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L INTRODUCTION 

P r e l i m i n a r y r e q m r e m e n t s for PHTS cold t r a p s w e r e r e p o r t e d in Sept . 

1973.^ The r e q u i r e m e n t s a r e h e r e i n r e v i s e d for the following r e a s o n s : 

(1) T h e r e have been s ignif icant changes in the d e s i g n of the PHTS and o t h e r 

s y s t e m s of the p lant , such as Refuel ing, that affect cold t r app ing . (2) T h e r e 

have been changes in b a s i c da ta , such a s su r face con tamina t ion of r e p l a c e ­

m e n t fuel a s s e m b l i e s . (3) The method of evaluat ing t rapp ing t i m e h a s been 

i m p r o v e d wi th the u s e of a m o r e r e a l i s t i c m a t h e m a t i c a l m o d e l and the c o m -

pTiter. (4) Advantage h a s now b e e n t aken of a h i g h e r expected t r app ing ef f i ­

c iency for sodiiim oxide . (5) The r e q u i r e m e n t s for t r i t i u m con t ro l th rough 

cold t r app ing of sod ium hydr ide have been i n c o r p o r a t e d . 

A l s o included in th is r e p o r t a r e the cold t r a p r e q u i r e m e n t s for the 

IHTS. T h e s e a r e not independent of the PHTS cold t r a p s b e c a u s e they a r e 

coupled by the diffusion of hydrogen and t r i t i u m th rough the IHX. O t h e r w i s e , 

t h e s e would be e n t i r e l y s e p a r a t e cold t r a p s y s t e m s . Mos t of the t r i t i u m f r o m 

the r e a c t o r would be t r a n s p o r t e d to the w a t e r of the s t e a m plant if it w e r e 

not for the p r e s e n c e of hydrogen and the cop rec ip i t a t i on of both in the cold 

t r a p s of both PHTS and IHTS. T h e s e t r a p s can co l lec t up to 99% of the 

t r i t i u m r e l e a s e d by the r e a c t o r . The s o u r c e of the hydrogen is the w a t e r 
(3) c o r r o s i o n of the 2-1/4 C r - 1 Mo tube a l loy of the s t e a m genera to r . ^ ' 

POUM 719-P lUJV. 3-73 
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n . SUMMARY O F REQUIREMENTS 

A. PHTS Cold T r a p s 

A n a l y s e s show tha t a s ingle F F T F Type I^ ' cold t r a p , which i s shown 

in F i g u r e 1, would adequate ly sat isfy a l l of the cold t r app ing r e q u i r e m e n t s 

of the PHTS for a l l condi t ions of in i t ia l clejuaup, n o r m a l ope ra t ions including 

refuel ing and t r i t i u m con t ro l , and m a i n t e n a n c e shutdown o p e r a t i o n s . Ho'wever, 

b e c a u s e of the u n c e r t a i n t i e s in the s o u r c e l eve l s of the i m p u r i t i e s , the eff i ­

c iency and capac i ty of th i s p a r t i c u l a r cold t r a p , and the t r app ing r a t e reqx i i re -

m e n t s , i t is r e c o m m e n d e d ^ tha t two of t h e s e t r a p s be ins ta l l ed in the RCB 

of the C R B R P . 

The F F T F Type I cold t r a p is r a ted a t 60 gpm at the h i g h e r sod ium 

t e m p e r a t u r e s tha t ex i s t in the r e a c t o r overf low s y s t e m dur ing n o r m a l r e a c t o r 

power ope ra t ion and i t is r a t ed at 80 gpm at the l ower t e m p e r a t u r e s dur ing 

refuel ing and ma in t enance shutdowns. The w i r e m e s h c r y s t a l l i z e r voliime 
3 

i s 59 ft . The r e s i d e n c e t i m e in the t r a p for the sod ium flowing a t 80 gpm 

is 5. 5 in inu tes . 

The s e p a r a t e capac i t i e s of th i s t r a p for col lec t ing oxygen and hydrogen 
IcfT I X . J 

a r e about S*9 and 2^ lb , r e s p e c t i v e l y . The t r a p capac i ty wi l l be expended 

in the f i r s t Ir55=& y e a r s of plant ope ra t ion , and -8^0 of it wi l l be consumed by 

sod ium h y d r i d e . 

B . IHTS Cold T r a p s 

The ana lyses show tha t a 60 gpm cold t r a p in each of the IHTS loops 

would adequate ly sat isfy a l l of the cold t r app ing r e q u i r e m e n t s for a l l condition.'; 

of in i t ia l c leanup, n o r m a l ope ra t ions involving t r i t i u m and hydrogen »..,•: Lr-il, 

and ma in tenance shutdown o p e r a t i o n s . However , a s in the c a s e of the P H T S , 
(5) a second cold t r a p is r ecommended ^ ' to be ins ta l l ed in each loop to p rov ide 

FOIIM 719-P lUJV. 3-73 
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the margin judged to be required to cover the uncertainties in source l e v e l s 

of impuri t ies , the efficiency and capacity of the trap, and the trapping rate 

requirements . 

The IHTS cold traps are proposed to be a ir cooled and to be much like 

the F F T F Type I cold trap except that diey would have a 3-foot longer c r y s t a l -
3 

l i z e r section (wire m e s h ) , having a volume of about 100 ft , and a gas cooling 

annulus instead of a NaK cooling jacket. A sketch of this cold trap i s given in 

Figure 2. The res idence t ime for the soditun in the crys ta l l i zer zone at the 

rated flow of 60 gpm i s about 12. 5 minutes . The separate capacit ies of this 

trap for collecting oxygen and hydrogen are about 9W lb and 4ff lb, respect ive ly . 

The trap capacity wil l be expended in the f i r s t 4 0 . 4 years of plant operation, 

and w i n be about ^ % constmaed by sodium hydride, based on no s team 

generator l eaks . The trap l i fet ime w i n be reduced to Mr6 years when 

s tat i s t icany accounting for the possibi l i ty of leaks in the steam, generator. 

This additional duty of the trap i s d i scussed in Appendix A. 

m . RESULTS OF ANALYSIS 

A. PHTS 

Table I sxusimarizes cold trap flow rate requirements for the various 

operating conditions. Each operation and impurity are treated separately and 

l i e table shows which are controUing. It i s assuined that the trapping of oxygen 

and hydrogen occurs simultaneously. Hence, the larger of the two trapping 

t imes (one for oxygen and one for hydrogen) for a particular operation and trap 

flow rate indicates the one which controls . Thus, we see in Table I that on 

initial cleanup the oxygen in the sys tem determ.ines the cleanup t ime. At 80 

gpm it takes 331 hr ('^ 2 weeks) to reduce the oxygen concentration to 2 ppm. 

and 229 hr to reduce the hydrogen concentration to 0. 2 ppm. These are the 

maximum permiss ib le concentrations during reactor operation. 

FOIIM 7i9-P lUiV. 3-73 
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TABT.K I 

PHTS COLD T R A P FLOW RATE REQUIREMENTS 

Opera t ion 

Ini t ia l 

Cleanup 

N o r m a l 

Refueling 

Opera t ion 

Main tenance 

Shutdown 

Impur i t y 

Oxygen 

Hydrogen 

^ ** Oxygen 

Hydrogen 

Oxygen 

Hydrogen 

Contamina t ion 

14. 3 p p m 

1. 93 p p m 

1. 35 ppm in 410 h r 

1. 35 ppm in 205 h r 

0. 63 p p m in 410 h r 

0. 63 p p m in 205 h r 

0. 73 ppm 

None 

Flow R a t e & T i m e 
(gpm) (hr) 

80 

160 

240 

80 

160 

240 

20 

80 

80 

40 

80 

40 

80 

80 

160 

— 

331 

167 

110 

-2^9 Z>' 

474 

<410 

<205 

R e m a r k s 

« 

*** 50% refueling efficiency 

1007o refueling efficiency 

44S ^^^' 
50% refueling efficiency 

<410 

23-8 Vi( 

24 

12 

— 

100% refueling efficiency 

1. 0 lb 0^ admit ted a t end of 

of ma in tenance pe r iod , t i m e 

z e r o 

* T i m e does not include the t i m e r e q u i r e d to c lean up the sodium in s t o r age p r i o r to filling P H T S . 
** New fuel oxygen contamina t ion = 0. 57 x 10-4 Ib/ft^ of su r f ace . 

*** T i m e includes refueling t i m e of 205 h r at 100% efficiency o r 410 h r a t 50%. 
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On a n o r m a l refuel ing ope ra t ion (Table I) , n e i t h e r the oxygen o r hydrogen 

con tamina t ion r e s t r i c t the subsequent ope ra t i on of the r e a c t o r , when cold 

t r app ing a t 80 gpm. The refuel ing efficiency w i n p robab ly be 50% {2. 4 h r 

handl ing t i m e for e a c h c o r e a s s e m b l y ) and r e q u i r e 410 h r to exchange 171 

a s s e m b l i e s . Then , a s m a y be seen in Table I, the t r app ing t i m e r e q u i r e d 

i s <410 h r for both oxygen and hydrogen . Th i s m e a n s that the oxygen does 

not exceed the ope ra t ing l im i t of 2 ppna dur ing the 410 h o u r refuel ing o p e r ­

a t ion, and the hydrogen does not exceed i t s 0. 2 p p m l imi t . T h e oxygen 

concen t r a t ion a t the s t a r t of refuel ing w a s taken as 1, 52 ppm, which is the 

s t e a d y - s t a t e concen t ra t ion dur ing n o r m a l power ope ra t ion . The c o r r e s p o n d ­

ing in i t ia l hydrogen concen t ra t ion in the PHTS is &•. 040 p p m . 

Majo r ma in t enance on the PHTS involving e i t h e r r e m o v a l of a m.ain pump 

i m p e n e r o r the opening of the m a i n p ipes is e s t i m a t e d to admi t 1 lb of oxygen 

(0. 73 ppm) and an insignif icant amoxint of hydrogen . A s s u m i n g th i s t akes 

p lace at the end of the ma in t enance pe r iod , the t i m e r e q u i r e d a f t e r w a r d s to 

r e s t o r e the oxygen concen t r a t i on to the 2 p p m l i m i t is 24 h r (See Tab le I ) . 

T h i s i s b a s e d on an in i t i a l oxygen concen t r a t ion of 1. 52 ppm, which i s the 

expected s t e a d y - s t a t e concen t ra t ion in the PHTS p r i o r to shutdown. 

N o r m a l opera t ion at power is not incltided in Tab le I b e c a u s e it has been 

shown p rev ious ly^ tha t the oxygen contamina t ion at th i s t ime is so low as to 

r e q u i r e m u c h l e s s cold t r a p flow than the 60 gpm prov ided by one t r a p to 

con t ro l t r i t i u m . The hydrogen t rapping r a t e dur ing n o r m a l ope ra t ion is about 

1 l b / y e a r . 

Tab le II shows how the volume of the f i r s t t r a p used in the PHTS would 

be cons\imed and i ts c o r r e s p o n d i n g l i f e t ime . In i t ia l c leanup would u s e 

lar? ft or-a<% of the t r a p volume capac i ty . Subsequent ly m o s t of the t r a p 

3 
volume i s used to r e m o v e hydrogen . If the 59 ft t r a p w e r e used exc lu ­
s ively for this p u r p o s e it would las t -34 y e a r s , a s shown by its l i fe t ime in 
the t ab le . The combined l i fe t ime due to a l l ope ra t ions shown is JrfirlJ y e a r s . 
Thus , the f i r s t changeout of a PHTS cold t r a p should not be r e q u i r e d for 
at l e a s t 4 ^ y e a r s a f te r plant s t a r t up , '•^f'^" * "T*-- "*/*•-• '̂  '*'*7' -•'- '-'^ ^ 

FOILM 719-P IlLV. 3-73 



Operation 

Initial 

Cleanup 

Normal 

Operations 

Including 

Refueling 

Maintenance 

Shutdown 

* Based on 1 f 

TABLE II 

PHTS COLD TRAP CAPACITY REQUIREMENTS 

Impurity 

Oxygen 

Hydrogen 

Oxygen 

Hydrogen 

Oxygen 

Hydrogen 

:old trap volur 

Contamination 

32.7 lb 

4.14 lb 

2.4 Ib/yr 

1.2 Ib/yr 

2.0 Ib /yr 

None 

Volume 

•"fe6 It'lyr 

iSftV 

/ 
Oraa ft /yr 

-

Lifetime 

-

-

«"^a25 yr 

/; i - t y r 

•̂ S Ua yr 

-

Combined Lifetime = it«r*5 yr 

ne = 59 ft^ 

• 

Remarks 

Includes storage faci l i t ies 

once during life of plant 

New core component 

surface contamination not 

removed in EVST: 

0.2?'lb H/ft^ on 171 a s s y s . 

0 . 5 \ l b O/fr on 171 a s s y s . 

Two major maintenance 

shutdowns per year, 

requiring opening the PHTS 
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B. IHTS 

Table HI s u m m a r i z e s cold t r a p flow r a t e r e q u i r e m e n t s for the v a r i o u s 

o p e r a t i o n s of one of the t h r e e independent loops of the IHTS. We see tha t 

on in i t i a l c leanup of oxygen, - 4 ^ h o u r s ('~*e days) of t r app ing t i m e i s 

r e q u i r e d with 1, 60 gpm cold t r a p . A second t r a p which w i n be i n s t a n e d 
7'»" 

and ava i lab le in each loop could cut the in i t ia l c leanup t i m e to W d a y s . 

T h i s t i m e coxild a l so be reduced by r a i s i ng the s y s t e m t e m p e r a t u r e above 

the 4 0 0 ' F a s s u m e d . F o r e x a m p l e , a t 500" F i t i s e s t i m a t e d tha t the 60 gpm 

cold t r a p could do the job in-ftt frdays, and at 600* F it would take TrS" d a y s . 

A s fa r a s n o r m a l ope ra t i on of each of the IHTS loops is c o n c e r n e d , 

cont inuous ope ra t ion of the cold t r a p is not r e q u i r e d to ma in t a in oxygen 

p u r i t y . The s o u r c e of oxygen is n o r m a H y so low a s to r e q u i r e only 13 h o u r s 

of cold t r a p ope ra t ion p e r month when only 10 gpm a r e flowing. Hydrogen 

diffusing th rough the s t e a m g e n e r a t o r tubes is the p r i m a r y demand for cold 

t r app ing flow r a t e ; h o w e v e r , even in th i s c a s e l e s s than fun-f low for the 

60 gpm cold t r a p would be sufficient to ma in ta in the <0. 1 p p m hydrogen 

concen t r a t ion r e q u i r e d for leak d e t e c t o r sens i t iv i ty . 

Major ma in t enance shutdown of one loop could cause about 1 lb of 

oxygen contamina t ion and r e q u i r e app rox ima te ly 40 h o u r s of t r app ing t i m e 

to r e s t o r e i t s concen t ra t ion to 2 ppm. Th is t i m e would p robab ly be a v a i l ­

able b e c a u s e of o t h e r s t a r t u p a c t i v i t i e s , so no s y s t e m unavai lab i l i ty would 

a c c r u e due to cold t r app ing . 

Tab le IV shows how the volAime of the f i r s t t r a p used in each loop of 

the IHTS would be consumed . Ini t ia l c leanup would take % ft [Sfjo) of the 

c r y s t a n i z e r vo lume . Subsequent ly , m o s t of the useful t r a p volume is 
3 

t aken up by the hydrogen . If the 100 ft t r a p w e r e used exc lus ive ly for 
^. ? 

th i s p u r p o s e , it would l a s t 15. "9 y e a r s accord ing to the t ab i c . The l i fe t ime 

of the t r a p when combining a l l ope ra t ions shown is 43 . l - y e a r s . Thus , the 

*The addi t ional duty of the IHTS cold t r a p s for c leanup following s t e a m 
g e n e r a t o r l e aks and e m e r g e n c y dump is d i s c u s s e d in Appendix A. 
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V.?7 
f i r s t changeout,of an IHTS cold t r a p is not expected for at l e a s t -i3^years 

a f t e r plant •bui'liip. The ins ta l l ed second t r a p in each loop covild be ope ra t ed 

e i o r e o j?af te r th i s i 3 y e a r pe r iod to extend the ac tua l changeout t inje on^, 

C. TRITIUM TRANSPORT 

1. S teady - Sta te 

A s t e a d y - s t a t e m a t h e m a t i c a l m o d e l of diffusion, cold t r app ing , and 

t r a n s p o r t of tr i t ivim and hydrogen in the h e a t t r a n s p o r t s y s t e m s has been 

p r o g r a m m e d at Al^ ' for c o m p u t e r solut ion. The input and output data for 

nomina l condi t ions a r e p r e s e n t e d in T ab l e s V and VI. Tab le V l i s t s the 

s y s t e m p a r a m e t e r s for the r e f e r e n c e d e s i g n and Table VI gives the c a l ­

culated r e s u l t s . 

Of the 89 C i / d a y r e l e a s e d in the r e a c t o r , 1. 11 C i / d a y i s t r a n s p o r t e d 

to the s t e a m s y s t e m , 23J 3 C i / d a y is r emoved by the 60-gpm. PHTS cold 

t r a p , and 64. 2 C i / d a y i s r emoved by the 3, 6 0 - g p m IHTS cold t r a p s . Mos t 

of the hydrogen (97%) is r emoved by the IHTS cold t r a p s . The s t e a d y - s t a t e 

concen t r a t ion of hydrogen in the IHTS sodiiim is , 057 which is <. 1 ppm as 

specif ied ^ ' for hydrogen d e t e c t o r sens i t iv i ty . 

Tab le VII shows: (1) the effect of reducing IHTS cold t r a p flow r a t e to 

30 g p m / l o o p and (2) the effect of hydrogen flux unce r t a in ty . It m a y be seen 

that the reduct ion in cold t r a p flow to one-hal f h a s a m i n o r effect on the 

t r i t i u m flux to the s t e a m g e n e r a t o r , and the r e s u l t a n t hydrogen c o n c e n ­

t r a t i o n in the IHTS is below the l imi t (. 1 ppm) r e q u i r e d for l eak de tec t ion . 

The unce r t a in ty in hydrogen flux f rom the s t e a m g e n e r a t o r y ie lds a c a l -

ctilatcd range in the t r i t i u m flux to the s t e a m g e n e r a t o r f r om 0. 76 to 2. 14 

C i / d a y . The c o r r e s p o n d i n g va r i a t i on in IHTS hydrogen concen t r a t i on is 

. 047 to . 067 ppm. 

FOnM 719-P 1U:;V. 3-73 
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TABT.F, V 

PARAJvIETERS USED IN THE CALCULA.TION OF SIMULTANEOUS 
1 HYDROGEN -TRITIUM TRANSPORT IN CRBRP 

(Sheet 1 of 2) 

P r i m a r y Circuit System Paramete-

Total Weight of Sodium 
in P r i m a r y Circuit 

Temperature of Piping 

Area of P r i m a r y Piping 
(Excluding IHX) 

Thickness of P r i m a r y Piping 

Total Cold Trap Flow Rate 
(based on 250'F) 

1 Minimtim. Cold Trap Tem.perature 

Cold Trap Efficiency for 
Hydrogen Removal 

Hydrogen Flux to P r i m a r y Circmt 
(not including IHX) 

Tri t ium Flux to P r i m a r y Circtiit 

Total Volume of Nitrogen in 
P r i m a r y Cells 

Exchange Rate of Nitrogen in 
P r i m a r y Cells 

IHX Pa rame te r s 

Log Mean Total Diffusional Area 
of IHX 

"Wall Thickness of IHX Tubing 

Hydrogen and Trit ium Diffusion 
Coefficient for IHX 

rs 

lr37E+6 lbs 

950«F 

8358 ft^ 

0.625 in 

60 gpm 

250"F 

70% 

0 

89 Ci/day 

698,000 ft^ 

10%/day 

43,270 ft^ 

0.047 in 

2.70E+7g mole Na 

780'K 

7.76E+6 cm^ 

1.59 cm 

151.7g naoles Na / sec 

394»K 

0.70 

0 

0.0362pigm at T /sec 

7.74ET5g mole N2 

0. 896g mole N^/sec 

4.02E+7 cm^ 

0.119 cm 

1.083E-6 cm^/sGC 

FORM 719-P IlKV. 3-73 
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TABT-K V 

PARAMETERS USED IN THE CALCULATION OF SIMULTANEOUS 
HYDROGEN-TRITIUM TRANSPORT IN CRBRP 

(Sheet 2 of 2) 

Intermediate System P a r a m e t e r s 

Total Weight of Sodium in 
Intermediate Circuit 

Temperature of Piping 

Area of Intermediate Piping 
(Excluding IHX) 
Thickness of Intermediate Piping 

Total Cold Trap Flow Rate 
(based on 250'F) 

Minimum Cold Trap Temperature 

Cold Trap Efficiency for Hydrogen 
Removal 

Total Volume of Air in 
Intermediate Cells 

Hydrogen Content in Intermediate 
Cell Ai r 

Exchange Rate of Ai r in In ter ­
mediate Cell 

Steam Generator Pa rame te r s 

Total Inside Area 

Total Outside Area 

Wall Thickness of Tube 

Hydrogen Flux 

Tri t ium Diffusion Coefficient 

Hydrogen Diffusion Area 
(Superheater Inside of Tubes) 

Temperature of Superheater 

Temperature of Evaporator 

1.125E+6 lbs 

900 

23,606 ft^ 

0.5 in 

180 gpm 

250-F 

70% 

386,000 ft^ 

0.5 vppm 

1%/day 

45,130 ft^ 

69, 300 ft^ 

0.109 in 

2.0E-11 lb 
H/sec-ft^ inside 
tube HT diffusion 
area 

- - _ 

15,000 ft^ 

890 'F 

755»F 

, 

2.22E-f-7g mole Na 

756»K 

2.19E+7 cm^ 

1.27 cm 

455.Ig mole Na / sec 

394'K 

0.70 

4, 2aE-t-5g mole air 

1 figm. at H/m.ole a i r 

0.049grnole N^/sec 

4.19E+7 cm^ 

6.44E+7 cm^ 

0.277 cm 

136 ptgm at H/sec 

1.384E-6 cm^/sec 

1.39E+7 cm^ 

750'K 

675»K 

FOIW 719-P lUiV. 3-73 
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TABLE VI 

RESULTS OF ANALYSIS OF SIMULTANEOUS HYDROGEN-TRITIUM 
TRANSPORT IN C R B R P 

CONCENTRATION 

Sodium Side of 
Primary Piping (SS) 

Sodium Side of Inter­
mediate Piping (SS) 

Nitrogen Side of P r i -
nnary Piping (SS) 

Primary Sodium (Na) 

Sodium Side of Steam 
Generator Piping (SS) 

Air Side of Inter­
mediate Piping (SS) 

Intermediate Sodium (Na) 

Primary CoU 
Atmoaphere (Nj) 

Intermediate Cell 
Atmoaphere (Air) 

Hy^lrojen 
uzm at H/mole* 

o'i244 

0.322 

0.183 

0.915 

0 

0.452 

1.301 

8.06S - 3 

1.0 

«room 

. . . 

. . .; 

0.040 

. . . 

. . . 

0.0S7 

. . . 

Trit) 
iiKm at T/mole 

5.27E - 4 

6.18E . 5 

4.49E - 4 

1.98E . 3 

3.09E - 5 • 

6.07E - 5 

2.50E . 4 

1.70E - 4 

6.68E . 5 

um 
MCi T/ssmNa 

. . . 

. . . 

. . . 

2.46 

. . . 

. . . 

0.31 

. . . 

FLUX 

Through IHX to 
Intermediate Sodium 

To Primary Cold Trap 

To Primary Cell 

By R/A Decay In Primary 

To Steam Generator 

To Intermediate Cold Tra; 

To Intermediate Call 

By R/A Decay In 
Intermediate 

Hydrogen 

fXKTn at H/aee 

•AAS 

4.39 

0.0624 

-

.140 

> 135.9 

-.342 

-

Tritium 

j*gm at T/aec 

9^0rZSB . ^-i-b > 

o,«e^« ,ao'=^TL 

9T«E-»-5 f. /it-f 

•4-.S8e - 4 ^.17f~y 

0,MW ,0 2-?'f 

»^3B-' 6 7,diF-C 

9T6-9E-^6 j/^'f-i 

Ci/day 

6*rr 

-aarr 

AiSO 

Oier-

+rtn 

6*:? 

9^0072 

OTurr 

W. i^ 

z^.-r. 

.lii 

.-z/^ 
h o 7-/ 

i^.^r 

,./f 
C ' i -

* mole aodium, atalnloaa atael, nitrogen or air-, aa appiicabla 

m n u -71(1 D 
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TABLE v n 

TRITIUM TRANSPORT AND HYDROGEN CONCENTRATION 
CHANGES WITH IHTS COLD T R A P FLOW AND HYDROGEN FLUX 

Hydrogen* 

F lux 

( I b / s e c - f t ^ ) 

i x 10-11 
(minimum) 

2 x 1 0 - 1 1 
(nominal) 

3 x 1 0 - 1 1 
(maximum) 

IHTS Cold ** 

T r a p Flow 

(gpm) 

180 

90 
180 

180 

IHTS H^ 

Concen t r a t i on 

(ppm) 

.047 

.074 

.057 

.066 

* Hydrogen flux xincertainty fromi Refe rence 3 . 
** Refe rence cold t r a p flow r a t e is 180 gpm (60 gpm/ loc 

PHTS cold t r a p flow is cons tan t at 60 g p m . 

T r i t i u m Flux to 

S t e a m S y s t e m 

(C i /day ) 

2.12 

1.16 
1.11 

0.76 

P). 
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Tab le VIII shows the effect of hydrogen inject ion into the P H T S , which 

might be r equ i r ed if t h e r e should be an insufficient hydrogen s o u r c e due 

to c o r r o s i o n in the s t e a m g e n e r a t o r . We see tha t a hydrogen s o u r c e in 

the PHTS is m o r e effective in reducing t r i t i u m flux to the s t e a m g e n e r a t o r 

than the s t e a m g e n e r a t o r hydrogen s o u r c e . If t h e r e should be a m i n i m u m 

s o u r c e f r o m the s t e a m g e n e r a t o r o r 1.0 x 10" lo H / s e c - ft (1 /2 of 

nomina l o r expected va lue) , it would take only 23% m o r e hydrogen when 

injected into the PHTS to obta in the s a m e t r i t i u m flvix to the s t e a m s y s t e m 

( 1 . 1 1 C i /day) a s the nomina l c a s e without in ject ion. T h u s , the to ta l hydrogen 

s o u r c e would be 1.23/2 = 62% as l a r g e and would r educe the hydrogen t r a p ­

ping load on the cold t r a p s acco rd ing ly .* 

2 , T r a n s i e n t 

In the event of PHTS cold t r a p shutdown the t r i t i u m flux to the s t e a m 

s y s t e m wi l l i n c r e a s e from, the nomina l s t e a d y - s t a t e value ( ini t ia l condition) 

of 1.11 C i / d a y to a final s t e a d y - s t a t e value of 1.47 C i / d a y . An ana lys i s of 

the t r a n s i e n t f r o m the in i t ia l to final condi t ions was m a d e and shows that 

it t ake s about 600 h o u r s for the t r i t i u m c o n c e n t r a t i o n in the IHTS sod ium 

(and flux to the s t e a m sys t em) to i n c r e a s e by 63,2% of the d i f ference be tween 

final and in i t ia l c o n c e n t r a t i o n s . This long t i m e cons tan t al lows enough 

t i m e to get the s tandby PHTS cold t r a p into ope ra t ion without shutdown of 

the plant to l imi t t r i t i u m r e l e a s e . F i g u r e 3 shows the t r a n s i e n t t r i t i u m 

concen t r a t i ons in the PHTS and IHTS s o d i u m . 

* The ne t load on a l l s y s t e m t r a p s i s r educed , bu t the load on the PHTS 

cold t r a p is I n c r e a s e d . The addi t ional H- io. this c a s e would i n c r e a s e 

f rom 1.2 I b / y r (See Table 11) to 2 . 0 I b / y r , and the t r a p combined 

l i fe t ime would d e c r e a s e f rom l«&r5 y r (Table II) to-95=9 y r . 

FORM 719-P IIKV. 3-73 
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TABLE Vni 

EFFECT OF HYDROGEN INJECTION INTO PHTS 

Hydrogen Flux* 
to IHTS From 

Steam Generator 
(lb/sec-ft2) 

2 x 10-11 (nominal) 

1 X 10" (minimum) 

Hydrogen Injection' 
Into PHTS 

(%) 

0 (base) 
1 

10 
100 

0 
1 
2 

10 
20 

100 1 
200 

Tritium. Flux 
1 to Steam 

Generator 
(Ci/day) 1 

1.11 
1.04 
0.68 [ 
0.25 

2.12 
2.03 
1.94 
1.46 
1.14 
0.51 
0.36 

* Multiply these values by 15,000 ft to obtain total hydrogen 
diffusion through 3 superheaters . 

t % of total hydrogen diffusion into IHTS from the steam generator . 

FORM 710-1' IILV. 3-71 
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rv. BASES FOR REQUIREMENTS 

A. SODIUM PURITY 

The cold t r a p r e q u i r e m e n t s a r e ba sed on the pur i ty r e q u i r e m e n t s 

in RDT S tandard A l - 5 ^ ^ This s t a n d a r d does not p e r m i t r e a c t o r 

ope ra t ion at oxygen concen t r a t i ons g r e a t e r than 2 ppm when the hot 

leg t e m p e r a t u r e is s 800 " F . Below th is t e m p e r a t u r e , the concen t r a t i on 

cannot exceed 5 p p m . T h e r e f o r e , it i s a s s u m e d that r e a c t o r s t a r t u p 

wi l l not be p e r m i t t e d unt i l the oxygen concen t r a t i on is s 5 ppm and 

ope ra t ion at power wi th the hot leg s 8 0 0 ' F wi l l not be p e r m i t t e d unt i l 

the oxygen concen t ra t ion is i 2 p p m . T h e s e l imi t s of the RDT Standard 

a r e a s s u m e d to apply to the IHTS as wel l as the P H T S . 

The m a x i m u m concen t r a t ion of hydrogen accord ing to RDT A l - 5 

is 0.2 ppm above 800 "F and 0.4 ppm below 800 " F . F o r the purpose of 

obtaining good hydrogen d e t e c t o r sens i t iv i ty in the IHTS, h o w e v e r , 

G e n e r a l E l e c t r i c ^ ^ ' has placed a l imi t of 0.1 ppm of hydrogen in the 

IHTS sod ium. 

B . AVAILABLE TRAPPING TIME 

The object ive of the cold t r a p d e s i g n is to provide enough t r app ing 

capabi l i ty such that t h e r e wil l be no plant unavai lab i l i ty spec i f ica l ly 

a t t r ibu tab le to sod ium pur i f ica t ion dur ing n o r m a l plant ope ra t i on o r 

following a r e g u l a r l y scheduled fuel handling shutdown 

Avai lable cold t rapping t i m e is d e t e r m i n e d by the t i m e spent on 

o the r plant o p e r a t i o n s . During n o r m a l s t e a d y - s t a t e ope ra t ion , the 

t r app ing r a t e m u s t be l a rge enough to keep the oxygen and hydrogen 

below the specif ied l i m i t s . Those plant ope ra t ions which will d e t e r m i n e 

FORM 719-P lUuV. '5-7'3 
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available trapping t imes for initial cleanup and after refueling and 

maintenance have not been specif ical ly identified and f irmly establ ished 

for this plant, except in the case of refueling for which a good est imate 

has been made . 

Tentative values of available trapping t imes are as follows: 

Initial Cleanup 2 weeks(*) 

After Annual Refueling 75 hours 

After Major Maintenance 48 hours(*) 

The tentative values indicated by (*) were chosen more on the bas is 

of the amount of t ime that wi l l be required for cold trapping than on 

the bas is of available t ime . However, they are judged to be reasonable 

values for these operations. 

C, TRITIUM TRANSPORT 

One of the main functions of the cold traps in the PHTS and IHTS 

is to remove trit ium from the sodium and thus minimize its transport 

to the s t eam s y s t e m . Trit ium is re leased by the reactor and diffuses 

readily through the tubes of the IHX and s team generator unless a 

mechanism is provided that wi l l remove it at a faster rate. This 

mechanism is provided when a stifficient hydrogen source is present 

to act as a vehicle for cold trapping these two i so topes . There isn't 

enough trit ium by itself to saturate the sodium so that it can be 

col lected in the cold trap by precipitation. 

The fraction of the tritium re leased by the reactor which must be 

removed by cold trapping or the tri t ium activity which is permitted 

to be transported to the s team sys tem depends on the faci l i t ies for 

process ing the leakages , blowdown, e t c . from this sy s t em and the 

POIIM 71<»-P I/I-TV ^ - 7 T 
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m«tximum p e r m i s s i b l e concen t r a t i on of the t r i t i u m in the effluents 

f r o m the p lan t . While t h e s e f ac to r s a r e being s tudied , wi th the 

object ive of m i n i m u m o r "no r e l e a s e " f r o m the plant , the t r i t i u m 

fltBC to the s t e a m s y s t e m has been t en ta t ive ly l imi t ed to 1.5 Ci/day.^^ ' 

Th i s is about 1.7% of the m a x i m u m which could be r e l e a s e d by the 

r e a c t o r to the heat t r a n s f e r s y s t e m . 

The ana lys i s of t r a n s p o r t of t r i t i u m a s s u m e s the feas ib i l i ty of 

cop rec ip i t a t i on of t r i t i u m with hydrogen in the cold t r a p s due to the 

combined di f ferent ia l so lubi l i ty of t h e s e i so topes in sod ium wi th 

r e s p e c t to t e m p e r a t u r e . This p r o c e s s is c u r r e n t l y in the r e s e a r c h 

and deve lopment s t age ; and, t h e r e f o r e , the cold t r a p r e q u i r e m e n t s 

a r e subject to i ts success fu l d e m o n s t r a t i o n by t e s t s . 

D'. HYDROGEN DETECTION 

The technique p roposed for d e t e r m i n i n g the pos s ib l e in i t ia t ion of 

a l eak in the s t e a m g e n e r a t o r is the sens ing of an i n c r e a s e in hydrogen 

concen t r a t ion in the IHTS sod ium. The hydrogen d e t e c t o r has been 

developed for th is p u r p o s e . Its s ens i t iv i ty to sm;all leaks (~10 

lb H ^ O / s e c ) , which could p r e c e d e tube r u p t u r e , is impor t an t to 

IHTS main tenance and plant ava i lab i l i ty . This sens i t iv i ty depends on 

main ta in ing a low level of hydrogen concen t r a t i on in the s o d i u m . A 
(3) 

l imi t has been e s t ab l i shed at f rom 0.08 to 0.1 ppm by G e n e r a l E l e c t r i c 

who has the r e spons ib i l i t y for the S t e a m G e n e r a t o r S y s t e m (53) and for 

implement ing the i n s t r u m e n t a t i o n for de tec t ing l eaks in the s t e a m 

g e n e r a t o r . 

E . HYDROGEN DIFFUSION 

C o r r o s i o n of 2 - 1 / 4 C r - l Mo alloy s t ee l tubes o£ the s t e a m g e n e r ­

at ion by w a t e r p roduces hydrogen . This is the p r inc ipa l s o u r c e of 

poiiM 71'up m-y. ^-'7^ 
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hydrogen on which the removal of t r i t ium by the cold t raps depends. 

Initially the formation of hydrogen is rapid and the diffusion rate 

through the s team generator tubes is quite high at 2.3 x 10 lb H^/ 

ft - s e c . After a magnetite layer is formed and steady-state conditions 
11 2 

are established the diffusion rate is 2 x 10 lb H2/ft - s e c . It was 

decided^ that this steady-state value be used as the basis for determin­

ing cold t rap requirements , although this might require that the steam 

system be operated at a reduced temperature at first to hold down the 

corrosion rate and the hydrogen concentration in the IHTS. 
F . COLD TRAP PERFORMANCE 

Two basic cold t rap performance parameters which are important 

to cold t rap design requirements are efficiency and capacity . Flow-

rate requirements depend on efficiency while cold t r ap lifetime depends 

on volume capacity. 

The best est imate of the efficiency for trapping both oxygen and 

hydrogen is 70%. This is probably a good estimate for oxygen since 

there is substantial experience to support it . However, in the case 

of hydrogen there is considerable uncertainty in this value because no 

quantitative test data on cold trapping sodium hydride have been found. 

The capacity of the t rap is stated in te rms of the pounds of cacygen 

or hydrogen that the t rap could contain when "full" or at the end of 

its "lifetime". The t rap is full when the pressure drop for flow 

indicates near plueging conditions, and this has been determined by 

experiments with sodium oxide to occur when-3d% of the wire-mesh 

volume is effectively solid sodium oxide. The capacity for sodium 

hydride is assumed to be the same. Thus, the cold t rap volume 

required per povind of each are : 

Oxygen " 0 .3 a»W4 ft^/Ib O2 

HydrogenV-^23-W*ft^/lb II2 

*See Section VI for definition of efficiency and capacity. 
tSee Section VLB. for further details of capacity and lifetime. 
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V. SYSTEM DESCRIPTION 

A. PHTS 

The PHTS sodium includes the sodium in the reactor , 3 heat 

transfer loops, overflow s y s t e m , primary storage tanks, and primary 

cold t raps . The sodium storage and process ing flow diagram for the 

PHTS is given in Figure 4 , The volume and m a s s of sodium is d i s ­

tributed during normal operation as shown in Table DC, 

The sodiTim volume involved in the cold trapping analysis of the 

PHTS during initial cleanup, refueling, and miajor maintenance is 

195,870 gal lons . This does not include the storage v e s s e l hee l . The 

corresponding PHTS sodium m a s s is 1.347 x 10 lb . 

The PHTS wetted surface area was est imated to be 98,000 ft . 

This area is used only to determine the total contamination of the 

initial sodium fill by surface oxygen and hydrogen. The est imate was 
(9)(1) 2 

made by multiplying a previously determined area* ^ of 127,000 ft 

by the ratio of the new volume of 195,870 gallons to the old volume of 

254,000 gallons^^^ 

The PHTS is all 304 SS which has an initial surface contamination 

of 2,0 X lO"* lb O^/ft^ and 0.27 x lO""* lb K^/lt^^^'^K 
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TABLE DC 

PHTS SODIUM VOLUME AND MASS 

Reactor V e s s e l 

Piping, Reactor V e s s e l to 
High Point 

Loops, High Point on out 

Overflow V e s s e l Heel 

Pr imary Cold Traps 

Pumps and Piping, System 81 

Subtotal 

Storage V e s s e l Heel 

Total 

Volume 
(gallons) 

99,700 

14,590 

75,000 

3,600 • 

1,410 

l-,570 

195,870 

4,340 

200,210 

Temperature 
CF) 

863 

863 

863 

880 

560 

880 

400 

Density 
(lb/ft3) 

52.5 

52,5 

52.5 

52.4 

55,0 

52,4 

56.3 

Mass 
( l b , 

x l O - ^ 

0.700 

0.102 

0.526 

0.025 

0,010 

0.011 

1.374 

0,033 

1.407 

POIIM 71<)-P IILV. 1-7T 
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B, IHTS 

The IHTS sodium is contained in three separate and independent 

heat t ransfer loops, »iBC storage tanks, six cold t raps , and associated 

pumps, expansion tanks, and piping. The sodium storage and processing 

flow diagram for the IHTS is given in Figure 5. The distribution of the 

loop volumes is given in Table X. These volumes were obtained from 

General Electr ic Co. ^ The small volumes associated with the pur i ­

fication system wete neglected in the total for the purposes of the 

analysis of cold trapping the loop-sodium. 
2 

The IHTS total wetted surface area is approximately 147,000 ft . 

Because of the different lengths of piping in the 3 loops this area is 

not divided equally between loops. The breakdown of the area is 
(3) indicated below* ' . 

Steam Generator 

Pump 

Expansion Tank 

mx 

Piping, Loop 1 Bo-i" 
Loop 2 
Loop 3 

Total 

23,100 ft /loop 

700 

400 

16,950 

41.150 ft^/loop 

123,450 ft^/3 loops 

8,954 
6,138 
8,514 

147,056 ft^/3 loops 
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TABLE X 

IHTS SODIUM VOLUMES* (ft^/loop) 

Piping from IHX to Superheater 
Loop 1 
Loop 2 
Loop 3 

Superheater (1) 

Piping from Superheater to Evaporator 

Evaporators 

1 Piping from Evaporators to Pump 

Pumip 

Piping from Pump to IHX 
Loop 1 
Loop 2 
Loop 3 

IHX Tube side 

Expansion Tank 

Piping Appendages 

Totals 

Loop 1 
Loop 2 

, Loop 3 

3 Loops 

1734 
1289 
1981 

741 

453 

1457 

255 

840 

1530 
764 

1343 

237 

131 

105 

7483 
6272 
7543 

21 ,298 ft^ 

*Thermal-Hydraulic Design data obtained from GE, 
Reference 3. 
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The m a t e r i a l of the IHTS is e i t h e r 304 o r 316 s t a i n l e s s s t e e l 

except for the s t e a m g e n e r a t o r which is 2 - 1 / 4 C r - l Mo al loy s t ee l . 

Th i s des ign in fo rmat ion i s i m p o r t a n t to the in i t i a l oxygen contamina t ion 

and c leanup ca lcu la t ions . The su r f ace oxygen contamina t ion of the low 
-4 2 

al loy s t e e l of the s t e a m g e n e r a t o r is 12.7 x 10 lb / f t whi le tha t for 
t h e s t a i n l e s s s t e e l s is 2.0 x lO" lb / f t ^ K The hydrogen con t amina -

-4 2 
t ion for both s u r f a c e s w a s taken as 0.27 x 10 lb / f t , a l though a lower 
value i s indicated^^°^ for 2 - 1 / 4 C r - l Mo. 
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VI, ANALYSIS 

A. COLD TRAPPING 

1. Equations 

The fundamental equation derived for the time dependent concen­

tration C of an impurity in the system sodium due to cold trapping 

while there is a source of contamination is , 

'̂ ^s ^ 60W^ . 60W r ^r 
"dT" + « n ^ ^ s - « " M " S + ^ a . . . . ( I ) 

where 

C = concentration in the system sodium of impurity species^ 
^ being trapped (oxygen or hydrogen in this report) , ppm* 

t = t ime, hours 

a = trapping efficiency = (C -C^)/(C^-C^) 

C = concentration of impurity in sodium leaving the cold t rap , ppm 
o 

C = saturation concentration of impurity in sodium at the 

* minimum cold t rap tempera ture , ppm 

W = cold t rap sodium flow ra te , gpm 

M = system sodium volume, gallons 

C = source rate of impurity contamination of sodium system, 
* ppm/hour 

In the derivation of this equation it was assumed that the sodium returning 

to the system from the cold t rap is mixed instantaneously with the system 

sodium and the impurities in the system are uniformly distributed. 
*The following definition is used throughout this report: ppm = mass 

parts of impurity per million parts of sodium. 

pnnw 71Q-P niiv ^~•7^ 
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In the solut ion of the above t rapp ing equat ion, a, W, and M w e r e 

held cons tan t . In r e a l i t y ct ( t rapping efficiency) p robably depends on 

concen t r a t i on of the impur i t y involved, the " t e m p e r a t u r e m a r g i n s , " 

and the amount of impur i t y co l l ec t ed . However , for a p a r t i c u l a r 

t r app ing run being ca lcu la ted it is expected to r e m a i n fa i r ly cons t an t . 

E x p e r i e n c e in cold t r a p ope ra t ions has taught that the m i n i m u m 

cold t r a p t e m p e r a t u r e should not be p e r m i t t e d to go much lower than 

the s a t u r a t i o n t e m p e r a t u r e c o r r e s p o n d i n g to the cold t r a p inlet c o n ­

cen t r a t i on in the c a s e of oxygen. O t h e r w i s e , the oxide wi l l p r ec ip i t a t e 

too soon and might even plug the e c o n o m i z e r . The rule at AI is to 

provide o r a i m for a 5 0 ' F t e m p e r a t u r e m a r g i n be tween the inlet s a t ­

u ra t i on t e m p e r a t u r e and the m i n i m u m cold t r a p t e m p e r a t u r e . A c c o r d ­

ingly, C in Equat ion 1 b e c o m e s a function of the dependent v a r i a b l e , 

C . If T is the inlet s a t u r a t i o n t e m p e r a t u r e and T is the m i n i m u m 

cold t r a p t e m p e r a t u r e , the t e m p e r a t u r e m a r g i n ^ T i s defined a s , 

AT = T - T (2) 
m s e 

The p a r t i c u l a r so lub i l i t y cu rve for the impur i t y would d e t e r m i n e the 

frinctional r e l a t i onsh ip be tween C and C which sa t i s f ied AT__ = 
'̂  s e mi 

cons t an t . This r e l a t i onsh ip is n o n - l i n e a r and compl i ca t e s the solut ion 

of the t r app ing equat ion . Accord ingly , the finite d i f ference method was 

appl ied, ut i l iz ing the c o m p u t e r to obtain the t ime v a r i a t i o n in con ­

cen t r a t i on by taking a l a r g e n u m b e r of s m a l l t ime s t e p s . 

The r a t e of impur i ty addit ion, C , was c o n s i d e r e d to be e i t h e r 

cons tan t o r some s i inple function of t i m e . Hence , it did not con t r ibu te 

to non- l i nea r i t y nor compl ica te the solut ion. 

The finite difference approx ima t ion of Equat ion 1 gives the concen­
t r a t i o n , C , at the end of a t ime s t ep , At , aa follows: 

^n 
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1 
At 2 M 

W 
M ^ e ^ ^ a 

I 
At 2M 

(3) 
' n - l At 2M 

w h e r e C is the concen t r a t i on at the beginning of the t i m e s t e p . 
n - 1 

To obtain the s t e a d y - s t a t e cold t r app ing r a t e . Equa t ion 1 is appl ied 

d i r e c t l y . T h u s , for the s y s t e m . 

15 
dt = ̂ *a - « T r (^s - ^e) PP"̂ /̂ ^ 

-7fe 

(4) 

The r a t e of m a s s t r a n s f e r .£«• the cold t r a p is equal to the r a t e c o n t a m i ­

nat ion i s added to the s y s t e m minus the r a t e con tamina t ion is a c c u m u ­

lat ing in the s y s t e m . T h u s , 

dC w = C. 
dt 

= « ^ (^s - ^ e ) P P " ^ / ^ ' 

= .0703 paW(C - C ) I b / y r (5) 

w h e r e p ~ sod ium dens i ty in lb/f t and a , W, C , and C a r e as p r e ­

viously defined, 

2, Solubil i ty of Oxygen and Hydrogen 

a . Oxygen 

The r e l a t i onsh ip be tween sod ium t e m p e r a t u r e and oxygen solubi l i ty 

is n e a r l y a s t r a igh t l ine when plotted a s i n C (ppm) vs 1/T(*R), except 

at the lower end of the t e m p e r a t u r e range w h e r e t h e r e is a s ignif icant 

devia t ion (11) Ra the r than t ry ing to fit some o the r ana ly t i ca l fiinction 

to the da ta , the solubi l i ty r e l a t i onsh ip was supplied to the compu te r for 
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the trapping calculations in tabular form. The pairs of data points 

provided are 10 / T ( 'R), in C (ppm) 1 . 

On these particular data points, l inear interpolation was performed 

in the program to obtain intermediate points as required. The oxygen 

solubility data are given in Table XI. 

TABLE XI 

OXYGEN SOLUBILITY IN SODIUM 
1 (Reference 11) | 

1 Computer Data Input 

lO^/T CR) 
1 

-90 
.95 

,99 

1,04 

1,10 

1,16 

1.20 

1.23 

1,25 

1.30 

1.35 

1,41 

1.47 

1.52 

fn C (ppm) 

' 5.94 

5,18 

4,59 

3,83 

3,00 

2.28 

1,85 

1,56 

1.39 

.99 

.69 

.41 1 

.26 

1 Corresponding Data | 

T 
CF) 

650 

590 

550 

500 

450 

400 

370 

355 

340 

310 

280 i 

250 

220 

.18 200 

c 1 
' (ppm) 

178 

164 

98 

46 

20 

9.8 

6.2 

5.0 

4.0 

2.7 

2.0 

1.5 

1.3 

1.15 
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b . Hydrogen 

(12) The solubi l i ty of hydrogen in sod ium w a s app rox ima ted by 

the equat ion , 

In C (ppm H2) = J n'"10't"- ^ - » „ j 

This ana ly t i ca l function was used d i r e c t l y in the c o m p u t e r p r o g r a m 

for ca lcula t ing hydrogen cold t rapp ing by d i f ferent ia l so lub i l i ty . 

3 . Compu te r P r o g r a m s 

A n u m b e r of spec ia l i zed t i m e s h a r i n g c o m p u t e r p r o g r a m s w e r e 

w r i t t e n to p e r f o r m the v a r i o u s ca lcu la t ions of cold t r app ing oxygen 

and hydrogen in the PHTS and IHTS. Equat ion 3 is the b a s i c r e l a t i o n ­

sh ip which d e t e r m i n e s the impur i t y concen t r a t i on as a function of t ime 

(or the s t e a d y - s t a t e if the p r o g r a m is al lowed to run for a long t ime in 

some c a s e s ) , and it is c o m m o n to al l of the p r o g r a m s w r i t t e n for cold 

t r a p p i n g . The different p r o g r a m s r e p r e s e n t opt ional v a r i a t i o n s as to : 

1) Impur i ty (oxygen o r hydrogen) 

2) Whether o r not t h e r e is i m p u r i t y con tamina t ion dur ing the 

f i r s t pa r t of the t rapping per iod 

3) Whether o r not i m p u r i t y concen t r a t i on in the sod ium en te r ing 

the cold t r a p is l imi ted to the s a t u r a t i o n concen t r a t ion , 

al though s y s t e m concen t r a t i on exceeds s a t u r a t i o n . 

To i l l u s t r a t e th^ method , p r o g r a m R E F U E L which was used to 

ca lcu la te the oxygen t r a n s i e n t in the PHTS as a r e s u l t of the refueling 

opera t ion is p r e s e n t e d in Table XII and a s ample c o m p u t e r output is 

given in Table XIII . Input and output of the p r o g r a m a r e d i s c u s s e d nex t . 
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LIST 

TABLE Xn TI-099-811-013 
COMPUTER PROGRAM REFUEL LISTING (Sheet 1 of 2) 40 

REFUEU 

100 PRINT "CaLD TRAPPING DURING AND AFTER REFUELING" 

120 
130 
140 
ISO 
152 
1S4 
156 
158 
i 6 0 
170 
180 
190 
2 0 0 
2 1 0 
2 2 0 
2 3 0 
2 4 0 
2 5 0 
2 6 0 
3 0 0 
3 1 0 
3 2 0 
3 2 2 
325 
3 3 0 
3 4 0 
3 5 0 
3 6 0 
370 
3 8 0 
385 
386 
39 0 
4 0 0 
4 1 0 
420 
430 
4 4 0 
450 
460 
470 
471 
472 
473 
47 4 
48 0 
49 0 
5 0 0 
5 1 0 
520 
530 

PRINT 
DIM XC 15 )> Y ( 15) 
RE>1 V0LUME 0 F SYSTEM* GALLONS 
L E T M = 1 9 5 8 7 0 
REW RATE 0 F 0 2 CONTAMINATI0N DURING REFUELING* PFM/HOUR 
L E T C4 = . 0 0 3 2 9 
REM REFUFLING T I M E TO PUT ELEMENTS 
LET D4 = 4 1 0 
REM EFFECTIVENESS OF C0LD TRAP 
L E T A l = . 7 

INTO REACTOR 

REM F I N I T E D I F F E R E N T I A L T IME INCREMENT, H0UR 
L E T D9 = 1 . 0 
REM M I N I M U M - C S L O - T R A P - T E M P . MARGIN 
LET T9 = 50 
REM MINIMUM COLD TRAP TEMP. 
LET T8 = 2 5 0 
REM NUMBER OF T I M E INCREMENTS BETWEEN PRINTOUTS 
LET KO = 41 
LET X8 = 1 0 0 0 / C T 8 • 4 6 0 ) 
FOR I = 1 T0 14 
READ X C D * Y C I ) 
NEXT I 
REiM X < I ) = 1 0 E - 3 / T < D E G . R . ) , Y C I ) 
DATA 0 . 9 0 * 5 . 9 4 , 0 . 9 b * 5 . 1 8 
DATA 0 . 9 9 * 4 , 5 9 * 1 . 0 4 * 3 . 8 3 * L I O * 
DATA 1 . 1 6 * 2 . 2 8 * 1 . 2 0 * 1 .8 5* 1 . 2 3 * 
DATA© 1 . 2 5 * 1 . 3 9 * 1 . 2 0 * 0 . 9 9 * 1 . 3 5 * 
DATA 1 . 4 1 * 0 . 4 1 * 1 . 4 7 * 0 . 2 6 * 1 . 5 2 * 

= LOG CCPPM) 

3 . 0 0 
1 . 5 6 
0 . 6 9 
0 . 19 

P R I N T " CONSTANTS" 
PRINT " SODIUM SYSTEM VOLUME (GALL0NS) 
PRINT " RATE 0 F 0 2 C0NTAMINATI0N 
PRINT " REFUELING T I M E (HOURS) 
PRINT " COLD TRAP EFFECTIVENESS 

( P P M / K R ) 

PRINT " COLD TRAP TEMP. L0UEP L I M I T ( F . ) 
PRINT •• M I N I M U M - C O L D - T R A P - T E M P . MARGIN < F . ) 
PRINT " F I N I T E DIFFEHENTI /SL T I M E INCREMENT <HR) 
PRINT " NUMBER OF T IME INCREMENTS/PRINTOUT 
PRINT 

s 

a 
s 

3 

3 

= 
3 

3 

PRINT " I N P U T I N I T I A L AND F INAL OXYGEN CONCENT KATI0N 
PRINT "SODIUM FL0V. RATE THROUGH COLD TRAP < G P M ) . " 

NPU7 C I * C2* W 
L E I A = A 1 * 6 0 * W / M 
LET R = ( 1 / D 9 - A / 2 ) / C l / D 9 + A / 2 ) 
LET S s A / ( 1 /D9 * A / ? ) 
LET U = l / ( 1 /D9 • A / 2 ) 
PRINT 
P R I N T " ! I M E SYSTEM OXYGEN 
P R I N T " HR PPM 
PRINT 
REM I N I T I A L I Z E T I M E T0 ZERO 
LET D = 0 

M I N . C T . TEMP. 
DEG. F . 

'i 
'} 

• * 
'J 
'i 
'i 
•; 

s 

M 
C4 
D4 
A l 
T8 
T9 
D9 
KO 

CPPM) 

M i N . C . 

AMD" 

T.0XYGEN 
PPM " 
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COMPUTER PROGRAM REFUEL LISTING {Sheet 2 of 2) 
TABLE XII ^^ 

5 4 0 REM INITIALIZE COUNTER ON TIME INCREMENTS PER PRINTOUT 
5 5 0 LET K 3 0 
5 6 0 REM INDEX TO PROVIDE PRINTOUT OF INITIAL CONDITIONS 
5 7 0 LET N 3 0 
5 8 0 LET Y 3 LQGCCl) 
58 5 LET C9 3 CI 
5 9 0 LET K 3 K • 1 
6 0 0 IF Y < YCI) THEN 6 3 0 
6 1 0 PRINT "INITIAL 0 2 CONCENTRATION BEJ0ND DATA RANGE" 
6 2 0 GO TO 9 8 0 
6 3 0 FOR I 3 2 TO 14 
6 4 0 I F Y > YCI) THEN 6 7 0 
6 5 0 NEXT I 
6 6 0 REM INTERPOLATION FOR INVERSE TEMP. FROM SOLUBILITY DATA • 
6 7 0 LET YO 3 (Y - YC I - 1 ) ) /CY C I ) - Y C I - D ) 
6 8 0 LET X 3 X C I - 1 ) + YO * CXCI) - X C I - 1 ) ) 
6 9 0 LET T 3 lOOO/X - 4 6 0 - T9 
7 0 0 LET X 3 lOOO/CT •»• 4 6 0 ) 
7 1 0 I F X < X8 THEN 7 4 0 
720 LET X 3 X8 
730 LET T 3 T8 
7 4 0 I F K < KO THEN 7 6 0 
750 PRINT D* CI* T* 
760 FOR I 3 2 T0 14 
770 IF X < X C I ) THEN 8 0 0 
780 NEXT I 
7 9 0 REM INTERPOLATION FOR LOG CONCENTRATION FROM SOLUBILITY DATA 
8 0 0 LET XO 3 CX - XC I - 1 ) )/CXC I ) - X C I - D ) 
8 1 0 LET Y = Y C I - 1 ) •»• XO * C Y C I ) . - Y C I - D ) 
8 2 0 LET C3 3 EXPCY) 
8 3 0 IF N > 0 THEN 8 6 0 
8 4 0 PRINT " 0 "* CI* T* C3 
8 5 0 LET N 3 1 
8 5 2 LET K 3 0 
8 5 4 GO TO 8 9 0 
8 6 0 IF K < KO THEN 88 5 
8 7 0 PRINT C3 
8 8 0 LET K 3 0 
88 5 I F D < D4 THEN 89 0 
8 8 6 LET C4 3 0 
8 8 7 IF K 3 0 THEN 8 9 0 
8R8 IF D > D4 THEN 89 0 
889 PRINT D* CI* T* C3 
8 9 0 LET CI 3 R * c i + S*C3 • U*C4 
9 0 0 LET D = D + D9 
9 0 5 IF CI > C9 THEN 58 0 
9 1 0 IF D > 8 2 0 THEN 9 6 0 
9 2 0 LET 0 3 < c i - C 2 ) / C 2 
9 3 0 IF 0 > . 0 0 1 THEN b8 0 
9 4 0 PRINT D* CI* T* C3 
9 5 0 GO TO 9 8 0 
9 6 0 PRINT "TKAPHING TIME EXCEEDS 8 2 0 HOURS" 

970 GO 10 980 
980 END 
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RUN 

REFUEL 

COLO TRAPPING DURING AND AFTER REFUELING 

CONSTANTS 
SODIUM SYSTEM VOLUME CGALLONS) 
RATE OF 02 CONTAMINATION CPPM/HR) 
REFUELING TIME CHOURS) 
COLO TRAP EFFECTIVENESS 
COLD TRAP TEMP. LOWER LIMIT CF.) 
MINIMUM-COLO-TRAP-TEMP. MARGIN CF.) 
FINITE DIFFERENTIAL TIME INCREMENT CHR) 
NUMBER OF TIME INCREMENTS/PRI^JT3UT 

19 5870 
. 00329 
410 
. 7 
250 
50 
1 
41 

INPUT INITIAL AND FINAL OXYGEN CONCENTRATIONS CPPM) AND 
SODIUM FLOW RATE THROUGH COLD TRAP CGPM). 

? 1 .521* 2> 80 

TIME 
HR 

0 
41 
8 2 
1 2 3 
164 
20 5 
2 4 6 
2 3 7 
32S 
3 6 9 
410 
411 

SYSTEM OXYGEN 
PPM 

1 . 5 2 1 
1 . 6 1 6 2 3 
1 . 6 6 3 3 6 
1 . 6 8 6 6 8 
1 . 6 9 8 2 3 
1 . 7 0 3 9 4 
1 . 7 0 6 7 7 
1 . 7 0 8 1 7 
1 . 7 0 8 8 6 
1 . 7 0 9 2 1 
1 . 7 0 9 3 7 
1 . 7 0 6 1 2 

MIN.C.T.TEMP. 
DEG. F . 

2 5 0 
2 5 0 
2 5 0 
2 5 0 
2 5 0 
2 5 0 
2 5 0 
2 5 0 
2 5 0 
2 5 0 
2 5 0 
2 5 0 

MIN. C . T . OXYGEN 
PPM 

1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 
1 . 5 1 7 7 5 

? 1 .521* 2* 20 

0 
41 
82 
123 
164 
20 5 
246 
287 
328 
369 
410 
451 
47 4 

1 .521 
1 .64417 
1,7 4749 
1 .83414 
1 .90682 
1.9 6779 
2 . 0 1 8 9 2 
2 . 0 6 1 3 1 
2 . 0 9 7 7 8 
2 . 1 2 7 9 5 
2 . 1 5 3 2 6 
2 . 0 5 0 7 9 
2 . 0 0 0 7 2 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 

. 5 1 7 7 5 
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The f irst data input to program REFUEL is the PHTS volume, 

which is 195,870 gal lons . This excludes the heel of the storage 

v e s s e l s (Table DC) because it does not circulate with the main pr imary 

sodium during refueling. 

The rate of contamination was obtained by multiplying the surface 

area of 171 core a s s e m b l i e s by the surface contamination of .57 x 10 

lb/ft and dividing by the PHTS sodium m a s s in mil l ions of pounds and 

by the refueling t ime of 410 hours . Thus, the input rate of contamination 

r-A 171 X 190 X .57 x lO"^ 
^^ ~ 1 . 3 7 4 x 4 1 0 

3 .00329 ppm/hr 

The minimum cold trap temperature and its margin are input at 

2 5 0 ' F and 5 0 ' F , respect ive ly . In the program the minimum cold trap 

temperature, which occurs at the bottom of the crys ta l l i zer tank, wi l l 

automatically be set greater than 2 5 0 ' F whenever the saturation t e m ­

perature corresponding to the PHTS concentration exceeds 300 'F (250 

plus the margin of 50). On the other hand, when this saturation t e m ­

perature is l e s s than 3 0 0 ' F , the margin becomes l e s s than 5 0 ' F , 

becatise the minimum cold trap temperature is not permitted to drop 

below 250 ' F . 

The input value of initial oxygen concentration is the s teady-state 

normal operating condition. It is based on a constant oxygen source of 

10" Ib/min and a 60 gpm cold trap with 70% efficiency. Computer 

program REFUEL was run until the transient died out to yield the 

steady-state value of 1.521 ppm of oxygen. 

FORM 7iy-P lUiV. 3-73 
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The input value of final oxygen concentration was taken as the 

maximum permiss ib le concentration for a reactor s y s t e m operating 

at a hot leg temperature >800' 'F, as specified by the RDT Standard 

A l - 5 . This is 2 ppm oxygen. 

The output in Table XIII shows that the reference des ign, 80 gpm, 

cold trap wil l hold the oxygen concentration below 2 ppm during the 

410 hour refueling t i m e . Hence, no additional t ime beyond the refuel­

ing period is required and reactor operation could commence i m m e d i ­

ately . 

The second part of Table XIII shows that with one-fourth flow rate 

in the cold trap (20 gpm) during refueling, the oxygen wi l l r ise to only 

2.15 ppm in 410 hours and subsequently drop to 2 ppm in 64 hours . 

Since 75 hours are available after refueling because of n e c e s s a r y 

startup operations, the 80 gpm, F F T F Type I cold trap appears to 

provide a large margin of trapping capability for refueling operat ions . 

B. TRAP CAPACITY 

1. Oxygen 

Experience with cold traps indicates that the wire naesh crys ta l l i zer 

sect ion of a forced circulation cold trap has about 30% volume capac­

ity when pressure drop for flow begins to increase sharply and end its 

useful l i fe . The apparent density of the sodium oxide at this t ime is 
3 fl4i 3'̂ ?-*=^ ^ 

about 35 lb/ft of wire mesh^ ' . Then, the volume of crys ta l l i zer 
required per pound of oxygen i s . 

J ft (mesh) ^ 62 lb (Na^O) 3 >W[ £t (mesh) 

J*5^ lb (Na- 0) ' 16 lb (0.) ^^ ^°2^ 

FORM 710-P lO". 3-73 
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2, Hydrogen 

It w a s a s s u m e d that the vo lume capac i ty of the cold t r a p for co l lec t -

ing sod ium hydr ide is the s a m e as for sod ium oxide because no speci f ic 

r e p o r t of e x p e r i e n c e wi th sod ium hydr ide could be found. The dens i ty 

of sod ium hydr ide is 57 lb / f t , so the vo lume of c r y s t a l l i z e r r e q u i r e d 

p e r pound of hydrogen i s . 

1 ft^(NaH) . ft^ (mesh) . 24 lb (NaH) If^ ft^ (mesh) 

57 lb (NaH) . ^ j ^ f t ^ N a H ) ^ ^^ <«2^ ^^ ^^2> 

3 . Life t ime 

T r a p l i fe t ime was ca lcu la ted for each ope ra t ion (refuel ing, m a i n ­

t enance , e t c . ) and for oxygen and hydrogen s e p a r a t e l y ; and a conibined 

l i fe t ime was d e t e r m i n e d . The l i fe t ime for a s ingle ope ra t ion and for 

e i t h e r oxygen o r hydrogen was obtained by s imply dividing the vo lume of 

the c r y s t a l l i z e r e l emen t by the vo lume r a t e of a ccumula t i on of the p a r t i c ­

u l a r impur i ty . ' As an example of the res t i l t s of th i s ca lcu la t ion , the 

oxygen accumula t ion for n o r m a l ope ra t ion including refuel ing is shown 

in Table II to be 2.4 I b / y r . This is the s u m of the refuel ing oxygen 

f r o m su r face contamina t ion o r 1.85 I b / y r , plus the n o r m a l leakage or 

0.5 I b / y r . The volxime r a t e of oxide accum.ulation is t h e r e f o r e , 

;x.7r lb (0-) . a ^3 ,^^ . , 
V - j ;-w 2 -rj^ ft (mesh) 
V - „2d3 ^^— xjrn lb (0^) 

. - / a / ft^ (mesh) 
= -tSl&l y r 

Although the 20% volume capac i ty was not appl ied d i r e c t l y 

in the oxygen ca lcu la t ion on the p r ev ious page , the appa ren t 

dens i ty used for Na-O is e s sen t i a l l y equivalent to 20% volume 

capac i ty when cons ide r ing the unce r t a in t i e s involved. 

FORM 719-P lUi'V. 3-73 
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The lifetime of a single F F T F Type I t rap for this operation alone 

would be, 

. _ 59ft^(mesh) 

Ji&l f t^(mesh)/yr 

3^ 
= -3*5 yr 

The combined lifetime of the PHTS cold t rap was calculated as follows. 

Trap volume consumed during initial cleanup (from Table 11): 

Oxygen f. f* 3*6 ft^ 

Hydrogen /f.O %r^ ft^ 

Total 2^'S lAr9- ft^ 

Volume fraction of t rap remaining and available i s , 

C O I T T » S ' » — 

Oxygen contamination = 2.4 + 2.0 = 4.4 Ib/yr 

Hydrogen contamination =1 .2 Ib/yr 

Trap capacity for oxygen = 59/Jf^ri = -»dQ lb 
/ I t » 

Trap capacity for hydrogen = 59/ i r i = i d lb 

The sum of the t rap volunae fractions consumed by the oxygen and 

hydrogen is equal to the t rap volume fraction available: 

F (0.) + F (H-) = F (A) V* 2 V 2 v^ 

4.4 t 1.2t 
^^--rA-= r^f^TS. S-/V 

t = 1-&T& y e a r = combined l i fe t ime. 

FOnM 71')-P ILCV. 3-73 
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The volume fraction of the t rap consumed by oxygen is foxind as 

follows: 
%^ 3 

Initial cleanup takes i^ ft 

Other operations take 

(4.4)(Jr»:S)(59) = *?6 ft^ 

1,i ''^'^ SIS t i 
F^(02) = h ^ J ^ = +^0 . 

il% of Thus, about m.% of the t rap volume is consumed by hydrogen. 

C. TRITIUM TRANSPORT 

1. Steady-State 

A description of the mathematical model and the assumptions 

made in the analysis of steady-state diffusion, cold trapping, and 

t ranspor t of t r i t ium and hydrogen in an LMFBR heat t ransfer system 

iaiiijjemg reported separately^ . Briefly, this analysis considers 

pr imary and intermiediate sodium loops coupled by an intermediate 

heat exchanger (IHX) with constant sources of t r i t ium in the pr imary 

sodium and hydrogen in the intermediate sodium.* The concentrations 

of t r i t ium and hydrogen in each loop are assumed to be uniformly 

distributed so that t ransport of these dissolved gases between loops, 

to the cell a tmospheres, to cold t r aps , and to the steam generator 

are governed by mean concentration differences. The cold trapping 

rate is based on a specified flow rate and a removal efficiency of 70% 

(See Equation 1 for definition of a = efficiency.). Appropriate dif­

fusion coefficients were applied for the diffusion through IHX tubes, 

piping walls, and steam generator tubes. 

*Hydrogcn source t e rm for the primary sodium is also included. 

POHM 7 1 0 - P IH-'V ^ - 7 T 
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The trit ium sources are ternary f i ss ion reactions in the fuel pins 

and neutron capture reactions with boron of the control rods and lithium 

contaminant in the sodium. The major sources are f i s s ion and boron 

capture and these enter the sodium by diffusion through the cladding 

of these reactor components . 

The hydrogen source is chemical corros ion reaction between s t eam 

in the superheaters with the 2 1/4 CX - 1 Mo alloy s t ee l tubes; and it 

enters the IHTS sodium by diffusion through the tube w a l l s . , 

The tr i t ium source is given as 89 Ci/day^ and is based on 100% 

re lease of that produced. 

The steady-state hydrogen flux through the superheater tubes is 

H/i 
.(3) 

given as 2 x 10 "^^ lb H/ft^ - s e c and the applicable area i s 5000 ft of 

each superheater unit 

A summary of the input data to the calculation of nominal steady 

state conditions are given in Table V. 

2. Transient 

The following descr ibes the transient caused by the shutdown of 

the PHTS cold trap. Initial and final conditions werfe obtained from 

the steady-state analys i s , which is described in the previous sect ion. 

The steady-state values of tr i t ium flux and concentrations are shown 

in the block flow diagram of Figure 6. Trit ium fltix in Ci /day is 

identified by the q vec tors , while D 4c C are the tri t ium concentrations 
4 

in the PHTS and IHTS, respect ive ly , fxgm at T /mole Na x 10 , 

A trit ium m a s s balance on the PHTS at time 0 when the cold trap 

is shutdown i s , 

qg = q i + q c + q r +qg — ( 6 ) 

V(\VU 7 1 0 _ P Mi-'V ^ - 7 T 
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where all q's are defined in Figure 6 except q which is the rate of 

increase of tr i t ium activity in the PHTS, or 

dD , , = M p « 

M_ = mass of PHTS sodium. 

t = t ime. 
F 6 

Substituting the mass of CITS (1.374 x 10 lb) and appropriate dimen­

sional conversion factors , we obtain the following expression when t 

is in hours . 

• q^ = 1853 | 5 (C i /day ) 

Other flux values are proportional to concentration differences, 

except q = 89 Ci/day. Thus, 

<ii=rrT (°-^^ 
.20 ^ 

^c=r9X° 
^ a - -23 p 

Then, the m a s s b a l a n c e . Equat ion 6, y i e l d s , 

^ = - .002052 D + .04803 + .002040C (7) 
at 

FOllM 71<J-P lUJV. 3-73 
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A trit ium m a s s balance on the IHTS at t ime 0 is (see Figure 6), 

q i = q2 + q3 + q4 + qs ••• q6 — <̂ ^ 

_ 65.4 ,_ -,, 

q^ = K (C - C^) 

where 

K = constant of proportionality 

C s e f fect ive concentration leaving cold trap 

F r o m the steady state values in Figure 6, 

64.2 = K (2.50 - C^) 

86.9 a K (3.31 - C J 

Therefore , K = 28.0 , C^ = .207, and 

q^ = 28.0 (C - .207) 

1.11 
% = 

^4 = 

^5 = 

%' 

2.5 ^ 

.0072 ^ 
2.5 ' ^ 

.024 -
2.5" ^ 

^ I d t 

M. = m a s s of IHTS sodium (1.125 x 10 lb) 

dC 
% = ^2^^ 5 ^ ( C i / d a y ) 

PfinM 71<>_]) IIL-V T - 7 ^ 
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Then, the mass balance. Equation 8, yields, 

1^ = -.02125 C + .003821 + .002492 D (9) 

Equations (7) and (9) were solved simultaneously with computer 

program DIFEQ***, which is on file in the corporate t imeshare com­

puting sys tem. The input and output are given in Table XIV. A plot 

of tritiuna concentrations vs t ime is shown in Figure 3. 

Vn. CONCLUSIONS AND RECOMMENDATIONS 

The F F T F , Type I, 60-gpm, cold t rap will easily satisfy the pur i ­

fication requirements of the PHTS. Initial cleanup will consume about 

*B% of the t rap volume, and enough capacity remains to provide a t rap 

lifetime of about *6 y e a r s . The trapping rate during refueling will hold 

oxygen and hydrogen concentrations below maxim\im operating l imits. 

With nominal hydrogen source flux from the steam generator , 26.2% 

of the t r i t ium will be captured by this t r ap . Shutdown of the t rap for 

repair or replacement by a standby while continuing reactor operation 

will increase t r i t ium flux to the steam system from 1.11 to 1.47 Ci/day 

on a 600-hour time constant. Injection of hydrogen into the PHTS is an 

effective means of reducing tr i t ium ihxx. to the steam system. 

A 60-gpm cold t rap in each of the 3 IHTS loops will provide adequate 

cold trapping capability for oxygen, hydrogen, and t r i t ium control. The 
3 

100 ft crysta l l izer section volume, obtained by increasing the length 

of the F F T F Type I t rap by 3 feet, will be -8% consumed by initial cleanup 

of oxygen and hydrogen. The remaining volume capacity will provide 

a t rap lifetime of about *^ yea r s . When there is nominal hydrogen flux 

from the steam generator, 73.8% of the tr i t ium together with 97.1% of 

the hydrogen will be captured in the 3 IHTS cold t r aps . 

-11 2 2 
* 2 X 10 lb Uy/scc-Ct through 5000 ft of each .supcrhoatcr. 

vnnu 71II.P u^.'^r -x.-rx 
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COMPUTER SOLUTION OF TRITIUM TRANSIENT EQUATIONS 

^ = .003821 - .02125C + .002492D 
at 

~ = .04803 - .002052D + .002040C 
dt 

LIST 

TRIT 16: 1:? NR T/S MflV 20., 197H 

1100 fiRH) = . 0 0 3 5 2 / 
1110 FiRf2> = .02125" 
1120 flR-.'3> = .002H92 
1 130 flR-TH.) = .04303 
11^0 fiR<5> = .002052 
1150 l=lR''i:..> = . 002040 
1300 LK l ) = 2 .5 
1310 I.K2> = 19.8 
2300 F'RIHT 232 . T.. Un} . UC2) 
2310 232 FORMAT<r F5, 1 . 2F12.t.> 
2320 IF<r U(:2> .GT. 1000.) LF = .TRUE. 
3100 DUC1) = FiR-ri) - ftR<r2> * UC1) + flR'r3> * IJ<"2> 
3110 DU<2> = RR<H) - FiR«r5> * U<2:> + RR-rS) * U-ri) 

OK 
EDI WER DIFEO*:-^*.. TRIT 

OK 
•3H0 
RUN 

TRIT 1ir.:r3 NR Jy'S MRV 2 0 . r?."^H 

CRSE RR T<0) DT FT H 
? I . 50 . 0 . . 2 . lOOu. . 2 

COH?;TRriT I..IRL.IJE3 
? t. 

PRRRMETRIC i.iRL.UES 
-1 •> 

(Continued on next page) 



TABLE XIV (Continued) 

TI-099-811-013 
54 

t = hours C8tD = Mgm mole Na x 10 

•t 
0 . 0 

10.0 
20.0 
30 .0 
40 .0 
50 .0 
60 .0 
70 .0 
80«0 
90 .0 

roo.o 
IIO.O 
f20.0 
^30.0 
/ 4 0 . 0 
/ 5 0 . 0 
/60 .0 
/ 7 0 . 0 
/80 .0 
/90 .0 
200.0 
210.0 
220.0 
230.0 
240.0 
250.0 
260.0 
270.0 
280.0 
290.0 
300.0 
310.0 
320.0 
330.0 
340.0 
350.0 
360.0 
370.0 
380.0 
390.0 
400.0 
410.0 
420.0 
430.0 
440.0 
450.0 
460.0 
470.0 
480.0 
490.0 
500.0 

c 
2.500000 
2.501782 
2.505972 
2.512055 
2.S19617 
2.528325 
2.537910 
2.5481S7 
2.558894 
2.569981 
2.581308 
2.592786 
2.604344 
2.615926 
2.627487 
2.638992 
2.650413 
2.661728 
2.672920 
2.683977 
2.694888 
2.705646 
2.716246 

- 2.726685 
2.736961 
2.747071 
2.757015 
2.766795 
2.776410 
2.785861 
2.795151 
2.804281 
2.813252 
2.822068 
2.830729 
2.839239 
2.8475 99 
2.855812 
2.863881 
2.871807 
2.87 9593 
2.887342 
2.894755 
2.902135 
2.909385 
2.916506 
2.923501 
2.930372 
2.937121 
2.943750 
2.950262 

D 
19.800000 
19.923744 
20.Q4503S 
20.163968 
20.280624 
20.395074 
20.507386 
20.617617 
20.725821 
20.832048 
20.936344 
21.038752 
21.139312 
21.238064 
21.335044 
21.430287 
21.523827 
21.616696 
21.705927 
21.794550 
21.881595 
21.967091 
22.051065 
22.133547 
22.214562 
22.294138 
22.372300 
22.449073 
22.524483 
22.598554 
22.671310 
22.742774 
22.812969 
22.881917 
22.949642 
23.016165 
23.081507 
23.145689 
23.208732 
23.270656 
23.331480 
23.391226 
23.449910 
23.507553 
23.564174 
23.619789 
23.674417 
23.728075 
23.780781 
23.832552 
23.883404 

f 
510.0 
520.0 
530.0 
540.0 
550.0 
560.0 
570.0 
580.0 
590.0 
600.0 
610.0 
620.0 
630.0 
640.0 
650.0 
660.0 
670.0 
680.0 
690.0 
700.0 
710.0 
720.0 
730.0 
740.0 
750.0 
760.0 
770.0 
780.0 
790.0 
800.0 
810.0 
820.0 
830.0 
840.0 
850.0 
860.0 
870.0 
880.0 
890.0 
900.0 
910.0 
920.0 
930.0 
940.0 
950.0 
960.0 
970.0 
980.0 
990.0 

iOOQ.O 
I610»0 

C 
2.956658 
2.962941 
2.969113 
2.975175 
2.981129 
2.986978 
2.992722 
2.998365 
3.003908 
3.009353 
3.014700 
3.019953 
3.025113 
3.030181 
3.035159 
3.040049 
3.044852 
3.049570 
3.054204 
3.058756 
3.063227 
3.067619 
3.071932 
3.076170 
3.080332 
3.084420 
3.088435 
3.092379 
3.096254 
3.100059 
3.103797 
3.107469 
3.111075 
3.114618 
3.118097 
3.121515 
3.124872 
3.128170 
3.131409 
3.134591 
3.137716 
3.140785 
3.143801 
3.146762 
3.149671 
3.152529 
3.155336 
3.158093 
3.160801 
3.J63460 
3.166073 

D 
23.933353 
23.982416 
24.030608 
24.077945 
24.124441 
24.170113 
24.214973 
24.259038 
24.302320 
24.344835 
24.386595 
24.427613 
24.467904 
24.507479 
24.546352 
24.584536 
24.622041 
24.658881 
24.695067 
24.730611 
24.765524 
24.799817 
24.833502 
24.866583 
24.899088 
24.931011 
24.962367 
24.993167 
25.023420 
25.053136 
25.082325 
25.110995 
25.139157 
25.166819 
25.193990 
25.220679 
25.246894 
25.272644 
25.297937 
25.322781 
25.347184 
25.371154 
25.394698 
25.417825 
25.440541 
25.462854 
25.434771 
25.506299 
25.527445 
25.548216 
25.5686 18 
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Because of the importance of maintaining continuous and reliable 

tr i t ium control, it is- e s sent ia l that the n e c e s s a r y hydrogen source 

strength be as sured . It wovild be fortuitous if the water corros ion 

in the s team generator at all t imes supplied the optimiim quantity of 

hydrogen for the cold trapping p r o c e s s . Hence, it is recommended 

that an additional controllable hydrogen source be provided in order 

to assure that the tri t ium wil l be col lected most effectively in the 

particular cold traps instal led. 

With a minimum hydrogen flux from, the s team generator (10~ l b / 

s ec - f t ) , tr i t ium to the s team generator almost doubles (compared 

to nominal conditions) to 2.12 Ci /day . If hydrogen w e r e then injected 

into the PHTS in an amount equal to 20% of the mininiunn flux from 

the s team generator (12 SCFM/loop injection), the tri t ium flux to the 

s t eam s y s t e m would drop from 2.12 to 1.14 Ci /day . 

The results and conclusions in this report are based on a cold trap 

efficiency of 70% for both sodium oxide and sodium hydride removal . 

The performance of the proposed cold traps , particularly from the 

standpoint of coprecipitation of hydrogen and tr i t ium through dif fer­

ential solubility, has not been conclusively demonstrated by actual 

exper ience . For this reason, t e s t s have been recommended in the 

AEC LMFBR Development Program to determine the effect iveness of 

this scheme for controlling and collecting trit ium and to measure cold 

trap eff ic iencies for removing oxygen, hydrogen, and tr i t ium. 
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DC, APPENDIX 

A. S team G e n e r a t o r Leak and E m e r g e n c y Dump 

1. D e s c r i p t i o n 

(18) 
G e n e r a l E l e c t r i c Co, h a s supplied in fo rmat ion on the b a s i s for 

providing cold t r a p capabi l i ty to c lean up the IHTS loop sod ium in the event of 

a l eak in a s t e a m g e n e r a t o r with and without e m e r g e n c y diimp of the sodit im. 

L e a k s w e r e c lass i f i ed a s s m a l l , i n t e r m e d i a t e , and l a r g e accord ing to l eak 

r a t e and t o t a l amoiint of w a t e r en te r ing the sod ium. Th is c l a s s i f i ca t ion a s to 

s ize of l eak i s depic ted in F i g u r e A - 1 . The f requency of each i s a l s o shown, 

IHTS re l i e f and e m e r g e n c y d u m p of the loop con ten t s wi l l o c c u r 

for l a r g e and poss ib ly u p p e r i n t e r m e d i a t e l e a k s . L e a k s u p to a v e r a g e 

" i n t e r m e d i a t e " s i ze wil l not cause o r r e q u i r e s y s t e m d r a i n , and t h e r e f o r e , 

tiie p a r t i c u l a r cold t r a p ( s ) in tha t loop wil l be r e q u i r e d to c lean up a l l the 

oxygen and hydrogen contamina t ion caused by the leak before the loop i s put 

back in ope ra t ion . In the c a s e of e m e r g e n c y dump m o s t of the r e a c t i o n 

p r o d u c t s wil l p r e c i p i t a t e a t the bot tom of the dump tank, and the cold t r ap ( s ) 

wil l only be r e q u i r e d to r educe the concen t r a t ions of oxygen and hydrogen f rom 

a s a tu ra t ed condit ion of 400 F to the i r n o r m a l concen t ra t ions for ope ra t ion 

(2 ppm for 0 - , and . 1 ppm for H ). Th i s t u r n s out to be only a s m a l l f rac t ion 

of the to ta l l eak , 

2, Cleanup R e q u i r e m e n t s 

Table A - I d e s c r i b e s the specif ic l eaks of F i g u r e A - 1 , which w e r e 

c o n s i d e r e d to effect the cold t r a p r e q u i r e m e n t s for s t e a m g e n e r a t o r l e a k s , and 

gives the t r a p volume consumed per yea r on the a v e r a g e and the t rapping t ime 

r equ i r ed for c leanup. The l e a k s w e r e fur ther divided f rom that in F igu re A - l in 
(18) 

the i n t e r m e d i a t e s ize because of the poss ib i l i ty of e m e r g e n c y dump due to a 

leak in the uppe r i n t e r m e d i a t e r ange . The frequency for these t h r e e l eaks was 

a s s u m e d to be each one-Lhird of the o v e r a l l f requency for i n t e r m e d i a t e leak; 

FORM 710-P lUiV. 3-73 
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Capac i ty requi rem.ents a r e given in Table A - I in t e r m s of pounds 

(O^ o r H ) and cubic feet of c r y s t a l l i z e r consumed (by oxide o r hydr ide ) p e r 

y e a r on the a v e r a g e acco rd ing to the indica ted f requenc ies of these l e a k s . It 
?.^? 3 i s s een that the to ta l volume consximed by O and H is At (m ft / y r . 

The l i f e t ime of a f i r s t - i n - p l a n t IHTS loop cold t r a p will 

po ten t i a l ly be r educed to -iS^ y e a r s f rom l * r 4 y e a r s b e c a u s e of the p r o b a - • 

bi l i ty of s t e a m g e n e r a t o r l e a k s . Of c o u r s e , u s e of the s tandby t r a p in each 

loop, o r d i s t r ibu t ing the c leanup f rom s t e a m g e n e r a t o r leak which involves 

e m e r g e n c y dump, can extend the change-ou t t ime for the f i r s t t r a p beyond 

J;9f*r y e a r s . 

The t i m e r e q u i r e d for c leanup a f te r a l l s t e a m g e n e r a t o r l e aks 

i s wel l within the t ime needed to r e p a i r the l eak for subsequent ope ra t i on 
(18) 

( s e v e r a l weeks ). Table A - I shows a m a x i m u m c leanup t ime of 223 h o u r s 

(1 , 33 weeks) for l e a k s tha t do not involve e m e r g e n c y dump . In the event of 

e m e r g e n c y dump, the tame r e q u i r e d to r educe the oxygen concen t r a t ion in the 

dump tank f rom s a t u r a t i o n concen t ra t ion a t 400 F to 2 ppm i s about 4 d a y s . 

Dur ing th i s time the hydrogen concen t ra t ion wil l be reduced to < . 1 ppm. 

Of c o u r s e , t h e r e a r e o the r t ime consuming c leanup ope ra t i ons that wi l l be 

r e q u i r e d a s a resxilt of e m e r g e n c y dvimp, which have not been c o n s i d e r e d h e r e . 

Th i s m i g h t involve r e m o v a l of s o d i u m - w a t e r r eac t ion p roduc t s f rom the dump 
(18) 

tank, which a r e expected to p r e c i p i t a t e f r om the soditim following dump 

and cooling to 350 -400°F , 

3 , Ca lcu la t ions 

a. Loop Size 

The l a r g e s t of the 3 IHTS loops was chosen for the a n a l y s i s 

because i t would take the l a r g e s t c leanup t ime al though the m a x i m u m 

FOnM 710-P IIKV. 3-73 



TABLE A - I 

IHTS LOOP COLD TRAP REQUIREMENTS FOR S. G. LEAK AND EMERGENCY DUMP 

Leak^^^ 
T>T>e 

Small 

Inter­
mediate: 

Lower 

Ave. 

Upper 

Large 

E m e r ­
gency 
Dump 

No 

No 

No 

Ye."=> 

Ye»"=' 

Leak 
Rate 
l b / s e c 

10-^ 

10-^ 

10-^ 

1 0 - ^ 1 

1. 

Leak 
Amount 

lb 

5 

100 

100 

100 

500 

F r e ­
quency 

no. / y r 

1/5 

l/54<^^ 

1/54 

1/54 

1 

1/18 . 

Totals 

Cold Trap Capacity Reqv 

Oxygen 

Ib/yr 

. 8 9 

1.65 

1,65 

. 0 8 4 

, 2 5 3 

4 .53 

ft^/yr 

. 0 9 9 

^02^81 i 

/ ' > "̂y 

Hydi 

Ib/yr 

.111 

.206 

.206 

,0067 

, 0200 

. 5 5 0 

lired 

rogen 

ft^/yr 

-.-434-

•Ml 
- . 014 

- . 0 4 2 

Leak 
Time 

hr 

1 ,4 

28 

2 . 8 

£ . 2 8 

i , l 4 

Trapping Character i s t ics 

1 Oxygen 

Max 
1 Cone. 

ppm 

12.77 

158 

218 

1 3 . 0 

1 3 . 0 

Cleanup 
Time 
hr 

9 3 . 8 

199 

213 

9 4 . 4 

9 4 . 4 

Hydrogrn 

Max 
Cone-

j ppm 

1.446 

2 0 . 4 

2 7 . 0 

. 9 7 3 

, 9 7 3 

Cleanup 
Time 

hr 

9 2 . 9 

209 

223 

7 8 . 0 

7 8 , 0 

(a) Definition of leaks in accordance with GE Ltr, D590-74-155, June 18, 1974 (Ref. 18) 
(b) Frequency of all intermediate leaks i s one per 18 years . 
(c) Emergency dump occurs for upper intermediate and large leaks (Ref. 18). Cleanup by cold trap 

cons i s t s of reducing concentration of O2 and H2 from saturation at 400°F to 2 ppm in the case of 
O2 and . 1 ppm in the case of H2 for larges t loop volume. 

n o 3 
vOIK 

• - o 

I 

o 
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concentration of reaction products would occur in the smal ler loops for a 

given s ize of leak. A longer trapping time i s apparent in the case where the 

loop i s dumped because the starting concentration for cold trap cleanup i s 

the same for al l loops (saturation concentration at 400 F), independent of 

volume. Hence, the larger volume takes longer to purify for a constant cold 

trap flow. Therefore , from Table X, page 33, we have. 

Volume = 7543 ft^ 

At 600°F, sodium density = 54. 7 lb / f t and 

Mass = 412, 600 lb 

b. Small Leak 

At the rate of 10 l b / s e c , 5 lb of water will leak in 1. 39 

hours . The concentration of oxygen in the 412, 600 lb of sodium wil l i n c r e a s e 

by, 
S l b H ^ O I6 1 b 0 2 

, 4126 mi l l ion lb Na '̂  18 lb H^O "" ^°- "̂"̂  PP"^ 

The hydrogen concentration wi l l increase by, 
5 lb H O 2 lb H 

I X =— = !• 346 p p m 
, 4126 mi l l ion lb Na 18 lb H O • 

The trapping t ime required for a 60-gpm cold trap to restore 

the oxygen concentration to 2 ppm after the addition of 10. 77 ppm was deter -
(19) mined by t imesharing computer program COTRAP , The minimum cold 

trap temperature was set at 250 F; however, with the 50 F temperature 

margin requirement, the initial minim^um cold trap temperature for 12, 77 ppm 

sys tem oxygen concentration is 369 F. As the sys tem i s purified the minimum 

cold trap temperature i s dropped until .it hits the 250 F minim.um. 

poaM 7iy-p luiv. 3-73 
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The t rapping t ime r e q u i r e d for the hydrogen (i. e. , to r educe 

i t s concen t r a t ion f rom 1. 446 to . 1 ppm) was d e t e r m i n e d with p r o g r a m 
(19) 

H2CLIIP* , which i s ba s i ca l l y the s a m e a s COTRAP with the s a m e m i n i ­
m u m t e m p e r a t u r e r e s t r i c t i o n s , excep t that i t i n c o r p o r a t e s the solubi l i ty of 
h y d r o g e n in sodium, 

c . Minimum. I n t e r m e d i a t e Leak 

-3 
The r a t e of l eak i s the samie a s the s m a l l l eak (10 l b / s e c ) , 

but the amount of l eak i s 20 t i m e s l a r g e r o r 100 lb of w a t e r . The du ra t ion of 

the l eak b e c o m e s 28 h o u r s . To handle the s i tuat ion w h e r e con tamina t ion is 

added to a s y s t e m while i t i s being cold t r apped , t i m e s h a r i n g p r o g r a m 
(19) 

R E F U E L was w r i t t e n . In th is p a r t i c u l a r c a s e oxygen i s added a t the r a t e 

of 7. 7 p p m / h r for 28 h o u r s . The oxygen concen t r a t ion i n c r e a s e s f rom 2 

to 158 ppm. a t 28 h o u r s , then i s r e s t o r e d to 2 ppm. in an addi t ional 199 h o u r s . 
(19) P r o g r a m HTCT was u s e d to eva lua te the hydrogen 

t r a n s i e n t . The concen t r a t ion i n c r e a s e s f rom 0, 1 to 20. 4 ppm in 28 h o u r s , 

then d e c r e a s e s to 0 ,1 ppm in an addi t ional 209 h o u r s . 

C o m p a r i n g the oxygen and hydrogen t r a n s i e n t s , i t t akes 10 

h o u r s m o r e to r e s t o r e the hydrogen concen t ra t ion to i t s o r ig ina l l eve l . 

d. A v e r a g e Interm.ediate Leak 

This leak i s the s a m e a s the m i n i m u m i n t e r m e d i a t e l eak 
-2 

except that i t i s 10 t i m e s f a s t e r . The 10 l b / s e c leak of 100 lb of w a t e r 

t akes 2. 8 h o u r s . This t ime i s shor t c o m p a r e d to cleanup t ime so i t was 

a s s u m e d the 100 lb leak o c c u r s ins t an taneous ly . T h e r e f o r e , p rograna 

COTRAP could be u s e d . The c leanup t ime obtained i s 213 h o u r s , when s t a r t ­

ing with an oxygen concen t ra t ion of 217 ppm. 
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Program H2CLUP was used to calculate the cleanup time 

for hydrogen. This t ime i s 6 hours longer than for oxygen, or 223 hours . The 

initial hydrogen concentration in this case is 27 ppm. 

e. Uppet Intermediate and Large Leaks 

These leaks cause sys t em relief and emergency dump. Both 

result in the same cleanup problem from the standpoint of the cold trap(s). 

This cons i s t s of reducing the concentrations of oxygen and hydrogen from 

their saturated condition at 400 F to 2 ppm in the case of oxygen and 0. 1 ppm 

in the case of hydrogen. The m a s s of sodium to be purified i s the contents 

of the larges t IHTS loop or 412, 600 lb . 

The saturation concentration of oxygen in sodium at 400 F 

i s 13. 02 ppm. Then, the amoxint of oxygen to be removed i s , 

MO^) = (13. 02 - 2. 0) 10"^ X , 4126 x 10^ 

= 4. 55 lb O^ 

The saturation concentration of hydrogen in sodium at 400 F 

i s . 9 7 3 ppm. Then, the amount of hydrogen to be removed i s , 

w(H^) = (. 973 - . 1) lO"^ X . 4126 x 10^ 

= . 360 lb H^ 

The t imes required to remove this oxygen and hydrogen 

were determined by timesharing programs COTEIAP and H2CLUP, to be 94. 4 

and 78, 0 hours , respect ive ly . 

f. Cold Trap Lifetime 

The l i fet ime of the f irst IHTS cold trap when steam generator 

leaks are neglected was estimated to be 13 ,4 years (Table IV, p. 15). 
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Including the accumulation rates of oxygen and hydrogen in the cold trap due 

to leaks (Table A - I ) together with the rates of Table IV, we have, 

w (O^) s . 27 + 1. 0 + 4. 53 = 5. 8 lb O / y r 

w (H^) s 3. 2 + . 55 = 3. 75 lb H^/yr 

The trap capacity for oxygen i s SQ^ lb or the capacity for hydrogen is J*T lb 

(see p. 8). Initial cleanup of the IHTS cons-umes S% of the trap, leaving -<?£% 

for subsequent operations. Letting t equal trap l i fet ime in the sum of the 

trap volume fractions consumed by oxygen and hydrogen: 

= .92 

:./. w X/. T+ ^^y 
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