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ABSTRACT 

The effect of sodium pool temperature on the grapple 
drive stem temperatures at the seals of the CRBRP 
(Clinch River Breeder Reactor Plant) IVTM (In-Vessel 
Transfer Machine) has been calculated. 

Reducing the sodium pool temperature from 500F to 
400F reduces the maximum grapple drive stem 
temperature at the seals from 51 OF to 472F on the 
initial up-stroke, and from 285F to 225F when system 
is at dynamic thermal equilibrium. The time the stemi 
can remain in lowered position without stem temper­
ature exceeding 300F at seals when stem is raised, 
increases from 4 minutes to 20 minutes, (the system 
being initially at dynamic thermal equilibrium). 
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I. INTRODUCTION 

The r e s u l t s of an ana lys i s of the grapple dr ive s tem t e m p e r a t u r e s 
at the grapple dr ive s tem rec iprocat ing seals during fuel t r ans fe r 
opera t ion of the IVTM (In-Vesse l Trans fe r Machine) for the CRBRP 
(Clinch River B r e e d e r Reactor Plant) a r e p resen ted . The sys tem 
analyzed is the sanne a s the sys tem analyzed in Ref. 1, with the following 
except ions: 

1. Sodium pool t empera tu re of 400F as well as 500F, is 
analyzed. 

2. The calculated tennperature dis t r ibut ions in the top 
shield 48 hours after r eac to r shutdown (Ref. 2) a re 
used. These t empe ra tu r e distr ibutions a r e shown 
in F ig . 1. 

3. The grapple dr ive s tem stroke is 214.62 inches (Ref. 3). 

4. The elevation of the lower end of the seals is 141 inches 
(Ref. 4). 

5. The elevat ion of the sodium pool surface is minus (-) 
87 inches (Ref. 4). 

II. RESULTS 

F igure 2 shows the nnaximum tempera tu re of the grapple drive 
s tem in the r a i s ed posi t ion and Fig . 1 shows the t empera tu re d i s t r i b ­
ution in the s t ruc tu re surrounding the grapple drive s tem, during fuel 
t r ans fe r opera t ion , after enough fuel t ransfe r cycles have been completed 
for the sys tem to have reached dynamic the rma l equi l ibr ium. Dynamic 
thernnal equi l ibr ium is defined as that state when sys tem t empe ra tu r e s 
at any pa r t i cu l a r point in the fuel t r ans fe r cycle r ema in the same in 
each succeeding fuel t r ans fe r cyc le . The maximum tempera tu re of 
the grapple dr ive s tem in the r a i s ed posit ion, shown in F ig . 2, occurs 
at 1337 seconds from the s t a r t of each fuel t ransfe r cycle (see Fig. 3), 
i. e, , when the s tem jus t r e a c h e s the ra i sed position for the las t t ime 
in the fuel t r ans fe r cycle . It is seen in F ig . 2 that the maximum s tem 
t empe ra tu r e seen by the sea l s i s 225F if the sodium pool t empera tu re 
is 400F, and 285F if the sodium pool t empera tu re is 500F. 

It can be deduced fronn the t empe ra tu r e dis tr ibut ions shown in Fig. 1, 
that the t e m p e r a t u r e of the seal housings in the upper end of the nozzle 
will be somewhat l e s s than 200F if the sodium pool t empera tu re is 400F 
and sonnewhat g r e a t e r than 200F if the sodium pool tempe ra tu re is 500F. 
It can also be deduced from the temperature dis t r ibut ions shown in Fig . 1 
that the t empe ra tu r e of the hold-down actuating shafts, which have a 

FOTiM 71Q_P BRV '\-'}-^ 
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s t roke of 40-1/2 inches , could exceed 300F at the seals when these 
shafts approach or r each the r a i sed position whether the sodium pool 
t empe ra tu r e is 400 o r 500F. 

F igu re s 4 and 5 show for sodium pool t e m p e r a t u r e s of 400F and 5OOF, 
respec t ive ly , the change in t e m p e r a t u r e with t ime of the grapple s tem 
if the s tem is held in the lowered posit ion for a prolonged period, the 
sys tem having been initially at dynamic the rmal equi l ibr ium. Two 
ordinate sca les a re shown. The ordinate scale on the right side gives 
the c o r r e c t elevation for the t e m p e r a t u r e s shown. The ordinate scale 
on the left side shows what the s tem t e m p e r a t u r e s would be in the 
r a i sed posit ion if the s tem is r a i s ed instantaneously. Inasmuch as 
it t akes a finite amount of t ime for the s tem to be r a i sed , and since 
the s tem cools during this t ime , the actual s tem t empera tu re , when 
in the r a i s ed posi t ion, would be lower than the t empera tu re s shown. 
However, the difference, i . e . , the amount of cooling, is not significant 
if the s tem moves up at a speed of 15 f t /min . 

The s tem t empe ra tu r e dis t r ibut ion, labelled zero (0) minu tes , is that 
computed at 12 34 seconds from the s t a r t of the fuel t ransfe r cycle 
(see F ig . 3), i . e . , when the s tem jus t r eaches the lowered position 
for the las t t ime in the fuel t r ans fe r cycle . Stem tempera tu re 
d is t r ibut ions at t imes 10, 20, 30, and 60 minutes l a t e r , and when the 
sys tem reaches t h e r m a l equi l ibr ium, a r e also shown. The dip in 
s tem t e m p e r a t u r e , a t the lowered posit ion elevation of around minus 
(-) 50 inches , in thd 30 and 40 minute curves is due to the low heat 
capaci ty of the guide sleeve and s tem guide tube (see Fig . 1) as 
compared with the heat capacity of the support body. It is seen that 
if the dr ive s tem is held in the lowered position for 20 minutes or longer 
in the case of sodium pool t empe ra tu r e = 400F (Fig. 4), and for about 
4 minutes or longer in the case of sodium pool t empera tu re - 500F 
(Fig. 5),the sea ls will see a s t em t empera tu re of 300F or higher when 
the s tem is r a i s ed . 

If the s tem is held in the lowered posi t ion until the rmal equil ibrium 
is reached (which, on the bas i s of the plots shown in Figures 4 and 5, 
would probably take at l eas t a couple of hours) , and the s tem is then 
ra i sed at a speed of 15 ft/nnin, it i s seen from F igures 4 and 5 
respec t ive ly , that, during this up - s t roke , the t empera tu re of the grapple 
dr ive s tem sliding pas t the sea ls will range up to 472F if the sodium 
pool t empera tu re is 400F, and up to 51 OF if the sodium pool t empera tu re 
is 500F. This is expected to be the condition for the initial up - s t roke . 

vciUM ^iQ-P vmr -^-T^ 
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if it is de s i r ed to l imit the maximum t e m p e r a t u r e of the grapple dr ive 
s tem at the sea ls to 300F, it can be accomplished by stopping the 
up-s t roke when the t empe ra tu r e of the grapple drive s tem at the sea ls 
r e a c h e s 300F, and holding the s tem at this position long enough for it 
to cool sufficiently before completing the up- s t roke . It can be determined 
from F i g s . 4 and 5 that the t empe ra tu r e of the grapple dr ive stem at 
the sea l s will r e ach 300F when the s tem is r a i sed to 75 inches below 
the r a i s ed posi t ion. On the b a s i s of calculations made in Ref. 5 for an 
rVTM and support body having sl ightly different d imens ions , the s tem 
will have to be held in this posit ion for about an hour in the case of 
sodium pool t e m p e r a t u r e = 500F (and somewhat l e s s t ime in the case 
of sodium pool t empe ra tu r e = 400F)for it to cool enough to pe rmi t 
completion of the up-s t roke without the t empera tu re of the grapple 
dr ive s tem exceeding 300F at the s ea l s . The s tem cools by virtue 
of heat t r ans fe r by conduction and radiat ion to the colder support body 
surrounding it . F r o m this point on, the fuel t ransfe r cycle shown in 
F ig . 3, can be followed without the tennperature of the grapple dr ive 
s tem exceeding 300F at the s e a l s . 

17A11M -nn TO U f x r T 11 
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m . CONCLUSIONS 

Reducing the sodium pool t empera tu re from 500F to 400F reduces 
the maximum grapple drive s tem t e m p e r a t u r e s at the sea ls and 
i n c r e a s e s the t ime the s tem can r ema in in the lowered position without 
the s tem t e m p e r a t u r e exceeding 300F at the seals when the s tem is 
r a i s ed , to the following extent: 

Sodium Pool Tempera tu re 

400F 500F 

1. M a x i m u m s t e m t e m p e r a t u r e 4 7 2 F 51 OF 
s e e n b y s e a l s d u r i n g i n i t i a l u p ­
s t r o k e . 

2. Maximum s tem t empera tu re 225F 285F 
at sea ls when sys tem is 
operat ing at dynamic t he rma l 
equi l ibr ium. 

3. Length of t ime s tem can r ema in 20 min. 4 min. 
in lowered posit ion without s tem 
t empe ra tu r e exceeding 300F a t 
sea ls when s tem is r a i sed (at 
16 f t /min . ); sys tem init ial ly 
at dynamic the rma l equi l ibr ium. 
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