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ABSTRACT 

Catalyst beds are used in the Three Mile Island Unit-2 (TMI-2) core 

debris canisters to recombine radiolytic hydrogen and oxygen and prevent the 

buildup of flammable mixtures. This document describes a unique test system 

for determining the effectiveness of catalyst beds in chemically combining 

hydrogen and oxygen gases in closed containers and without forced 

convection. The test sy�tem was used to determine the effects of catalyst 

type, catalyst bed size and shape, cover gas type and pressure, and various 

additives and contaminants on catalyst performance. 

The test program demonstrated that a mixture of specific Engelhard and 

Atomic Energy of Canada Limited (AECL) catalysts performed better than 

either catalj�L performed separately. When the Engelhard catalyst is dry 

and well-exposed to the reactive gases, its effectiveness is a factor of 

approximately 100 greater �han when it is dripping wet. The AE�L wet-proof 

catalyst is not as effective as the Engelhard catalyst, but it is not as 

sensitive to the preserce of water. lhe various additives and .:ontaminants 

to which the catalyst might be exposed during its life cycle had little 

effect on catalyst performance; contaminants appear to be effectively 

removed by the rinsing processes which occur. 

' 1 . 
' ' . 



ACKNOWLEDGMENTS 

The authors gratefully acknowledge the following individuals who 
provided helpful inform ation and advice, or reviewed drafts and m ade 
valuable comments and im provem ents to this docum ent: D. R. Buchanan, 
K. J. Hofstetter, and R. Sheppard, GPU Nuclear Corporation; and 
L. J. Ball, W. A. Franz, and H. W. Reno, EG&G Idaho, Inc. 

T hose at Rockwel l Hanf ord Operation s wh o provided valuable assi stance 
i n  plann i ng t he t est equipment and conducting the tests included 
J. N .  Appel, R. M. Cleavenger,  and D. E. Gana. 

AEC L  
atm 

OF 
DOE 
g 
h 
in2 
kg 
kPa 
L/h 
lb/ i n2 
L I CON 
M 
p/m 
RCS 
TMI-2 
yr 

NOMENCLATURE 

Atomic Energy of Can ada Limited 
dtmosphere 
degree Celsi us 
degr ee Fahren heit 
U.S. Department of E n ergy 
gram 
hour 
square inch 
ki logram 
ki lopascal 
standard l iter s p er hour (0 oc, 1 atm ) 
pounds per sq uare inch 
light concrete 
molar 
parts per m i l lion 
Reactor Cooling Sy stem/ 
Three Mil e  I sland Unit -2 
y ear 

iv 



CONTENTS 

1.0 Purpose and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 1-1 

2.0 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • •  . . . 2--1 

3.0 Test 
3.1 
3.2 

4.0 Test 
4. 1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 

Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . • .  

Physical Description of the Test System . . . . . . . ... . .. . .. . ... . 

General Test Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .  

Results . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Overview 
Catalyst 
Catalyst 
Catalyst 
Catalyst 
Catalyst 
Catalyst 
Catalyst 
Catalyst 

Bed Wetting/Drying . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Bed Geometry . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . .  . 

Types and Mixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Bed Size . .. . . .. . . .. . . . . . . .. . . . . . . . . . . . . .. . ... . . . . .  . 

Bed Locations .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Bed Temperatures and Pressures . . . . . . . . . . . .. . . .. . . .  . 

Damage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Poi son i ng . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .  

3-1 
3-1 
3-1 

4-1 
4-1 
4-2 
4-5 

4-10 
4-1 1 
4-1 1 
4-1 1 
4-12  
4-1 3 

5.0 Other Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 

6.0 References 

Figures: 
3-1 
4-1 

4 -2a 

4 -2b 

4-3 

4-4 

Tables: 
4-1 
4-2 
4 -3 

Test System Schematic . . . . . . . . . . . . .. . . . . .. .. . . . .. . . . . . . . . . .  . .  

Final Catalyst Bed Design as Incorporated into 
the Upper Head of the T2st Ve5sel . . . . . . . . . . . . . . . . . . . . . . . . . • .  

Test No. 1 52 Showing Effect of Trapped Water Vapor and 
Extended Operating Period . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .  

Test No. 1 52 Continued, Showing the Effect of Rotating 
the Test Vessel to Allow Water Vapor to Escape 
from the Catalyst Bed . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . .  

Catalyst Effectiveness Comparison in the Final 
Design Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Effect of 14% Nitric Acid Solution at 1 50 OF for One 
Hour on Catalyst Bed Effectiveness . .... ........ . . .... .. . .. .  . 

General Index and Chronology of Catalyst Bed Test . . .... . .. .  . 

Effects of Catalyst Wetness, Openness, and Bed Size . . . . . .. .  . 

Effect of Mixed Contaminants and Additives on 
Catalyst Bed Performance .. ..... . . . . .. . . . . . ...... . . . .. .. . .. .  . 

v 

6-1 

3-2 

4-3 

4-7 

4-8 

4-9 

4-1 4  

4 -4 
4 -5 

4-18 



1.0 PURPOSE AND OBJECTIVES 

The catalyst test program was conducted under the direction of the 
U.S. Department of Energy (DOE) to provide a substantive basis for the 
design of passive catalyst beds in containers of wet radioactive materials. 
The objective was to select the catalyst types, quantities, arrangements, 
and environments that would reliably prevent the buildup of flammable 
mixtures of radiolytic hydrogen and oxygen gases in the Three Mile Island 
Unit-2 ( TM I-2 ) core debris canisters under normal, offnormal, and accident 
conditions. 



2.0 SUMMARY AND CONCLUSIONS 

The test system developed for this program has proven to be ideal for 
accurately determining the effectiveness of various catalyst types ard bed 
arrangements. An electrolysis (electrodialysis) method was used to ge�··rate 
hydrogen/oxygen gas (in the stoichiometric ratio) at rates which can be 
accurately determine�� uy measuring and controlling the electric current 
supplied to the generator. These gases were injected into a test vessel and 
recombined into water by the catalyst bed being tested in the vessel. The 
net buildup of hydrogen/oxygen gas in the vessel was determined by very 
accurate continuous temperature and pressure monitoring, and occasionally 
verified by chemical analysis. The bed effectiveness is directly 
proportional to the hydragen/oxygen gas injection rate and inversely 
proportional to the equilibrium hydrogen/oxygen gas concentration. 

The Engelhard-0 catalyst is very active when warm and dry and well
exposed to the active gases. Its effectivity decreases by a factor of 
approximately 100 when dripping wet, and further· decreases to almost zero 
when submerged. The Atomic Energy of Canada Limited (AECL) silicone-coated 
catalyst is not as effective as the Engelhard-0 catalyst, but it is not as 
adversely effected by water. A mixture of 20% AECL silicone-coated catalyst 
and 80% Engelhard-0 catalyst performs considerably better than either of the 
two catalysts alone. Also, since their resistance to various additives and 
contaminants is different, the mixed catalyst bed was selected and 
thoroughly tested. 

During the fabrication, filling, testing, and storage life cycle of the 
core debris canisters, the catalyst is exposed to a number of contaminants 
and additives. These materials have the potential of decreasing catalyst 
effectiveness by (1) temporarily filling the catalyst sites on a molecular 
basis, (2) coating the catalyst (like paint) to decrease diffusion of the 
reactive gases and water vapor to and from the catalyst sites, and 
(3) chemically reacting with the catalyst materials. The effects of 
essentially all of the contaminants and additives �ppeared to be in the 
first two categories. In each case, they were wa�er-soluble and were 
readily diluted and removed from the catalyst by rinsing and soaking methods 
similar to those which would occur in core debris canister filling, 
dewatering, and storing. The net effect of these potential poisons was 
therefore less than had been anticipated. However, the effect of hot nitric 
acid was to chemically attack the catalyst material and separate it from 
its alumina substrate. This effect is not recoverable, and therefore 
precludes the use of hot nitric acid in contact with the catalyst. 

The final tests included one catalyst bed that had been removed from a 
fabricated canister, and another bed which had been exposed to contaminants 
and additives potentially encountered during canister fabrication, filling, 
testing, and storing. Both of these catalyst beds show a remaining 
effectiveness factor (for 100 g of catalyst) of 1.0 L/h. For a core debris 
canister containing 800 kg of core debris, this represents a catalyst bed 
factor of safety of 9 .  

2-1 



Toward the end of  th e testing program, a new wet-proof (hy dronhobic ) 
p latinum-on- silic a catalyst fabric ated by AECL wa s tested and  found to be 
more effec tive tha n  th e AECL silicone-coated cataly s t  us ed in th e TMI-2 core 
debris c anisters. Its use in a 50-50 mixture with Engelhard-0 cataly s t  is 
recommended for futu re hydrogen control applications .  

All of the o bjec tives of this cataly s t  bed effec tiveness testing 
program were met. T he  testing program has provided a Detter and  more 
qu antitative understan ding of passive catalyst bed performance ,  p articularly 
u n der wet conditions, and has resulted in a safe and reliable method of 
controlling hydrog en in c anister s of wet radioactive waste. 

2-2 



3.0 TEST METHOD 

Cataly s t  performance was determined by monitoring temperature-correcte �  
p re s s u re c h a nge s in a closed sy s tem as the hyd rogen  and oxygen ga ses  were 
injected in a 2-to-1 ratio. Co nc e ntrations c ,j .Jed gas e s  are proportiona l 
to  the c h ange in pre s s ure and ,  therefore, c an be ac curately c alculated .  
Te s t  app aratu s and procedures  are d is cus sed  in the following section s .  

3.1 PHYSICAL DESCRIPTION OF THE TEST SYSTEM 

The major items of e qu ipme nt us Pd in the c ataly s t  performance tes t 
system inc l u de  a hyd rogen-oxygen  gas generator (operating on  the  p:inc ip le 
of  ele c trodialy s is )  and a small pres s ure ve s s el th at mod e ls the upper  end of 
the TM I - 2 core d e bris canis t e r s .  T�e te s t  ve s sel  h a s  a volume o f  
appro ximately 16.8 L and was pre s s ure te s ted at 500 lb/in2 (3, 435 kPa). 
I ncorporated in the ve e ,el are two thermocouples  for me asuring the gas and 
c at a l y s t  temperatu re s ,  a gas inlet noz z le ,  and a manifold with pre s s ure 
relief, gas sampling, and p r e s s ure sensing c apabilitie s .  

A n  overall s c hematic diagram of  the te s t  sys t em i s  s hown in figure 3-1. 

3.2 GENERAL TEST PROCEDURE 

Afte r installing the d e s ired type ,  amou nt, and configu ration of  
c a taly s t  into the  te st  ves s e l, te s ting p roceeded  in the foll owing manner: 

• The ve s s e l  was se aled and p urged with argon to dis place 
atmo s p he ric oxygen (and other  components of air) and t� drgon 
pre s s ure was increased to app roxima tely 2 atm absolute. 

• After allowing the pre s s ure and temperature to stabiliz e,  a 
s toic h iome tric mixture of  hyd rogen  and oxygen  wa s continuous ly 
metered into the te s t  ve s s e l. Ge nerally, a flow rate equivalent 
to 0. 2 L/ h of  hydroge n  and 0. 1 L/ h of oxygen  at stand ard (0 ac, 
1 atm) conditions was u sed . 

• The temperature and pres s ure of  the ga s in the  ve s s e l  and th e 
temperat ure of the cataly s t  were monitored and continuously 
record e d .  Ch ange s in temperature and p re s s ure as low as 0. 1 · C 
and 0 . 01 lb/in2 (0.07 kPa) cou ld be monitored.  

• Normally, te s ting was jud ged to be complete when  the temperature
correc ted p r e s s ure began to d rop,  or at le a s t  s tabilize,  or the 
pres s u re exceeded  a nominal value of 33. 8 lb/in2* abs olute 
(232 kPa).  

*Represe nts gas concentratio n limits of approximately 5%  oxyge n  and 
10%  hyd roge n. 

3-1 
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o Th e hydrogen-oxygen gas generator was turned of f and valved out. 
Monitoring co ntinued, us ually until th e temp erature and pres sure 
s tabil ized at or near orig i nal condi tion s .  

A determination of catal yst  p erf ormance (under th e particular 
p retreatment and tes t  conditions ) was made based on th e rate of 
recombination and th e p ercentage of oxygen (or hy drogen) pres ent in th e test 
ves s el . Wh en th e tes t parameters have s tabiliz ed (with th e generator on), 
th e gas recombination rate is equal to th e meas ured gas -inject�on rate. Th e 
oxygen concentration can be calculated us ing simplified methods bas ed on th e 
ideal gas equation: 

1.: Tn·e co.r;re�ffed.pressure (Pz) is determined for any time of interest 
by comp ensatirtg for  temp erature ch anges (in gas and vJater vapor) 

·from· th e original pres s ure (Pl) conditions . 

2. Th e net added-gas fraction is equal to (Pz - Pl)/Pz. 

3.  A s s umi�g th at s toichiometric conditions are maintained, th e oxygen 
ga s fraction is one-third of th e net added-gas f raction. 

Th e accuracy o f  this math emat�cal calculation o f  oxygen levels was 
periodica l l y verified by analyzing gas s amples taken at th e end of s el ected 
tests .  



4.0 TEST RESULTS 

4.1 OVERVIEW 

A met hod  of  displaying tes t res u lts for direct comparison with 
regulatory requirements  (limits ) was needed. The regu lations,  as  report ed 
in Henrie et a l .  (1986a, b,  Appendix A) , requ ire that  either the  hydro g en 
concentration or t h e  oxygen conc entration be maintainEd below 5 val % .  The 
TMI-2 core debris canis t ers are inerted with argon a fter fill ing ,  and s ince 
rad io l y sis o f  water produces hydrogen at twic e the rat e  it produ c es oxyg en, 
cont roll ing to the  oxygen limit is appropriate. Th erefore, the t es t  res u lt s  
are presented as graphic displays of oxygen concentration (vol%) versus 
time, for any s pecific, constant, hydrog en-oxyg en-g a s-injection rate.  
Typicall y,  each  succes s fu l  tes t  is continu ed until a s table condition is 
reached,  i . e. , wh en t h e  gas  recombina tion rate is equ a l  to th e g a s  
g eneration rat e. The time requ ired for th e sys tem to s tabil iz e, and th e 
g enera l s hape of  the  cu rve before and after th e hydrog en-oxy g en gas  sourc e  
h a s  been s h u t  o ff, are also u s efu l for tes t interpretation.  Therefore, th e 
d ispl ay of  oxygen concentration vers u s  time appears to be  ideal. 

A cataly s t  bed effect ivenes s fac tor has been es t a b l is hed to provide a 
s impl ified numerica l  comparison for the variou s cataly s t  b ed s iz es ,  
arrangemen t s ,  a n d  effect s of additives a n d  contaminant s .  The effectivenes s 
fac tor is defined as  the hydrog en-oxygen gas  recombination rate (in s tandard 
liters per hou r) th at will be produ c ed by 100 g o f  a s elec ted c a t aly s t  u nder 
s pecific conditions when the oxygen concentrat ion in t h e  g a s  mixtu re is 
normal iz ed to the 5% reg u latory l imit. Therefore, for a s table hydrog en
oxygen recombination rate of 0. 3 L/h, the effectivenes s fac tor for a 
100-g catalyst  bed wou ld be 1. 0 L/h if the steady s tate  oxyg en concentration 
was 1 . 5  vo l % . *  

The effec tivenes s fac tor can  be read i ly converted to a fac tor o f  s afety 
by simply dividing the effectivenes s factor by the measured or 
conserva tivel y ca l cu l ated hydrog en-oxy g en gas g eneration rate in a clo s ed 
container of  wet radioactive wa ste. If the resu lting fac tor o f  s a fety is 
ju dg ed to be too l ow, it can be increa s ed linearly by increas ing the s iz e  o f  
the cataly s t  bed. Convers el y,  if the fac tor of s afety i s  ju dg ed to be too 
h ig h ,  the  bed size  cou l d  be  proportiona l l y  decreas ed. 

Desig n s coping tes ts (1 th ro u g h  105) were condu c t ed in 1 984 to 
determine the effec ts  of  variations in cata l y s t  des ign config u ration  (bed 
s hape and s ize), type, condition (phy s ic al and radiation damag e), wetness 
(deioniz ed water and s imulated reactor cooling system water), hydrog en
oxygen g a s  injec tion rate, cover g a s  ty pe, and g a s  pres su re. A cons ervative 
desig n for the cataly s t  b eds for the core debris c anis t ers was based on the 
resu l ts of thos e  tes t s . I n  this des ig n, the c ataly s t  is located in two 
reces s es in the u nderside of the upper head. Eac h  rec es s  is 3 . 50 in. 
(8. 9  em) in dia. and 0. 375 in. (1. 0 em) deep. Eac h  rec es s is co vered by an 
8-mes h s tainles s s teel screen (eig ht 0. 035-in. (. 89-mm) dia . s tainles s s t eel 

*0. 3 L/h x 5 ;ol% 1 1. 5 vo l% = 1. 0 L/h effec t i venes s fac tor.  
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wires per inch in each di rectio n ) . Test no. 98 and all su bsequ ent tests 
used this recessed, screened-bottom conf i gurati on  shown i n  f ig u r e  4-1. The 
u�e of a catalyst mixtu re of 80 g of  E ng elhard  0 cata l yst and  20 g o f  
AECL silicone-coated cata l yst (Henrie et a l .  1986a) i n  this rec essed 
configuration constitu tes the f ina l  design basi s for the TMI - 2  core d ebris 
canisters. Test no. 106 and su bsequ ent tests were cond u c terl to m easu re  any 
negative effects of  variou s potentia l ad diti ves, contam i nants, and  o ther 
environmental changes on the performance of  the mix ed-bed cata l y st in the 
TMI-2 core debr�s canisters (Henr i e  and Appel 1985). 

A g enera l i ndex of the tests is shown in �abl e 4-l. Test r esu l ts as  
theJ- rel ate to spec i f i c  cata l yst bed parameter) and  performance of  the f in a l  
catalyst bed desi gn are discu ssed in secti ons 4. 2 thro tJgh 4.9. 

4.2 CATALYST BED WETTING/DRYING 

A key factor ir the operatio� of  a cata l yst bed is the ef f ec t  of  water 
on  reco�bination rates. The carelyst bed operates best wh en d ry and d oes 
not function when submerged. Su bmergi ng  the c ata l yst in water or  any l iq�id 
cu ts off  the d i f fu si on of reaction gases to the cata l yst ,  essentia l ly 
stopping a l l recombination. Conversel y ,  some cata l ysts are  very ef f ective 
when dry; tests ind ic ate that 1 g of d ry E nge l hard Oeoxo-0 cata l y st wou ld 
ma i ntain saf e l evel s of hydrogen and oxygen i n  a TM I - 2  core debris can i ster. 
Between these ex tremes i s  a range of wetness conditi ons that can  greatl y  
a l ter cata l yst effectiveness. 

To d etermi ne the ef fects of cata l y st wettin g, the ��ta l y sts were tested 
in the ambient-air- dry condition and i n  a "dripping -wet11 conditi on. The 
eff ecti veness factor of  a 100 g bed of  a i r-dry Engelhard-0  rata l yst was 
found to be approx i matel y 10. As the bed siz e was redu ced, the 
eff ecti veness factor increased , as shown in tab l e  4- 2. The small er b eds 
were  more eff ective for the fo l l owi ng reasons: 

1. The cata l yst pel l ets in the sma l l er bed s  #ere more  eff ectivel y 
exposed to th e rea�tive gases than in the l arger beds. 

2. The recombination rates were  the same (0.3 L/h) and the exothermic 
energy release heated the sma l ler beds to hi g her temperatu res. 

3. E ven though the beds were i n i tia l ly ambient-air-dry , the small er 
beds became d ryer becau se of  h ig her temperatu r es. 

A qu alitative eva l u ati on indicates that Reason no. 3 i s  mu c h  more  
si gnif i cant than Reasons no.  1 or  no. 2 i n  i ncreasing eff ecti veness fac tors.  
The removal of  small amoun ts of  water at the near-satu rated end o f  t�e 
wetness spectrum also si gnif i cantl y i ncreased the eff ec ti ven�ss f actor. 
When water was added to the bottom of  the test vessel and v acuum  pumping was 
minimized dur i ng process of  replacing the air i n  the vessel with argon , 
essenti all y no dry i ng occurred,  and th e eff ectiveness f ac tor was th e same as 
when the a i r was replac ed by pu rging with 10 vo l ume� of  argon.  However , 
when no water was added to the bottom of th e test vessel and/or  when th e 
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Figure 4-1. Final Catalyst Bed Design as Incorporated 
into the Upper Head of the Test Vessel. 



Tab l e  4-1. General  Index and Chrono l ogy of  Cat a l ys t  Bed Tes t .  

FYa 1984 Development Test i ng 

Catalyst bed type, si ze , and s hape ;  radi at i on 
and p hy s ical damage ;  de i on i ze d  and s i mu l ated 
Reactor Cooling System wate r; gas 
inje c t ion rate ;  and cove r  gas type and 
pressure. 

FY 1985 Compat i b i l ity Tests 

Freezing Conditions. 

Hydraul ic fl uids -
UCON , Houghto-Safe , Bo rate Ester, 
and Borate Es ter/UCON  Mix tures. 

LICON b cement slurry. 

N ew AECL catalyst. 

Oki te  59 cutt i ng fl uid. 

FY 1986 Compatib i lity Te sts 

Bori c acid. 

Dye penetrants  -

Magnaflux and Ure sco.  

Micro bi oc i de� -

Bi osperse 250 and nitric ac id. 
Hydrogen  perox i de.  

Methane  l. 
Sodi u m  cyanide. 
Sodium az i de .  

Potentia l  poisons comb i ned. 

FY 1987 Compatib i lity Te sts 

Qu into l u br i c  807-SN hydrau .i c fl uid. 

Betz 1192 coagu l ant.  

Betz 1182 coagu l ant and  potent i al po i son  
comb i nati ons. 

aFY-fiscal ye ar. 
bLICON -light concrete. 
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T e s t  number 

1-105 

106-107 

108-115 
117-119 

116 

120-121 

122-123 

124 

125-127 

128-129 
130,133,135,136, 
138-142 
131 
132 
134 

137 

143,144,146 

145 

147-161 



Table 4-2. Effect s of  Catalyst  Wet ne s s , 
Ope nne s s , and Bed Si ze . 

Effect i ve ne s s  
Catal�s t Wet ness  Bed configurat ion  factora 

• Eng e lh ard Dryb Ope nc, sma 11 (4.5 g) 120 

• II II II II ( 10 g) 90 

• II II II II  (45 g) 20 

• II II II ( 100 g) 10 

• AECL II II II ( 10 g) 8 

• II II II ( 100 g) 2. 5 

• Mixedd Wete II II 1. 5 

• II II Cav i tyf II 1. 2 

• Engelhard II Open II 1. 1 

• Engelh ard II Cavity II 1. 0 

• AECL II Ope n  II 0. 3 

• II II Cavity II 0. 3 

aEffe ctiveness  factor--recombinat i on rate  i n  L/h ,  pe r 100 g of 
catalyst , and normalized to 5% oxygen.  

bAmbi ent ai r d ry. 

CA s creened  e nclosure t h at allows water v apor to mov e  up and away from 
the  catalyst . 

dA mi xture  of  80% Engelhard Deoxo-0 cat alyst  and 20% AECL s i licone
coated catalyst . 

e or i pping wet wit h water . 

fcatal y s t  i n  a machined recess  in t h e  u nderneath  sid e  of t h e  u ppe r head 
of  t h e  canis ter  or  t e s t  vessel, wh ich pre vents  the  u pward e scape of water  
v apo r .  
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vacuum pumping significantly decreased the catalyst temperature (due to 
evaporative cooling), the catalyst was partially dried (even though it still 
had a very wet, glossy appearance) and catalyst performance increased. The 
effectiveness factor for the final design configuration would increase in 
some cases from a base-case value of 1. 2 to as much as 2.5. 

Other indications of the effect of moisture on various catalyst beds 
were observed in extended-duration tests. When the bed design was 
relatively open and water vapor could readily diffuse from the bed, catalyst 
effectiveness was observed to improve with time. However, in the final 
design, in which the catalyst was located in recesses in the upper head, 
performance did not improve with time. This condition was caused by the 
trapping of water vapor, which is much lighter than argon, moving upward in 
the cavity and condensing there rather than being swept away by convective 
cu�rents. To test this hypothesis, the test vessel was rotated from its 
vertical position to a horizontal position during test no. 152. Test 
results are shown in figures 4-2a and 4-2b. Immediately after rotating the 
test vessel, the effectiveness factor improved from 0.9, where it had been 
for almost 200 h, to 1. 8 in the next 20 h, and 2.8 in the following 60 h. 
This improvement was due entirely to the catalyst drying effect allowed by 
the movement of water vapor up and away from the rotated catalyst bed, where 
it would then condense on colder surfaces. A similar effect was noted 
during test no. 157, when one of the catalyst beds dislodged and dropped 
from the upper head to the bottom of the test vessel. This allowed the 
water vapor to diffuse up and away from the catalyst and improved catalyst 
performance by a factor of 2 within five hcurs. 

The AECL silicone-coated catalyst recovered from wetting much f�ster 
than the Engelhard-0 catalyst; however, the overall recombination rate of 
the AECL catalyst was relatively low, even when dry. A possible synergism 
between the AECL silicone-coated and Engelhard-0 catalysts was proposed, 
tested, and demonstrated. Test results presented in figure 4-3 show that 
the mixed catalyst bed base-case design significantly outperforms either of 
the two catalysts alone. The synergistic mechanism has not been proven, but 
the following is proposed: As the wetted, drained catalysts are initially 
exposed to reaction gases, recombination occurs primarily on the 
AECL si1icone-coated catalyst. At conjunctive points betwee� adj�L�ill 
AECL and Engelhard pellets, the exothermic reaction on the AECL pellet 
begins to warm the Engelhard pellet. The reaction promotes rapid, localized 
drying of a small portion of the Engelhard pellets, which further 
accelerates the reaction. As noted previously, the effectiveness of the dry 
Engelhard catalyst is very high; therefore, drying only a small fraction of 
the Engelhard catalyst greatly improves the overall effectiveness of the 
bed. 

4. 3 CATALYST BED GEOMETRY 

Several catalyst bed geometries (shapes and volumes) �ere use� in the 
early screening tests to determine the best configuration. rests �ith beds 
of varying thickness indicated that thin beds were considerably more 
effective. Diffusion is the primary gas dynamic in this passive system. 

4-6 



3.0 

N 
0 
';/!. 2.5 
w 
..... 
0 
� 
� 2.0 
< 
� 
' 
..... 
w 1-
< 
a: 
z 
0 
i= 
< 
z 
lXI 
� 
0 
(J w 
a: 

1.5 

1.0 

0.5 

0 

/ MOLE%0, 

EFFECTIVENESS 
TIME FACTOR 

h L/h 

20 1.0 

143 0.9 

170 0.9 

COMMENTS 

GAS INJECTION RATE 
REDUCED FROM 
0.30 TO 0.11 L/h 

I 
RECOMBINATION RATE. l/h 

��-�----���--�--�-------------, � ' 
/ �-----

,'S OF TEST 

Figure 4-2a. Test No. 152 Showing Effect of Trapped 
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Figure 4-2b. Test No. 152 Continued, Showing the Effect of 
Rotating the Test Vessel to Allow Water Vapor to Escape 
from the Catalyst Bed. 
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The t est s inc l uded fl at and cylindrical beds ranging from 3/8- to 
l-in. t h ic k  and containing quantities of c atal y s t  up to 1, 000 g. The first 
l ayers of  c atal y st pel l ets effectivel y removed a very high frac tion of  th e 
reactant gases, and subsequent layers h ad l ittle net effect. Th e mo st 
effective arrangement of th e catal ys t would be a s ingle l ayer, to maximize 
the  area availabl e for gas diffus ion. A minimum bed th icknes s of  3/8 in. 
( 1 . 0  em) was selec ted, whic h all ows up to th ree l ayers of th e 1/8-in. 
(0.32-cm) cylindrical Engelh ard pellets, but only one ful l layer of  th e 
1 /4-in . ( 0 . 64-cm) dia. AECL pellets. 

Final c anister des ign and fabri cation cons ideratio ns  resul ted in th ree 
slight l y  different c atal yst bed arrangements. Th e mo s t  res trictive of th es e 
consis t s  of  3/8-in . (1. 0-cm) deep circul ar rec ess es mac h ined into the 
underneat h side of th e upper head of some of th e canisters (knockout and 
filter). The required 100 g of  catal yst  was retained in th ese rec ess es by 
stainl ess st eel screen s that covered th e recesses. This s ame des ign (s ee 
f ig. 4-1 )  was built into th e tes t vessel and catal yst test no. 98 and all 
subsequ ent t est s used th is desi gn arrangement. Th e c atalyst bed in th e 
upper h ead of  th e fuel canisters has 40% mo re open area and contain s more 
c atalyst t h an th e upper heads of th e other c anisters. Th e catal yst bed 
arrangement in th e l ower head of all canisters is identic al , has th e same 
open area and volume as th e rec essed upper head design, but is better vented 
and t h erefore more effective. 

4.4 CATALYST TYPES AND MIXTURES 

I t  was i�itial l y  determined that at l east two typ es of c atal y s t  s houl d 
be  tested for us e in the  TMI-2 core debris canis t ers. Th e catal y st with the 
longest succ essfu l history in high l y  radioactive environments was helieved 
to be  Engelh ard Deoxo Type  18467, a palladium-on-al umina c atalyst, 
previousl y designated as Engel hard Oeoxo-0, N ucl ear-Grade A16430.  
A plat inum-on-al umina cat�l yst manufactu red by Houdr·ey was al so succ essful ly 
tested; however, since  th is catal y st has a l ess-stabl e substrate, and h as 
not been as extens ively us ed in nucl ear app l ications as th e Engel h ard Oeoxo 
Typ e  18467, it was not ful l y  eval uated . 

Th e second cataly s t  type to be teste1 was a wet-proof, silicone-coated, 
p latinum-on-alumina catal y s t  manufactured by AECL. Two oth er AECL wet-proof 
cataly st s  rec eived l imit ed testing. One cat aly s t  was Teflon-coated and was 
found to  p erform as wel l as or better than the  s il icone-coated c atal yst. 
The Teflon-coated cataly st was not fully eval uated because of th e potential 
for coating in stability and the  release of corrosive gases from th e 
radioly t ic decompo sition of th e Tefl o n .  A new AECL wet-proof (hydrop hobic )  
p latinum-on-silica c ataly s t  al so received l imit ed t esting and p roved h igh l y  
succ essful; however, this p roduct was not used in t h e  TMI-2 core debris 
canist ers b ec ause it h ad not been devel oped by AECL when t h e  silicone-coated 
cataly st was p rocured. 

A mixtu re of  80% Engelh ar·d Oeoxo-0 catal yst and 20% AECL silicone
coated c at a ly st was al so thoroughly tested. As s hown in tabl e 4-2, th is 
mixture p roved to be considerabl y more effective under wet condition s  th an 
eith er th e Engel h ard Oeoxo-0 or the AECL sil icone-coated c atal y st al one. 
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Anoth er 
respond 
contact 
cycle. 
us ed. 

adv antage of using mixed-c atalyst types is that th ey are likely to 
differently to various contaminants and additives which th ey might 
during various fabrication and operational phases o f  th eir life 
For th es e reasons ,  th e 80-20 catalyst mixture was recommended and 

4.5 CATALYST BED SIZE 

As  indicated in s ection 4. 2, some catalysts were found to be effectiv e 
in very small quantities ; 1 g of dry Engelhard Oeoxo-0 catalyst is capable. 
o f  s afely recombining th e hydrogen produced in a TMI -2 core debris canister. 

Larger bed sizes are desirable for two primary safety reasons: 
(1) a dry cataly s t  cannot be ens ured in wet environments . A small quantity 
of wet cataly s t  could allow th e buildup of flammable gas mixtures, and as 
the cataly s t  dried, it could become an ignition source; (2) a factor o f  
safety must b e  prov ided to allow for po tential performance reduction caus ed 
by cataly s t  poisoning. To meet regulatory requirements and ensure fully 
s afe conditions , a cataly s t  bed must be provided which is large enough to 
exceed design requirements even wh en wet and after expo s ure to th e degrading 
(poi5oning) effects of contaminants and additiv es . Since potential 
poisoning effects may not be fully evaluated at the time during th e des ign 
ph as e wh en the cataly st  bed s ize must be establis h ed, it may be nec es s ary to 
prov ide a factor of s afety of 10 or more. As s hown in figure 4-3 (tes t 
no. 154) and in table 4-2, 100 g of mixed catalys t  in th e upper-h ead-cavity 
configuration h as an effectiv enes s factor of 1.2 L/h , which  is 11 times 
h igh er than th e establis hed design requirement of 0 . 11 L/h (Henrie and 
Appel 1985) for the TMI-2 core debris canisters . Therefore, for th at 
application,  th e catalyst bed design has a factor o f  s afety of 11 in its 
dripping wet but otherwis e uncontaminated condition. 

4.6 CATALYST BED LOCATIONS 

As  noted in section 4.2, cataly s ts are ineffectiv e wh en s ubmerged in 
liquid because of th e res tric tion of gas diffusion. If th e ves s el contains 
free liquid, s ome method must be prov ided to ensure th at at least one 
cataly s t  bed is alway s exposed to the gas in th e container. The 
installation and appropriate loc ation of two beds in a container will 
usually prov ide full as s urance th at at least one bed is expo s ed to th e gas 
at all times . Th erefore, full capacity cataly s t  beds were loc ated in both 
ends of the TMI-2 core �ebr�s canisters. 

4.7 CATALYST BED TEMPERATURES AND PRESSURES 

T emperatures ranged from approximately -10 ac to 30  a c in th e tes ting 
program. Pres s ures ranged from a partial vacuum to 2-atm absolute. 

Recombination rates are not greatly affected by temperatures in th e 
range o f  0 a c to 30 ac. Howev er, temperature differenc es that caus e 
catalys t  drying do result in s ignificantly improv ed cataly s t  performanc e. 
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T h e  effect of bel ow-freezing temperatures is s ignificant.  T h e  f ormation of 
water f rom t h e  recombination of hyd rogen and oxygen cau ses snow- l ike ice 
c ry sta l s  t o  form on the catalyst. Th is buil dup resu lts in an increased 
resistanc e  to t h e  d iffu s ion of t·eactiv e ga s es to th e cataly st and ,  
t herefore, t he  recombination proc es s becomes les s effective with time. Th e 
t est program d id not fully qua ntify th es e effects , but it d id provid e 
ass u rance that the cat aly s t  in TM I-2 core debris canis ters would func t ion 
wit h in d esign l imits for a few weeks after freezing. 

At t emperat u res abov e  a few hund red degrees Celsius , c atalytic reaction 
rat es bec ome very h igh for th e Engelh ard cataly s t. Th ese h igh temperatures 
would d amage the  s il icone-c oated AECL cata l ys t  and would likely decrease its 
effectivenes s .  

Consistent with d iffus ion th eory, th e tests ind icate that pres s u re 
ch anges have no significant effect on recombination rat es. T h e  pres enc e of 
gases suc h  as nitrogen or argon tend to impede the d if fu s ion of hyd rogen and 
oxygen t o  th e cata l y s t .  However, if th e hyd rogen and oxygen fractions in 
th e gas mixture are hel d constant as the total pressure increases , th e 
increas ed numbers of hydrogen and oxygen mol ecules exactly offs et th e 
imped anc e  effect and d if f u s ion remains constant .  Th e principle advantages 
of th e addit ion of an inert d ilu ent and the  resu l ting h igh er pres su re are 
(1 ) more hyd rogen and ox ygen can be stored before f l ammable l imit s  are 
reach ed ,  and (2) th e intrus ion of th e wat er or air surrou nding t h e  c ontainer 
can be prev ented. 

4.8 CATALYST DAMAGE 

Cata l ys t  pellets can sustain d amage from both  physical hand ling and a 
limited number of chemical  environments. Tes ts performed t o  quantify th e 
ef fects of th es e ty pes of damage are discu s sed in th e fol lowing s ections . 

4. 8.1 Physical Damage 

Both types of cataly s t  pellets are compos ed primaril y of a porous 
alumina structure or s ubstrate, which is subject to s ome c hipping or oth er 
breakage d u ring normal handling. This breakage d oes not affect the abil ity 
of the c ata l y s t  materia l to recombine t h e  hyd rogen and oxygen gas es ,  
therefore, no reduction in recombination efficiency would b e  ob s erved . 
A t est was run to determine any effects on th e wetting res is tanc e  of th e 
AECL cataly s t  wh en the wet-proof coating is removed from a small area of 
eac h  c ata l yst pell et. No reduct ion in reccmbiner effectivenes s was d etected 
after notc h ing an entire bed (100 g) of cataly s t  and s ubmerging it in water, 
u nd er 2 atm of pres s ure, f or 24 h .  

4. 8. 2 Ch emical Damage 

Ch emic al damage can occur in at least two d ifferent way s : c hemica l  
attack can remove th e wet-proof coating from th e AECL cata l y st, or remove 
the c ataly tic a l ly activ e c ompounds from th e pellet. Th ese mec hanisms caus ed 
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t h e  cat aly st failure in one test. A mixed bed of  catalyst (80% Deoxo - 0, 
20% AECL) was contacted wit h a 14X nitric acid solu tion at 150 OF ( 66 oc) 
for one hour , drained, and rinsed with deionized water prior to th e test. 
Af ter  being immersed in th e hot acid solu tion, th e gray metallic coating of  
the  Enge lhard c atalyst was removed ( clean white pellets remained), and th e 
coating of  t he AECL catalyst was softened and easily scraped from t h e  hard 
s u bstrate.  As shown in figure 4-4, t he  recombination rate was v ery low , and 
t h e  resulting ef f ectiveness factor was 0.1 L/ h.  

4.9 CATALYST POISONING 

The  mixed- bed catalyst was su bjected to a matrix of  c hemic als and 
compou nds to  ev aluate  t h e  ef fects, if any, on catalyst performance .  T h is 
list of  poten t ial poisons was composed of su bst ances the  catalyst mig h t  
encounter d u ri ng the processes of fabricating and loading t h e  fuel 
canisters. Poisoning can be cau sed by the  following : 

• Ch emical reaction with the  c atalytic material or the  coating 

• Sorption to re action sites on t he  catalyst surface ( molec u lar 
bonding and blocking ) 

• A physical barrier restric ting or blocking diffu sion of  g ases 
and/or water vapor to and from the  catalyst.  

A considerable redu ction in catalyst performance is c au se d  by coating 
t h e  pelle t s  wit h water ( see  sec tion 4.2), alt houg h the  u s e  o f  mixe d- be d  
catalyst minimizes the effect of wet t ing . No further reduc t ion in 
performance was noted when t h e  cat aly st was wetted  in simu lated Reactor 
Cooling Sys t em ( RCS) water instead of deionize d  water. Other c hemicals and 
materials had  varying e ffects  on  catalyst performance.  

4.9. 1 Cu tting Fluids 

Soaking th e catalyst for 1 1 /2 h in a 4% emulsion of Okit e Formu la 59 
c u t t ing oil in water had  litt le ef f ect  ( re lativ e  to RCS ). Af ter immersing 
t h e  catalyst in t h e  emulsion for 72 h ,  catalyst performance may have been 
redu ce d  sligh t ly. 

4.9. 2 Dye Penetrants 

As a result o f  canister weld inspect ions,  residu al dy e penet rants,  
penet rant dev elopers ,  and c leaners may contact the catalyst material. Two 
systems,  Uresco  and Magnaflu x ,  were evalu a�ed for the  e f f ects  on cat alyst 
performance. After lig h t ly applying t h e  penetrant , then t h e  deve loper, th e 
c atalyst beds were t horou g h ly wet t ed wit h water and tested. T h e  U resco 
s ys t em had  no det ectable e ff ec t  on recombination rate. Catalyst 
e ffe c t iv eness was redu c ed u p  to  30% by application of  t h e  Mag naflu x syst em , 
bu t t h is mat erial may h a v e  been applie d too heav ily, biasing t est resu lt s. 
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4. 9 . 3 LI CON Cement 

Lig h t  concrete ( LICON ) is used as a sup port medium in some of th e 
debris c an ist ers. T he material h as low so l ubility in the RCS ,  but small 
amo un ts o f  t h e  so l id coul d erode from th e structure. T h e  resulting lig h t  
sl urry coul d then coat th e c atalyst o r  otherwise affect catal y st op eration. 
A t h ic k  sl urry was app l ied to th e c at a l y st b ed b efore testing , p rov iding a 
physical b arrier to  diffusion to the c atal y st ,  resul ting in somewhat reduced 
recomb ination rates. After testing ,  th e sl urry easil y rinsed away and 
woul d ,  t h erefore, h av e  no sig nific ant effect on  the c at al yst. 

4.9 . 4 Carbo n  Monoxide 

c�rbo n  monoxide gas, which can result from radiolytic deg radation o f  
o rg anic mat erial s ,  has a temporary effect on th e catalyst. Each of  th e 
three catal y st t yp es was tested indep endently under oth erwise ideal 
condition s  for c atalytic recombination ( dry , fresh c atalyst) . T esting 
proc eeded as fo l l ows: 

1 Fresh , dry c atal yst was installed in th e t est assembl y and g as was 
inject ed into th e reactor 

1 Wh en recomb ination was well estab l ish ed, c arbon monoxide gas was 
added to a concentration of  0 .92% 

1 Conditions were monitored as in a normal t�st. 

T h e  uncoated c atalysts apparently recov ered from th e effec ts of carbo n 
monoxide addition with in about 4 h ,  with a maximum o xygen conc entration 
lev el of about 0.7h. T h e  AECL c atalyst suffered more l ong-term effects: 
after about 6 h ,  th e catalyst was only beg inning to recov er, and oxygen 
level h ad reac h ed 2.4!. 

4.9.5 �draulic Fl uids 

Sev eral c andidate h ydraul ic fluids ( g l ycol comp l exes) were identified 
fnr potential use in core debris removal operations and were eval uat ed fc: 
the effect s  o n  th e p erformance of recombiner c atalysts. T h ree sol utions  
were used in  the testing, in both 100%  and 2% concentrations: 

1 1 :3 mixture of Borate Ester in U CON-WS-34 

1 Borated U CON -WS- 34 

• Houg hto-Safe-620. 

No  significant c h ang e was evident in c atal yst performanc e  c h aract er
istics after t ho ro ug h l y  wetting in 2% fluid concentrations. Eac h of t h e  
c o n c entrated so l utions, h owev er, h ad dramatic negative effects o n  th e 
c ataly st ,  with effect iv eness factors dropping to between 0.26 and 0.33 L/ h .  
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Since t h e se so l utions  are hig h ly wate r-so l ubl e ,  t hey woul d be ri nse d  i n  t h e  
norm a l  c ani ste r-f i l li ng p rocesses and resul t in n o  si gn i f i cant  e f fe c t  o n  
c at alyst pe rfo rmance .  

An  addi t i o n a l  seri e s  of  qua l i tativ e  test s  was run to e v a l uate  the  
e f fe c t s ,  i f  any , of  t h e  c a ta l ysts on  the hydraul ic flui ds. No e v i dence  was 
o bt a i ned  t h a t  t h e  f lui ds were be ing decJmpose d  to th e ir basic compone nt s  
(wa t e r ,  hydroge n ,  c a rbo n dioxide , o r  lig h t  gaseous orga nic s) . 

4.9.6 Bori c Ac i d  �al ut ions 

A so l ut i on of boric ac id satura ted  in water  at room t empera t ure 
( nom i n a l l y  20 oc) re duc e d  c atalyst performanc e  by a fac tor of  
approximate l y  2.  The catalyst was submerged i n  the concentrated solution 
( ap p ro x i mat e l y  3 .3�) for about 90 h pri or to  insta l ling , dripping wet , in 
t h e  t e st appara t us. Reactor  coo l ant solution has a bori c acid conce ntrat 1o n  
o f  approx i mate l y  5 , 000  p /m , or 0.27�, wh ic h had  n o  me asurabl e e f fect  on  
cat a l yst pe rfo rmance .  

4.9.7 M i c rohi oc i de s  

Most c l osed-water syst ems are p l ague d  wi t h  m i c robi a l  activ i ty ,  and some 
system of  control must be used to prevent  bui l dup of o rgan i c mat eria l and 
foul ing of v ari ous e quipment in the system ( f i l t ers, heat  e xc h angers,  e t c . ) 
T h e  TM I -2 c l eanup operation  is no e xcep t i on.  Fi l te rs use d in t h e  c leanup 
operat i on began  to c l og wit h th ese mate ria l s  as m i crobi a l  activ i t y de v e l op e d  
i n  t h e  R C S  wat er. T h e  hig h radi oac t i v e  do'es prese nt di d l it t l e  to contro l  
t h i s  ac t i v i ty .  Bac t e ri al control age n t s, m i crobi ocides,  would be re quired. 

D uring February t hroug h April 1986 , a se rie s of tests we re run to c h e c k  
t h e  e f f e c t  of t h e se agents on  cata l yst eff i cie�cy. T h e  bioc i de s  test e d  
i nc l uded Biospe rse 250 , h ydrog e n  pe roxide , methano l , sodi um cyanide , and 
sodi um az i de .  T h e se biocide s caused only m i no r  puisoning e f fe c t s. 
A 1 , 000  p/m so l utio n  of  Biosperse 250 c a used t r.a most si gn i f icant  poiso n i ng ;  
t h e  re sul t ing e f f ec t i veness factor was 0 . 5 L/ h .  Howev e r ,  since t h is 
materi a l  was not used at  TMI-2 , washing /rinsing me t hods to  test rec o v e ry 
were not pursued. T h e  t e st s  usi ng me t h ano l , sodi um cyan i de ,  and  �odi um 
azide di d not conc l usi v e l y  i ndi cate sig n i f i cant  po�son i ng.  T h e  e f f e c t s  of  
hydroge n  p erox i de o n  c a t a l y st performance were di ffic ult to  e stablish sinc e  
t h e  c at a l y st decompose s  hydrogen  peroxi de and re leases oxygen. Af t Lr 
p erfo rm i ng 1 0  t e sts ,  i t  was conc l usi v e ly det e rmine d t hat all onse rv e d  
hydrog e n  perox i de ef f e c t s  on  cat a l yst performance were t emporary. 

4.9.8 Coagul ants 

Coagul ants  are used to  assi st in the  remo v a l  of  v e ry f i ne particul ates  
f rom the  RCS water and  t h e  water  i n  the  spe n t  f ue l  sto rage basins. To  
e nsure that  t h e se coagulants  would have  no si g n i f ic ant  adverse effects  on  
c a t a ly st p e rformance , two  candidat e  coagulants,  Betz 1 19 2  and Bet z  1 1 82  we re 
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t es t ed . T h e  t es t s  s h owed t hat t he di l u t e  so l u t i on of Betz 1 192 h ad no 
measu rable effect on cat a l y s t  pe rformance .  Howe v e r ,  aft e r  the cat a ly s t  had 
been i mmerse d  i n  a 5 0  p/m so l u t i on of Bet z  1182,  cat a l y s t  performance 
d ecreas ed by approxi mat e l y  20% to  an effect i ve ne s s  factor of 1 . 0. 

4.9. 9 A ll Po i so ns C ombi ned and Base  Cases  

The first all-poisons test t o  be conducted was test no. 1 37. The 
catalyst was subjected (by GPU Nuclear C orpo rat i on ) to the contaminants 
additives and microorganisms in the order in which they might be 
encountered during fabrication and operation. The poisoning reduced 
the catalyst ef fectiveness factor to 0.7, resulting in a margin of 
safety of 6 for core debris canisters. 

The s ame cat a l y s t  u se d  i n  te st no. 1 37 was i mmersed  in a so l u tion of 
Bet z  1 19 2  coag u l ant and ag a i n t e s ted. I n  th i s  te s t , the effe ct i v e n e s s  
facto r  was 0. 8 .  T h e  i mpro vement i s  at �  ·i bu te d  to the ri ns i ng effe ct o f  the 
d i l u t e  coagu lant i n  remo v i ng con tam i nants from the cata l y s t. 

A new bas e  case  was e s t abl i s hed  i n  te st  no. 1 50 .  For t h i s t e s t ,  the 
air i n  t h e  t es t  v e s s e l was repl ace d  by pu rg i ng wi t h  1 0  v o l umes of argon ,  
wi t hou t v acuu m  pumpi ng .  T h e  e ffecti v e n e s s  factor was 1 . 25 .  

T h e  e ffect i ve ne s s  of cata l ys t s  that  h ad gone through  the  act u a l  
manu factu ri ng proce s s , t h e n  removed from t h e  u pper head of t h e  can i s ter 
( cani s t er tlO. 1 30 ) , was e s t abl i s h e d  i n  te s t  no. 1 5 2. After  e xte nded 
o pe rat i on ,  t he effe ct i v e n e s s  factor was 0. 9 ,  as s hown i n  fi gure 4- 2a. 

A fi n a l  set of base-case  and all-po i so n s  tes t s  was condu cte d near the 
e nd o f  t h e  t e s t i ng program. T h e  re su l t s are s h own in table 4-3.  For the s e  
t e s ts , t h e  treate d  catal y s t s  were s h i ppe d from TMI- 2 t o  t h e  H anford Si te i n  
1 / 2-L bot t l e s  fi l l e d  w i t h  s i mu late d  RCS wate r. T h e  re l at i vel y l ow po i son i ng 
e ffe ct and h i g h effe ct i ve n e s s  factors are attri bu te d  to  the  ri n s i ng effe ct 
o f  t h e  s i mu l ated  RCS water i n  remov i ng the  po i so ns from the  cataly s t .  

The  re su l ts i ndi cate th at after the po i so n i ng and ri ns i ng p ro ce s s e s  
wh i ch are e xpected  to  occu r i n  the  l i fe cycl e o f  t h e  cat a l y s t  i n  TMI-2 core 
d e bri s can i st e rs ,  t h e  rema i ni ng cata l ys t  facto r  of safety w i l l  
be 9 ( 1 . 0/0. 1 1  = 9). 
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Tab le 4- 3. Effect of  Mix ed Contaminants and Additives on  
Cataly s t  Bed Performance. 

T es t  Ca taly st Cat alyst Ef f ect iv eness 
ru n designation treatment fact or 

1 54 Blank RCS water 1 . 2  

1 6oa Blar.k RCS water 1 . 1 

1 55C A Co ntaminants plus 1 .2 
50 p/m coagulant 

1 56 B Ab 1 . 1 

1 58 c Contaminants plus 1 . 0  
1 0% coag ulant 

1 61 0 cb 1 . 0  

aTh e air in th e test v es s el was replac ed by a 1 0-volume purg e ( 170 L) 
with arg o n  (no v acuum pumping ) .  

bsame as t h e  indic ated treatment with contaminants and Betz no. 1 1 8 2  
coag ulant, e x c ept that a pretreatment with hot boric acid and a po s t
treatment with hydrog en peroxide were also  inc luded. 
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5 . 0  OTHER APP L I CAT I ONS 

One  o f  t h e  b e s t  ways to  contro l hydrogen i n  cont a i n e r s  of  rad i oact i ve 
wastes  i s  t o  remov e  e s s e nt i a l l y  a l l wate r  and organ i c  mater i a l s f rom t h e  
conta i ne r .  H owe v e r , remo v a l  o f  t h e  wate r  f rom t h e  TM I -2 c o r e  d e br i s  
c an i s t e r s  was  judged  to  be  i mprac t i ca l  ( Henr i e  and Appe l 198 5 ) . Remo v a l  o f  
t h e  wat e r  and organ i c  mater i a l s f rom a w i d e v ar i e ty o f  o t h e r  cont a i n e r s  o f  
rad i oact i ve mater i a l s a l so appears  to b e  i mpract i ca l , a n d  t h e  add i t i on of  
cat a l y s t s  and  v e n t s  has  proven  to be  e f fect i ve ( He nr i e  et  a l . 1 9 8 6a ) . 

T h i s  area of  potent i a l u s e  i nc l u d e s  s e v e ra l cat egor i e s of  n u c l e ar  waste  
f rom a v ar i e ty o f  sou rce s .  Any rad i oact i v e mater i a l t h a t  i s  u sed  o r  s tored  
i n  t h e  pre sence  of  wate r  o r  other  hyd rog e nou s mater i a l s ( su c h  as  organ i c s )  
i s  s u b j e c t  to rad i o l ys i s  and potent i a l hyd rog e n  g a s  bu i l d u p . T hu s , any o f  
the  fo l l ow i ng cou l d  b e  cons i dered a s  potent i a l app l i c at i on s : 

• Transu ran i c  wastes  

• N u c l ear  l aboratory o r  h o s p i t a l  was t e s  

• Decontam i nat i on a n d  l au nd ry wa s t e s  i nc l u d i ng :  

C l e an i ng so l u t i on s  

S o l v e n t s  

W i p i ng c l o t h s , papers , e t c . 

Wh i l e  t h e  u se of  c a t a l y s t  b e d s  may seem an  e x o t i c  s o l u t i on to  
rad i o l ys i s ,  s i mp l e  c at a l y s t  sy s t ems  h a v e  been  proven  e f f ect i ve .  Sma l l 
quant i t i e s of  c c t a l y st  h a v e  proven  to  be  e f fe c t i ve for  contro l of  g a s e s  i n  
storage d rums at the  H an ford S i te .  T ho u s a n d s  of  t h e s e  u n i t s have  b e e n  u sed  
effect i ve l y  over  t h e  p a s t  10  yr  at  m i n i mum co s t . 

One  recent  app l i cat i on of  c a t a l y s t  b e d s  for  hydrog e n  contro l i s  i n  t h e  
d i s po s a l by l and bu r i a l  of  U . S .  N avy su bmar i ne reactor  c omp artme nt s . To 
accommo d a t e  t h e s e  bu r i a l s  w i t hou t v e nt i ng o r  d ry i ng ,  a 50/50 m i x t u re of  
E ng e l h ard D c at a l ys t  and  an  i mproved  p l at i num o n  a s i l i ca base , wet - p roof  
cata l y s t  was � s ed ( He nr i e  e t  a l . 1986b ) . T h i s  i mp ro v e d  c a t a l y s t  was  t e s t e d  
u nder  t h e  p rogram reported  i n  t h i s  docume n t , b u t  t h e  d e v e l opment  c ame  too  
l at e  for  u s e  i n  the  TM I -2 core  d e br i s  c a n i sters . 

Ano t h e r  i mprovement  that  mater i a l i zed  as a r e s u l t  o f  t h ; �  c at a l ys t  
t e s t i ng p rogram i s  t h e  c at a l yt i c  v e n t  ( DO E  patent  app l i ed f or } , wh 1 ch 
cons i st s  o f  a c at a l ys t  b e d  w i t h  porou s met a l  f i l te r s  at  e a c h  e nd t o  p r e v e n t  
t h e  e scape of part i c l e s ,  b u t  t o  a l l ow g a s e s  to  f l ow/d i f f u se to  and  t hro ·J g h  
the  cata l y s t . W h e n  i ns ta l l ed i n  a port  i n  a c o n ta i ner  o f  wet r ad i oac t i ve 
waste , t h e  cata l yt i c  v e n t  o f f e r s  t h e  f o l l ow i ng ad v an t ag e s : 

• Ven t i ng o f  t h e  conta i ne r  t o  p r e v e nt overpre s s u re o r  u nd e r p re s s u re 

• H i g h -qu a l i ty f i l tr a t i on of  g a s e s  t o  p r e v e n t  p a r t i cu l a t e  e s c ape  
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• Con tro l o f  r adioly s is produc ts produced with i n  th e v es s e l  

• P r ev en tion of exc es s hydrog en ( r es u lting from radio l y s is and 
o xy g en s c av eng i ng ) lo s s  by r eac tion w i th exter nal ( amb i ent air ) 
oxy g en.  

T h is dev ic e permits th e s torag e  of v es s els or  was te container s with in a 
b u i ld ing  or  other confined area with o u t  th e prob lem o f  eith er c o n tainer 
o v erpres su r e ,  or hydrogen bui ldu p with in th e container o r  with in th e 
fac ili ty. 
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