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TRITIUM EFFLUENT REDUCTION AT OAK RIDGE NATIONAL LABORATORY 

J .  T. Shor 

ABSTRACT 

A s tudy  has  been performed t o  determine t h e  most 
c o s t - e f f i c i e n t  t echno log ie s  a v a i l a b l e  t o  reduce t h e  air-  
borne emiss ions  of t r i t i u m  (T2) from t h e  Oak Ridge Nat iona l  
Laboratory (ORNL) i n  accordance wi th  t h e  p r i n c i p l e s  of “as 
low as reasonably  ach ievab le”  (ALARA) dose e q u i v a l e n t s  t o  t h e  
popula t ion .  Extens ive  c o n s u l t a t i o n s  wi th  o t h e r  Department of 
Energy (DOE) l a b o r a t o r i e s  and o t h e r  t r i t i u m  handl ing  f a c i l i -  
t ies  i n  t h e  United S t a t e s  and Canada have been conducted. 
S u b s t a n t i a l  r educ t ions  i n  t r i t i u m  emiss ions  can be made t o  
b r ing  O W L  wi th in  t h e  range of emissions from o t h e r  DOE 
l a b o r a t o r i e s .  Equipment and methods are a v a i l a b l e  i n  t h e  
form of ( 1 )  modern and v e r s a t i l e  o i l l e s s  vacuum pumps, 
(2 )  small-scale, s tack-gas t r i t i u m  e f f l u e n t  removal sys tems,  
and ( 3 )  process  o p e r a t i o n s  management t echn iques ,  which can 
reduce t h e  releases of t r i t i u m  t o  t h e  atmosphere wi thout  
c r e a t i n g  a d d i t i o n a l  r a d i a t i o n  exposure on t h e  ground. The 
equipment c o s t s ,  no t  i nc lud ing  eng inee r ing  and i n s t a l l a t i o n  
f o r  each t r i t i u m  handl ing  f a c i l i t y  a t  ORNL, are es t ima ted  t o  
be between $17,500 and $75,000, depending on t h e  l e v e l  of 
complexity of t h e  system. 

1. INTKODUCT I O N  

This s tudy  w a s  made t o  (1) i n v e s t i g a t e  and i d e n t i f y  t h e  sou rces  

and r o u t e s  of t r i t i u m  i n  e f f l u e n t s  from ORNL Bui ld ings  3033 and 7025, 

where megacurie amounts are handled i n  gaseous ,  adsorbed ,  and l i q u i d  

(contaminated pump o i l )  forms, ( 2 )  review a v a i l a b l e  technology fOK 

reducing  t h e  amount of t r i t i u m  i n  ORNL e f f l u e n t s ,  ( 3 )  e v a l u a t e  and 

recommend equipment and methods t o  achieve  t h e s e  r e d u c t i o n s ,  and 

( 4 )  t o  provide  a c o s t  estimate f o r  t h e  recommended a d d i t i o n s .  The 

g r e a t e s t  q u a n t i t y  of t r i t i u m  i s  handled in Bui ld ing  3033 (1,000,000 

C i / y e a r ) ,  much smaller and v a r i a b l e  amounts i n  Bui ld ing  7025 (30,900 

C i / y e a r ) ,  and 0.35 Ci /year  i n  t h e  Biology Div i s ion ,  as shown in Fig. 1. 

T r i t i u m  i s  an i s o t o p e  of hydrogen with a mass of t h r e e ;  it. emits 

l o w  energy b e t a  r a d i a t i o n  and decays t o  hel ium w i t h  a h a l f - l i f e  of 12.3 

y e a r s .  It is  most hazardous when i n g e s t e d  as t r i t i a t e d  water (TzO or  
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Fig .  1. Tritium inventories handled at ORNL. 
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HTO) which is formed by oxidation when the gas is in contact with air. 

At Building 3 0 3 3 ,  tritium is received in gas cylinders from the Savannah 

River Plant (SRP),  purified, and distributed in smaller quantities to 

industry and research laboratories. At Building 7025, tritium is 

handled in small amounts to manufacture accelerator targets and material 

test samples. Recovery of tritium from spent radioluminescent light 

sources (RLS) is planned in Building 7025. 

Atmospheric air monitors have detected tritium near the perimeter 

of ORNL but have not been capable of providing an accurate measurement 

of the amount evolved. An upper limit for the amount evolved can be 

calculated from the difference between t h e  bulk amount received and that 

dispensed from or held in inventory at each facility. For example, 

using this means of calculation, 31,000 Ci were lost from Building 3033 

in 1986. Based on such calculated values and the most rapid estimates 

of tritium oxidation to tritiated water, the maximum dose equivalent 

from the OkVL airborne tritium discharges is estimated at worst to be 

4 , 4 6  mrem ( - 4 . 6  pSv)/year for a person off-site; this represents the 

largest single source of effluent radiation exposure from 0JLNL.l 

dose equivalent, however, represents only 1.8% of the maximum per- 

missible dose according to Clean Air Act regulations. Nevertheless , 
the National Academy of Sciences and the National Research Council 

recommended to ORNL management that a re-evaluation be made of existing 

atmospheric emissions to determine if they might be reduced further in 

accordance with the ALARA policy. Accordingly, this present study was 

commissioned to survey the literature and to make inquiries of other DOE 

laboratories which handle tritium, to determine the most cost-efficient 

technologies available and their potential t o  reduce personnel exposure 

to tritium from airborne sources, without concomitant increases in expo- 

sure on the ground. Information-gathering visits were made to the 

Lawrence Livermore National Laboratory (LLNL) and the Sandia National 

Laboratory at Livermore (SNL). Also, technical experts from the Monsanto 

Research Corporation, Mound Laboratory, visited ORNL for consultations. 

Moreover, discussions were held with the operators of virtually every 

tritium handling facility in the United States. The results of these 

actlvities, along with information from the literature, are contained in 

This 
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this report, Where sufficient data are lacking, recommendations for 

obtaining additional data are made along wi th  possible action plans. 

This study provides detailed information and an analysis of 

treating the stack gas effluents by means of effluent removal systems 

(ERS) in which the tritium is catalytically oxidized to T20 or HTO and 

sorbed on molecular sieves of zeolite or a similar material. Disposal 

techniques for the T20-loaded sorbents are also described, Other means 

of reducing tritium effluents through the installation of more versatile 

tritium-compatible pumping equipment and by improving operating and 

maintenance techniques are described, arid cost estimates of the various 

improvements are provided. 

2. DESCRIPTIONS OF TRITIUM HANDLXNG AT OWL 

2.1 BUILDLNG 3033 

Building 3033, located near the center of ORNL (Pig. 2), is the 

principal tritium processing facility and source of tritium effluents 

through the 3039 Stack. Krypton-85 is also processed in Building 3033; 

however, that operation is separate from the tritium operation, except 

for the use of common exhaust ducts. 

A schematic of the tritium purification and distribution operation 

in Building 3033 is shown in Fig. 3. Note that an otlless vacuum pump 

is used to recirculate gas around the uranium beds ( a l so  known as U-beds 

and U-traps). The exhaust gas from the entire tritium facility is 

transferred by means of a rotary vane vacuum pump through a long duct- 

work (not shown) to the 3039 Stack which is 250 ft (76 m) high. 

Operation of the tritium equipment is periodic to meet demand and 

employs one shift and one operator. 

The purpose of the tritium operation at 3033 is to purify the 

tritium gas received periodically from the Savannah River Plant (SRP) 

and to distribute it tn smaller quantities to industrial users. In 

prior years, tritium radioluminescent light sources were manufactured. 

The tritium is received in 50-L cylinders from SRP. They are called 

LP-50 cylinders to indicate their " l o w  pressure'" [700 mm Hg (93 kPa)] , 
relative to other tritium shipping cylinders. 
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In  t h e  f i r s t  s t e p  of t h e  t r i t i u m  p u r i f i c a t i o n ,  i t  is pumped from 

t h e  LP-50 c y l i n d e r s  by a U-bed s o r p t i o n  process  wi thout  t h e  use of t h e  

o i l l e s s  r e c i r c u l a t i o n  pump. The bed f u n c t i o n s  l i k e  a vacuum pump, and 

t h e  t r i t i u m  p r e s s u r e  f a l l s  very r a p i d l y  a t  f i r s t .  Helium, which has  

accumulated from t h e  r a d i o a c t i v e  decay of t r i t i u m ,  i s  not  sorbed on t h e  

U-beds and i n t e r f e r e s  with t h e  s o r p t i o n  of t r i t i u m  by c r e a t i n g  a b a r r i e r  

t o  d i f f u s i o n .  A similar d i f f u s i o n  resistance problem occur s  wl th  most 

o t h e r  s o l i d  so rben t  materials. ( A  n o t a b l e  except ion  i s  pal ladfum m e t a l  

which s o r b s  hel ium as w e l l  as t r i t i u m  and ho lds  t h e  hel ium more s t r o n g l y  

i n  t h e  c r y s t a l  l a t t i ce .  The product ion  of extremely h igh  p u r i t y  t r i t i u m  

i s  then  p o s s i b l e .  More informat ion  on t h i s  process  w i l l  be provided 

l a t e r . )  The d i f f u s i v e  r e s i s t a n c e  of helium can be overcome t o  a degree  

by r e c i r c u l a t i n g  t h e  t r i t i u m  gas over  t h e  s o r p t i o n  bed t o  reduce t h e  

th i ckness  of t h e  boundary layer and speed s o r p t i o n .  The r e c i r c u l a t i o n  

con t inues  u n t i l  t h e  p re s su re  becomes e s s e n t i a l l y  c o n s t a n t ,  an i n d i c a t i o n  

t h a t  t h e  U-bed s o r p t i v i t y  has dec l ined  g r e a t l y .  The remaining t r i t i u m  

i n  t h e  system l i n e s  and t h e  LP-50 i s  equa l i zed  wi th  a tank  c a l l e d  t h e  

impure t r i t i u m  s t o r a g e  tank.  This  gas  i s  r e c i r c u l a t e d  a c r o s s  t h e  same 

U-bed s t o r a g e  t r a p  u n t i l  t h e  p re s su re  dec reases  t o  a low and cons t an t  

l e v e l .  Then t h e  U-bed is valved o f f  and t h e  t r i t i u m  remaining I n  t h e  

l i n e s  i s  vented t o  t h e  3039 Stack. T r i t i um gas  i s  a l s o  l o s t  from gas 

c y l i n d e r s  r e tu rned  by customers which have s m a l l ,  p r e s e n t l y  unrecover-  

a b l e ,  h e e l s  which are vented t o  t h e  3039 Stack. 

When customers place o r d e r s ,  t h e  t r i t i u m  i s  desorbed from the  U-bed 

by h e a t i n g  t h e  bed t o  an e l e v a t e d  tempera ture  ( 4 5 0 ' C ) .  The t r i t i u m  i s  

r e l e a s e d  and c o l l e c t e d  e i t h e r  on ano the r  smaller U-bed i n  a sh ipp ing  

c o n t a i n e r  o r  i n  a s m a l l  c y l i n d e r  f o r  shipment.  Again, t r i t i u m  i s  l o s t  

t o  t h e  3039 Stack f r o n  l i n e  holdup du r ing  t h e s e  ope ra t ions .  

Containment of t h e  t r i t i u m  i s  provided by a s t a i n l e s s  s teel  hood 

wi th  an a i r  f low of 0.014 t o  0.71 m 3 / s  which d i scha rges  t o  t h e  i s o t o p e  

area v e n t i l a t i o n  and thence  t o  t h e  3039 Stack.  The b u i l d i n g  i t s e l f ,  

which i s  maintained a t  a nega t ive  p r e s s u r e  ve r sus  a tmospher ic ,  p rovides  

f u r t h e r  containment .  I o n i z a t i o n  chambers are provided (1) i n  t h e  d i s -  

charge duc t  from t h e  r o t a r y  vane vacuum pump, ( 2 )  i n  t h e  l i n e  between 

U-beds t o  monitor process  a c t i v i t y ,  and (3)  on t h e  off-gas  d i scha rge  t o  
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the stack (planned). Problems are often encountered which make these 

chambers inadequate to assess tritium losses as will be explained. 

The Building 3033 tritium stack gas detection may be complicated 

by the presence of 85Kr from other operations in the same building. 

Currently, the radiation detector cannot distinguish between tritium and 

85Kr beta activity, and the radiation source can only be identified by 

processing the two isotopes at different times. An upgrading program 

is underway to provide improved detectors on the 3039 Stack which can 

discriminate tritium €rom 85Kr; further potential solutions to the cross- 

contamination monitoring problem are described below in Sect. 5.4. 

2.2 BUILDING 7025 

Building 7025 is located at the east end of ORNL as shown on the 

map, Fig 2, A simplified flowsheet describing the tritium operations 

is shown in Fig. 4.  The uranium bed storage capacity, over 600,000 Ci, 

significantly exceeds the capacity of the Building 3033 operations; 

however, in practice the inventory is much smaller and the yearly 

throughput of tritium in recent years is -30,000 to 40,000 Ci. The 

7025 operations are even more intermittent and unpredictable than those 

of 3033; two- t o  three-month-long periods of inactivity occur typically. 

The 7025 facility is a l s o  a one-shift operation and usually requires one 

person. Figure 4 shows that recirculation of tritium around the U-beds 

i s  not practiced a t  7025 as it is at 3033. The 7025 operations are 

equipped to create very high vacuum using sophisticated sputter-ion 

pumps for sample preparations. These pumps are supplemented by rotary- 

vane, oil-sealed, roughing vacuum pumps which provide the basic vacuum 

required for the high vacuum pumps and U-bed operations. The building 

is serviced by the  7025 Stack of 14 ft ( 4  m> height. Stack gas monitors 

are being upgraded. 

Building 7025 is known as the Tritium Target Fabrication Facility, 

and it, 1s used for  the manufacture of metallurgical samples containing 

tritium. It is also outfitted to salvage tritium from light sources, 

though this latter work is not yet underway. It is equipped for the 

vacuuin deposition of U 0 2  and T h o 2  onto a variety of substances for 

target use, unrelated to its tritium sctivities. 
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As i n  Bui ld ing  3033, t h e  equipment i n  Bui ld ing  7025 i s  conta ined  

i n  h igh  v e l o c i t y  a i r  f low hoods (0.75 m3/s) and t r i t i u m  i s  s t o r e d  and 

p u r i f i e d  us ing  U-beds, The most probable  r o u t e  f o r  t r i t i u m  l o s s  t o  t h e  

s t a c k  (which, l i k e  Bui ld ing  3033, c o n t a i n s  no t r i t i u m  s t a c k  gas  removal 

equipment) i s  through the r o t a r y  vane vacuum pump exhaus t  du r ing  t h e  

U-bed load ing  o p e r a t i o n s .  The procedure c o n s i s t s  of ( 1 )  exposing t h e  

U-bed t o  t r i t i u m ,  ( 2 )  a l lowing  t h e  p r e s s u r e  t o  e q u a l i z e  on it  wi thout  

r e c i r c u l a t i o n ,  and (3 )  purging t h e  U-bed unsorbed gas (which c o n t a i n s  

l a r g e l y  hel ium and unsorbed t r i t i u m ) .  

Bu i ld ing  7025 c o n t a i n s  equipment: deslgned t o  recover  t r i t i u m  from 

s p e n t  l i g h t  sou rces  con ta in ing  t r i t ium-hel ium gas mixtures  of 40% by 

volume t r i t i u m .  The recovery equipment c o n s i s t s  of a pa l lad ium-s i lver  

membrane through which t r i t i u m  d i f f u s e s  p r e f e r e n t i a l l y  t o  a c o l l e c t i o n  

U-bed. This a c t i v i t y  is not  c u r r e n t l y  be ing  done; however, when begun, 

i t  could r e s u l t  i n  an e s t ima ted  5 t o  10 C i  of t r i t i u m  loss  per  baLch of 

l i g h t  sou rces .  

Stack gas  moni tor ing  equipment i n s t a l l e d  p rev ious ly  t o  c a t a l y t i -  

c a l l y  o x i d i z e  t r i t i u m  e f f l u e n t s  t o  T 2 0  f o r  s o r p t i o n  on d r i e r  beds has  

been r e c e n t l y  r e f u r b i s h e d  but  is  not  y e t  o p e r a t i o n a l .  Mass spectrome- 

ters  (MS) are l o c a t e d  i n  t h e  t r i t i u m  manifold f o r  process  c o n t r o l  and 

can be used t o  assess more a c c u r a t e l y ,  p o s s i b l e  t r i t i u m  l o s s e s  du r ing  

t h e  U-bed o p e r a t i o n s  e 

Bui ld ing  3033, by c o n t r a s t ,  does not  possess  such s o p h i s t i c a t e d  MS 

equipment;  t h u s ,  samples are taken  t o  the  Y-12 P lan t  p e r i o d i c a l l y  f o r  

assessment ,  and t h i s  causes  cons ide rab le  inconvenience t o  o p e r a t o r s .  

The a c c e l e r a t o r  t a r g e t  manufactur ing area of Bui ld ing  7025 l a c k s  t h e  

o i l l e s s  metal bel lows r e c i r c u l a t i o n  pump f e a t u r e d  i n  Bui ld ing  3033; 

however, i n s t a l l a t i o n  of one i s  planned i n  t h e  s e c t i o n  where rad io lumi-  

nescent  l i g h t  sou rces  (RLS) w i l l  be reclaimed.  The a c c e l e r a t o r  t a r g e t  

manufactur ing is at  a very  low product ion  l e v e l  and may no t  rev ive .  

2.3 OTHER ORNL FACILITIES 

Tr i t i um has been handled i n  e l emen ta l  form i n  t h e  Chemical Tech- 

nology Divis ion  a t  ORNL, Bui ld ing  4500N, i n  amounts of -50 t o  500 Ci.. 
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Also ,  t r i t i a t e d  water, T20, has been found i n  e f f l u e n t s  from the  So l id  

Waste Storage  Area 5 a t  ORNL f o r  many yea r s .  Most of t h i s  l i q u i d  

e m p t i e s  i n t o  White Oak and Melton Branch Creeks.4 

are -3,000 t o  5,000 C i  per year .  Measures of a i r b o r n e  e f f l u e n t s  f r o n  

t h i s  source  made a t  the  White Oak Dam show no t r i t i a t e d  water contami- 

n a t i o n ;  however, i t  is  p o s s i b l e  t h a t  some T 2 0  is v o l a t i l i z e d  nea re r  t h e  

sou rce  of l o s s e s .  This  is not  c u r r e n t l y  a s ses sed .  

The e f f l u e n t  l o s s e s  

The Biology Divis ion  of ORNL, l o c a t e d  a t  the  Y-12 s i t e ,  uses  

t r i t i a t e d  o rgan ic  compounds purchased from sources  o u t s i d e  ORNL as 

r a d i o t r a c e r s .  The amounts are -350 millicuries ( m C i )  p e r  yea r .  The 

s o l i d  wastes from t h i s  work are s e n t  t o  t h e  ORNL bur-lal  grounds,  and 

t h e  l i q u i d  wastes are p r e s e n t l y  s t o r e d .  Bui ld ings  3033 and 7025 are 

t h e  only s i g n i f i c a n t  sou rces  of a i rbo rne  t r i t i u m  from ORNL. 

3. PROBLEM ANALYSIS, BUILDINGS 3033 AND 7025 

Because of t h e  h igh  throughput of t r i t i u m  and t h e  l o s s e s  Implied 

by a v a i l a b l e  mass ba lance  d a t a ,  i t  a p p e a r s  t h a t  Bui ld ing  3033 is  respon- 

s i b l e  f o r  t h e  major l o s s e s  of a i rbo rne  t r i t i u m  f rom OWL. I ts  y e a r l y  

throughput  of 1.5 megacuries (MCi) f a r  exceeds those  of Bui ld ing  7025 

and o t h e r  ORNL ope ra t ions .  The p o t e n t i a l  r o u t e s  by which t r i t i u m  i s  

l o s t  can be d iv ided  i n t o  two c a t e g o r i e s ,  (1 )  vacuum pump exhaust  

e f f l u e n t  losses and ( 2 )  fume hood l o s s e s .  All equipment t o  t h e  r i g h t  

of t h e  dashed l i n e  i n  Fig.  3 is  enclosed i n  a fume hood, and losses from 

d i f f u s i o n  o r  l e a k s ,  e t c . ,  i n  t h i s  area a r e  termed hood losses. The out-  

put  of t h e  vacuum pump is t o  the  l e f t  of t h e  dashed l i n e ,  and t r i t i u m  

appear ing  i n  i t s  exhaus t  i s  termed vacuum pump l o s s e s .  Vacuum pump 

e f f l u e n t  l o s s e s  can be f u r t h e r  subdivided as t o  t h e i r  o r i g i n :  

(1) losses from re tu rned  sh ipp ing  c o n t a i n e r s  which occur  because t h e  

s m a l l  amounts of t r i t i u m  found i n  t h e  c o n t a i n e r s  i s  of unknown p u r i t y ,  

which can damage t h e  U-beds, and i t  i s  consequent ly  purged t o  t h e  s t a c k  

upon r e c e i p t ,  (2)  l o s s e s  from incomplete  s o r p t i o n  of t r i t i u m  on IJ-beds, 

and ( 3 )  l o s s e s  from r o u t i n e  evacuat ion  of l i n e s  p r i o r  t o  t h e  load ing  of 

SRP LP-50 c y l i n d e r  con ten t s  on U-beds. Losses of t r i t i u m  Erom t h e  fume 

hoods t o  t h e  s t a c k  m y  occur because of (1 )  maintenance work dur ing  
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which l i n e s  are d i sconnec ted ,  ( 2 )  d i f f u s i o n  of t r i t i u m  through v e s s e l s ,  

v a l v e s ,  and p i p i n g ,  ( 3 )  l eakage  around t h e  vacuum pump s h a f t ,  l eakage  

from pres su re  gauge v a l v e s ,  o r  ( 4 )  from o t h e r  u n i d e n t i f i e d  sou rces .  

Because of i n s t  rument problems wi th  t h e  i o n i z a t i o n  chamber r a d i a t i o n  

d e t e c t i o n  equipment on t h e  hood exhaust  system, no a c c u r a t e  measurements 

of a c t u a l  t r i t i u m  s t a c k  e f f l u e n t s  by t h e  d i f f e r e n t  pa ths  are known. The 

mass balance d a t a  around Bui ld ing  3033 provide  an approximate c e i l i n g  on 

p o s s i b l e  t r i t i u m  l o s s e s  t o  t h e  environment.  The d u a l  i o n i z a t i o n  cham- 

b e r s ,  which monitor t r i t i u m  i n  t h e  exhaust  d u c t ,  soon become contami- 

na ted  wi th  s t a t i o n a r y  t r i t i u m  compounds du r ing  normal ope ra t ions .  This  

contaminat ion  r e s u l t s  i n  a cons t an t  h igh  t r i t i u m  l e v e l  i n d i c a t i o n ,  which 

may bear  l i t t l e  r e l a t i o n  t o  t h e  a c t u a l  duct  gas concen t r a t ion .  A s i m i -  

l a r  problem e x i s t s  with t h e  vacuum pump exhaust  t r i t i u m  moni tor ;  and 

consequent ly ,  no good d a t a  e x i s t  on t h e  r e l a t i v e  l o s s e s  from hood and 

vacuum e f f l u e n t s .  Leak tests are r o u t i n e l y  performed on s e c t i o n s  of 

t h e  vacuum system, and no g ross  l eaks  are probable  i n  those  s e c t i o n s .  

Maintenance o p e r a t i o n s ,  e s p e c i a l l y  vacuum pump o i l  changes,  have i n t r o -  

duced l e v e l s  of contaminat ion i n t o  t h e  hood which are e v e r  p r e s e n t  and 

which could c o n t r i b u t e  t o  g radua l  background t r i t i u m  l o s s e s  from t h e  

hood. (The Overhoff i o n i z a t i o n  chambers, l o c a t e d  i n  t h e  duc t  and t h e  

room of 3033, are not  provided wi th  c o r r e c t  c i r c u i t  diagrams and are 

d i f f i c u l t  t o  s e r v i c e .  The balance of t h e  i o n i z a t i o n  chambers are an  OR1?JTA 

des ign  and work much b e t t e r . )  In  g e n e r a l ,  none of t h e  o t h e r  DOE labora-  

t o r i e s  use i o n i z a t i o n  chambers t o  r e p o r t  q u a n t i t a t i v e  d a t a  on t r i t i u m  

releases. S tack  gas samplers  are t h e  method of choice  i n  o t h e r  DOE 

l a b o r a t o r i e s  and t h e i r  i n s t a l l a t i o n  i s  planned a t  ORNL. C u r r e n t l y ,  

combinations of Johnson and Overhoff ,  d u a l  i n - l i n e ,  I o n i z a t i o n  chamber 

monitors  are i n s t a l l e d  i n  t h e  7025 Stack f o r  shakedown t e s t i n g  and are 

i n  p lanning  f o r  t h e  3039 Stack.  The monitor ing d i f f i c u l t i e s  w i l l  be 

addressed  f u r t h e r  i n  t h e  next  s e c t i o n .  

It is beyond t h e  scope of t h i s  r e p o r t  t o  provide  d e f i n i t i v e  so lu -  

t i o n s  t o  t h e  t r i t i u m  l o s s e s  problems because d a t a  are u n a v a i l a b l e  on 

t h e i r  p r e c i s e  o r i g i n ;  however, va r ious  educated estimates may be made, 

and p o s s i b l e  s o l u t i o n s  t o  t h e  va r ious  s c e n a r i o s  are o f f e r e d .  
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Building 7025 tritium losses could very likely be reduced by the 

installation of a metal bellows, or similar oilless vacuum pump, to 

recirculate the helium-contaminated tritium gas over the U-beds prior 

to the purging of these gases to the stack. The addition of an inert 

carrier gas is necessary at pressures lower than 50 torr (6.7 IcPa) owing 

to limitations of the metal bellows pumps. Building 7025 operations are 

at such a small scale (currently 6000 Ci) and the tritium losses so 

correspondingly small that the justification of the cost of a recir- 

culation pump may need very close scrutiny. Effluent reduction could be 

effected by the use of the small-scale portable ERS operation such as 

the "crash cart" designed at LLNL for small-scale, inexpensive tritium 

recovery. It is a portable catalytic oxidizing reactor with molecular 

sieve sorption columns and a laboratory-scale ERS, which can contain 

20,000 Ci of T2 before saturation. Typically, other tritium facilities 

perform uranium bed recirculation and then send the exhaust gas from 

that operation to the ERS. The "crash cart" might a lso  be valuable in 

the future to the tritium recovery operation from the spent light 

sources. Like in Building 3033, the "crash cart" inlet would be located 

on the rotary oil-sealed vacuum pump exhaust. Its size could be esti- 

mated based on the quantity of tritium handled, frequency of vacuum pump 

operations, and vacuum pump size. The cart would function intermit- 

tently, and like the 7025 operation, its operation would probably follow 

soon after the U-bed loadings or the light-source renewal procedures. 

3.1 URANIUM BED OPERATIONS 

Uranium turnings, contained in specially made stainless steel 

canisters, react stoichiometrically with tritium to yield uranium 

tritide as shown in Eq. 1: 

( 3 / 2 )  T 2  + U +. UT3. (1) 

This reaction proceeds very nearly to completion at room temperature; 

and in the process, the uranium turnings are pulverized. The equilib- 

rium partial pressure of tritium above an unsaturated uranium bed 

(U-bed) at 25OC is negligible, torr (10-6 Pa),S However, the 

single reaction ( E q .  1) is enormously complicated by the presence of 
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t h e  hel ium decay daughter  of t r i t i u m  and t h e  d i f f u s i v e  b a r r i e r  t h a t  i t  

creates. Uranium 1.s not t h e  only  p o s s i b l e  s o r p t i o n  metal (T i ,  Z r ,  and 

Pd, t o  name a few, have i n t e r e s t i n g  adso rp t ion  i so the rms) ;  however, t h e  

same s o r p t i o n  d i f F i c u l t i e s  are encountered whenever t r i t i u m  i s  processed 

because of t h e  i n h e r e n t  presence of helium. 

Di f fus ion  of t r i t i u m  through a b l anke t  of: hel ium (whlch Ls not  

sorbed by uranium) l i m i t s  t h e  ra te  of t h e  s o r p t i o n  r e a c t i o n .  To m i t i g a t e  

t h i s  e f f e c t ,  t h e  gas  is c i r c u l a t e d  through t h e  U-bed t o  reduce t h e  hel ium 

boundary l a y e r  t h i ckness .  The process  is s t i l l  f r a u g h t  wi th  d i f f i c u l -  

t ies.  The t i m e  r e q u i r e d  t o  sorb t r i t i u m  q u a n t i t a t i v e l y  rises g r e a t l y  

wi th  i n c r e a s i n g  hel ium contaminat ion.  I n  a d d i t i o n ,  t h e  exothermic 

s o r p t i o n  r e a c t i o n  of Lr i t ium and uranium can cause tempera tures  t o  r ise 

l o c a l l y  i n  t h e  U-bed.6 

be fo re  seen  t r i t i u m )  o r  a regenera ted  one (having been hea ted  t o  very  

h igh  tempera tures  t o  release the he l ium) ,  the hel ium produced i n  t h e  

uranium l a t t i c e  by r a d i o a c t i v e  decay may desorb  from t h e  bed and add t o  

t h e  ove rp res su re  above t h e  bed and f u r t h e r  impede t h e  t r i t i u m  s o r p t i o n  

process .  According t o  P. Coronado of LLNL, t h e  U-beds (without  regene- 

r a t i o n )  can reach  hel ium s a t u r a t i o n  w i t h i n  t h r e e  yea r s  of o r d i n a r y  

o p e r a t i o n s .  T h e r e a f t e r ,  whenever t r i t i u m  is  so rbed ,  q u a n t i t i e s  of 

hel ium are r e l e a s e d  because of l o c a l i z e d  h e a t i n g  e f f e c t s .  (The t r i t i u m  

p a r t i a l  p re s su re  i t s e l f  m y  not  be s o  g r e a t l y  a f f e c t e d  by t h i s  l o c a l i z e d  

h e a t i n g  because of t h e  r a t h e r  f l a t  t r i t i u m  i so the rm below 250'C.)  

Present  o p e r a t i n g  procedures  i n  Kuilding 3033 do not provide  f o r  coo l ing  

of the uranium s t o r a g e  bed du r lng  t r i t i u m  load ing  and small bed tenpera-  

t u r e  rises are observed.  Loca l ized  tempera tures  i n  t h e  bed may be 

h i g h e r ,  however. 

Unless t h e  IJ-bed is  a v i r g i n  one (having never  

SKP LP-50 t r i t i u m  c y l i n d e r s  are c u r r e n t l y  s t o r e d ,  sometimes s e v e r a l  

months, be fo re  load ing  on U-beds i n  Bui ld ing  3033, t hus  p e r m i t t i n g  

f u r t h e r  hel ium ingrowth and aggrava t ing  t h e  hel ium b l a n k e t i n g  problem. 

I n  t h e  p a s t ,  U-beds i n  Bui ld ing  3033 have been observed t o  d e t e r i o r a t e  

i n  performance probably because of a i r  in- leakage t o  t h e  system. Slow 

o x i d a t i o n  of t h e  U-bed c o n t r i b u t e s  d i r e c t l y  t o  t h e  l o s s  i n  h y d r a t i n g  

c a p a c i t y ,  and even tua l  replacement  i s  i n d i c a t e d  e 



3.2 VACUUM PUMP PROBLEMS 

A rotary-vane, oil-sealed vacuum pump of 0.9 scfm (25 L/min) 

capacity currently is in use at Building 3033. It is plagued by tritium 

oil contamination and degradation. Inevitable tritium losses can quickly 

contaminate the pump oil and lead to oil breakdown. Frequent changing 

of pump oil contributes contamination to the overall hood area, which 

leads to higher personnel radiation body burdens as well as possible 

tritium losses to the stack. Furthermore, the oil is a contaminated 

liquid waste . 
3.3 WORKER RADIATION EXPOSURE 

Typical body burdens from tritium at LLNL and Mound laboratories 

have been assessed at levels less than 10 mrem (0.1 mSv)/year. These 

laboratories conduct much of their work in glove boxes and on occasion 

with special equipment, such as a remotely operated vacuum pump oil 

changing apparatus. Oak Ridge National Laboratory has periodically had 

difficulties with elevated tritium urine levels i n  technicians and 

craftsmen, especially after vacuum pump oil changes performed in the 

facility hoods. Judging from experience at other laboratories, the tri- 

tium exposure received during oil changes can be reduced to levels below 

detectability. This could probably be accomplished by taking greater 

precautions such as using tritium impermeable clothing and gloves and 

by reducing background hood contamination levels. New tritium manage- 

ment procedures are being instituted to reduce these exposures. 
. .  

4 .  TYPICAL TRITIUM STACK GAS REMOVAL SYSTEMS 

Elemental tritium, once mixed with an oxygen atmosphere or in small 

concentrations in inert atmospheres, can be quantitatively removed with 

available technology by catalytic oxidation of the tritium to T20 and 

sorption of the T20 on molecular sieves. * There are minor variations in 

this general scheme which is in use or under construction i n  processes 

of varied scale in virtually every tritium handling facility in the 
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United S t a t e s .  Hence, a f a i r l y  in-depth d e s c r i p t i o n  of i t  w i l l  be -de. 

The t e r m  e f f l u e n t  removal system ( E K S )  w i l l  be used t o  d e s c r l b e  the 

g e n e r i c  p rocess  of c a t a l y t i c  o x i d a t i o n  of t r i t i u m  fol lowed by molecular  

s i e v e  s o r p t i o n  of t h e  r e s u l t i n g  T20. A g e n e r a l  p rocess  scheme i s  pro- 

vided i n  Fig. 5. However, a c t u a l  systems may c o n t a i n  fewer o r  s l i g h t l y  

more s t e p s .  

4.1 GENERAL PROCESS DESCRIPTION 

The f e e d  gas  c o n t a i n i n g  t r i t i u m  and o t h e r  gases  from p r o c e s s i n g  

o p e r a t i o n s  is s t o r e d  i n  ho ld ing  t anks  u n t i l  a s p e c i f i e d  p r e s s u r e  is 

reached;  t h e n ,  o p e r a t i o n  of the ERS is a u t o m a t i c a l l y  s t a r t e d .  A t y p i -  

cal ERS o p e r a t i o n  begins  by pumping t h e  gas  from t h e  p rocess  vacuum pump 

d i s c h a r g e  through a f l l t e r  t o  remove o r g a n i c s  which p o s s i b l y  ar ise  from 

t h e  o i l  s e a l e d  r o t a r y  vacuum pumps. The gas then passes through an i.on 

chamber t o  assess i t s  t r i t i u m  c o n c e n t r a t i o n  and i s  s t o r e d  i n  s u r g e  t anks  

u n t i l  a p r e s s u r e  of 650 mm Hg (86.6 kPa) i s  reached. Next, t h e  gas  i s  

p rehea ted  t o  -540°C and charged t o  the r e a c t o r  which i s  u s u a l l y  main- 

t a i n e d  a t  t e n p e r a t u r e  at a l l  t i m e s  and has  a r e s idence  t i m e  of -2 s .  

The gas e f f l u e n t ,  TzO, i s  next  f e d  t o  z e o l i t e  molecular  s i e v e s  ( t y p i -  

c a l l y )  which have s t r o n g  a f f i n i t y  f o r  T20. The gaseous e f f l u e n t s  from 

the molecular  s i e v e s  are s e n t  t o  r e c y c l e  o r  s t acked  depending on t h e i r  

t r i t i u m  compos i t  ion .  

There are many s m a l l  v a r i a t i o n s  i n  the ERS ' s  among t h e  l a b o r a t o r i e s  

s t u d i e d ,  but  t h e  most s i g n i f i c a n t  v a r l a t i o n s  are i n  t h e  type  of c a t a l y s t .  

Pal ladium (Pd) and plat inum (Pt) c a t a l y s t s  of p r o p r i e t a r y  composi t ion,  

s u p p l i e d  by Englehard Company, are popular  c a t a l y s t s  acco rd ing  t o  most 

r e c e n t  r e p o r t s .  Hopca l i t e ,  composed of CuO and MnO2, a l s o  conve r t s  

tr-ttturn t o  T20 at  a somewhat lower temperature  than  t h e  p r e c i o u s  metal 

c a t a l y s t s ;  and i t  can f u n c t i o n  wi thou t  a cont inuous oxygen supply if 

p e r i o d i c  r e g e n e r a t i o n  i s  performed. Pure p l a t tnum c a t a l y s t s  are a l s o  

i n  use.  

more e f f e c t i v e ,  per  u n i t  s u r f  ace area,  a t  ambient temperature  o p e r a t i o n .  

This  may be useful  i n  gas monitor ing equipment. Savannah River 

Laboratory (SRL) r e p o r t s  have i n d i c a t e d  t h a t  Pt-Pd c a t a l y t i c  r e a c t o r s  

A 1979 Livermore r e p o r t 9  s u g g e s t s  that t h e  pure P t  c a t a l y s t  i s  
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downstream from Hopca l i t e  r e a c t o r s  are e a s i l y  poisoned,  Most t r t t i u m  

f a c i l i t i e s ,  with t h e  excep t ion  of Mound, no longe r  use  t h e  p rec ious  

metal c a t a l y s t s  i n  series wi th  Hopcal i te  c a t a l y s t s .  

Though c e r t a i n  problems have been encountered du r ing  t h e  e a r l y  

i n s t a l l a t i o n  of t h e  e f f  l u e n t  removal sys tems,  t h e  technology i s  now very  

w e l l  proven and r e l i a b l e .  One ERS has been i n  o p e r a t i o n  f o r  over  twenty 

yea r s  w i th  minor d i f  f i c u l  t i e s .  [ SNI, had problems (now c o r r e c t e d )  w i th  

copper tub ing  du r ing  t h e i r  e a r l y  ERS o p e r a t i o n s ,  and i t  has  been on-l ine 

n e a r l y  cont inuous ly  s i n c e  1977.1 l o  The most s i g n i f i c a n t  d i f f i c u l t i e s  

have been purilp f a i l u r e s  and a i r  in- leakage t o  t h e i r  ERS. The latest 

systems are g e n e r a l l y  computerized and can f u n c t i o n  l a r g e l y  automati-  

c a l l y .  

However, minor d i f f e r e n c e s  e x i s t  among t h e  f a c i l i t  Les which handle  

t r i t i u m .  E f f l u e n t  removal. systems are i n  c o n s t r u c t i o n ,  des ign ,  o r  i n  

p l a c e  a t  most of t h e  fo l lowing  t r i t i u m  f a c i l i t i e s :  Lawrence Livermore 

Na t iona l  Laboratory (LLNL), Sandia Nat iona l  L a b o r a t o r i e s ,  Livermore 

(SNL) Mound Research Corpora t ion  (MRC o r  Mound), Los Alamos Na t iona l  

Laboratory (LANL), General  Electric Neutron Devices P i n e l l a s  P l a n t  

( P i n e l l a s ) ,  Brookhaven Nat iona l  Laboratory (BNL), KMS Fus ion ,  and 

Savannah River P l a n t  (SRP) and Laboratory (SRL). 

LLNL has an ERS under c o n s t r u c t i o n  t o  f u r t h e r  reduce t h e i r  rela- 

t i v e l y  s m a l l  t r i t i u m  e f f l u e n t s ,  p r e s e n t l y  1000 Ci /yea r .  Only ORNL and 

t h e  Nevada Test S i t e  have no e f f l u e n t  removal system. These ERS systems 

are a v a i l a b l e  i n  widely vary ing  s i z e s  from a n a l y t f c a l  t o  product ion  

scale.  A t  SNL, two systems are i n  use.  One is  des igned  €or vacuum pump 

e f f l u e n t s  and ano the r  f o r  glove box or  hood exhaus t s .  The small-scale 

pump system has  less redundancy and f e a t u r e s  su rge  t anks  t o  hold  exhaus t  

u n t i l  a q u a n t i t y  s u f f i c i e n t  t o  s tar t  t h e  c a t a l y t i c  r e a c t o r  i s  c o l l e c t e d .  

The l a r g e r - s c a l e  ERS at Sandia  w a s  designed and b u i l t  by Englehard 

I n d u s t r i e s  Systems kpar tmcnt . ,  Union, New Je r sey .  It con ta ins  one 

c a t a l y t i c  r e a c t o r  wi th  an Englehard c a t a l y s t  be l i eved  t o  be Pt-Pd based. 

Its c a p a c i t y  i s  340 m3 per  hour  wi th  a decontaminat ion f a c t o r  of 1OOO:l 

per  p a s s ,  i n  t h e  ranges of most feed  c o n c e n t r a t i o n s  of t r i t i u m ,  The 

o r i g i n a l  copper p ip ing  developed l e a k s  a t  many welds and an  a l t e r n a t i v e  
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s t a i n l e s s  steel c o n s t r u c t i o n  i s  recommended. Modif ica t ions  were added 

t o  t h e  system (from expe r i ence )  t o  minimize t h e  volume of t h e  s y s t e m  

which was exposed t o  personnel  du r ing  maintenance. 

The molecular  s i e v e  d r i e r s  can be regenera ted  remotely.  The T2Q 

i s  d r i v e n  from t h e  molecular  s i e v e s  t o  a c l a y - l i k e  so rben t  i n  a sh ipp ing  

c o n t a i n e r  which can be s e n t  t o  t r i t i u m  recovery or b u r i a l  depending on  

t r i t i u m  concen t r a t ion .  The c a t a l y s t  i s  rep laced  very i n f r e q u e n t l y  and,  

i f  p rope r ly  handled,  should not  r e q u i r e  r egene ra t ion .  The g love  box 

e f f l u e n t  recovery  s y s t e m  i s  a m i l l i o n  d o l l a r  system because of its l a r g e  

s i ze .12  The g love  box, secondary containment system of SNL, is an inno- 

v a t i o n  i n  t r i t i u m  handl ing  which, along wi th  t h e i r  glovebox p u r i f i c a t i o n  

system ( g p s ) ,  mainta ins  very good c o n t r o l  of t r i t i u m  personnel  exposure 

and s t a c k  e f f l u e n t s .  

4 . 1 . 1  Mound Research Corporat ion (MRC),  Miamisburg, Ohio 

The t r i t i u m  process  f a c i l i t y  a t  Mound handles  very l a r g e  i n v e n t o r i e s  

and is equipped wi th  a very s o p h i s t i c a t e d  e f f l u e n t  removal system. It 

f e a t u r e s  two c a t a l y t i c  r e a c t o r s  i n  series, one equipped wi th  "Hopcal i te"  

t o  o x i d i z e  t r i t i u m  and a second equipped wi th  Pd-Pt designed t o  o x i d i z e  

t r i t i a t e d  hydrocarbons.  Since t h e  system o p e r a t e s  con t inuous ly  and 

o c c a s i o n a l l y  t h e  02 c o n c e n t r a t i o n  i n  t h e  feed  gas  becomes inadequate  

for t h e  Pt-Pd r e a c t o r  t o  f u n c t i o n ,  t h e  oxygen provid ing  a b i l i t y  of t h e  

Hopca l i t e  r e a c t o r  is used. Thei r  ERS f e a t u r e s  an e l a b o r a t e  gas i n l e t  

f i l t e r i n g  scheme which coo l s  t h e  gas t o  +30°P ( - 1 . l O C )  t o  remove H2Q 

and condensable hydrocarbons i n  a d d i t i o n  t o  t h e  convent iona l  mechanical 

f i l t e r .  Also, t h e  gas passes  through a molecular  s i e v e  d r i e r  bed p r i o r  

t o  e n t e r i n g  t h e  r e a c t o r  t o  remove minute traces of water. l 3  The sorbed 

t r i t i a t e d  water i s  shipped i n  s p e c i a l  drums t o  t h e  Nevada T e s t  S i t e  f o r  

b u r i a l .  A f a c i l i t y  designed t o  recover  t r i t i u m  gas by cryogenic  d i s -  

t i l l a t i o n  from t h e s e  wastewaters  i s  c u r r e n t l y  coming on-l ine a t  Mound. 

4.1.2 General Electric Company, Neutron Devices Department ( P i n e l l a s  
P l a n t ) ,  St. Pe te r sburg ,  F l o r i d a  

The P i n e l l a s  P l a n t ,  which i s  be l ieved  t o  handle  t r i t i u m  i n v e n t o r i e s  

similar i n  q u a n t i t y  t o  those  of ORNL, has t h e  o l d e s t  ERS i n  t h e  n a t i o n ,  
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now i n  t h e  process  of renewal and upgrading. The new system w i l l  

f e a t u r e  computer microprocessor  process  c o n t r o l l e r s  l a r g e r  molecular  

s i e v e  columns t o  s o r b  t h e  T20, and l a r g e r  feed  gas  ho ld ing  tanks .  

The i r  o b j e c t i v e  i s  t h e  reduct i -on of t h e  p r e s e n t  1000 Ci /year  l o s s  t o  

much lower l e v e l s  by b e t t e r  process  c o n t r o l .  The system s t i l l  f e a t u r e s  

Hopca l i t e  c a t a l y s t s  very  s imilar  t o  t h e  1960 v e r s i o n .  

r a t e d  molecular  sieve beds are not  regenera ted  but  are bur i ed  i n  

s t a i n l e s s  s teel  c o n t a i n e r s  .) 

(The T20 sa tu -  

4.1.3 Lawrence Livermore Nat iona l  Laboratory (LLNL) 
-lll_ 

LLNL has an EKS under c o n s t r u c t i o n  p a t t e r n e d  a f t e r  t h a t  of Mound 

Labora tory ,  but  t h e i r  i nven to ry  and c a p a c i t y  is c l a s s i f i e d .  Much of 

t h e i r  work i s  performed i n  very  t i g h t  g love  boxes i n  i n e r t  argon atmos- 

phe res ,  which i s  p u r i f i e d  by very-small-scale  Pt-Pd c a t a l y s t  o x i d a t i o n  

and molecular  s i e v e  s o r p t i o n  s-lmilar t o  t h e  l a r g e r - s c a l e  EKS, Also 

a v a i l a b l e ,  and OF p o s s i b l e  i n t e r e s t  t o  ORNL, i s  t h e i r  p o r t a b l e  "c ra sh  

cart" designed t o  recover  t r i t i u m  (us ing  t h e  conven t iona l  Pt-Pd r e a c t o r  

molecular  s i e v e  s o r p t i o n  technique  ) from c losed  conta ined  sys tems,  where 

t h e  only  a l t e r n a t i v e  would be t o  release t h e  t r i t i u m  t o  t h e  s t a c k .  

FunctZoning i n  ha tch  mode, i t  can handle  5 cfm (142 L/min) f l o w  rates 

and a maximum of 1 kg T 2 0  i n  i t s  molecular  s i e v e s ,  so  i t s  c a p a c i t y  i s  

s u b s t a n t i a l .  I t s  c o s t  w i th  i n s t r u m e n t a t i o n  i s  around $17,000. Thei r  

wastes, l i k e  those  of Mound, are shipped t o  t h e  Nevada T e s t  S i t e  f o r  

b u r i a l .  It was designed as an I n t e r i m  s o l u t l o n  t o  Livesmore's e f f l u e n t  

d i f f i c u l t i e s  and has  performed w e l l  f o r  over  a year  and w i l l  con t inue  i n  

o p e r a t i o n  a t  least  u n t i l  t h e i r  l a r g e - s c a l e  e f f l u e n t  recovery  system i s  

f u l l y  o p e r a t i o n a l .  

4 e 1.4 Los Alamos Na t iona l  Laboratory (L,ANX,) 

The LANL has two f a c i l i t i e s  which handle t r i t i u m  i n  l a r g e  quan t i -  

ties. It a l s o  has  two s e p a r a t e  t r i t i u m  gas recovery systems:  ( 1 )  a 

t r i t i u m  w a s t e  t rea tment  (TWT) and ( 2 )  an  emergency t r i t i u m  clean-up 

(ETC) system, o p e r a t i n g  i n  cont inuous and ba tch  mode, r e s p e c t i v e l y .  

The TWT w a s  b u i l t  by Englehard Company and handles  25 L / s  ( t o t a l  gas 

f low) a t  s t anda rd  tempera ture  and p r e s s u r e ;  t he  ETC system hand les  
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2,460 L / s  ( t o t a l  gas  f low)  and can handle  a maximum load ing  of -1 MCi  

t r i t i u m  release. L i t t l e  i n  novel  technology,  no t  a l r e a d y  d i s c u s s e d ,  

however, i s  i n  t h e s e  processes .  

4.1.5 KMS Fusion. Ann Arbor. Michigan 

KMS Fusion,  Inc. ,  a small-scale u s e r  of t r i t i u m  (6000 C i l y e a r )  w i th  

100 Ci/year  l o s s e s ,  uses  the  Englehard ERS process .  Thei r  small-scale 

"gas p u r i f i e r "  as i t  i s  c a l l e d ,  was  inexpens ive  ($7200). The 'T20 

c o l l e c t e d  on t h e  z e o l i t e  i s  desorbed onto D r i e r i t e ,  CaS04, and shipped 

t o  Richland ,  Washington f o r  b u r i a l .  The major i n t e r e s t  h e r e  i s  i n  t h e  

ev iden t  lower c o s t  of t h e  ERS wi th  reduced s c a l e  t h a t  t h e i r  system 

demonst ra tes .  The i r  scale is  probably too  s m a l l ,  however, f o r  ORNL 

e f f l u e n t  management. 

4.1.6 Savannah River  P lan t  (SRP) 

SRP has i n  o p e r a t i o n  s t a c k  gas t r i t i u m  removal equipment,  and an 

improved l a r g e r - s c a l e  process  i s  c u r r e n t l y  i n  des ign  based on Mound, 

LANL, and SNL exper ience .  It has a 100 s c f m  (2,830 L/m) capac f ty  and 

a 1-s r e s idence  t L m e  i n  t h e  r e a c t o r .  Smaller  v a r i a t i o n s  I(15 scfm) 

425 L/m] of t h e  same o v e r a l l  p rocess  have been i n  o p e r a t i o n  25 yea r s .  

One very i n t e r e s t i n g ,  unique,  a spec t  t o  t h e  SRP process  is t h e i r  use  of 

v a r i o u s  uranium metal beds t o  s o r b  t h e  T20 genera ted  by t h e  Englehard 

c a t a l y s t  r a t h e r  than  t h e  more common z e o l i t e  molecular  s i e v e s .  Depleted 

238U is a v a i l a b l e  i n  q u a n t i t y ,  and i t  reacts r a p i d l y  t o  produce 110, and 

UT3. The t r i t i u m  contaminated uranium i s  b u r i e d ,  and a t  no t i m e  is t h e r e  

d i r e c t  handl ing  of T20. The i r  exper ience  has  been t h a t  dur ing  mainte- 

nance of t he  s y s t e m ,  l i n e  breaks  i n  p i p e s  con ta in ing  T 2 0  pose s e r i o u s  

exposure r i s k s  t o  personnel .  (SRP has s p e c i f i c a l l y  designed t h e i r  pro- 

cess t o  minimize t h e  r i s k s  from such breaks . )  The i r  new f a c i l - l t y  i s  

s l a t e d  t o  have only metallic gaske t s  t o  avoid t r i t i u m  degrada t ion  of 

e l a s t o m e r i c  gaske t s  and t h e  r e s u l t i n g  contaminated waste products .  

4.1.7 Onta r io  Hydro 

Ontar io  HydroI4 has  d i f f e r e n t  problems f rou  those  p rev ious ly  

d e s c r i b e d ,  w i th  i-ts heavy-water-moderated nuc lea r  r e a c t o r  s t a t i o n s ;  



however, they have an  a i r  c l ean ing  system similar t o  t h e  ERS. It is  

designed t o  recover  t r i t i u m  from releases t o  room a i r  a t  f low rates of 

1000 s c f m  (28,300 L / n )  w i th  99.9% removal of a i r b o r n e  t r i t i u m  per  p a s s .  

They a l s o  have a smaller glove box clean-up system which treats t r i t i u m  

escap ing  from process  p ip ing  i n t o  an  i n e r t  Argon g love  box atmosphere-  

Both systems were designed by Koch Process  Systems of Westborough, 

Massachuset ts .  One f e a t u r e ,  which d i f f e r s  from t h e  typ ica l .  United 

States sys tems,  is t h e i r  use of deminera l ized  l i g h t  water swamping t o  

t h e  molecular  s i e v e  d r i e r  ope ra t ion .  This  o p e r a t i o n  c o n s i s t s  of f eed ing  

l a r g e  q u a n t i t i e s  of l i g h t  water (H20) t o  t h e  s i e v e s .  It is  be l i eved  t o  

improve 

e x p e r l e n c e l 6  has  not  confirmed i t s  u t i l i t y  i n  such p rocesses ,  and i t  

r e s u l t s  i n  inc reased  waste volume. 

t h e  ef  f ic-iency of t h e  s o r b e n t s  ; however , SNLI5 and o t h e r  

4.1.8 Brookhaven Nat iona l  Laboratory (BNL) 

BNL, which hand les  r e l a t i v e l y  m a l l  q u a n t i t i e s  of t r i t i u m ,  has  i n  

p l a c e  a u n i t  u s ing  a ho t  CuO c a t a l y s t  t o  o x i d i z e  t h e  t r i t i u m  gas and 

c o l l e c t  t h e  T20 on a s i l i c a  g e l  d ry ing  agent .  The p r o c e s s ,  known as t h e  

P icker  Nuclear Instrument  Model 199 Tr i t i um Scrubber ,  i s  no longe r  com- 

m e r c i a l l y  a v a i l a b l e .  It t reats  vacuuui pump exhaust  gas  only .  

4.1.9 P r ince ton  Plasmic --.-.I-.-- Physics  (PPP) - Laboratory l 7  
_I- 

The PPP Laboratory is p repa r ing  t o  handle  t r i t i u m  i n v e n t o r i e s  t o  

50 kCi and plans  t o  use technoLogy from K.och Process  Systems t o  t rea t  

t r i t i u m  vac.rium e f f l u e n t s  much as Ontar io  Hydro has  done. This  des ign  

has  a l r e a d y  been d i scussed .  The wastes are s l a t e d  t o  be s e n t  t o  Hanford 

f o r  b u r i a l .  Thei r  containment i s  of t h e  fume hood v a r i e t y .  

5. DISCUSSION 

While t h e  t r i t i u m  s t a c k  e f f l u e n t s  at  OWL are h igh  i n  comparison t o  

o t h e r  DOE i n s t i t u t i o n s  , they  m e e t  KYA s t a n d a r d s ;  and t h e r e  e x i s t s  much 

a v a i l a b l e  technology t o  reduce them fmrt i icr ,  w i t h i n  t h e  costs which w i l l  

be provided and a l s o  wi th  some sav ings  of v a l u a b l e  t r i t i u m ,  p r e s e n t l y  

p r i c e d  at around $l.OO/Ci. To a very  l a r g e  e x t e n t ,  t h e  t r i t i u m  a i r b o r n e  
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l o s s e s  can be reduced by even more 

of t h e  f a c i l i t i e s ,  l 8  and e f f l u e n t s  

l a t i o n  of equipment p r e s e n t l y  used 

c o n s e r v a t i v e  o p e r a t i o n  and management 

may be f u r t h e r  reduced by t h e  i n s t a l -  

a t  LLNL, t h e i r  " c ra sh  car t ,"  a t  one 

o r  bo th  ORNL f a c i l i t i e s .  LLNL probably hand les  l a r g e r  t r i t i u m  inven- 

t o r i e s  t han  ORNL ( t h e i r  e x a c t  e x t e n t  is  c l a s s i f i e d ) ,  and t h e i r  p re sen t  

releases are around 1000 Ci /year  t o  t h e  atmosphere. A new, l a r g e - s c a l e  

($l,OOO,OOO) e f f l u e n t  recovery system t o  handle  hood exhaus t s  is under 

c o n s t r u c t i o n  t h e r e  t o  f u r t h e r  reduce t h e i r  p r e s e n t  emiss ions  which they 

cons ide r  u n s a t i s f a c t o r y .  l 9  

Technologica l  improvements a l s o  e x i s t ,  a t  c o s t s  which w i l l  be pro- 

v ided ,  t o  improve moni tor ing  and sampling of t r i t i u m  s t a c k  e f f l u e n t s ,  t o  

p e r m i t  vacuum pump o i l  changes wi th  reduced contaminat ion ,  and t o  even 

e l i m i n a t e  t h e  use of o i l - s e a l e d  vacuum pumps. The f i r s t  area which w i l l  

be d i scussed  is t h e  management and o p e r a t i o n  of t h e  t r i t i u m  f a c i l i t i e s ,  

s i n c e  i t  is  b e l i e v e d  t h a t  i n  t h i s  area t h e  g r e a t e s t  b e n e f i t s  a t  lowest 

c o s t s  may be made. 

One b a s i c  sou rce  of t r i t i u m  l o s s e s  i s  t h a t  which o c c u r s ,  as noted 

ear l ie r ,  due t o  incomple te  s o r p t i o n  of t r i t i u m  on t h e  U-beds, owing t o  

t h e  he l ium b l a n k e t i n g  e f f e c t .  Data should be ga the red  t o  more accu- 

r a t e l y  assess t h e s e  t r i t i u m  l o s s e s  which p r e s e n t l y  t r a v e l  th rough t h e  

vacuum pump t o  t h e  s t a c k .  This can be done by t a k i n g  samples  of t h e  

t r i t i um-he l ium o v e r p r e s s u r e  above t h e  U-beds a f t e r  r e c i r c u l a t i n g  t h e  

LP-50 c y l i n d e r  gas and then  s u b m i t t i n g  them t o  mass spectr0metri .c 

a n a l y s i s  f o r  t r i t i u m  c o n t e n t .  

T r i t i u m  l o s s e s  could a l s o  be reduced by modifying t h e  c u r r e n t  

o p e r a t i n g  procedure at Bui ld ing  3033 t o  i n c r e a s e  t h e  t i m e  provided t o  

s o r b  t r i t i u m  on t h e  U-beds. Typically, a few minutes are p rov ided ,  and 

t h i s  t i m e  may be lengthened  t o  0.5 h o r  mre t o  make cer ta in  t h a t  t h e  

t r i t i u m  i s  p r o p e r l y  sorbed.  The procedures  should make a d i s t i n c t i o n  

among c y l i n d e r s  f r o n  SRP which have been h e l d  at ORNL f o r  months from 

t h o s e  he ld  f o r  days p r i o r  t o  t h e i r  l oad ing  on t h e  U-beds. Bu i ld ing  3033 

expe r i ence  helium and t r i t i u m  o v e r p r e s s u r e s  of 10 t o  15 t o r r  (1.3 t o  2.0 

kPa ) ,  while P i n n e l a s e 0  r e p o r t s  ove rp res su res  as low as 2 t o  3 t o r r  (0.3 

t o  0.4 kPa) a f t e r  ove rn igh t  r e c i r c u l a t i o n  of t r i t i u m  over  t h e  U-beds. 

The i r  t r i t i u m  c y l i n d e r s  are a l s o  loaded on U-beds w i t h i n  one week of 



t h e i r  r e c e i p t  from SRP. Mass spectrums are r o u t i n e l y  performed on t h e  

2 t o  3 t o r r  (0.3 t o  0.4 kPa) over-gas which i s  then  s e n t  t o  t h e i r  

e f f l u e n t  removal system t o  s c r u b  any r e s i d u a l  t r i t i u m .  However, t h e  

metal bel lows gas c i r c u l a t i o n  pumps at  Bui ld ing  3033 may be inadequate  

t o  move gas a t  t h e s e  l o w  p r e s s u r e s ,  

J. DeVore of ORNL s ta tes  t h a t  t h e  reason  t h a t  SRP c y l i n d e r s  are 

h e l d  (soinstimes months) be fo re  U-bed load ing  is  t h a t ,  owing t o  d e l i v e r y  

problems, c y l i n d e r s  must be ordered  when a v a i l a b l e  and h e l d  t o  m e e t  

demands. The t r i t i u m  is  not  loaded on t h e  U-beds immediately upon 

r e c e i p t  because of a p re sen t  l a c k  of bed c a p a c i t y  and a d m i n i s t r a t i v e  

r e g u l a t i o n s ,  which are o u t s i d e  t h e  c o n t r o l  of ORNL, Although t h e  

s t o r a g e  of t r i t i u m  c y l i n d e r s  i s  not a major s a f e t y  concern,  t h e  con- 

sequences of a c y l i n d e r  r u p t u r e  could be a l a r g e  t r i t i u m  release t o  t h e  

atmosphere,  and thus  long-term c y l i n d e r  s t o r a g e  rnay not  be prudent .  The 

pena l ty  of t h e  p re sen t  long-term t r i - t i um c y l i n d e r  s t o r a g e  may be l a r g e r  

t han  t h e  unavoidable  releases of t r i t i u m  t o  t h e  atmosphere even wi th  

ex tended ,  o v e r n i g h t ,  U-bed c i r c u l a t i o n  o p e r a t i o n s .  However, t h e  more 

conse rva t ive  o p e r a t i o n  of t h e  TJ-beds, a c e n t e r p i e c e  t o  t h i s  p r e s e n t  

s tudy ,  can probably l a r g e l y  a l l e v i a t e  t h e  d i f f i c u l t i e s  of s t o r i n g  t h e  

h i g h l y  he lium-cont aminated t r i t  ium. Avai lab le  l i t e  ra t  lire on U-bed 

o p e r a t i o n s  is s p a r s e ;  however, Shmayda and Mayer2l provide  d a t a  which 

can g ive  an approximate idea  of t h e  n e a r l y  exponen t i a l  i n c r e a s e  i n  t h e  

d i f f i c u l t y  of load ing  n U-bed wl th  i n c r e a s i n g  l e v e l s  of hel ium contami- 

n a t i o n .  

l e v e l s  as low as 0.5% helium, a q u a n t i t y  which can ingrow i n  two weeks 

a f t e r  t h e  t r i t i u m  product ion  a t  SKP. A f t e r  r e c i r c u l a t i n g  t h e  gas over  

t h e  bed f o r  2 t o  3 11, t h e  remaining gas may s t i l l  c o n t a i n  as much as 10% 

t r i t i u m  accord ing  t o  h i s  da t a .  The s m a l l  amount of t r i t i u m  gas which 

remains a f t e r  s e v e r a l  hours  c i r c u l a t i o n  over  t h e  U-bed can then  be s e n t  

t o  an  ERS. 

Car l son22 r e p o r t s  t h a t  b l anke t ing  of IJ-beds is a problem a t  

5.1 URANIllM BED EXPERIENCE AT OTHER TARORATORIES 

Lamberger of Mound Laboratory r e p o r t s  2 3  t h a t  t h e i r  U-beds are never  

run  at  >80% of t h e i r  t h e o r e t i c a l  ( s t o i c h i o m e t r i c )  c a p a c i t y  f o r  t r i t i u m ,  
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t o  accommodate i n e v i t a b l e  l o s s e s  of t h e  bed c a p a c i t y  due t o  r e a c t i o n  

wi th  H20, NZ, and H2 i s o t o p e s  and t o  h a s t e n  t h e  s o r p t i o n  ope ra t ion .  

Usual ly ,  an hour o r  more i s  taken  t o  load  t h e  beds from t h e  SRP c y l i n -  

d e r s  which, u n l i k e  QRNL, are processed as soon as p o s s i b l e  a f t e r  t h e i r  

receipt  on - s i t e .  C i r c u l a t i o n  rates of 1 L/min are cons idered  adequate .  

A t  hel ium Contamination l e v e l s  of S%, t h e  rate of t r i t i u m  s o r p t i o n  i s  

ex t remely  slow, and a c ryogen ica l ly  cooled carbon t r a p  i s  used t o  par- 

t i a l l y  p u r i f y  t h e  he l ium-t r i t ium mixture .  

t h a t  95 t o  98% of the t r i t i u m  i n  a SRP LP-SO can be loaded i n  5 t o  10 

min; i t  is t h e  last remaining amount which i s  d i E f i c u l t  t o  s o r b ,  and 

t h a t  could be a source  f o r  t r i t i u m  l o s s  from QRNL f a c i l i t i e s .  

In g e n e r a l ,  C a r l s ~ n ~ ~  states 

Mound U-bed performance i s  enhanced by t h e  a d d i t i o n  of a b a l l a s t  

t ank  t o  t h e  t r i t ium-hel ium c i r c u l a t i o n  system. A similar system i s  

p r e s e n t l y  a v a i l a b l e  a t  Bui ld ing  3033 a t  OWL. Car lson  rejects t h e  p r in -  

c i p l e  of so rb ing  helium-contaminated t r i t i u m  on a U-bed wi thout  c i r c u -  

l a t i n g  t h e  gas .  "Af te r  t e n  days ,  0.3% of t h e  gas  mixture  i s  hel ium, y e t  

th is  seemingly i n s i g n i f i c a n t  amount r e s u l t s  i n  an almost unsurmountable 

( s i c )  problem i n  s ta t ic  p u r i f i c a t i o n  s y s t e m s .  The re fo re ,  a dynamic 

system is He adds t h a t ,  i n  a d d i t i o n  t o  t h e  U- o r  Pd-bed, 

a b a l l a s t  v e s s e l  and o i l l e s s  pump are necessary ,  Bui ld ing  3033 has 

t h e s e  f e a t u r e s .  It is f r e q u e n t l y  necessa ry  t o  add a d d i t i o n a l  hel ium o r  

o t h e r  I n e r t  carrier gas t o  t h e  r e c i r c u l a t i n g  hel ium and t r l t i u m  con- 

t a i n i n g  gas when t h e  t o t a l  gas p res su re  Ealls below 50 t o r r  ( 6 . 7  kPa) ,  

because then  t h e  metal bellows pumps t y p i c a l l y  begin  t o  f a i l  t o  ope ra t e .  

The Normetex pump (desc r ibed  i n  Sec t .  5.2.1) does not  s u f f e r  from t h i s  

problem. 

Problems can arise i n  t h e  t r a n s f e r  of t r i t i u m  from one U-trap t o  

ano the r  a f t e r  a p o r t i o n  of t h e  i n t e r s t i t i a l  t r i t i u m  has decayed t o  

helium. I n  t h e  l a t t e r  e v e n t ,  t h e  helium conta ined  i n  t h e  U-bed l a t t i c e  

w i l l  be r e l e a s e d  a long  wi th  t h e  t r i t i u m  when t h e  bed i s  hea ted .  The 

hel ium w i l l  come off f i r s t ,  and i t  is  p o s s i b l e  t o  p u r i f y  i t  from t h e  

t r i t i u m  aga in  by a s u i t a b l e  o p e r a t i n g  procedure.  However, i f  p u r i f i c a -  

t i o n  i s  not  done, then  t h e  r e s u l t i n g  hel ium contaminat ion  can i n t e r f e r e  
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wi th  t h e  s o r p t i o n  of t h e  r e l e a s e d  t r i t i u m  on to  a second U-bed. This  

i n fo rma t ion  sugges t s  t h a t  p e r i o d i c  r e g e n e r a t i o n  of t h e  U-beds t o  d r i v e  

of f  hel ium may be needed. 

Car l son  noted t h a t ,  a f t e r  a U-bed has had repea ted  thorium-helium 

exposure ,  hel ium w i l l  seem t o  s lowly  evolve  from t h e  TJ-bed at room 

temperature .  A new bed does not  show t h i s  behavior .  He asserts t h a t  

t h e  Mound expe r i ence  i s  t h a t  U-bed s o r p t i o n  of t r i t i u m  i s  opt imized by 

coo l ing  t h e  bed du r ing  t h e  process .  The t r i t i u m  s o r p t i o n  r e a c t l o n  

( r e a c t i o n  1, desc r ibed  i n  Sec t .  3.1) i s  h igh ly  exothermic ,  and an equ i -  

l i b r iun l  tempera ture  can be reached a t  400°C and 1 atmosphere (0.1 MPa) 

p re s su re .  A s  a p r a c t i c a l  matter, t h a t  t empera ture  is u s u a l l y  not 

approached; however, coo l ing  t h e  U-bed wi th  i n e r t  gas  ( p r e s e n t l y  a v a i l -  

a b l e )  i s  a s imple  and useful. t echnique  t o  promote t r i t i u m  s o r p t i o n  and 

i s  recommended f o r  3033 and 7025 U-bed ope ra t ions .  The p e r i o d i c  t e s t i n g  

of t h e  U-beds f o r  the hel ium s a t u r a t i o n  problem i s  also recommended, 

When s a t u r a t i o n  i s  reached ,  t h e  hel ium may be d r i v e n  o f €  and U-bed per-  

formance renewed by a h igh  tempera ture  h e a t i n g  o r  by bed replacement .  

An i s s u e  not  i n v e s t i g a t e d  i n  t h i s  r e p o r t  is t h e  U-bed i n t e r n a l  des ign  

op t imiza t ion .  

5.2 N E W  TECHNOLOGY 

With t h e  i n t r o d u e t l o n  of modest amounts of newer technology,  

undoubtedly f u r t h e r  improvement i n  the t r i t i u m  hand l ing  performance 

i s  q u i t e  l i k e l y .  Useful  technology e x i s t s ,  such as o i l l e s s  vacuum and 

vacuum t r a n s f e r  pumps and as ilnprovements t o  t h e  p re sen t  r o t a r y  o i l -  

s e a l e d  vacuum pumps. More e x o t i c  and expensive techniques  e x i s t  t o  

f u r t h e r  t r a p  t r i t i u m  e f f l u e n t s  i n  a d d i t i o n  t o  t h e  aforementloned ERS. 

Developmental a l t e r n a t i v e s  t o  t h e  convent iona l  U-bed w i l l  be d i scussed .  

A b r i e f  d i s c u s s i o n  of s t a c k  gas moni tor ing  techniques  a t  o t h e r  l abora -  

t o r i e s  w i l l  be g iven .  

A combinat ion of o i l l e s s  vacuum pumps capable  of evacua t ing  cham- 

b e r s  t o  1 pin Hg (0.1 Pa) are i n  use i n  many t r i t i u m  hand l ing  l a b o r a t o r i e s  
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i n  t h e  United States and abroad. The Normetex s c r o l l  pump t n  series 

wi th  two s t a g e s  of metal-bellows punps can achieve  an  a b s o l u t e  p re s su re  

of 0.1 t o  5 Pa (0.75 t o  37 pm Hg), which compares f avorab ly  wi th  t h e  

c a p a b i l i t i e s  of t he  c u r r e n t l y  used o i l - s e a l e d ,  s i n g l e - s t a g e ,  rotary-vane 

vacuum pumps, whose u l t i m a t e  vacuum is  u s u a l l y  around 5 

A t y p i c a l  pumping arrangement i s  shown i n  F ig .  6 , 2 7  and pumping speeds 

of 4 L / s  are a t t a i n e d .  These pumps and c o n f i g u r a t i o n s  have been used 

f o r  over  7 yea r s  a t  SRP, LLNL, and ORGDP wi th  a very  r e l i a b l e  s e r v i c e  

r eco rd .  Thei r  i n s t a l l a t i o n  a t  ORNL could provide s e v e r a l  d i f f e r e n t  

b e n e f i t s .  They could f u n c t i o n  as low p r e s s u r e  gas t r a n s f e r  pumps t o  

r e t u r n  very s m a l l  amounts of t r i t i u m  (which are c u r r e n t l y  s e n t  t o  t h e  

s t a c k )  from f l e x i b l e  hoses ,  p i g t a i l s ,  and l i n e  holdup t o  t h e  SRP LP-50 

c y l i n d e r s  f o r  r e t u r n  t o  SRP. SRP has  i n d i c a t e d  that  th i s  is a c c e p t a b l e ,  

provided no o t h e r  contaminants  such as hydrocarbon o i l s ,  oxygen, o r  

n i t r o g e n  are p r e s e n t .  These pumps may a l s o  permit recovery  of t h e  

t r i t i u u  heels i n  c y l i n d e r s  which are re tu rned  t o  ORNL from i n d u s t r f a l  

customers  and p r e s e n t l y  are s e n t  d i r e c t l y  t o  the  3039 Stack.  Impor- 

t a n t l y ,  t h e i r  use would e l i m i n a t e  t h e  o i l - s e a l e d ,  rotary-vane pumps and 

their  concomitant o i l  contaminat ion ,  d i s p o s a l  problems, and personnel  

exposure r i s k s .  Thei r  use  would a l s o  p e r m i t  r e c i r c u l a t i o n  of t r i t i u m -  

contaminated hel tum a t  very low p r e s s u r e s  past  t h e  IJ-beds t o  remove 

t r i t i u m  t o  the f u l l e s t  e x t e n t  p o s s i b l e .  The c u r r e n t l y  used metal- 

bel lows pumps are q u i t e  l i m i t e d  i n  t h i s  respect. Other l a b s  around t h e  

coun t ry ,  as p a r t  of t h e i r  renewal and upgrading of t r i t i u m  handl ing  

o p e r a t i o n s ,  are moving t o  e l i m i n a t e  the o i l - s e a l e d ,  rotary-vane pumps as 

much as p o s s i b l e .  In t h e  p a s t ,  u r i n a l y s e s  a t  ORNL have i n d i c a t e d  t r i t i u m  

l e v e l s  of 883 kBq/L in one unusual  i n c i d e n t z 8  wi th  t h e  worst  contamina- 

t i o n  coming a f t e r  pump o i l  changes.  Procedures  a v a i l a b l e  t o  reduce the 

d i f f i c u l t y  o f ,  and exposure from, pump o i l  changes w i l l  be d i scussed  i n  

t h e  next  s e c t i o n .  S c r o l l  pumps have been used a t  t h e  ORGDP f o r  UF6 and 

HF s e r v i c e ,  and are p r e s e n t l y  be ing  t e s t e d  by t h e  Fusion Energy Div is ion  

of ORNL. VJnfortunately, t h e i r  c o s t  is q u i t e  s u b s t a n t i a l .  The smallest 

v e r s i o n ,  t he  PV-12, €s approximately $15,000 FOB sh ipp ing  po in t .  The 

metal-bellows ( a l s o  o i l l e s s )  backing pumps are -$13,000 each and two are 

Hg (0.7 Pa) .26 
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r equ i r ed .  A l l  pumps are compact, however, and t h e  t o t a l  c o s t  of t h e  

pumps would be $41,000 f o r  each f a c i l i t y  wi thout  i n s t a l l a t i o n  and engi -  

nee r ing  c o s t s .  

Another vacuum pump which merits a t t e n t i o n  i n  t h i s  r e p o r t  is t h e  

Nova Magnet ics ,  magne t i ca l ly  coupled,  rotary-vane pump. It uses a 

polyphenyl -e ther  o i l  of very l o w  vapor p r e s s u r e  which Fs claimed t o  be 

t r i t i u m  compatible .  The o i l  is s e a l e d  by l a b y r i n t h  t r a p s  and r e c i r c u -  

l a t e d .  The pump has  no s h a f t  seal ,  being magne t i ca l ly  coupled,  and 

should e l i m i n a t e  t h a t  p a r t i c u l a r  t r i t i u m  leakage  problem. This  pump is  

ve ry  v e r s a t i l e  and can a t t a i n ,  l i k e  o t h e r  rotary-vane pumps, h igh  vacuum 

and h igh  d i scha rge  p res su res  a t  high throughput  i n  a s i n g l e  s t a g e .  It 

i s  popular  a t  the Mound Laboratory where i t  w a s  designed.  However, i t  

is not  widely used a t  o t h e r  t r i t i u m  handl ing  l a b o r a t o r i e s  and has  a 

less-well-known commercial h i s t o r y .  It c o s t s  $23,000 Canadian, which 

is  equ iva len t  t o  $17,500 U.S. a t  l a t e  1987 exchange rates. It would 

achieve  an improved t r i t i u m  handl-Lng c a p a c i t y  at  a c o s t  s u b s t a n t i a l l y  

less than  t h e  scroll-pump system; however, p e r i o d i c ,  though p o s s i b l y  

less f r equen t  than  now, o i l  changes would s t i l l  be r equ i r ed .  R u t ,  a 

d i f f i c u l t y  may w e l l  e x i s t  wi th  the  Levels of o i l  contaminat ion  i t  would 

produce i n  t h e  p u r i f i e d  t r i t i u m  product .  It may be p o s s i b l e  t o  overcome 

t h i s  d i f f i c u l t y  wi th  proper  f i l t r a t i o n ,  bu t  a development e f f o r t  w i l l  he 

needed. 

5.2.2 Suggest ions f o r  Improvement of Rotary-Vane Vacuum Pump Operat ions 

Seve ra l  measures may be taken at  present  wi thout  t h e  a d d i t i o n  of 

c o s t l y  equipment t o  m i t i g a t e  c e r t a i n  vacuum pump problems. A s  i n d i c a t e d  

earlier,  t r i t i u m  can cause r a d i o l y t i c  deg rada t ion  of t h e  hydrocarbon 

pump o i l  n e c e s s i t a t i n g  i t s  f r equen t  replacement ,  depending on contamina- 

t i o n  l e v e l s .  Therefore ,  p e r i o d i c  purg ing  of t h e  vacuum pump wi th  an 

i n e r t  d ry  gas such as argon could prolong t h e  l i f e  of t h e  vacuum pump 

o i l .  Also, t h e  o i l  p r e s e n t s  d i s p o s a l  problems i n  a d d i t i o n  t o  t h e  

c u r r e n t  personnel  exposure and contaminated waste product ion .  The addi -  

t i o n  of a s i l i c a  gel o r  molecular  s i e v e  t r a p  i n  t h e  exhaus t  l i n e  of t h e  

vacuum pump could reduce t h e  T 2 0  l o s s e s  t o  t h e  s t a c k .  It has  a l s o  been 

sugges ted12 t h a t  i n - l i n e  t r i t i u m  g e t t e r s  des igned  by Ergenics  Technology 
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Corp. ,  Wyckoff New J e r s e y ,  c o n s i s t i n g  of nonrad ioac t ive  a l l o y s  such as 

LaNi5 o r  FeTi ,  might be u s e f u l  i n  reducing  t r i t i u m  'Posses t o  t h e  s t a c k .  

However, t h i s  technology,  whi le  a t t r a c t i v e ,  is s t i l l  i n  t h e  development 

s t a g e s .  Organic materials such as 1,4-diphenylbutadiyne i n  t h e  presence  

of a metal  c a t a l y s t  have been s t u d i e d  f o r  thei .r  g e t t e r i n g  of t r i t i u m  i n  

a n  oxygen atmosphere,  but  they  are not i n  t h e  commercial s t a g e s  of 

developinent .29 

O f  t h e  technology d i s c u s s e d ,  t h e  f i r s t  and s i m p l e s t  s t e p  i s  t h e  

p e r i o d i c  purging of t h e  vacuum pump o i l  t o  l eng then  i t s  u s e f u l  l i f e .  

The second is  t h e  a d d i t i o n  of chemical t r a p s  of s i l i c a  g e l  i n  t h e  

exhaus t  of t h e  c u r r e n t  pumps. 4s a t h i r d  s t e p ,  t h e  i n s t a l l a t i . o n  of 

t h e  o i l l e s s  vacuum pumps would he recommended. I f  t h e i r  c o s t  is pro- 

h i b i t i v e ,  t hen  t h e  Nova Magnetics pump is  a p o s s i b i l i t y  worthy OF 

f u r t h e r  e v a l u a t i o n .  O i l  changes need not be a s e r i o u s  problem as 

d i scussed  i n  t h e  next  s e c t i o n .  

5.2.3 O i l  Changes 

S ince  t h e  worst  personnel  exposure is a s s o c i a t e d  wi th  the vacuum 

pump oil changes and a l t e r n a t i v e  pumping technology i s  c o s t l y ,  t ech-  

nology has  been developed t o  deal w i th  o i l  changes.  LLNL has  designed 

a cart  wi th  c a r e f u l l y  s e a l e d  p ip ing ,  va lv ing  and connec t ions  t o  prevent  

l e a k s  which could obvious ly  have s e r i o u s  consequences.  The vacuum pump 

i s  modified t o  inc lude  va lves  and connec t ing  f i t t i n g s  on i t s  o i l  d r a i n  

and a d d i t i o n  l i n e s .  Separa te  hoses  from t h e  cart  are then  connected t o  

t h e  oil.  d r a i n  l i n e  and a d d i t i o n  l i n e s ,  and t h e  used o i l  i s  pumped t o  a 

drum on t h e  car t .  The l i n e s  are then  vacuum. pumped t o  t h e i r  ERS system, 

and f r e s h  o i l  i s  added t o  t h e  pump. The cart is c a r e f u l l y  designed t o  

prevent  c r o s s  contarninatton between t h e  o l d  and new o i l  s e c t i o n s .  A 

commercial v e r s i o n  of t h i s  cart is a v a i l a b l e ,  i.n s l i g h t l y  a l t e r e d  form, 

from M e t  ro-Line I n d u s t  rtes , Inc.  of Brea Cal i f o r n i a ,  f o r  $6000. It 

f e a t u r e s  a vaciium pump t o  remove t h e  l a s t  drops of o i l  reniaining i n  t h e  

f l e x i b l e  connector  w i th  t h e  o b j e c t i v e  of t h e  prevent ion  of human con tac t  

w i th  the  o i l .  Mound Laboratory has  also developed a v e r s i o n  of  t h i s  

equipment. 
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5.3 TRITIUM MONITORS 

The a c c u r a t e  monitor ing of t r i t i u m  in vacuum and s t a c k  gas e f f l u e n t s  

is  a d i f f i c u l t  problem and is c u r r e n t l y  being addressed  a t  ORNL. The 

fo l lowing  d i s c u s s i o n  provides  informat ion  on exper ience  a t  o t h e r  WE 

l a b o r a t o r i e s  and may be u s e f u l  t o  t h i s  c u r r e n t  program. Tr i t i um moni- 

t o r i n g  invo lves  measurement of gas f low rates i n  d u c t s ,  t h e  r ep resen ta -  

t i v e  sampling of duc t  gas ,  and t h e  d e t e c t i o n  of t r i t i u m  i n  t h e  sample. 

It i s  g e n e r a l l y  very impor tan t  t o  d i s t i n g u i s h  between e lementa l  t r i t i u m  

and T20 because of t h e  much g r e a t e r  hazards  of T20. Two t echniques  are 

i n  wide use  t o  monitor t r i t i u m  i n  a n a l y t i c a l  q u a n t i t i e s :  (1) i o n  cham- 

b e r s  which, i n  real  t i m e ,  measure t h e  t r i t i u m  c o n c e n t r a t i o n  by t h e  

e x t e n t  of gas  i o n i z a t i o n  which i s  produced by t h e  t r i t i u m  b e t a  decay,  

and ( 2 )  t h e  o x i d a t i o n  of t h e  t r i t i u m  t o  T20 fol lowed by s o r p t i o n  on 

some s o l i d  or l i q u i d ,  from which it is la ter  s t r i p p e d  ( i f  s o l i d )  o r  

s e n t  d i r e c t l y  t o  a b e t a  s c i n t i l l a t i o n  d e t e c t o r  f o r  count ing.  I n  most 

DOE l a b o r a t o r i e s ,  combinations of t h e  techniques  are used. The i o n i z a -  

t i o n  chambers, which come i n  a v a r i e t y  of des igns  and makes, are 

g e n e r a l l y  used f o r  more approximate measurements of s t a c k  a c t i v i t y  and 

f o r  t h e  l o c a t i o n  of t h e  sou rces  of l e a k s .  Alone, they  are not  g e n e r a l l y  

cons idered  s u f f i c i e n t l y  a c c u r a t e  t o  measure t r i t i u m  s t a c k  l o s s e s  and 

are used r a t h e r  t o  monitor major losses and as a c r o s s  check of o t h e r  

sampling techniques .  

The a c c u r a t e  d e t e c t i o n  of beta r a d i a t i o n  by means of i o n i z a t i o n  

chambers i s  d i f f i c u l t  f o r  s e v e r a l  reasons .  The d e t e c t i o n  chambers 

e a s i l y  become contaminated t o  such an e x t e n t  t h a t  d i f f e r e n t i a t i o n  

between incoming t r i t i u m  and t r i t i u m  o r  t r i t i um-con ta in ing  cornpounds 

a l r e a d y  p r e s e n t  i n  t h e  chamber becomes imposs ib le .  Even without  

t r i t i u m  contaminat ion ,  t h e  chambers must be compensated f o r  t h e  pres -  

ence of i o n i z a t i o n  which occurs  due t o  cosmic r a d i a t i o n  o r  r a d i a t i o n  

from o t h e r  r ad ionuc l ides .  

The Overhoff i o n i z a t i o n  chambers i n  Bui ld ing  3033 s u f f e r  from a l l  

of t h e  above problems, and t h e i r  d a t a  i s  u n r e l i a b l e .  The replacement of 

a contaminated element  does not  s o l v e  t h e  problem s i n c e  t h e  new element 

becomes contaminated qu ick ly .  In  1985, t h e  t r i t i u n  moni tor ,  owing t o  
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e l e c t r o n i c  problems showed such a h igh  background r a d i a t i o n  r ead ing  

t h a t  measurements of t r i t i u m  e f f l u e n t s  were meaningless .  Problems have 

a l s o  been exper ienced  wi th  mal func t ions  of t h e  v e l o c i t y  probe which i s ,  

of course ,  v i t a l  t o  a r e p r e s e n t a t i v e  gas  sampling. The d u a l  chamber 

Overhoff i o n  chamber of i lu i ld ing  7025 is  being r e e v a l u a t e d  as t o  i t s  

e f f e c t i v e n e s s ;  however, no d a t a  are y e t  a v a i l a b l e .  Simple s o l u t i o n s  

a r e  not a v a i l a b l e  t o  che t r i t i u m  s t a c k  gas  moni tor ing  d i f f i c u l t i e s  . 
Experiences at o t h e r  DOE l a b o r a t o r i e s  wil l  be d i scussed  f o r  t h e i r  

p o s s i b l e  re levance  t o  ORNL. LLNL has  found t h a t  a t r i t i u m  a i r  monitor 

manufactured by Berthold Nuclear Ins t rumen t s ,  Coraopol i s ,  Pennsylvania ,  

has  been very u s e f u l .  It employs p r o p o r t i o n a l  count ing  t echn iques ,  r i se  

t i m e  d i s c r i m i n a t i o n ,  microprocessor  e l e c t r o n i c s ,  and claims a s e n s i -  

t i v i t y  t o  0.5 nCi/m3. 

presence  of o t h e r  gaseous r ad ionuc l ides  such as 85Kr, 41Ar, 222b, and 

o t h e r s  and c o s t s  -$16,000. 

It claims e x c e l l e n t  t r i t i u m  s p e c i f i c i t y  i n  t h e  

R. J a l b e r t  of LANL a l s o  claims i n  a 1975 paper ,  30 t o  have devel-  

oped an i o n i z a t i o n  chamber a l s o  capable  of d i s t i n g u i s h i n g  t r i t i u m  from 

o t h e r  b e t a  emitters by t h e  use of a t h i n  w a l l  which is  opaque t o  t h e  

t r i t i u m  b e t a  energy (0.018 MeV). This a r t i c l e  a l s o  claims s p e c i f l c a l l y  

t h a t  t h e  des ign  can measure t r i t i u m  i n  t h e  presence  of 85Kr. 

a commercial v e r s i o n  of t h i s  ins t rument  is not y e t  a v a i l a b l e .  

However, 

5.4 EFFLUENT SAMPLING mcmxQuEs 

Two similar techniques  of s t a c k  gas  sampling which do not  employ 

i o n i z a t i o n  chambers are i n  use at  LLNL and Mound among o t h e r s .  The 

f i r s t  t echnique ,  i n  use a t  LLNL f o r  q u a n t i t a t i v e  assessment  of t r i t i u m  

s t a c k  e f f l u e n t s ,  uses  t h e  convent iona l  Pt-Pd c a t a l y t i c  process  t o  o x i -  

d i z e  t r i t i u m  t o  T 2 0 ,  so rbs  t h e  T20 on molecular  s i e v e s ,  and measures t h e  

gas  f low rate. The contaminated molecular  s i e v e s  are removed p e r i o d i -  

c a l l y ,  and t h e  T,O i s  q u a n t i t a t i v e l y  desorbed (wi th  some d i f f i c i i l t y )  

and monitored f o r  t r i t fu rn  con ten t  by l i q u i d  s c i n t i l l a t i o n .  The second 

method, c u r r e n t l y  i n  use  a t  Flomd,  i s  s imi la r  except  t h a t  it:  employs 

a s e r i e s  of e thy lene  g l y c o l  (CH20H)7-  bubbler  columns f i l l e d  wi th  

(CHZ~H)~. T!xy are a r r ayed  as shown i n  F ig .  7. The f i r s t  row of 
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(CHzOH)? columns w i l l  q u a n t i t a t i v e l y  absorb  any T20  i n  t h e  gas stream. 

The second row, downstream of a convent iona l  c a t a l y t i c  r e a c t o r  ( a s  used 

i n  t h e  ERS) which gene ra t e s  T 2 0 ,  w i l l  absorb  t h e  T 2 0  thus  genera ted .  

The (CH,OH)2 samples are changed q u i t e  f r e q u e n t l y  and a g a i n  monitored 

very  convenient ly  In l i q u i d  s c i n t i l l a t i o n  d e t e c t o r s ,  The re fo re ,  i t  is 

p o s s i b l e  t o  d i s t i n g u i s h  T 2 0  from t r i t i u m  i n  t h e  e f f l u e n t  stream q u i t e  

a c c u r a t e l y .  The LLNL procedure,  which uses  molecular  s i e v e  beds i n s t e a d  

of t he  (CH20H)2, may be more common ( l e s s  l i q u i d  handl ing  problems) ,  but 

i t  i s  g e n e r a l l y  more d i f f i c u l t  and t i m e  consuml-ng t o  q u a n t i t a t i v e l y  

remove t h e  T 2 0  from t h e  s o l i d  s o r b e n t s ,  e s p e c i a l l y  s i l i c a  gels.  

6 .  CONCLUSIONS AND DISCUSSION OF COSTS AND BENEFITS 

ORNL t r i t i u m  hand l ing  o p e r a t i o n s ,  Bui ld ings  3033 and 7025,  are 

d i f f i c u l t  t o  compare t o  o t h e r  DOE o p e r a t i o n s  (because of t h e  la t ter ' s  

c l a s s i f i e d  t r i t t u n  i n v e n t o r i e s )  b n t ,  accord ing  t o  a survey  of t h e s e  

l a b o r a t o r i e s ,  on ly  t h e  Savannah River P lan t  exceeds ORNL i n  stack gas 

e f f l u e n t s .  Other t r i t i u m  o p e r a t i o n s  na t ionwide ,  even those  much smaller 

t h a n  ORNL, wi thout  excep t ion  f e a t u r e  t r i t i u m  e f f l u e n t  r educ t ion  systems 

(ERS) invo lv ing  c a t a l y t i c  t r i t € u m  o x i d a t i o n ,  s o r p t i o n  of t h e  oxide  on 

s o l i d  materials, and d i s p o s a l  of t h e  s o l i d s .  Technology i s  a v a i l a b l e  

t o  ORNL i n  t h e  form of a small-scale ERS ( t h e  "c ra sh  c a r t " )  t o  handle  

Bui ld ings  3033 and 7025 e f f l u e n t s  from t h e  vacuum pump exhaust  f o r  a 

turn-key c o s t  around $30,000, based on d a t a  from LLNLL. Although i t  

would be somewhat cumbersome, t h i s  u n i t  might be t r a n s p o r t e d  f o r  u se  

a t  both ORNL f a c i l i t i e s .  In  a d d i t i o n  t o  t h i s  h igh ly  recommended ERS, 

i t  is  t h e  b e l i e f  of o u t s i d e  c o n s u l t a n t s 3 1  t h a t  t h e  p re sen t  t r i t i u m  

l o s s e s  from Bui ld ings  3033 and 7025 can be cons ide rab ly  l e s sened  wi th  

procedura l  changes,  improved pumping equipment,  and even more conser -  

v a t i v e  U-bed o p e r a t i o n s  as o u t l i n e d  w i t h i n  t h i s  r e p o r t .  These changes 

might a l s o  have t h e  b e n e f i t s  of conserv ing  va luab le  t r i t i u m  as w e l l  as 

reducing  t h e  s t a c k  eff l i - tents .  Tables  1 and 2 summarize t h e  major new 

recommendations and t h e i r  approximate c o s t s .  
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Table 1. Buildings 3033 and 7025 tritium effluent reduction methods 

Modification 
Building 

3033 7025 

Equipment and additions 

1 .  Oilless tritium recirculating pump a b 

2. Installation of scroll pump system b b 

3. Installation of small-scale ERS b C 

4 .  Installation of tritium stack samplers b b 

5. Installation of vacuum pump foreline 
chemical traps C C 

6. Installation of Nova Magnetics pump C C 

Ope rational 

1. 

2. 

3 .  

4. 

5. 

6. 

Increasing tritiuu recirculating time 
on U-bed b 

Cooling U-bed during tritium sorption 
operations b 

Administrative changes to reduce LP-50 
cylinder storage timed C 

Periodic purging of vacuum pump oil a 

Operational changes with scroll pump 
system addition C 

Regenerat ion of U-beds of lat t ice-held 
helium b 

C 

C 

aExisting. 
bRecomended. 
CFurther study warranted. 
dCurrently such changes are under W E  authority. 
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Table 2. Approximate costs estimates for equipment additions 

cost 
($1 

1. Oilless tritium recirculation pumps 

2. Oilless scroll vacuum pump system 

3 .  Small-scale ERS 

13,000 

43,000 

30,000 

4 .  Duct tritium samplers No data 

5. Vacuum pump foreline traps No data 

6 .  Nova-Magnetics oil filled vacuum pump 17,500 
(enhanced tritium compatibility) 

Since no data were actually taken as p a r t  of this study, it cannot 

be definitively proved that the suggested modifications in U-bed opera- 

tions will mitigate the ORNJ, difficulties. In the unlikely event that 

significant tritium losses are from the high exhaust flow in the 

Building 3033 containment hoods, t h e n  an inexpensive ERS or modified 

U-bed operations w i l l  be unlikely to fully correct these effluent 

problems. Technology is available, in the form of special. expensive 

vacuum pumps, to provide better circulation of gas over U-beds and 

eliminate the contamination problems that result from the present oil- 

sealed, rotary-vane pumps. The combined cost of the necessary oilless 

pumps (two metal bellows pumps and one Normetex pump) to replace the 

vane pump is  in the range of $41,000 without considering installation 

and engineering. Their useful lifetime, based on available data, 

suggests over seven years of service, 

The reduction of tritium stack gas emissions according to the 

Environmental Monitoring and Compliance 3 2  group at ORNL will result 

in a proportional reduction in the average body burden at OKNL and 

surroundings. Tf t h i s  is not believed to be a significant health risk 

[i.e., 0.46 mrein (4.6 1.1%) per year33 in 19861, the justification f o r  

the c o s t s  in reducing emissions would be based on a desire to meet the 

standards of ALARA and to bring ORNL operations more in line w i t h  other 

DOE facilities, The use o f  the portable ERS, discussed earlier, results 
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in a negligible body burden to the operators, if properly operated. The 

tritiated water product from the small-scale ERS "crash cart" could be 

sent to Mound for recovery of the elemental tritium if an approved con- 

tainer could be found. Their present requirement is that the tritiated 

water be contained in a clay-like sorbent, rather than on the molecular 

sieves on which it would be held as product from the cart. SNL is pres- 

ently sending their ERS product to Mound for recovery, and the feasi- 

bility of this operation at OWL can be examined. Tritium-contaminated 

pump oil from ORNL is currently removed, sorbed on a clay-like material, 

and sent to burial. This solution is possible for an ERS-tritiated 

wastewater. Reliable containers, such as the UC-609, are available; 

however, to ship spent molecular sieves from an ERS to the Nevada Test 

Site (a more attractive alternative) is probably presently off-limits 

because of DOE requirements for on-site burial. 

Maximum technician body burdens from tritium exposure at Mound 

and LLNL are of the order of 10 to 20 mrem(0.l to 0.2 mSv)/year and com- 

pare to ORNL's current technician body burdens, if the same analysis 

technique is used in making those determinations. In other words, 

operating techniques, equipment, and personnel protection may be much 

more important variables in assessing the overall body burdens of tech- 

nicians than the installation or non-installation of a small-scale ERS. 

Furthermore, the technology exists to cope with these wastes without 

endangering personnel and adding to their body burdens. If the major 

Source of tritium release is from the fume hood, rather than the vacuum 

pump exhaust directly to the stack in either 3033 or 7025, then the 
small-scale ERS will be inadequate to stem losses. In this case, an 

improved secondary containment system such as a glove box may be the 

best solution. Data to answer these questions should become available 

when proper stack gas monitoring equipment is operational. 
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