we cann-t explain why some sample data, especially within the lower section of the
columns, do not conform well to the predictions whereas the reboiler analyses, in general, do
conform. Similar comparisons for column H showed a much poorer agreement which probably
can be attributed to dynamic behavior of the system and the resultant problems with measuring
composition after there has been a system upset. Thus, in general, the predictions of the model-
ing codes are substantiated. As a result, we can verify the column design value of 5.0 cm for
HETP.

B. Vapor Velocity and Pressure Drop

From the measured values of composition, reboiler power, and liquid level, it is possible tc
derive the vapor velocity of the material entering the column from the reboiler. A plot of the
column pressure drop as a function of vapor velocity is shown in Figure 5. Similar measure-
ments have been made in previous years and these data are also shown on the graph for

. 3
comparison.

The earlier measurements were 1nade under conditions of total reflux, whereas the present
measurements are under system recycle operation (all product streams combined and fed to the
inlet). As a consequence, pressure drops would be expected to be lurger duc 1 the disturbance of
the feed stream. The comparison is quite good and would seem to indicate that deuterium-tritium
mixtures behave similarly to pure D,.

PROBLEM AREAS

One area of previous diificulty lay in the interface with the external transfer pumping
system which circnlates the recycle D2 stream into the feed of column H ( see figure 1.) Pres-
sures developed by the recycle flow increase the pressure in the flow lines connecting the con-
denser of column [ with to the feed of column H to the point that it was not possible to obtain
flow frem the condenser. It was necessary to install a small pump in the condenser product line
to assure positive flow out of column 1.

A sccond area of previous difficulty lay in the interface with the impurity injection and
removal systems. Condensusble impurity concentrations of rnore than a few ppm will result in



rapid plugging of feed lines. Many runs were unsatisfactory because plugging of some line
occurred.

On a lesser scale, it has not always been possible to maintain desired flow from the
reboiler of column I to the feed of column T. The product lines are obviously somewhat un-
dersized. This should be correctable by the creation of a larger pressure drop between the two
columns. While this might be accomplished by changing the operating pressure levels of the two
columns, this has proven difficult to control. Therefore it will be necessary te install a pump in
this line to create the pressure difference.

Flow meters constituic another problem area. Currently installed flowmeters have unstable
zero readings and are of such a design that zero and gain adjustments must be made within the
glovebox. Replacements are on hand and awaiting installation.

The helium refrigerator needs better stabilization. Small variations in expansion engine
speed can result in changes in cooling power sipplied to the columns which exceed the dynamic
range of the temperature control heaters.

While the gas chromatograph analytical system is satisfactory for the present experiments,
the 30-40 minute delay to receive results is not satisfactory to effect really stable control.
Furthermore, peak elution times are dependent on composition which complicates automation of
the process. A Raman spectroscopic analytical system is under deve!opment which will perinit
analyses in less than one minute. In addition, such an instrument is absolute, not requiring
calibration with standard mixtures.

CONCLUSIONS

A very successful pericd of full operation of the TSTA ISS has been completed. The
results compare well with theoretical modeling results. The previously determined value of 5.0
cm for HETP is substantiated. Pressure drors measured for pure DD, may be used to predict

operation with D-T mixtur :s.
REFERENCES

I J R. Bantlit, W.H. Denton, and R 1. Sherman "Hydrogen Isotope Distiilation System for the
Tritium Systems Test Assembly", Proc. 3rd Topl. Mtg. Technology of Controtled Nuclear
Fusion, Santa Fe, NM, May 9-11, 1978, CONF-780508, Vol.2, pp 778-783.

2 I Yamanishi, H. Yoshida, T. Naito, S. Hirata, Y. Naruse, R.H. Sherman, J.I. Anderson, and
J.R. Bartlit, "Single Column and Two-Column I1-D-T Distillation Fxperiments at TSTA", Fusion
Technology, in press.



3 R.H. Sherman, J.R. Bartlit. and K. Veirs, "Experimental Results from H/D Distiliations at
the Tritium Systems Test Assembly", Fusion Technology 6(625)1984.

DISCLAIMER

Tl veport wany pregerretl o accomm of wark sponsared by an agemr sy of the hatel States
Cievermmpnt - Newher the thaed States CGawepmpent wn iy agency thereal, mnany ol then
CHEPR R ers ik es iy sty express or sprinerdcr asanmes any legal by vr o vespeonsy
Wiy Lo the oy conmdetemess, co e beteas el ey mbmatv, Aty paedoet, o
prosess e lo ek e pressnts e st nse wonbl et alnnge prvarely ownerll nghts Reley
ence lwren by spealie commereial prodact, prscess o setvice by trade tame, oolemark
nurn b tver, on abtherwees ey it e wihitly Ganbitate o nnpl\ s cmhinsement, reomm
membtm, v Lveting by the Paesl - tte Guceampe st e any ageney ierent The views
amb apnts ol anthens eagresed Berem e not weevsenndy shitte o relleet thase of the
Ennted States iovernmient we any agemy therent



—
HO Wasve

T

Aﬁ/urrlal-
Art
)\'gqc/f H
5 —
QP > J:S 23
s ST T
S S T < —
I 9
S - D
s S S g—
-7

5
S -
5 w—
o
T
5-—
S
G| Fserory
' Covn.dearar

Z

F16 vRF j,

5:4491181"1- Dugrom of 7he Zeorurs Se&raenTion

Sysram Shoviy feed aud S.w,/c Tops ., LAy e
/{e'G/'*S are Yo Sca/g_ .



100 7]
_ Stage Number
[0
CONDENSER
80
» W ]
70 » HD
& HT J
+ D2
O br
& v T2
=
4+
-0
Feed + o
20
10 \ >/
REBOILER / \
—
Xl + o
Q 1(_': jL‘n l(n En T(' ’r_l jCl j0 [' 1
i 2 3 a4 5 b 7 8 3

. i Mole Fraction
;n/. /WB’ Figure 2. . .
WZQIUMJ. C’ah’l’l}l* o+ 3”;/73‘:." Py 744
— ‘hﬁj(/éo/f ¢am,ot:7‘/ou /h)'/f/f




100 7

1 Stace Number
0

80

70
CONDENSER
—————

60

S5
FEED
——

40

REBOILER
Q

+ D2
g oT

n T2

-
~—

)

Pn{ %%;B

-
o]
-

L
w
&
by

Mole Fraction

-~

Figure .

Column 7. Cm/qaai_.- of ;”2/\«;«5
wi 7h p'ocll/acl cm/n.;//ml» pretrle




100 T

Staace Number
¢ T

CONDENSER
————

:Tu .
8¢ -
70 7 % HD
B HT
+ D2
g oT
CIO w T2
S50
L VAN )
FEED

so 1 & .

107

REBOILEFR
————

e + »x

o

_‘
— /:A—'
o~
.
—
.
.
o
N
o

X
e
o=
o -
30
o
o

(33

Mole Fraction

;,M Fiqure 4,
vwﬁ/um»@ (L /ﬂ-‘ﬂ_{on of‘ ana//xc_r

l«n?"‘ me f/au( Co*‘/ou fw* p'. z'/f



11

10

L]

d

rJ

(]

Fressure Drop ( torr )
# - Column I Total Reflux - H )
g - Column D Total Reflux - D)
O - Column 1 Tota! Reflus - H )
« - Column I Recvcle Operation - H,D.T )
g - Column D Recvcle Oper«stion - H.D. T
- Column T Recvcle Operation - H,D.T )
»
a @
o o é%
+™ o
+*,
+t+ go
* +
+ o *»
+ .. o »
+Q’.Q »
o
] - -
age B, % n
od . -
=Y T
»a
f’uig!'u -
[=1 hCl e, -
l'i:?& » -
A N
T | T 1 I |
R S A T T )
- ~

Vapor Velornity (

cm/sec )

FiQure 5.

Oés,,wJ l/a,or VO/Ou.{,AjC:r HJD_,T @ﬁ?fu.n,
CQ"F"J ‘oz'ﬂ (Jr//;r S';Qg/... S.,‘d).u:/ﬁ/uw&- 193/}



