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ABSTRACT 

An a i r -coo led plugging mieter for rapid determinat ion of sodium oxide con­

centrat ion in liquid sodium was tes ted in an exper imental sys tem. Approxi­

mately 200 plugging t e s t s w e r e per formed, with r e su l t s indicating good repea t ­

ability and a re la t ively fast operat ing t ime compared to other plugging m e t e r s . 

A typical operat ing t ime for making a determinat ion with a system tempera tu re 

of 725 °F was 5 minu tes . 



I. INTRODUCTION 

Commerc ia l sodium contains smal l amounts of impur i t ies and this impuri ty 

level usual ly i n c r e a s e s during the init ial charging and the subsequent circulat ion 

of sodium in a coolant sys tem. The high chemical ly react ive nature of sodium 

coupled with the preva lence of oxygen make sodium oxide one of the most unavoid­

able contaminants . 

The oxide is soluble in sodium to an extent that is proport ional to the sodium 

t e m p e r a t u r e . Hence, in a h igh - t empera tu re sys tem using liquid sodium as a 

coolant, l a rge quanti t ies (in the o r d e r of hundreds of ppm) of oxide can be c a r ­

r ied in solution throughout the sys tem. The p resence of sodium oxide is d e t r i ­

menta l because it a c c e l e r a t e s the co r ros ion ra te of the ma te r i a l s it contacts . 

Another de t r imenta l effect of m o r e immedia te consequence in operat ions is sodi­

um oxide precipi ta t ion in the re la t ively cool reg ions . The accumulation of this 

prec ip i ta te , pa r t i cu la r ly in narrow p a s s a g e s , causes plugging which resu l t s in 

in ter ference w^ith flow^. 

F o r this reason, in a nuclear r eac to r employing sodium as coolant, oxide 

concentrat ion mus t be kept very low. So far as plugging is concerned, a con­

centrat ion below about 10 ppnm is considered sat isfactory. Several very effec­

tive means of removing oxide f rom sodi\im have been devised and successfully 

used. 

During the init ial filling and subsequent operat ion of a sodium system, the 

oxide concentrat ion mus t be m e a s u r e d to ensure sat isfactory operat ion and guide 

the oxide trapping r e q u i r e m e n t s . 

A number of methods for measur ing sodium oxide concentrat ion have been 

devised which a r e based upon chemica l analytical techniques. These a r e not 

wel l suited to the function of monitoring the oxide concentrat ion in a sodium-

coolan t -p rocess sys tem. Another method uses the tempera ture-so lubi l i ty 

relat ionship of sodium oxide in sodium in the famil iar plugging m e t e r . This de ­

vice has become widely used in sodium s y s t e m s . It consis ts of a section of pipe 

fitted with a flow re s t r i c t i on (usually a perforated plate) a c r o s s the pipe. Sodi­

um flowing through this pipe sect ion is cooled in a heat exchanger located up­

s t r e a m re la t ive to the orif ice until the t empera tu re reaches a value such that the 



oxide p rec ip i t a tes and plugs the o r i f i ces . A flowmeter in the line signals the 

occurence of plugging, and a thermocouple at the orifice indicates the tenapera-

ture at which plugging o c c u r s . This t empera tu re of plugging corresponds to a 

ce r ta in value of oxide concentrat ion which can be determined by refer r ing to a 

cal ibrat ion curve relat ing oxide concentrat ion to t empera tu r e . 

While the plugging m e t e r method is basical ly simple and appears to be ideal, 

p rac t ica l p rob lems in i ts use have engendered some elaboration of the e lemen­

ta ry design. Unfortunately some of the improvements have resul ted in the c r e a ­

tion of new p r o b l e m s . 

The objective of the effort descr ibed in this repor t was to develop a model 

of a plugging m e t e r capable of rapid, accura te , operation, suitable for moni tor ­

ing the sodium oxide concentrat ion in nuc lea r - r eac to r - sod ium-coo lan t sys tems . 
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II. DISCUSSION OF DESIGN CONSIDERATIONS 

Although the preferen t ia l prec ipi ta t ion of oxide in cool regions is de t r imen­

tal , it i s fortunate that the phenomenon is useful as a means of measuremen t . 

Essent ia l ly , the m e a s u r e m e n t i s accomplished by inducing oxide precipi tat ion 

at a convenient location. 

Tes t s perfornaed on e a r l i e r models of plugging m e t e r s revealed four objec­

tionable fea tures : (a) t ime requ i red for running an oxide plugging measu remen t 

was an hour or more;(b) data w e r e not sufficiently reproducible; (c) p r ema tu re 

precipi ta t ion of oxide occu r r ed u p s t r e a m of the plugging-orifice; and (d) unplug­

ging often requi red cons iderable t ime and special effort incompatible with p r a c ­

t ical coo lan t - sys tem operat ion. 

The t ime requ i red for making a plugging measu remen t is a function of the 

cooling r a t e . To keep cooling equipment size reasonable , a smal l sodium flow 

ra te is therefore requ i red . 

To make the data reproducible , it is neces sa ry to minimize extraneous 

va r i ab l e s . In ter ference by other soluble contaminants , par t icu lar ly sodium 

hydride, may influence the value obtained in oxide plugging. Little can be done 

to e l iminate th is in te r ference except to el iminate the hydr ide . However, so far 

as p rac t i ca l coo lan t - sys tem opera t ions a r e concerned, plugging of a coolant 

passage , whether from oxide or hydride is objectionable. So far as the plugging 

m e t e r readings a r e concerned, it makes a difference whether the plugging is due 

to oxide or hydride because the t e m p e r a t u r e — solubility relat ionships of the two 

substances differ. The p r e sence of both in varying proport ions can cause s eem­

ing anomal ies in the oxide plugging va lues . This effect may be one factor con­

tr ibuting to the inaccurac ies a t t r ibuted to plugging m e t e r s . 

Another factor to be cons idered is the var ia t ion in oxide concentrat ion at 

the plugging-orifice caused by p r e m a t u r e precipi ta t ion of oxide in the economi­

zer or other cool region u p s t r e a m . As a resu l t of this p r ema tu re precipitat ion, 

the sodium ar r iv ing at the orif ice would be relat ively clean if it we re str ipped 

of oxide ups t r eam; however, depending upon severa l operat ional fac tors , this 

oxide may be r e l eased f rom the cool surfaces and then reprec ip i ta ted upon the 

orifice plate . This would cause e r r a t i c plugging r e s u l t s . Ideally, substantially 
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all the oxide enter ing the plugging m e t e r should be available at the plugging-ori­

fice to precipi ta te in accordance with the prevail ing t empera tu re — solubility 

re la t ionship. To achieve th is , the plugging me te r should have a very short, low-

volume cooling section preceding the orifice plate and the flow rate should be 

low. This concept is compatible with the previously stated objective of reduc­

ing the sodium flow ra te to achieve speed in cooling. 

Sometimes unplugging is a difficult p r o c e s s , par t icu lar ly in c i rcumstances 

in which the plug contains a high propor t ion of contaminants . Application of heat 

sufficient to dissolve the plug is the usual remedy but it is not always easy to 

del iver s\ifficient heat to the plug. The unplugging may be facilitated by having 

the hot, re la t ively clean p r o c e s s s t r e a m sodium flow through the region. An 

obvious remedy is an orifice which may be expanded to dis turb the mechanical 

support of the oxide so that it may be flushed away through the enlarged orifice 

Avith fresh hot sodium. 
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III. DESIGN 

The ideas presen ted in Section II w e r e the bas is for the design of the plug­

ging m e t e r i l lus t ra ted in F igure 1. 

The p r o c e s s s t r e a m sodium en te r s the cen t ra l tube and flows down toward 

the plugging-orif ice . Heat from the sodium in this cent ra l tube flows to the 

a i r -coo led sodium in the outer tube. The cooling a i r i s directed onto the 

plugging-orifice end of the economizer so that the oxide concentration is g rea t ­

est in the vicinity of the plugging-orif ice. The plugging-orifice is shaped as 

shown in F igure 1. The cen t ra l hole i s 1/8 in. in d iameter and four adjacent 

holes a r e 50 mi l s in d i ame te r . The size of the cent ra l hole is a r b i t r a r y but the 

choice of 50-mil d iamete r for the adjacent holes follows conventional p rac t i ce . 

In normal operat ion, the cen t ra l hole is covered by the cone-shaped point of the 

cen t ra l rod so that the sodium p a s s e s through the outer four holes only. When 

the t e m p e r a t u r e is lowered below the t empe ra tu r e corresponding to saturat ion 

at the pa r t i cu la r oxide concentrat ion, precipi ta t ion will occur . This causes 

clogging or plugging of the smal l holes and hence stops the flow of sodium which 

is indicated by the f lowmeter . A r eco rd i s made of the t empera tu re , and the 

orif ice is then unplugged by withdrawal of the pointed rod covering the cent ra l 

hole in the orifice p la te . The motion of the rod is controlled by the solenoid. 

Concurrent ly with the rod withdrawal , heat is applied to the sodium to acce le ­

ra te dissolving the oxide. The plugging m e t e r is mounted ver t ical ly so that the 

normal (down) rod posit ion is r e s t o r e d by gravi ty . 

Amodel , cons t ruc tedaccord ing to the design outlined above, is showninFigure 

2. Its overa l lwidth including flowmeter and pipe stubs, i s approximately 13 in. and 

overa l l length was approximately 30 in. The totalweight is approximately 25 lb. 

The power requi red is 1000 w at 230 v for the hea ter , 55 w at 110 v for the 

blower and 35 w at 50 v for the solenoid. 

Flow is indicated by a flowmeter having a sensit ivity of 6 m v / g a l / m i n . 

T e m p e r a t u r e in the orif ice region is m e a s u r e d by a chromel a lumel t h e r m o ­

couple which is mounted in a thimble protruding into the sodium. 



MAGNETIC MATERIAL 

SOLENOID 

FLOWMETER 
MAGNET 

SODIUM 

THERMOCOUPLE 

4 50-MIL DIAMETER HOLES 
EQUALLY SPACED ON 3/16 in. 
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1—0.765 i n . — 
ORIFICE DETAIL 

BLOWER 

Figure 1. Schematic View of Plugging Meter 
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SOLENOID ASSEMBLY 

SODIUM IN 

AIR OUT 

CENTER ROD 

PLUGGING ORIFICE 
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TYPE K 
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THERMOCOUPLE ASSEMBLY 

AIR IN 

Figure 2. Cutaway View of Plugging Meter 



IV. TEST 

The plugging m e t e r was tes ted in the small loop shown in the photograph of 

F igure 3 and the d iagram of F igure 4. A r e s e r v o i r , an electromagnetic pump, 

and the plugging m e t e r , joined by 1-in. pipe to form a rectangle compr ise the 

loop. A tank 6-in. in d iameter and 18-in. long fitted with an access por t is the 

r e s e r v o i r . This acces s por t p e r m i t s connection of the loop to a glove box to 

facili tate loading the loop with sodium or to add impur i t i es . The total amount of 

sodium in the loop was 15 lb, of which 12 lb were in the r e s e r v o i r . The t e m p e r a ­

ture control for the loop piping, r e s e r v o i r , and plugging me te r were separa te . 

In operat ion, the piping was always maintained hotter than the r e se rvo i r so that 

no oxide would prec ip i ta te in the piping. 

The e lec t romagnet ic pump had a capacity of 20 gpna at 20 ps i . Throughout 

the t e s t s a flow ra te of 0.1 gpm was used during a plugging run. 

During the cooling port ion of the plugging run, a i r at a rate of approximately 

5 cfm reinoved heat at a ra te of about 11 Btu per min at a cooling ra te of 50 de­

g rees per minute . 

The initial charge of sodium was 99.9 % pure . No purification was done 

immediately , but the oxide coating was scraped off the 1-lb b a r s . P r i o r to t e s t ­

ing the plugging m e t e r , sodium was c i rcula ted for severa l hours through the 

appara tus at 800 °F. 

F o r the init ial t e s t s , the des i red oxide concentrat ion in the sodium del ivered 

to the plugging m e t e r was achieved by maintaining the r e s e r v o i r t empera tu re at 

the equil ibrium value corresponding to the des i r ed concentration. This effect 

was naade possible because the init ial charge was saturated with oxide at 900°F 

and the amount of oxide in solution (hence available to the circulating s t ream) 

was a function of r e s e r v o i r t e m p e r a t u r e for values l e s s than 900 °F . 

A typical t e s t included the following s teps : 

a) Heat the ent i re sys tem to 800 "F and c i rcula te sodium for at leas t 4 h r . 

b) Record plugging m e t e r t empe ra tu r e and sodium flow rate as a function 

of t ime . 
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F i g u r e 3. P lugg ing M e t e r m T e s t Loop 
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Figure 4. P lan View of Sodium Loop 

c) Set flow ra te of 0.1 gpm. 

d) Set r e s e r v o i r at the des i r ed t empera tu re and maintain constant over 

the t e s t in te rva l . 

e) After a l l t e m p e r a t u r e s have sett led at the des i red values, turn off 

p lugg ing-mete r -hea te r and turn on p lugging-meter-b lower . 

f) When r e c o r d e r has given evidence that flow has stopped, turn off the 

blower, tu rn on the hea t e r and open plugging-meter-or i f ice by energ iz ­

ing the solenoid. 

g) When the re is evidence that accumulated oxide has been flushed from the 

plugging m e t e r , t u rn off the solenoid cur ren t to allow the cent ra l rod to 

drop into normal operat ing posit ion for the next plugging run. 
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h) Determine the plugging-orifice t empe ra tu r e at which sodium flow began 

to d e c r e a s e . (This is the plugging t e m p e r a t u r e . See Figure 5). 

PLUGGING-
BEGAN HERE 

•ORIFICE WAS 
OPENED TO 
RESTORE FLOW 

Figure 5. Recorder Display of Tempera tu re and Flow in the Plugging 
Orifice Region 
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V. RESULTS 

Many s e r i e s of t e s t s w e r e run over a range of r e se rvo i r t empera tu re s from 

the melt ing point of sodium (208 °F) to 800 " F . Altogether, approximately 200 

plugging t e s t s w e r e per formed on this plugging me te r , and i ts operation was con­

s idered to be good since, with no sacr i f ice in reliabil i ty, i ts operat ion was eas ie r 

and m o r e rapid than that of other types . 

A typical r e c o r d e r display is p resen ted in Figure 5. This shows the plugging-

orifice t empe ra tu r e and flow as a function of t ime . The speed of plugging is evi­

dent; in this instance only 5 min w e r e requ i red . Likewise the unplugging is rapid, 

as shown by the instantaneous flow inc r ea se and the prompt t empera tu re r i s e upon 

opening the plugging-orif ice. 

The values obtained in a typical s e r i e s of t es t s a r e displayed in F igure 6. 

These data were obtained by heating the sodium in the r e s e r v o i r to 800 "F and 

allowing it to cool in suitable dec remen t s while plugging t es t s were perfornaed. 

To evaluate the effect of cooling ra te and sodium flow rate on plugging, these 

w e r e var ied over a 3 to 1 ra t io . Changing these paranneters did not significantly 

change the plugging c h a r a c t e r i s t i c s . 

With this t es t method, the plugging t empe ra tu r e was expected to be equal to 

the r e s e r v o i r t e m p e r a t u r e , since the r e s e r v o i r t empera tu re de te rmines the 

amount of oxide in solution. In al l c a ses the plugging m e t e r t empera tu re was 

consistent ly about 100° lower, thereby indicating a lower concentrat ion than was 

a s sumed to exis t . A review of sources of e r r o r , such as faulty instr \ iments , o r 

poor placement of thermocouples , did not revea l the cause . The t rue cause of 

the d i sc repancy was not found, although if sa turat ion w e r e not reached in the 

r e s e r v o i r (because of insufficient res idence t ime for equil ibrium solubility to be 

attained), the re would be l e s s oxide in solution than has been assumed. 
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*BASED ON SODIUM OXIDE 
^01 I IR I I ITY DATA IN 
KAPL MEMO ILG-7 , 1953 
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F i g u r e 6. V a r i a t i o n of P l u g g i n g T e m p e r a t u r e wi th Sodium 
Oxide C o n c e n t r a t i o n 


