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MSG TEST REPORT - REMOVAL OF RESIDUAL SODIUM 

I INTRODUCTION 

As par t of the company funded Liquid Metal Fas t Breeder Reactor 

(LMFBR) p rog ram, Atomics Internat ional designed and fabricated a 

prototype sodium heated s t e a m gene ra to r . This unit, t e rmed the Modular 

Steam Generator (MSG), was tes ted by the Atomic Energy Commission (AEC) 

under Contract No. AT(04-3)-8l3 in the Liquid Metal Engineering Center ' s 

(LMEC) Sodium Component Test Instal lat ion (SCTI) facility. At the com

pletion of the scheduled t e s t p r o g r a m , the res idua l sodium was removed 

f rom the MSG by an alcohol cleaning p r o c e s s . This repor t p resen ts the 

resu l t s of the cleaning opera t ions , along with a descr ip t ion of the cleaning 

loop and other re lated ac t iv i t i es . 

II CLEANING PROCESS 

The alcohol cleaning p roces s used to remove res idual sodium from 

the MSG was pat terned after a draft of a s tandard t i t led"Use of Alcohol 

to Remove Sodium from Sodium Coated I t ems" (Attachment to "MSG 

Cleaning Ins t ruc t ions" Reference I). This draft p rocedure gives a descr ip t ion 

of the p r o c e s s , equipment r equ i r emen t s , methods and p rocedures , ma te r i a l 

p rope r t i e s , safety requ i rements and quality a s su rance r equ i remen t s . Various 

changes were made because of the cha rac t e r i s t i c s of the i tem to be cleaned 

and because of the \inavailability of ce r ta in cleaning m a t e r i a l s . The draft 

s tandard has s e v e r a l optional steps in which the solvent is diluted with 

water and a water r inse is used. These steps were not used for MSG 

cleaning because : 

1. The MSG is fabricated of 2 1/4 Cr - 1 Mo which is susceptible to 
oxidation. 

2. Subsequent to cleaning, the MSG will be modified for test ing 
in the La rge Leak Test Rig (LLTR) requir ing welding and post 
weld heat t r e a t m e n t . It was felt that the formation of hydroxides 
and the possibi l i ty of caust ic s t r e s s co r ros ion was not siafficiently 
understood to wa r r an t the r i sk of using wa te r . 

The basic p r o c e s s for removal of sodium from sodium coated i tems 

using alcohol cons is t s of the following major s teps : 

1. 2-butoxyethanol flush to remove sodium 

file:///inavailability
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2. Ethanol flush to remove 2-butoxyethanol and react ion products 
3. D r y r e s i d u a l e t h a n o l a f t e r d r a i n i n g 

A t t e m p t s to p r o c u r e t h e 2 - b u t o x y e t h a n o l (Dowanol EB) in t h e q u a n t i t i e s 

r e q u i r e d w e r e u n s u c c e s s f u l due to t h e c u r r e n t o i l s h o r t a g e . A s u b s i t u t e 

solver. t v/as u sed a f t e r e v a l u a t i o n of s e v e r a l a l t e r n a t e s . The s u b s t i t u t e 

s e l e c t e d w a s p r o p y l e n e g l y c o l m e t h y l e t h e r (Dowanol P M ) . T e s t s p e r f o r m e d 

(Sect ion IV) to d e t e r m i n e t h e c h a r a c t e r i s t i c s of t h i s so lven t i nd ica t ed tha t 

t h e Dowano l P M w a s a s good, if not b e t t e r t h a n t h e Dowanol E B . In add i t ion , 

t h e m a t e r i a l u sed for t h e e t h a n o l r i n s e •was found to be s l i gh t ly d i f fe ren t 

t h a n t h e o r i g i n a l l y spec i f i ed m a t e r i a l . The o r i g i n a l l y spec i f i ed e thano l w a s 

to c o n t a i n 100 v o l u m e s of e thy l a l c o h o l and 5 v o l u m e s of m e t h y l a l c o h o l . 

The a c t u a l p r o c u r e d c o m m e r c i a l l y a v a i l a b l e e thano l u s e d for c l ean ing w a s 

f u r t h e r modi f ied wi th t h e add i t ionof 10 v o l u m e s of i s o p r o p y l a l c o h o l and 

one vo lume of m e t h y l i s o b u t y l k e t o n e . L a b o r a t o r y s c a l e t e s t i nd i ca t ed 

t h e r e w a s no d i s c e r n i b l e d i f f e r e n c e bet^veen the two t y p e s of e t h a n o l . 

T h e Dowanol P M w a s u s e d to r e m o v e t h e bulk of t h e s o d i u m f r o m 

t h e MSG. The r e a c t i o n of t h i s g l y c o l e t h e r wi th t h e s o d i u m is a s fo l lows : 

CH_ CH CH- O CH„ + N a - ^ CH_ CH CH_ O C H , + 1/2 H , 
3 I ^ 3 i I ^ i c 

OH ONa 

Sodiuna r e a c t s wi th t h e g l y c o l e t h e r to f o r m a n o r g a n i c s o d i u m sa l t and f r e e 

h y d r o g e n . The Dowano l P M w a s s e l e c t e d b e c a u s e of i ts r e l a t i v e low 

r e a c t i o n r a t e wi th s o d i u m . T h i s w a s i m p o r t a n t s i n c e t h e r e a r e a r e a s 

of biilk s o d i u m w h e r e e x c e s s i v e t e m p e r a t u r e s could o c c u r . In add i t ion , 

i m p u r i t i e s s u c h a s o x i d e s o r c a r b o n a t e s w^ere found to be m.ore so lub l e 

in t h e Dowano l P M t h a n in e t h a n o l . 

T h e e t h a n o l w a s to b e in i t i a l l y u s e d a s a f lush to r e m o v e t h e r e s i d u a l 

Dowanol P M wi th t h e a s s o c i a t e d r e a c t i o n p r o d u c t s . E t h a n o l was s e l e c t e d 

fo r t h i s s t e p b e c a u s e of i t s r e l a t i v e l y low^ c o s t and e a s e of d ry ing (low 

boi l ing p o i n t ) . E t h a n o l a l s o r e a c t s wi th s o d i u m at a s o m e w h a t f a s t e r r a t e 

t h a n Dowano l . T h i s r e a c t i o n is a s f o l l ows : 

CH CH^ OH + Na — » - C H CH^ ONa + 1/2 H^ 

In t h i s r e a c t i o n s o d i u m e t h o x i d e and f r e e h y d r o g e n a r e f o r m e d . T h e e t h a n o l 

w a s u s e d , fo r a n ex t ended p e r i o d of t i m e , to r e m o v e r e s i d u a l s o d i u m f r o m 

c r e v i c e a r e a s in t h e MSG, in a d d i t i o n to a f ina l f lush . 

FOTIM 71Q-P PTW ^-T^ 
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Since both the Dowanol and ethanol a r e hygroscopic , they contained 

a sma l l amount of wa te r . This water impuri ty in the solvents also r eac t s 

with the sodium to form sodium hydroxide and free hydrogen as follows: 

Xa + H ^ O - ^ N a OH + 1/2 U^^ 

The NaOH in tu rn reac t s with the solvents and regenera tes the water . The 

react ion ra te of the solvents with sodium has been found to be a function of 

the water impuri ty concentrat ion. 

The react ion ra t e can be de termined by measur ing the ra te of 

change of the sodium reac t ion product concentrat ion by atomic absorpt ion 

spectophotometry or by measur ing the hydrogen evolution r a t e . Both naethods 

w e r e used during MSG cleaning to t r a c k the react ion ra t e s of the solvents 

with the sodium. 

The final s tep in the cleaning was drying the res idua l ethanol after 

draining. This was done by heating to 150-180°F and purging with a rgon 

gas . The effluent was monitored \xntil the ethanol concentrat ion in the 

argon spa rge gas was l e s s than 300 ppm. 

Ill LOOP DESCRIPTION 

Cleaning of the MSG was per formed in place at the SCTI. The 

sodium inlet and outlet l ines w e r e cut and capped and a cleaning loop 

connected to the MSG at the lower d ra in line and upper flowing vent l ine. 

The P & I drawing of the cleaning loop is shown in F igure III-l . The loop 

consisted of a fill and d ra in tank, blowdown tank, surge tank, circulat ing 

pump, f i l ter , interconnecting piping and va lves . In addition, various 

SCTI facility s e rv i ce s were used such as the argon supply sys tem, ni trogen 

supply sys tem, feedwater sys tem, and DAS (Data Acquisition System). 

The fill and dra in tank was a s ta in less s tee l tank 4 1/2 ft. in d iameter 

and 12 ft. long. It was of sufficient s ize to hold the ent i re inventory of 

solvent. It had an ,a rgon p re s su r i za t i on sys t em for filling the MSG and 

cleaning loop, and a p r e s s u r e relief sy s t em to protect against over 

p r e s su r i za t i on . A sight g lass w^as also included to de termine the liquid 

level in the tank. The blowdown tank was of s imi l a r s ize and m a t e r i a l as 

the fill and d ra in tank. The d i scharge from the fill and dra in tank and MSG 

p r e s s u r e rel ief sy s t ems w e r e routed to th is tank. This tank was included in 

rnpv 7iQ_P Timr '=c_7'̂  
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the loop so that in the event of a p r e s s u r e relief sys t em actuation, the 

d ischarged solvent would be contained in a closed sys tem. A nitrogen 

cover gas was maintained in the blow^down tank during al l phases of cleaning. 

Both the fill and dra in tank and blowdown tank were located at grade level 

^about 40 ft. above the d ra in line elevation). 

The surge tank was a s ta in less s tee l tank 3 feet in d iameter and 

7 feet seven inches high. It was used to accommodate the expansion of the 

solvent during t e m p e r a t u r e changes and sparging operation, and also to 

disengage the a rgon sparge and hydrogen ga;S f rom the solvent during 

c i rcula t ion . The surge tank contained a sight g lass for solvent inventory 

control during filling and makeup. The tank was located at an elevation 

slightly above the MSG hockey st ick cen ter l ine . 

The circiilating pump had a 5 HP motor with an est imated capacity of 

75-100 gpm during no rma l c i rcula t ion . A 10 micron fi l ter was located at 

the pump d i scharge and was used to remove any par t icula te ma t t e r the 

cleaning fluids might pick up f rom the loop. The pump and filter were 

located at g rade leve l . 

The majori ty of the interconnecting piping was one inch SCH 10 

304 s ta in less s t ee l . All connections were of the socket weld type with 

the exception of s e v e r a l pump and tank flanged jo ints . Welding of 

connecting piping and fittings were performed in accordance with ANSI B31.1. C 

1967. One-inch hand control led bal l valves were located at var ious positions 

as shown in F igure I I I - l . 

An a rgon spa rge gas supply was connected to the cleaning loop 

near the sodium dra in line (solvent inlet line) of the MSG. This sparge 

gas was used to agi ta te the solvent during circulat ion to enhance cleaning. 

Another a rgon supply was located at the surge tank vent l ine. This iner t 

gas supply was used to dilute the re leased hydrogen during the initial 

fill to a safe level before discharging to the atnaosphere. A flame a r r e s t e r 

was also located at the d i scharge as an added safety precaution, in addition 

to a p r e s s u r e rel ief valve included in the event the vent line was inadvertently 

closed. 

The SCTI feedwater s y s t e m was operated during the MSG cleaning. 

Feedwate r was c i rcula ted through the tube side of the MSG during a l l 

cleaning opera t ions . The t e m p e r a t u r e of the alcohol or MSG could be 

control led between ambient and 400 °F with the feedwater sys t em. The 

PnPVf '71Q_T> T>V\r r^^TZ 
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SCTI DAS (Data Acquisi t ion System) was also used to monitor and r eco rd 

al l MSG in terna l thermocouple readings as well as feedwater t e m p e r a t u r e s . 

A sample line was provided in the cleaning loop to obtain solvent 

samples for chemis t ry ana lys i s . A gas chromatograph was also provided 

at the surge tank vent l ine to monitor the effluent hydrogen. This 

ins t rument was used p r i m a r i l y during init ial fill to a s s u r e the hydrogen 

concentrat ing in the vent line was d ischarged at safe levels . 

The p r i m a r y flow path during solvent circulat ion was from the 

pump d i scha rge , through the f i l ter and into the MSG at the dra in l ine . 

The solvent then flowed upward through the shel l s ide of the MSG and out 

the flowing vent l ine to the surge tank. The solvent level in the surge 

tank was maintained below the line leading from the MSG to provide for 

disengagement of the sparge gas and solvent. F r o m the surge tank, the 

solvent passed through a flow indicator to the pump suction. A t e m p o r a r y by

pass line was also provided for cleaning and checkout of the cleaning 

loop components p r i o r to filling the MSG with solvent. After loop cleaning 

and checkout, the t e m p o r a r y by-pass l ine was removed for MSG cleaning. 

The valves shown in F igure III-l were used for p rocess control during steps 

such as purging the loop, filling, draining and fi l ter replacement . P r i o r to 

adding solvent to the loop, al l welds, valves and other components were 

he l ium leak checked. 

IV EXPECTED RESULTS 

P r i o r to initiation of ac tual MSG cleaning, labora tory scale t e s t s 

were conducted to confi rm the adequacy of the cleaning p rocess and to 

de te rmine var ious p roces s p a r a m e t e r s . F r o m these t e s t s , calculations 

were performed in o r d e r to uncover any potential problems that might 

occur during the cleaning s t eps . The following summar izes the resu l t s of 

these efforts . 

A. Residual Sodium 

A review of the MSG sodium side geometry was made to es t imate the 

total amount of res idua l sodium that should be expected after draining. 

Three sources of sodium w e r e cons idered as follows: 

1. F i l m remaining on exposed ve r t i ca l su r faces . 

2. Heel remaining between the lower tube sheet and dra in l ine. 

3. Sodium remaining in c rev ices that would not d ra in because of 
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surface tension effects. 

F o r the sodium remaining on ve r t i ca l sur faces , it was determined 
2 

that the total sod ium-s ide surface a r ea was 2420 ft . Results of t e s t s 

conducted in other AEC p r o g r a m s were used to es t imate the expected 

sodi'^m thickness that would adhere to a ve r t i ca l surface after draining. The 

resu l t s of these exper iments (Reference 2) a r e summar ized below. 

Sodium Drain Surface Thickness 
Temp. (°F) m g / c m ^ inj_ 

400 2 .00088 
600 1.3 .00058 

It can be noted that the res idua l sodium fi lm thickness can be reduced by 

increas ing the sodium d ra in t e m p e r a t u r e . The no rma l MSG sodium dra in 

t e m p e r a t u r e was 400°F, however , based on the above tes t r e su l t s , it was 

decided to d ra in at 600°F (maximum t e m p e r a t u r e within the capabil i t ies 

of SCTI). At this dra in t e m p e r a t u r e and the exposed surface a r ea , the 

to ta l sodium m a s s remaining on ve r t i ca l surfaces was es t imated to be 6 .4 lb . 

A sodium heel r emains at the lower end of the MSG because the 

d ra in line is above the elevation of the lower tube sheet . A schemat ic of 

the lower end geometry is show^n in F igure IV-1. It can be noted that t h e r e 

a r e t h e r m a l baffles res t ing on top of the tube sheet, result ing in a smal l 

annular gap between the tubes and t h e r m a l baffles. Based on the total 

free volume below^ the lower opening of the dra in line nozzle, the sodium 

remaining in the heel was es t imated to be 12. 9 lb. 

F o r sodium remaining in c rev ices that would not be expected to 

d ra in because of surface tension effects, two major sources were identified. 

The f irst is in the region between the tubes and the tube spacers , and the 

second between the t ie rods and spacers . A schematic of the geomet r ies 

for these two regions is shown in F igure IV-2. Surface tension calculat ions 

indicated that a l l the sodium bet>veen the tubes and tube spacers would remain 

after draining. F o r the region between the t ie rods and s p a c e r s , it was 

calculated that the sodium would dra in to a level 1. 3 inch above the tube 

s p a c e r s . Based on the above volumes , the sodium remaining in c rev ices 

was es t imated to be 1. 5 lb . 

Based on the above ana lys i s , the total sodium remaining in the MSG 

following the 600°F dra in was es t imated to be 20. 8 lb . It should be noted 

rnnv 71Q_P VW -^-T^ 
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that t h e r e can be a considerable to le rance in estimating the mass of sodium 

remaining on ve r t i ca l surfaces and in c r e v i c e s . 

B. Reaction Tests 

In o rde r to evaluate poss ible problems of localized heating, seve ra l 

l abora tory scale react ion t e s t s w^ere performed between the solvent and 

sodiunn. The initial t es t per formed was to de te rmine the approximate sodium 

heat of react ion. In this tes t a 2 1/2 g r a m cube of sodium sample was 

placed in a 200 mjg volume of the solvent. The heat of react ion was 

de te rmined by observing the t e m p e r a t u r e r i s e of the solvent. The resu l t s 

of these t e s t s a r e as follows: 

Solvent Heat of Reaction 

Dowanol EB 2800 Btu /Lb of Na 

Dowanol PM 2100 Btu/Lb of Na 

Since the t e m p e r a t u r e of the solvent var ied during the tes t s (70-140°F), 

the above values a r e only approximate over the t empe ra tu r e range of 

in te res t for MSG cleaning. During these t e s t s , the t ime to completely 

reac t the sodium was also me a s u re d . Time to reac t the sodium samples 

was about the s a m e for both solvents , resul t ing in a r ecess ion ra te of the 

sodium of about 0. 01 in /min . 

Using the above r e s u l t s , calculat ions were performed to de te rmine 

the t e m p e r a t u r e r i s e that could be expected in the lower heel region. 

Fo r c o n s e r v a t i s m it was assumed that no heat would be removed by the 

feedwater c i rculat ing inside the tubes . Based upon a solvent flow ra te of 20 

gpm (a lower l imit value expected during fill), the s teady-s ta te flowing 

solvent t e m p e r a t u r e r i s e was calculated to be about 2 ° F . With feedwater 

c i rculat ion, it was es t imated that t he re would be no noticeable t empe ra tu r e 

r i s e of the solvent f|"om react ion of the sodium in the heel . 

To further evaluate the reac t ion in the heel region, a laboratory 

sca le t e s t was performed mocking up the geometry in this region. In 

addition to determining ac tual t e m p e r a t u r e s that would be enco^^ntered, 

it was considered des i rab le to exper imenta l ly de te rmine the t ime to r eac t 

the sodium heel and the sodium in gaps between the s t eam tubes and 

t h e r m a l baffles. Also, it was important to have a s su rance that the 
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h y d r o g e n evo lu t i on w a s no t e x c e s s i v e l y v io len t and tha t a l l t h e s o d i u m 

would be r e a c t e d . T h e s k e t c h of e x p e r i m e n t a l a p p a r a t u s u s e d for t h i s t e s t 

is shown in F i g u r e I V - 3 . T h e r m o c o u p l e s w e r e l oca t ed a s shown. The 

a p p a r a t u s w a s " c a s t " wi th s o d i u m up to t h e l o w e r edge of a 1 /2- inch 

s o l v e n t i n l e t p i p e . T h e s o i d u m - f i l l e d a s s e m b l y w a s t h e n p l a c e d in a 

c h a m b e r and Dowanol P M w a s p u m p e d o v e r t h e s o d i u m c a k e . A s o l v e n t flow 

r a t e of 1/2 g p m w a s u s e d , wh ich s i m u l a t e s t h e flow r a t e p e r unit s u r f a c e 

a r e a t h a t would be u sed fo r t h e MSG c l e a n i n g . The s o l v e n t t hen over f lowed 

the c a s t a s s e m b l y to a c h a m b e r and p u m p e d b a c k t h r o u g h a 1 /2 - inch p i p e . 

F i g u r e I V - 4 shows a p h o t o g r a p h Of the a c t u a l t e s t in p r o g r e s s . The 

a g i t a t i o n no t ed i s f r o m the s o l v e n t e n t e r i n g the f o u r - i n c h p ipe and no t f r o m 

the r e a c t i o n wi th the sod i t im . D u r i n g the t e s t , whi le s o l v e n t w a s f lowing, 

no i n c r e a s e in t h e t e m p e r a t u r e w^as o b s e r v e d f r o m any of the t h e r m o c o u p l e s . 

P e r i o d i c a l l y the flow w a s s t o p p e d for s e v e r a l m i n u t e s to o b s e r v e the h y d r o 

gen evo lu t i on . No t e m p e r a t u r e i n c r e a s e w a s o b s e r v e d du r ing th i s p e r i o d , 

and the h y d r o g e n evo lu t ion w a s v e r y g e n t l e . A t one poin t in the t e s t , the 

s o l v e n t f low h a d to b e s t o p p e d f o r 45 m i n u t e s to r e p l a c e a p u m p i m p e l l e r . 

D u r i n g t h i s p e r i o d , the s o l v e n t i n the u p p e r r e g i o n i n c r e a s e d in t e m p e r a t u r e 

f r o m 6 2 ° F to 192 °F and t h a t of the u n r e a c t e d sodixim in the 1/16 inch r a d i a l 

gap , to 1 3 5 ° F . (It shoxild be no ted t h a t for MSG c l ean ing i n t e r n a l w a t e r 

c i rcx i la t ion i s m a i n t a i n e d to c o n t i n u o u s l y cool the a l c o h o l . In the above 

e x p e r i m e n t no s u c h coo l ing w a s u s e d , ) The t o t a l e l a p s e d t i m e of the t e s t 

fo r a l l h y d r o g e n evo lu t ion to s t o p w a s 29 h r s . Af t e r a l l r e a c t i o n h a d s topped , 

the a p p a r a t u s w a s a l l owed to s o a k in Dowanol P M for two d a y s , a t wh ich 

t i m e a v i s u a l i n s p e c t i o n w a s m a d e . F e e l e r gauges w e r e u s e d to i n s e r t 

in to the 1/16 i n c h a n n u l u s , wh ich i n d i c a t e d t h e r e w a s no u n r e a c t e d s o d i u m 

o r s i g n s of r e s i d u e . 

A l though p o t e n t i a l t e m p e r a t u r e p r o b l e m s w e r e ident i f ied in the above 

t e s t in the e v e n t s o l v e n t f low had to be s topped o r d r a i n e d , t h e h e a t t r a n s f e r 

to the f e e d w a t e r w a s fe l t to be su f f i c i en t to a l l e v i a t e any c o n c e r n . H o w e v e r , 

a s an added sa fe ty p r e c a u t i o n , c h a n g e s in the a c t u a l t e s t p r o c e d u r e w e r e 

m a d e to m i n i m i z e the c h a n c e s of s o l v e n t d r a i n i n g du r ing r e a c t i o n of the 

s o d i u m h e e l . 
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Additional heat t r ans fe r calculat ions were performed to de te rmine 

the heat genera ted f rom exposed ver t i ca l surfaces during initial solvent 

filling. Potent ia l p rob lems were uncovered since it was found that essent ia l ly 

a l l the sodium react ion on ver t i ca l surfaces occur red in the upper one-foot 

of solvent. That i s , the react ion ra te was sufficiently rapid compared to 

the fill ra te so that all the sodium was reac ted before the sodium level moved 

about one-foot. Calculations showed that the feedwater could remove all 

the heat genera ted with only a fract ion of a degree Fahrenhei t t empera tu re 

drop a c r o s s the tube. Since the react ion was on the surface of the tube, it 

was anticipated that mos t of the heat generated would be t r ans fe r r ed through 

the tube wall to the feedwater . It was not known, however, how much heat 

would be t r a n s f e r r e d to the solvent e i ther by conduction, convection, or 

by the hydrogen gas that is evolved. Since the re would be poor mixing of 

solvent, the re was the potential of overheating the upper l aye r . To prevent 

a potential overheating problem, p rocedura l changes were made to t e rmina te 

filling if any of the in terna l thermocouples showed t empera tu re s g rea t e r 

than 150°F. Such a p rocedure would allow sufficient t ime for the feedwater 

to remove the heat f rom the solvent until a safe level was obtained. Over 

heating in the heel region was anticipated to be a p rob lem should such a 

p rocedure be requ i red . With the height of solvent above the heel and na tura l 

convection mixing, only a smal l t empe ra tu r e r i s e would occur . Also, 

feedwater flow in the tubes wotdd maintain re la t ive low solvent t e m p e r a t u r e s . 

C. Hydrogen Gas Evolution 

During init ial solvent filling, react ion ra t e s a r e the l a rges t due to 

the m a s s of sodium on ver t i ca l su r f aces . During this reaction, hydrogen 

is evolved present ing a potential f ire and explosion hazard , since the hydrogen 

is vented to the a t raosphere . Based upon the labora tory scale react ion t e s t s 

and the loop geometry , calculat ions were performed to es t imate the expected 

hydrogen evolution r a t e . 
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C a l c u l a t i o n s of the h y d r o g e n evo lu t ion r a t e w e r e b a s e d on the know 

s u r f a c e a r e a , s o d i u m f i l m t h i c k n e s s , r e a c t i o n r a t e , and c h e m i c a l p r o c e s s . 

The r e s \ i l t a n t h y d r o g e n evo lu t i on r a t e w a s d e t e r m i n e d to be a s fo l l ows : 

E ^ = 0. 11 Q + 0 . 4 - 1 -

'2 

w h e r e 

3 
E „ = H y d r o g e n E v o l u t i o n r a t e (ft / m i n a t S T P ) 

^ 2 

Q - So lven t f i l l r a t e ( g a l / m i n . ) 

The f i r s t t e r m on the r i g h t hand s i d e i s t he h y d r o g e n evo lved f r o m v e r t i c a l 

s u r f a c e s , wh ich i s a f i inct ion of t h e s o l v e n t f i l l r a t e , and the s e c o n d t e r m 

f r o m t h e s o d i u m in the h e e l . H y d r o g e n evo lu t ion f r o m c r e v i c e s w a s no t 

c o n s i d e r e d s i n c e i t would b e m u c h l o w e r t han tha t r e l e a s e d f r o m v e r t i c a l 

s u r f a c e s and the h e e l . To p r o v i d e an u p p e r l i m i t of the h y d r o g e n evo lu t ion 

for a " w o r s t c a s e " t ype a n a l y s i s , i t w a s a s s u m e d : 

1) F i l l r a t e i s two t i m e s e x p e c t e d 

2) R e a c t i o n r a t e i s two t i m e s e x p e c t e d 

3) F i l m t h i c k n e s s i s two t i m e s e x p e c t e d 

E q u a t i o n (1) t h e n b e c o m e s : 

E ^ = 0 . 4 4 Q + 0 . 8 - 2 -
" 2 

To d e t e r m i n e the va lue of Q, the s o l v e n t fi l l r a t e , p r e s s u r e d r o p 

c a l c u l a t i o n s w e r e p e r f o r m e d for the f i l l ing p r o c e s s . The r e s t i l t a n t f i l l 

r a t e w a s d e t e r m i n e d to be a s f o l l ows : 

w h e r e 

Q = 2 . 8 5 V 4 2 5 - 2 . 9 1 L 

Q = So lven t f i l l r a t e ( g a l / m i n ) 

L = So lven t h e i g h t in MSG above in l e t l i ne (ft) 
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The naaximum fill r a te occurs during the init ial filling period (L = 0), 

re stilting in a fill ra te of 58. 8 gpm. Combining this value in equation (1) 

for nominal conditions yields a hydrogen evolution ra te of 6. 9 scfm, and in 

equation (2) for "wors t c a s e " conditions, 26 .7 scfm. 

P r i o r to filling and during filling, an argon purge at the surge tank 

vent is maintained at a flow ra te of 12. 5 scfm. The restil tant hydrogen con

centra t ion in the effluent gas was then es t imated to be as follows: 

Effluent Gas 
Hydrogen Concentration 

Conditions (Vol %) 

Nominal 35 

"Worst Case" 68 

It was expected that the actual hydrogen concentrat ion in the effluent would 

be l e s s than that indicated above, since the hydrogen woxild be further diluted 

with the argon cover gas maintained in the MSG and surge tank p r i o r to 

filling. In addition, the effluent i s exhausted to the a tmosphere , resul t ing 

in fur ther dilution. The calculated hydrogen evolution ra te , however, is 

very smal l (.00065 - .0025 l b / s e c corresponding to the nominal and "wors t 

c a s e " r e l ea se r a t e s ) . Hydrogen quanti t ies considerably in excess of these 

values a r e routinely exhausted safely in rocket engine tes t p r o g r a m s . Con

sequently, no potential hazard p rob lem was expected for the anticipated 

hydrogen evolution r a t e s . 

V. CLEANING PROCEDURE 

Actual cleaning of the MSG was per formed in accordance with 

wri t ten s tep-by-§ tep p r o c e d u r e s . Two separa te p rocedures were used, 

the f i r s t for cleaning the loop p r io r to filling the MSG with solvent (Ref. 3), 

and the second for removing the res idua l sodiuna f rom the MSG (Ref. 4). 

The following p re sen t s a s u m m a r y of the actual operations per formed during 

the cleaning p r o g r a m . 

• 
FORM 7 T 4 _ P BRV '^ -7 '^ 



Atomics International Division NO. . TR-097-330-007 
Rockwell International PAGE . 20 

A. C l e a n i n g Loop C l e a n i n g 

The s t e p - b y - s t e p p r o c e d u r e u s e d for l oop c l ean ing i s g iven in Ref. 3 . 

The c l e a n i n g p r o c e d u r e w a s w r i t t e n to m e e t the r e q u i r e m e n t s a t RRD 

S t a n d a r d F 5 - I T (Ref. 5), e x c e p t t h e f luid u s e d fo r c l ean ing w a s Dowanol P M 

r a t h e r t h a n w a t e r . P r i o r to i n i t i a t i n g t h e p r o c e d u r e , the b y - p a s s l i ne 

( F i g u r e I I I - 1) w a s i n s t a l l e d in the l o o p . 

T h e i n i t i a l s t e p s in the p r o c e d u r e w e r e to t r a n s f e r the Dowanol P M 

f r o m the v e n d o r supp l i ed 55 g a l . d r u m s to the f i l l and d r a i n t a n k . P r i o r 

to t h i s t r a n s f e r , the f i l l and d r a i n t a n k w a s c l e a n e d wi th w a t e r and d r i e d . 

The t a n k w a s i n s p e c t e d by Qua l i t y A s s u r a n c e p e r s o n n e l and a s u r f a c e wipe 

t e s t c o n d u c t e d a s s p e c i f i e d in F 5 - I T (Ref. 5) . A f t e r a s s u r i n g c l e a n l i n e s s 

of the t ank , the s o l v e n t t r a n s f e r p r o c e s s w a s p e r f o r m e d wi th a c l o s e d 

s y s t e m to avo id m o i s t u r e p i c k u p by the s o l v e n t . Tubing w a s c o n n e c t e d 

f r o m a 55 g a l . d r u m d r a i n l i n e to the f i l l and d r a i n t ank . The d r u m w a s 

p r e s s u r i z e d to 1 jf 0. 5 p s i g of a r g o n to t r a n s f e r the s o l v e n t . The above 

p r o c e d u r e w a s r e p e a t e d u n t i l 20 d r u m s of Dowanol P M w e r e t r a n s f e r r e d 

to the f i l l and the d r a i n t a n k (the e s t i m a t e d c a p a c i t y of the c l ean ing loop 

and MSG w a s 17 - 18 d r u m s ) . D u r i n g the t r a n s f e r o p e r a t i o n , n o r m a l sa fe ty 

p r e c a u t i o n s w e r e t a k e n s u c h a s w e a r i n g of P V C g loves by a l l p e r s o n n e l , 

e l e c t r i c a l g round ing of d r u m s , and no s m o k i n g in the v ic in i ty of the c l ean ing 

l o o p . A f t e r a l l twen ty 55 g a l . d r u m s of s o l v e n t w e r e t r a n s f e r r e d to the f i l l 

and d r a i n t ank , a s o l v e n t s a m p l e w a s ob ta ined and a n a l y z e d for w a t e r and 

c h l o r i d e c o n t e n t . 

The n e x t s t e p in the p r o c e d u r e w a s to f i l l the cleaij ing lopp wi th 

s o l v e n t . P r i o r to t h i s s t e p , a l l l i n e s and the s u r g e t ank w e r e p u r g e d wi th 

a r g o n . F i l l i n g w a s a c c o m p l i s h e d by p r e s s u r i z i n g the fi l l and d r a i n t ank wi th 

40 +; 5 p s i g of a r g o n . With def ined va lve s e q u e n c i n g , the loop w a s f i l led 

wi th the Dowano l P M to a l e v e l in the s u r g e t ank 6 i n c h e s b e l o w the l i n e 

l e ad ing f r o m the t op of the MSG. The p u m p w a s e n e r g i z e d and s o l v e n t 

c i r c u l a t e d t h r o u g h the l o o p fo r four h o u r s . Fo l lowing th i s p e r i o d the p u m p 

w a s d e - e n e r g i z e d and the a p p r o p r i a t e valves c l o s e d to a l low d i s a s s e m b l y of 

the f i l t e r . A b l e a c h e d 100 y a r n p e r i nch " n a i n s o o k " (mus l in ) f i l t e r c lo th 
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(per F 5 - 1 T ) w a s i n s t a l l e d o v e r the f i l t e r e l e m e n t . The f i l t e r w a s r e a s s e m b l e d 

and s o l v e n t c i r c u l a t i o n i n i t i a t e d . C i r cvda t ion w a s con t inued for one h o u r and 

then t e r m i n a t e d for i n s p e c t i o n of the f i l t e r c l o t h . The above f i l t e r p r o c e s s 

w a s r e p e a t e d un t i l two s u c c e s s i v e f i l t e r c lo th t e s t s m e t the a p p r o p r i a t e 

c l e a n l i n e s s r e q u i r e m e n t s of F 5 - I T . 

Fo l l owing a c c e p t a n c e of the f i l t e r c lo th c l e a n l i n e s s t e s t , a Dowanol 

P M s a m p l e w a s ob t a ined f r o m the c l e a n i n g loop and a n a l y z e d for w a t e r and 

c h l o r i d e c o n t e n t . A f t e r a c c e p t a b l y l o w l e v e l s w e r e a s s u r e d , t h e s o l v e n t in 

the c l e a n i n g l o o p w a s then t r a n s f e r r e d b a c k to the f i l l and d r a i n t ank by 

p r e s s u r i z i n g the s u r g e t a n k w i th a r g o n a t a p r e s s u r e of 20 jf 2 p s i g . The 

r i s i d u a l s o l v e n t r e m a i n i n g in the l o o p w a s d r a i n e d f r o m a d r a i n l ine l o c a t e d 

a t the low p o i n t i n the l o o p . A f ina l s o l v e n t s a m p l e w a s ob ta ined f r o m the 

f i l l and d r a i n t ank and a g a i n a n a l y z e d for w a t e r and c h l o r i d e c o n t e n t . The 

c l e a n i n g s y s t e m b y - p a s s l i n e w a s remioved and two v a l v e s i n s t a l l e d , c o m 

p l e t i n g the c l ean ing p r o c e d u r e for the c l e a n i n g l o o p . 

B . MSG Clean ing 

The s t e p - b y - s t e p p r o c e d u r e u s e d fo r MSG res idxia l sodivim renaova l 

i s g iven in Ref. 4 . T h e p r o c e d u r e h a s a l i s t of p r e r e q u i s i t e s r e q u i r e d to 

be c o m p l e t e d b e f o r e i n i t i a t i n g the a c t u a l c l e a n i n g s t e p s . T h e s e p r e r e q u i s i t e s 

i nc lude a l o o p p r e s s u r e c h e c k , f e e d w a t e r flow e s t a b l i s h e d a t 600 I b / h r , g a s 

c h r o m a t o g r a p h i n s t a l l e d , and c l e a n i n g loop and MSG p u r g e d wi th a r g o n to 

l e s s t h a n 0 . 5% oxygen . 

The i n i t i a l s t e p s in the p r o c e d u r e w e r e to fi l l the c l e a n i n g loop 

( exc lus ive of the MSG) wi th Dowanol P M , the s a m e a s t ha t p e r f o r m e d for 

f i l l ing the l o o p for c l e a n i n g a b o v e . T h e D a t a A c q u i s i t i o n S y s t e m (DAS) w a s 

p r o g r a m m e d to r e c o r d a l l i n t e r n a l and s e l e c t e d she l l t h e r m o c o u p l e t e m p e r a 

t u r e r e a d i n g s e v e r y 5 s e c . S e l e c t e d i n t e r n a l T C r e a d i n g s w e r e p r o g r a m m e d 

for p r i n t o u t on a l i ne p r i n t e r for v i s u a l o b s e r v a t i o n and for a l a r m a t a 

t e m p e r a t u r e of 1 5 0 ° F . F e e d w a t e r flow w a s i n c r e a s e d to 23 , 750 I b / h r a t a 

t e m p e r a t u r e l e s s t han 100°F (ac tua l t e m p e r a t u r e ob ta ined w a s 6 6 ° F ) . The 
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gas chromatograph was placed in s e r v i c e . Fill ing of the MSG was accom

plished by opening the vent l ine valve (V-113, F igure I I I - l ) and the dra in line 

valve (V-112). T e m p e r a t u r e s were monitored during fill to a s s u r e that none 

of the in ternal TC's r ecorded t e m p e r a t u r e s higher than 150°F. Special s teps 

were provided for te rminat ing the fill if any in ternal t empera tu re exceeded 

150°F and allowing the MSG to cool -until it dropped below 125°F before 

resuming the filling. In addition, a specia l emergency dra in procedure was 

provided in the event any in terna l t empera tu re exceeded 150°F for a 30 

minute per iod. Fil l ing of the MSG was completed when the solvent level 

in the drain tank inc reased by 4 inches . 

When filling was completed the pump was energized to commence 

solvent c i rcula t ion. After a 30-minute c i rculat ion period, the fi l ter was 

brought on-l ine and argon sparge gas flow was initiated at a flow ra te of 10 

scfm (later reduced to 5 scfm because of the high argon consumption ra te ) . 

The feedwater t e m p e r a t u r e was then increased to 120°F (later increased to 

150°F and then to 175°F to i n c r e a s e the react ion ra te ) . After t empera tu re 

stabil ization, Dowanol PM samples were taken on a periodic bas is and 

analyzed for sodium concentra t ion by atomic absorpt ion spect rophotometry . 

The or iginal cleaning p rocedure provided for terminat ion of the Dowanol PM 

cleaning when six consecutive readings taken 1 hour apar t were within plus 

or minus 15 ppm of sodium. This p rocedure was modified when it was 

found^ that because of the high sodium ion background from react ion of the 

heel and exposed surface sodium, the sodium ion content could only be 

measu red with an accuracy of about _+ 100 ppm (5%). To provide an indication 

of the react ion ra t e , effluent gas bomb sannples were obtained on a per iodic 

bas i s and analyzed for hydrogen content. This method was used to t r ack 

the sodium react ion ra te during Dowanol PM circulat ion. 

After 11 days of c i rculat ion, it was decided to drain the Dowanol PM 

and continue cleaning with ethanol (an additional supply of Dowanol PM could 

not be p rocured within a reasonable t ime per iod) . Since the ethanol has a 

somewhat higher react ion ra t e with the sodium than the Dowanol PM, it was 

felt that there was a significant advantage in using a fresh solvent (with an 

init ial low sodium ion content) for t racking react ion ra te by sodixim con

cent ra t ion a n a l y s i s . 
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The Dowanol P M d r a i n i n g w a s p e r f o r m e d by i n i t i a l l y r e d u c i n g 

f e e d w a t e r t e m p e r a t u r e to l e s s t han 1 0 0 ° F , and t e r m i n a t i n g s p a r g e gas f low. 

The Dowanol P M w a s d r a i n e d f r o m the c l e a n i n g loop and MSG by p r e s s u r i z i n g 

the s u r g e t ank wi th a r g o n and b lowing down to the fi l l and d r a i n t ank . The 

Dowano l P M in the f i l l and d r a i n t ank w a s t r a n s f e r r e d to the 55 ga l lon d r u m s 

by p r e s s u r i z i n g the f i l l and d r a i n t ank w i th a r g o n to 10 4^2 p s i g . A f l ex ib le 

d r a i n l i ne w a s c o n n e c t e d f r o m the fi l l and d r a i n t ank to a 55 ga l lon d r u m to 

m a k e the s o l v e n t t r a n s f e r . T h i s p r o c e d u r e w a s r e p e a t e d un t i l a l l the 

Dowano l P M w a s t r a n s f e r r e d to 55 ga l lon d r u m s . The s a m e safe ty p r e 

c a u t i o n s w e r e o b s e r v e d a s fo r the t r a n s f e r to the f i l l and d r a i n t a n k . 

E t h a n o l w a s t h e n t r a n s f e r r e d f r o m the v e n d o r supp l i ed 55 ga l lon 

d r u m s to the fi l l and d r a i n t ank , and t h e n t r a n s f e r r e d to the c l ean ing loop 

and MSG. T h e s e s t e p s w e r e p e r f o r m e d in the s a m e m a n n e r a s wi th Dowanol 

P M l o a d i n g . C i r c u l a t i o n and s p a r g i n g (at 5 sc fm) w e r e i n i t i a t e d , and the 

f e e d w a t e r t e m p e r a t u r e w a s i n c r e a s e d to 120°F ( l a t e r i n c r e a s e d to 140°F) . 

P e r i o d i c s o l v e n t s a m p l e s w e r e ob ta ined and a n a l y z e d for s o d i u m ion con ten t , 

a s w e l l a s gas b o m b s a m p l e s , wh ich w e r e a n a l y z e d for h y d r o g e n con t en t . 

The p r o c e d u r e c a l l e d fo r t e r m i n a t i o n of the e thano l f lush when s i x c o n s e c u t i v e 

s a m p l e s t a k e n 4 h o u r s a p a r t w e r e wi th in 3 p p m of s o d i u m . D u r i n g the 

e t h a n o l f lush the s o d i u m ion con t en t showed a con t inu ing i n c r e a s e . Af te r 

m o r e than two w^eeks of c i r c u l a t i o n , h o w e v e r , the ion l e v e l v^as suf f ic ient ly 

h igh s o t h a t i n t e r p r e t a t i o n of the r e s u l t s w a s confused by m e a s u r e m e n t 

i n a c c u r a c y . C o n s e q u e n t l y , a d e c i s i o n w a s m a d e to r e p e a t the e thano l f lush 

u s i n g newly p r o c u r e d e t h a n o l . 

D u r i n g the above m e n t i o n e d e t h a n o l f lush , c o n s i d e r a b l e e v a p o r a t i o n 

of t h e s o l v e n t o c c u r r e d . B e c a u s e of l a t e d e l i v e r y of a s econd e thano l 

i n v e n t o r y s e v e r a l c o n t i n g e n c y a c t i o n s w e r e p e r f o r m e d to r e d u c e the e v a p 

o r a t i o n r a t e . T h e i n i t i a l a c t i o n w a s to c o l l e c t the e thano l c o n d e n s a t e f r o m 

the s u r g e t ank ven t l i n e and r e c y c l e it b a c k in to the l oop . B e f o r e r e c y c l i n g , 

the c o n d e n s a t e w a s a n a l y z e d for w a t e r con t en t to a s s u r e t ha t t h e r e w a s not 

e x c e s s i v e m o i s t u r e p i c k u p . A d d i t i o n a l a c t i o n s t a k e n to r e d u c e e v a p o r a t i o n 

a l s o i n c l u d e d r e d u c i n g t h e s p a r g e i n t e r v a l f r o m 24 to 12 h o u r s p e r day , and 

r e d u c e s p a r g e r a t e f r o m 5 to 2 s c f m . 
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A s e c o n d e t h a n o l f l u sh w a s i n i t i a t e d in an i d e n t i c a l m a n n e r a s 

p r e v i o u s l y m e n t i o n e d . So lven t t e m p e r a t u r e w a s m a i n t a i n e d c o n s t a n t a t 

140 " F d u r i n g the e n t i r e s e c o n d e t h a n o l f lush . S p a r g i n g w a s p e r f o r m e d on 

a 1 2 - h r on - 12 -h r off p e r i o d a t a f low r a t e of 2 s c f m . Solvent s a m p l e s w e r e 

t a k e n e v e r y four h o u r s and a n a l y z e d for s o d i u m ion con ten t , and gas b o m b 

s a m p l e s t a k e n n e a r the end of e a c h s p a r g e gas p e r i o d and a n a l y z e d for h y d r o 

gen c o n t e n t . The s e c o n d e t h a n o l f lu sh w a s t e r m i n a t e d 12 h o u r s a f t e r s i x 

c o n s e c u t i v e s o d i u m ion s a m p l e s t a k e n four h o u r s a p a r t w e r e wi th in p l u s 

o r m i n u s 3 p p m of s o d i u m . At t h i s t i m e , the gas b o m b s a m p l e s a l s o 

showed a n e g l i g i b l e s o d i u m r e a c t i o n r a t e a s d e d u c e d f r o m the h y d r o g e n 

a n a l y s i s . 

The e t h a n o l w a s d r a i n e d f r o m the c l ean ing loop and MSG to the f i l l 

and d r a i n t ank and t h e n t r a n s f e r r e d to the ind iv idua l 55 ga l lon d r u m s . The 

MSG w a s t h e n d r i e d . T h i s d r y i n g w a s a c c o m p l i s h e d by i n s t a l l i n g an a l c o h o l 

d e t e c t o r a t the s u r g e t a n k ven t and t h e n i n c r e a s i n g the MSG f e e d w a t e r 

t e m p e r a t u r e to 180°F ( l a t e r r e d u c e d to 150°F to p r e c l u d e the p o s s i b i l i t y 

of s t r e s s c o r r o s i o n c r a c k i n g shou ld any c a u s t i c f o r m ) . A r g o n s p a r g e g a s 

flow was i n i t i a t e d a t a. f low r a t e of 5 s c f m . D r y i n g w a s to con t inue un t i l the 

eff luent a l c o h o l c o n t e n t w a s l e s s t han 300 p p m . Cont inued h igh eff luent 

a l c o h o l r e a d i n g s o c c u r r e d o v e r a s e v e r a l day p e r i o d . It w a s p o s t u l a t e d t h a t 

t he a l c o h o l e v a p o r a t e d in the MSG w a s c o n d e n s e d in the cold s u r g e tank , 

g iv ing a f a l s e r e a d i n g . The s u r g e t a n k w a s r e m o v e d f r o m the loop and the 

a l c o h o l d e t e c t o r r e l o c a t e d . 

S u b s e q u e n t eff luent a l coho l r e a d i n g s showed v a l u e s to be l e s s than 

300 p p m . The MSG w a s t h e n i s o l a t e d by c lo s ing the in l e t and out le t v a l v e s 

for 12 h o u r s wh i l e m a i n t a i n i n g t e m p e r a t u r e . The v a l v e s w e r e then opened 

and eff luent a l c o h o l r e a d i n g s t a k e n to a s s u r e the v a l u e s w e r e s t i l l l e s s t h a n 

300 ppnn. D r y i n g w a s con t inued for an add i t i ona l two h o u r s a t wh ich t i m e 

a f ina l ef f luent s a m p l e w a s p r o c u r e d and d r y i n g t e r m i n a t e d . F e e d w a t e r 

t e m p e r a t u r e w a s t h e n i n c r e a s e d to 1 9 0 ° F and the w a t e r w a s d r a i n e d f r o m 

the MSG. 
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T h e f ina l s t e p in the MSG c l e a n i n g p r o c e d u r e w a s t o p e r f o r m a h e l i u m 

l e a k t e s t to a s s u r e i n t e g r i t y of the u n i t . Th i s w a s p e r f o r m e d by i n i t i a t i ng a n 

a r g o n c a r r i e r g a s f low on the s h e l l s i d e , u s i n g the c l e a n i n g loop s p a r g e 

gas s y s t e n a . The tube s ide w a s p r e s s u r i z e d wi th h e l i u m to 100 p s i g . The 

ven t l ine on the s h e l l s i d e w a s then m o n i t o r e d for heli-um for a 30 m i n u t e 

p e r i o d . No h y d r o g e n w a s d e t e c t e d , c o m p l e t i n g the MSG c l ean ing o p e r a t i o n s . 

VI R E S U L T S 

A . So lven t C h e m i c a l A n a l y s i s 

P r i o r to and d u r i n g c l e a n i n g , s o l v e n t s a m p l e s w e r e ob ta ined and 

a n a l y z e d fo r w a t e r and c h l o r i d e ion c o n t e n t . W a t e r con ten t w a s m o n i t o r e d 

to ob ta in b a s e r e a d i n g s of the d e l i v e r e d s o l v e n t , and to a s s u r e t h e r e w a s no t 

e x c e s s i v e m o i s t u r e p i c k u p d u r i n g t h e v a r i o u s c l e a n i n g s t e p s . W a t e r con ten t 

w a s m e a s u r e d by t h e K a r l F i s c h e r m e t h o d . C h l o r i d e ion con ten t w a s d e t e r 

m i n e d only for p o t e n t i a l f u tu r e i n f o r m a t i o n , a s the MSG is f a b r i c a t e d f r o m 

f e r r i t i c s t e e l , and i s no t s u b j e c t to c h l o r i d e s t r e s s c o r r o s i o n . C h l o r i d e 

ion c o n t e n t w a s m e a s u r e d by x - r a y f l u o r e s c e n c e . C h e m i c a l a n a l y s i s fo r 

s o d i u m ion c o n t e n t i s p r e s e n t e d in s u b s e q u e n t s e c t i o n s . 

T a b l e VI- 1 p r e s e n t s the r e s u l t s of the c h e m i c a l a n a l y s e s fo r w a t e r 

and c h l o r i d e i on . T h e f i r s t t h r e e s a m p l e s (700, 7 0 1 , and 702) w e r e ob ta ined 

f r o m t h r e e 55 ga l lon d r u m s of Dowano l P M a s d e l i v e r e d f r o m the v e n d o r . 

S a m p l e 745 w a s ob t a ined f r o m the d r a i n t a n k fol lowing the i n i t i a l l oad ing of 

20 d r u m s of D o w a n o l . I t c an be n o t e d t h a t t h e r e w a s s o m e w a t e r p i c k u p . 

It i s not known w h e t h e r t h i s i n c r e a s e o c c u r r e d d u r i n g t r a n s f e r , o r f r o m 

r e s i d u a l w a t e r in the f i l l and d r a i n t ank , o r p o s s i b l y f r o m w a t e r in the 

s a m p l e l i n e . T h e n e x t s a m p l e (746) w a s ob ta ined fol lowing c o m p l e t i o n of 

the c l e a n i n g loop c l e a n i n g . It w a s o b t a i n e d to a s s u r e t ha t t h e r e w a s no m a j o r 

w a t e r p i c k u p by t h e s o l v e n t d u r i n g c l e a n i n g and t h a t i t w a s a c c e p t a b l e to 

r e t u r n to the f i l l and d r a i n t a n k . S a m p l e 747 w a s ob ta ined f r o m the f i l l and 

d r a i n t a n k p r i o r to the i n i t i a l MSG f i l l i ng . S a m p l e s 771-774 w e r e t a k e n f r o m 

v e n d o r s u p p l i e d 55 g a l l o n d r u m s t h a t w e r e to be u s e d for m a k e u p . I t c a n be 

no t ed t h a t the a v e r a g e w a t e r con t en t f r o m t h e s e d r u m s w a s s l i gh t ly h i g h e r 

t h a n t h a t f r o m t h e i n i t i a l b a t c h ( s a m p l e s 7 0 0 - 7 0 2 ) . 
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TABLE VI-1 

SOLVENT WATER AND CHLORIDE ION CONTENT 

Sample 
Lab 
Xo. 

700 

701 

702 

745 

746 

747 

766 

771 

772 

773 

774 

782 

788 

789 

Solvent 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Dowanol PM 

Ethanol 

Ethanol 

Date 
Taken 

11-15-73 

11-15-73 

11-15-73 

11-30-73 

12-1-73 

12-3-73 

12-7-73 

12-13-73 

12-13-73 

12-13-73 

12-13-73 

12-14-73 

12-20-73 

1-3-74 

Time 
Taken 

(Hr:Min) 

-

-

-

22:05 

22:22 

09:00 

10:20 

-

-

-

-

10:12 

15:48 

19:00 

Location 

Vendor supplied 55 gal d rums 

Vendor supplied 55 gal d r u m s 

Vendor supplied 55 gal drumis 

Fi l l & Drain Tank-Ini t ial Solvent F i l l 

Cleaning loop - After loop cleaning completion 

F i l l & Drain Tank - P r i o r to MSG filling 

Sample line - After 3 1/2 days of cleaning 

Vendor supplied 55 gal d r u m - makeup 

Vendor supplied 55 gal d r u m - makeup 

Vendor supplied 55 gal d r u m - makeup 

Vendor supplied 55 gal d r u m - makeup 

Sample line - P r i o r to loop dra in 

Vent line - Condensate for recyc le 

Fi l l & Drain Tank - After f resh solvent fill 

H^O 

(%vt Tc) 

0. 154 

0 . 159 

0. 160 

0 , 2 3 6 

0. 192 

0 . 2 5 4 

0 . 153 

0. 196 

0 . 2 0 7 

0 . 2 0 4 

0 . 2 1 0 

0 , 0 2 1 

0 , 0 5 8 

0 , 0 8 7 

C I -
(ppm) 

< 30* 

< 30 

< 30 

< 30 

< 30 

< 30 

< 30 

< 30 

< 30 

< 30 

< 30 

< 30 

-

< 30 

* Limi t of detect ion - not detectable 
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S a m p l e 766 w a s o b t a i n e d f r o m t h e s a m p l e l i n e a f t e r abou t 3 1/2 d a y s 

of c l e a n i n g , and s a m p l e 782 a f t e r 11 d a y s of c l e a n i n g . C o m p a r i n g t h e s e two 

r e a d i n g s wi th s a m p l e 747 (value p r i o r to c l ean ing ) , i n d i c a t e s t h e r e w a s a 

n o t i c a b l e d e c r e a s e in the w a t e r con t en t -with c l e a n i n g t i m e . I t i s no t kno-wn 

w h e t h e r th i s r e d u c t i o n i s due to e v a p o r a t i o n wi th t inae o r r e s u l t e d f r o m the 

c h e m i s t r y of the s o d i u m r e a c t i o n . 

T h e f ina l two s a m p l e s w e r e for e t hano l - the f i r s t (788) w a s ob ta ined 

f r o m the c o n d e n s a t e c o l l e c t e d f r o m the s u r g e t a n k ven t l i n e . T h i s s a m p l e 

w a s t a k e n to d e t e r m i n e if the c o n d e n s a t e could be r e c y c l e d b a c k in to the 

c l e a n i n g l o o p . The w a t e r c o n t e n t w a s suf f ic ien t ly low to p e r m i t r e c y c l i n g . 

T h e f ina l s a m p l e w a s o b t a i n e d f r o m the f i l l and d r a i n t ank a f t e r c h a r g i n g 

wi th a f r e s h supp ly of e t h a n o l . It c a n be noted t h a t the w a t e r con t en t of the 

e t h a n o l w a s s i g n i f i c a n t l y l e s s t han t h a t of Dowanol P M . In a l l the s a m p l e s 

(both Dowanol P M and e thano l ) , t h e r e w a s no d e t e c t a b l e c h l o r i d e ion con ten t 

( l e s s t han 30 p p m b a s e d on t h e l o w e r d e t e c t i o n l i m i t of the a n a l y t i c a l 

t e c h n i q u e ) . 

B . C l e a n i n g Loop C l e a n i n g 

As m e n t i o n e d in s e c t i o n V, the c l e a n i n g loop w a s c l e a n e d and c h e c k e d 

out p r i o r to f i l l ing t h e MSG wi th s o l v e n t . The c l ean ing w a s p e r f o r m e d in 

a c c o r d a n c e wi th RRD s t a n d a r d F 5 - I T (Ref. 5) . P r i o r to l oad ing t h e i n i t i a l 

c h a r g e of s o l v e n t i n to the f i l l and d r a i n tank , the i n s ide s u r f a c e w a s v i s u a l l y 

i n s p e c t e d and a wipe t e s t p e r f o r m e d . T h e v i s u a l i n s p e c t i o n r e v e a l e d 

s e v e r a l a r e a s of d i s c o l o r a t i o n . T h e a r e a s , h o w e v e r , w e r e only a few s q u a r e 

i n c h e s , wh ich i s m u c h l e s s t h a n the 1% a s a l lowed by F 5 - I T . The wipe t e s t 

showed n o r m a l s u r f a c e c o n t a m i n a n t s , s u c h a s n i c k e l , c h r o m i u m , and i r o n 

ox ide , in a d d i t i o n to t r a c e a m o u n t s of m e t a l s s u c h as a l u m i n u m , c o p p e r , 

z i n c , e t c . T h e s e c o n t a m i n a n t s , h o w e v e r , w e r e e x p e c t e d in a s t a i n l e s s s t e e l 

s y c t e m ind ica t ing a n a c c e p t a b l e c l e a n l i n e s s of the t a n k . 

A f t e r f i l l ing the c l e a n i n g loop (with MSG b y - p a s s l ine in p l a c e ) wi th 

Dowano l P M , c l e a n l i n e s s w a s c h e c k e d b y c i r c u l a t i n g the so lven t t h r o u g h a 

m u s l i n f i l t e r c l o t h . T h e f i l t e r c l o th w a s i n s p e c t e d and t h e p r o c e s s r e p e a t e d . 

I n s p e c t i o n of the c lo th f r o m both f l u s h e s r e v e a l e d tha t t he g e n e r a l a p p e a r a n c e 

c o l l e c t e d p a r t i c l e s i z e , and o t h e r c o n t a m i n a n t c o l l e c t i o n m e t the f lu sh 

a c c e p t a n c e c r i t e r i a of F 5 - 1 T . 
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C. MSG In i t i a l F i l l 

D u r i n g the i n i t i a l f i l l ing of the MSG wi th Dowanol P M , i n t e r n a l 

t e m p e r a t u r e s and the eff luent h y d r o g e n c o n c e n t r a t i o n w e r e m o n i t o r e d . 

F i g u r e VI- 1 p r e s e n t s s e l e c t e d i n t e r n a l t e m p e r a t u r e s a t v a r i o u s e l e v a t i o n s 

d u r i n g f i l l ing . The f i l l t i m e h i s t o r y c a n be no ted f r o m the t e m p e r a t u r e s 

r e c o r d e d f r o m T C - 3 4 , w h i c h w a s l o c a t e d a d j a c e n t to the MSG d r a i n l i ne 

(Dowanol P M fil l l i n e ) . P r i o r to f i l l ing , t he un i t w a s a t a u n i f o r m t e m p e r a t u r e 

of a b o u t 6 6 ° F , the t e m p e r a t u r e of the c i r c u l a t i n g f e e d w a t e r . Only s l i gh t 

d i f f e r e n c e s c a n b e n o t e d a m o n g t h e d i f f e r e n t T C ' s . The e n t e r i n g Dowanol 

P M w a s a t a t e m p e r a t u r e of abou t 5 6 ° F a s no ted f r o m T C - 3 4 . To ta l f i l l ing 

of the MSG took abou t 27 m i n u t e s , and c i r c u l a t i o n w a s i n i t i a t ed about 4 

m i n u t e s l a t e r . The i n i t i a t i o n of f i l l ing c a n be no ted f r o m T C - 3 4 by a s h a r p 

d r o p in t e m p e r a t u r e of abou t 5 ° F . T h e t e m p e r a t u r e i n c r e a s e d fol lowed by 

an e r r a t i c d e c r e a s e to the Dowano l P M t e m p e r a t u r e . T h i s b e h a v i o r i s f e l t 

to h a v e b e e n c a u s e d by a c o m b i n a t i o n of va lve s e q u e n c i n g d u r i n g the i n i t i a t i on 

of f i l l and the r e a c t i o n of sodixim in t h e h e e l a r e a and on the s u r f a c e of the 

t h e r m o c o u p l e . The t e r m i n a t i o n of f i l l ing c a n be no t ed by the s h a r p i n c r e a s e 

in t e m p e r a t u r e of T C - 3 4 , o c c u r r i n g f r o m the h e a t of r e a c t i o n of the s o d i u m 

in the h e e l r e g i o n and f r o m h e a t be ing t r a n s f e r r e d f r o m the f e e d w a t e r . 

T h e i n i t i a t i o n of s o l v e n t c i rcx i l a t ion c a n be no t ed f r o m the s h a r p d e c r e a s e 

in t e m p e r a t u r e o c c u r r i n g when the c o o l e r s o l v e n t i m m e r s e s the t h e r m o c o u p l e . 

T e m p e r a t u r e s then g r a d u a l l y i n c r e a s e d to the f e e d w a t e r t e m p e r a t u r e . The 

t e m p e r a t u r e s i n d i c a t e d by T C - 3 5 , l o c a t e d in the so l id h e e l r e g i o n , w e r e 

a f fec ted v e r y l i t t l e d u r i n g f i l l i ng . A d e c r e a s e of only a few d e g r e e s w a s 

o b s e r v e d , r e s u l t i n g f r o m the c o o l e r s o l v e n t a b s o r b i n g s o m e of the h e a t f r o m 

the s o d i u m h e e l . 

The t i m e a t wh ich t h e s o l v e n t c o n t a c t e d a t h e r m o c o u p l e a t a g iven 

e l e v a t i o n c a n b e no ted f r o m F i g u r e VI- 1. At the l o w e r t h e r m o c o u p l e s 

( T C - 3 2 , 30), a t e m p e r a t u r e d r o p w a s n o t e d when t h e s o l v e n t r e a c h e d the T C . 

T h i s d r o p w a s a p p a r e n t l y t h e r e s u l t of the c o o l e r s o l v e n t o v e r p o w e r i n g t h e 

h e a t of r e a c t i o n of the s o d i u m on t h e t h e r m o c o u p l e s u r f a c e . A s f i l l ing p r o 

g r e s s e d , a t e m p e r a t u r e i n c r e a s e w a s no t ed ( s t a r t i n g wi th T C - 2 8 ) . Th i s i s 

t h e r e s u l t of t h e u p p e r s u r f a c e of t h e s o l v e n t b e i n g h e a t e d by the r e a c t i o n 
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of s o d i u m on v e r t i c a l s u r f a c e s . T h e m a x i m u m t e m p e r a t u r e i n c r e a s e 

(on T C - 6 ) w a s only 1 0 ° F . Af t e r the t e m p e r a t u r e i n c r e a s e , t e m p e r a t u r e s 

d r o p p e d a s the u p p e r h e a t e d s o l v e n t zone p a s s e d the t h e r m o c o u p l e e l e v a t i o n . 

The t e m p e r a t u r e l e v e l a f t e r t h e d r o p i n c r e a s e d wi th e l e v a t i o n a s the s o l v e n t 

w a s h e a t e d by the f e e d w a t e r . D u r i n g t h e e n t i r e f i l l ing p e r i o d the m a x i m u m 

t e m p e r a t u r e o b s e r v e d w a s only 72 ° F . 

T h e resxi l ts of h y d r o g e n g a s c o n c e n t r a t i o n , a s ob ta ined f r o m t h e 

o n - l i n e g a s c h r o m a t o g r a p h , a r e p r e s e n t e d in F i g u r e V I - 2 , D u r i n g f i l l , t he 

h y d r o g e n g a s evo lu t ion i n c r e a s e d t o a p e a k l e v e l of 19% and t h e n d r o p p e d 

r a p i d l y . T h i s p e a k va lue a g r e e s r e a s o n a b l y w e l l wi th the p r e d i c t e d va lue 

of 35% ( s e c t i o n I V - C ) c o n s i d e r i n g t h e d i lu t i on of the h y d r o g e n wi th the a r g o n 

g a s in the MSG and s u r g e t a n k f r e e v o l u m e s . A sudden i n c r e a s e in the 

h y d r o g e n c o n c e n t r a t i o n o c c u r r e d w h e n the s p a r g e g a s flow (at t h e MSG d r a i n 

l ine ) w a s i n i t i a t e d . T h i s i n c r e a s e a p p a r e n t l y r e s u l t e d f r o m sweep ing the 

h y d r o g e n f r o m s m a l l p o c k e t s in the MSG and t h a t a c c u m u l a t e d a t the t op of 

the s u r g e t a n k . The l e v e l q u i c k l y d r o p p e d to b e l o w 0. 5%, the l o w e r l i m i t 

of the g a s c h r o m a t o g r a p h . 

D . Dowano l P M F l u s h 

About 3 h o u r s a f t e r Dowano l P M fi l l , s a m p l e s of the s o l v e n t w e r e 

o b t a i n e d p e r i o d i c a l l y and a n a l y z e d for s o d i u m c o n c e n t r a t i o n . T h e i n i t i a l 

r e s u l t s of c h e m i s t r y a n a l y s i s i n d i c a t e d a s o d i u m c o n c e n t r a t i o n of s l i gh t ly 

o v e r 1900 /ig of Na p e r m l of s o l v e n t . Af t e r s e v e r a l h o u r s ( a p p r o x i m a t e 

t i m e fo r t h e bxilk s o d i u m in t h e h e e l to r e a c t ) , t he c o n c e n t r a t i o n r e a c h e d a 

va lue of 2100 fig of Na p e r m l of s o l v e n t . F r o m t h i s va lue , the e s t i m a t e d 

s o d i u m m a s s r e a c t e d w a s d e t e r n n i n e d to b e (based on a s o l v e n t v o l u m e of 

130 f t^) : 

3 
S o d i u m M a s s = 130 ft^ x 6 2 . 4 ^V^^ x l O " ^ - ^ x 2 100 ^ , 

g / m l / ig m l 

= 17 .0 lb 
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P l a n s w e r e to con t i nue t r a c k i n g t h e r e a c t i o n r a t e u s i n g t h e r e s u l t s of the 

s o d i u m c o n c e n t r a t i o n a n a l y s i s . T h e c h e m i s t r y a n a l y s i s , h o w e v e r , only had 

a p r e c i s i o n of p l u s o r m i n u s 5%, o r a c o n c e n t r a t i o n of p lus o r m i n u s 100 

fj-g/ml a t the i n d i c a t e d v a l u e . 

To p r o v i d e a m o r e a c c u r a t e e v a l u a t i o n of the r e a c t i o n r a t e , s a m p l e s 

of the eff luent g a s w e r e t a k e n and a n a l y z e d in the l a b o r a t o r y for h y d r o g e n 

c o n t e n t . The r e s u l t s of t h e s e a n a l y s e s ob t a ined d u r i n g the Dowanol P M 

f lush a r e g iven in F i g u r e V I - 3 . T h e lef t hand s c a l e shows the h y d r o g e n c o n 

t e n t in p p m and the r i g h t hand s c a l e g i v e s the equ iva l en t r e a c t i o n r a t e in 

cub ic i n c h e s of sodixim p e r d a y . The c o n c e n t r a t i o n showed s o m e w h a t of an 

e r r a t i c b e h a v i o r , p o s s i b l y a s the r e s u l t of c r e v i c e s opening up and be ing 

e x p o s e d to the s o l v e n t . 

The t e m p e r a t u r e w a s i n c r e a s e d t-wice du r ing the Dowanol P M f lush , 

once f r o m 120 to 150°F a n d t h e n to 1 7 5 ° F , Dur ing bo th c h a n g e s the r e a c t i o n 

r a t e i n c r e a s e d by a b o u t a f a c t o r of 3 . It i s no t known w h e t h e r t h i s c h a n g e 

r e p r e s e n t s the r e s u l t of i n c r e a s e d r e a c t i o n r a t e wi th t e m p e r a t u r e , opening 

u p of c r e v i c e s , o r if the h i g h e r t e m p e r a t u r e r e l e a s e d s o m e of the d i s s o l v e d 

h y d r o g e n g a s . It i s no t e x p e c t e d t h a t t he r e a c t i o n r a t e would i n c r e a s e so 

r a p i d l y wi th t e m p e r a t u r e s i n c e the bu lk of the r e a c t i o n s a r e in c r e v i c e s w h i c h 

a r e m o r e dif fusion t h a n r e a c t i o n r a t e c o n t r o l l e d . P r e l i m i n a r y c a l c u l a t i o n s 

i n d i c a t e t h a t t h e o b s e r v e d r e a c t i o n c h a n g e d u r i n g the t e m p e r a t u r e i n c r e a s e 

i s abou t the r i g h t m a g n i t u d e a s woxild be e x p e c t e d f r o m gas so lub i l i t y 

c o n s i d e r a t i o n s . P r i o r to Dowanol P M d r a i n , the t e m p e r a t u r e w a s r e d u c e d 

t o 8 5 ° F . A t t h i s t i m e the i n d i c a t e d r e a c t i o n r a t e d r o p p e d by a l m o s t 3 o r d e r s 

of m a g n i t u d e . Such a r e d u c t i o n t e n d s to c o n f i r m tha t i nd i ca t ed r e a c t i o n r a t e s 

d u r i n g and a f t e r t e m p e r a t u r e c h a n g e s a r e m a i n l y the r e s u l t of h y d r o g e n g a s 

be ing r e l e a s e d o r d i s s o l v e d f r o m the s o l v e n t . 

The c u r v e in F i g u r e VI -3 w a s i n t e g r a t e d to e s t i m a t e the t o t a l a m o u n t 

of s o d i u m r e a c t e d d u r i n g the Dowanol P M f lush . T h i s i n t e g r a t i o n y i e l d e d a 

s o d i u m m a s s of 1. 3 l b . C o m b i n i n g th i s va lue wi th the 17 lb ob ta ined f r o m 

t h e s o d i u m c o n c e n t r a t i o n o b t a i n e d s e v e r a l h o u r s a f t e r f i l l y i e l d s a t o t a l 

m a s s of 18. 3 lb of s o d i u m . 
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E . F i r s t E t h a n o l F l u s h 

C l e a n i n g w a s con t inued u s i n g e thano l in o r d e r to p r o v i d e a b e t t e r 

r e s o l u t i o n of the r e a c t i o n r a t e f r o m s o d i u m c o n c e n t r a t i o n a n a l y s i s . The 

r e s u l t s of the s o d i u m c o n c e n t r a t i o n a n a l y s i s a r e p r e s e n t e d in F i g u r e V I - 4 . 

T h e left hand s c a l e g ives the a c t u a l s o d i u m c o n c e n t r a t i o n in fig of s o d i u m 

p e r m l of e t h a n o l . The r i g h t hand s c a l e g ives the equ iva l en t m a s s of s o d i u m 

r e a c t e d . S p a r g e g a s f low w a s i n i t i a t e d a f t e r two d a y s of e thano l c i r c u l a t i o n , 

a n d a f t e r a n a d d i t i o n a l two d a y s , t he f e e d w a t e r t e m p e r a t u r e w a s i n c r e a s e d 

f r o m 120 ° F to 140 ° F . E l i m i n a t i n g s p a r g i n g fo r the f i r s t two d a y s w a s 

p e r f o r m e d to d e t e r m i n e the ef fect of s p a r g i n g on r e a c t i o n r a t e . Dur ing the 

e t h a n o l f lush , e v a p o r a t i o n of the e thano l r e d u c e d the a v a i l a b l e m a k e u p 

s u p p l y a t a n a l a r m i n g r a t e (a f r e s h s u p p l y w a s no t a v a i l a b l e a t tha t t i m e ) . To 

c o n s e r v e the a v a i l a b l e supp ly , t h e s p a r g e gas f low w a s changed f r o m c o n 

t i nuous to a 1 2 - h r on and 1 2 - h r off c y c l e . In add i t ion , t he s p a r g e g a s flow 

w a s r e d u c e d f r o m 5 s c f m t o 2 s c f m . T h e e thano l c o n d e n s a t e w a s a l s o 

c o l l e c t e d and r e c y c l e d b a c k to the l o o p . W a t e r con ten t -was sho-wn to be 

a c c e p t a b l y low a s i n d i c a t e d in T a b l e VI- 1. In addi t ion , a c o n d e n s a t e s a m p l e 

w a s a n a l y z e d for s o d i u m c o n t e n t . Resxi l ts of th i s a n a l y s i s showed the s o d i u m 

c o n c e n t r a t i o n to be l e s s t h a n one ^ g / m l , i nd i ca t i ng t h a t t h e s o d i u m e thox ide 

f o r m e d i s n o t e v a p o r a t e d a long w i th t h e e t h a n o l a t the o p e r a t i n g t e m p e r a t u r e . 

It c a n be no ted f r o m F i g u r e VI-4 t h a t t h e r e a p p e a r s to have b e e n 

t h r e e d i s t i n c t r e a c t i o n r a t e s t h a t o c c u r r e d d u r i n g the e thano l f lush (The 

s l ope of the c o n c e n t r a t i o n c u r v e i s p r o p o r t i o n a l to the s o d i u m r e a c t i o n r a t e . ). 

The i n i t i a l s l o p e c h a n g e s a r e p o s t u l a t e d to be the r e s u l t of the i n i t i a t i on of 

the s p a r g e g a s f low. S ince the r e a c t i o n i s p r i m a r i l y in c r e v i c e r e g i o n s and , 

t h e r e f o r e , c o n t r o l l e d by di f fus ion, the r e a c t i o n p r o d u c t s f o r m e d t a k e a 

p e r i o d of t i m e to r e a c h the m a i n s o l v e n t s t r e a m w h e r e s a m p l e s a r e o b t a i n e d . 

S p a r g i n g would tend to d e c r e a s e t h i s t i m e , thus i n i t i a l l y i n c r e a s i n g the 

a p p a r e n t r e a c t i o n r a t e . 

The c h e m i c a l a n a l y s i s of the s o l v e n t for s o d i u m c o n c e n t r a t i o n w a s 

p e r f o r m e d in b a t c h e s a c c u m u l a t e d o v e r a s e v e r a l - d a y p e r i o d . T r e n d s w i th in 

a s i n g l e b a t c h a p p e a r e d c o n s i s t e n t . H o w e v e r , t h e r e w a s a n o t i c e a b l e c h a n g e 
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f r o m b a t c h - t o - b a t c h . To e v a l u a t e t h i s effect , s e v e r a l b a t c h e s w e r e 

r e a n a l y z e d u s i n g a 2 m l a l i q u o t . The r e c h e c k of the c h e m i c a l a n a l y s e s 

a r e sho-wn by the t r i a n g l e s in F i g u r e VI -4 , i nd i ca t i ng a m o r e c o n s i s t e n t 

t r e n d . It shou ld be no t ed t h a t a l l c h e m i c a l a n a l y s i s d a t a po in t s a r e wi th in 

p l u s o r m i n u s 5%, the e s t i m a t e d p r e c i s i o n of the p r o c e s s . 

G a s s a m p l e s w e r e a l s o t a k e n d u r i n g the e thano l f lush and a n a l y z e d 

for h y d r o g e n c o n c e n t r a t i o n . The r e s u l t s of t h e s e a n a l y s i s a r e p r e s e n t e d 

in F i g u r e V I - 5 . The lef t hand s c a l e g i v e s the a c t u a l h y d r o g e n c o n c e n t r a t i o n 

in p p m , and t h e r i g h t hand s c a l e the e q u i v a l e n t r e a c t i o n r a t e . The l a s t two 

d a t a p o i n t s w e r e ob t a ined d u r i n g a s p a r g e g a s flow of 2 s c fm, and w e r e 

c o r r e c t e d to e q u i v a l e n t v a l u e s a t a f low of 5 s c f m . The d a s h e d l ine shows 

t h e a p p a r e n t r e a c t i o n r a t e o b t a i n e d f r o m the s lope of the s o d i u m c o n c e n 

t r a t i o n c u r v e ( F i g u r e VI -4 ) . S e v e r a l g a s s a m p l e s w e r e t a k e n d u r i n g a 

p e r i o d of no s p a r g i n g (not sho-wn in F i g u r e VI -5 ) . T h e s e show an e x t r e m e l y 

e r r a t i c b e h a v i o r , g iv ing e i t h e r v e r y h igh o r v e r y low r e a d i n g s . A s can b e 

no t ed f r o m F i g u r e V I - 5 , t h e r e w a s a m a r k e d i n c r e a s e in the a p p a r e n t 

r e a c t i o n r a t e when the t e m p e r a t u r e w a s i n c r e a s e d . Aga in , a s wi th the 

Dowano l P M f lush , t h i s beha-vior i s thought to be c a u s e d by h y d r o g e n g a s 

s o l u b i l i t y e f f e c t s . 

T h e r e a p p e a r s to b e g e n e r a l a g r e e m e n t b e t w e e n the r e a c t i o n r a t e 

o b t a i n e d f r o m the s o d i u m c o n c e n t r a t i o n a n a l y s e s and the gas s a m p l e s . 

B e c a u s e of the s m a l l n u m b e r of g a s s a m p l e s ob ta ined , i t w a s not p o s s i b l e 

to a c c u r a t e l y d e t e r m i n e the a b s o l u t e m a s s of s o d i u m r e a c t e d . The s o d i u m 

c o n c e n t r a t i o n a n a l y s i s i s a m o r e a c c u r a t e e s t i m a t e of the s o d i u m r e a c t e d . 

F r o m F i g u r e VI-4 , the s o d i u m m a s s r e a c t e d d u r i n g the e thano l f lush w a s 

e s t i m a t e d to be 1. 7 l b . C o m b i n i n g t h i s va lue -with the 18. 3 lb f r o m the 

Dowano l f lush , y i e l d s a t o t a l e s t i m a t e d s o d i u m m a s s r e a c t e d of 2 0 . O l b . 

F , Second E t h a n o l F l u s h 

A f t e r a f r e s h c h a r g e of e t hano l w a s p r o c u r e d , t he u s e d e thano l 

w a s d r a i n e d and the f r e s h supp ly added to the c l ean ing loop and MSG. The 

s e c o n d e t h a n o l f lush w a s p e r f o r m e d a t a t e m p e r a t u r e of 140"F , and a two 

s c f m s p a r g e g a s flow w a s o p e r a t e d fo r 12 h o u r s p e r d a y . Sod ium r e a c t i o n 
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was monitored as before by means of sodium concentrat ion analysis and 

effluent hydrogen gas ana lys i s . F igure VI-6 shows the resu l t s of the sodium 

concentra t ion ana lys i s . It can be noted that the re was a gradual , but 

significant reduction in the reac t ion r a t e . A s imi la r , but more d ramat ic 

t rend was noted f rom the effluent hydrogen gas ana lys i s . As shown in 

F igure VI-7, hydrogen gas evolution dec reased to a negligible ra te after 

about 5 days of circTilation, The dashed line in F igure VI-7 r ep re sen t s the 

apparent ra te obtained frona the slope of -the sodium concentrat ion curve 

(Figure VI-6). The ag reemen t between these two nnethods of react ion ra t e 

determinat ion is be t te r than that obtained during the pre-vdous ethanol flush. 

There appears to be a seve ra l day delay in the react ion ra te as de termined 

fronn sodium concentra t ion and that deternained from the gas sample data . 

This is postulated to be because of the hydrogen gas that is r e leased from 

the sodixim react ion en t e r s the main flow s t r e a m and is swept to the effluent 

by the sparge gas in a very shor t t ime per iod . The sodium ethoxide formed 

in smal l c r ev i ce s , however, takes a much longer t ime to diffuse into the 

main solvent s t r e a m . 

Based upon the low react ion ra te observed f rom the sodium con

centra t ion analysis and the negligible ra te f rom the hydrogen concentrat ion, 

the decision was made to t e rmina te the cleaning. The second ethanol charge 

was drained and the MSG dried at a t empe ra tu r e of 180°F (later reduced 

to 150°F to prec lude any caust ic s t r e s s cor ros ion p rob lems) . 

Based on the so4ium concentrat ion (Figure VI-6), the total sodium 

removed during the second ethanol flush was 0. 3 lb . Combining this value 

with the 20 ,0 lb obtained from previous flushes gives a total es t imated m a s s 

of sodium removed during the cleaning p roces s of 20, 3. This total value 

ag ree s c losely with the predic ted res idua l sodiuna mass of 20, 8 lb follpwing 

sodium dra in , 

G. Residue 

During cleaning with Dowanol PM, samples procured for chenaical amalypjf 

were observed to have a fine black particxilate ma t t e r suspended in t^ie 

solvent that would se t t le to the bot tom of the sample container . Inspection 

of the f i l ter in the cleaning loop revea led it to be caked -with a similar fine 

black powder . 
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Analyses of the b lack powder were per formed on the m a t e r i a l taken 

f rom the f i l ter . An x - r a y f luorescence scan of the sample showed the 

p r e s e n c e of Fe(major) , Cr( f i r s t minor) , Ni(second minor) , and Mo(third 

m i n o r ) . X - r a y diffraction of the deposi t showed it to be alpha Fe which is 

i s o s t r u c t u r a l with Croloy. F r o m the x - r a y f luorescence, the es t imate of 

the composit ion of the res idue is as foUo-ws: 

Fe - 60-80% 
Cr - 4-5% 
Ni - 1-2% 
Mo - ^ 1 % 

In addition, emiss ion spec t roscopic examination showed about 2% sodium, 

which was judged to be a sodium sa l t surface contaminant. 

Sainples of the res idue were viewed in a scanning electron microscope 

(SEM). Various mic rog raphs obtained from the SEM analysis a r e sho-wn in 

F igure VI-8. Photo d shows a surface contour which appears to be g lassy 

in appea rance . Limited resolut ion of the SEM at the indicated magnification, 

however, would tend to indicate the par t i c le -viewed is an agglomerate of 

much sma l l e r p a r t i c l e s . Photo f shows par t ic les as smal l as 0.2 mic rons 

in s i z e . 

The above observat ions and supporting analysis indicates the 

observed deposi ts a r e nea r ly ident ical with the base meta l (2- 1/4 Cr - 1 Mo). 

Some of the in te rna ls a r e fabr icated f rom Incoloy 800 (wastage baffles) and 

304 s ta in less s tee l ( thermal l iner ) , accounting for the nickel . The formation 

of the res idue is believed to be caused by the formation of an oxide scale 

on the in terna ls during fabricat ion and post-weld heat t r ea tment . During 

sodium se rv i ce , the oxides a r e chemical ly reduced leaving a res idue of the 

observed composi t ion. The resu l t s observed by the SEM examination a r e 

consis tent with this theory . S imi lar observat ions of a black res idue were 

noted in Ref, 6 after alcohol cleaning of a s t eam genera to r . Conclusions as 

to format ion and composit ion were s imi l a r to those presented h e r e . 

During cleaning of the fi l ter element , an es t imate of the res idue 

volume was made (16 in ). In addition, the bulk density of the res idue -wfti 

m e a s u r e d (1 . 1 g / m l ) . If i t is a s sumed that there is twice as much res idue 

remaining on the MSG in terna l surfaces as collected in the f i l ter , the total 
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m a s s of r e s i d u e f o r m e d would b e abou t 1. 9 l b s . T h i s a m o u n t r e p r e s e n t s 

a u n i f o r m c o r r o s i o n of the i n t e r n a l s u r f a c e of only 0, 02 m i l s . 

H. V i sua l E x a m i n a t i o n 

F o l l o w i n g c l e a n i n g , t he MSG w a s r e m o v e d f r o m the SCTI and m o v e d 

to a n o t h e r l o c a t i o n fo r p o s t t e s t exana ina t ion and mod i f i ca t ion a s t h e f i r s t 

t e s t a r t i c l e in the L a r g e L e a k T e s t Rig ( L L T R ) . D e t a i l e d r e s u l t s of p o s t 

t e s t e x a m i n a t i o n w i l l be c o v e r e d in a s u b s e q u e n t r e p o r t . Th i s s e c t i o n 

p r e s e n t s a s x i m m a r y of the v i s u a l i n s p e c t i o n conduc ted of s e l e c t e d i n t e r n a l 

s u r f a c e s v i ewed d u r i n g d i s a s s e m b l y . F i g u r e VI-9 shows a s k e t c h of the 

MSG and the d i s a s s e m b l y p e r f o r m e d for v i s u a l i n s p e c t i o n , A s u m m a r y 

of the i n t e r n a l s u r f a c e s t h a t could be v iewed d u r i n g the v a r i o u s d i s a s s e m b l y 

s t e p s i s p r e s e n t e d in T a b l e V I - 2 . 

I n s p e c t i o n of i n t e r n a l s u r f a c e s showed a g e n e r a l coa t ing of a b l a c k 

r e s i d u e . In a r e a s w h e r e the s o l v e n t f low w a s n e a r l y s t a g n a n t and not 

a c c e s s i b l e to s p a r g e g a s f low, the r e s i d u e w a s m u c h t h i c k e r . T h e s e t h i c k e r 

r e g i o n s w e r e in the f o r m of a c a k e -with t h i c k n e s s e s up to abou t 1 /8 - in . 

T h e b l a c k d e p o s i t s w e r e a n a l y z e d and found to be the s a m e c o m p o s i t i o n a s 

t h a t o b t a i n e d f r o m the f i l t e r d u r i n g c l e a n i n g . Wet c h e m i s t r y a n a l y s i s 

s h o w e d t h a t t he s o d i u m c o n t e n t of the r e s i d u e w a s b e t w e e n 1 and 2%, X - r a y 

d e f r a c t i o n a n a l y s e s i n d i c a t e d the c r y s t a l l i n e s t r u c t u r e to be t h a t of s o d i u m 

e t h o x i d e a n d s o d i u m h y d r o x i d e . T h e s o d i u m e thox ide , the r e a c t i o n p r o d u c t 

of the s o d i u m - e t h a n o l r e a c t i o n , r e m a i n s a s a s u r f a c e c o n t a m i n a t i o n after 

d r y i n g . T h e s o d i u m h y d r o x i d e w a s a p p a r e n t l y f o r m e d f r o m the react ion of 

s o d i u m - e t h o x i d e and m o i s t a i r a f t e r t he MSG w a s e x p o s e d to the a t m o s p h e r e . 

In a r e a s w h e r e the c a k e r e s i d u e o c c u r r e d , a r e d d i s h - b l a c k depos i t was 

a l s o n o t e d . T h e s e d e p o s i t s -were shown to con t a in , in a4dj.tion ^0 a lpha- ion 

a s o b s e r v e d in a l l o t h e r r e s i d u e s a m p l e s , the compound Fe-O^^ (magnet i te ) . 

Only s m a l l a m o u n t s of t h i s c o m p o u n d w e r e no t ed on the MSG inteynalf ^ 

F i g u r e VI-10 shows v a r i o u s p h o t o g r a p h s of the MSG inteynale . 

F i g u r e VI- 10c s h o w s a n o v e r a l l v i e w of t h e MSG d u r i n g d i s a s s e m b l y an4 

i n s p e c t i o n . A t the t i m e of t h i s pho to , t h e f e e d w a t e r and s t e a m l^eads ftn4 

r u p t u r e d i s c n o z z l e had b e e n r e m o v e d . W o r k i s proceeding on the remQval 

of e lbow s e c t i o n and s o d i u m in le t n o z z l e c a p . 
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TABLE VI-2 

Internal Surface Visual Inspection 

Disassembly Surfaces Inspected 

Cleaning Loop Drain Linaited viewing by borescope of tube external surfaces and upper 
Line Valve face of the rmal baffle plates 

Cleaning Loop Vent Linaited viewing by borescope of tube external surfaces 
Line Valve 

Rupture Disc Nozzle Internal surface of nozzle, tube bundle and tie rod external surface, 

lower face of one and upper face of another tube spacer by borescope 

Rupture Disc Exte rna l surfaces and crevice formed during fabrication 

Sodium Inlet Nozzle Internal surface of nozzle and external surface of a linaited portion 
Cover of the u p p e r flow dis t r ibutor 
Half of 90° Elbow Exte rna l surface of tube bundle in bend region, complete the rmal 
and Thermal Liner l iner including bolt connections, upper surface of ring flow r e s t r i c t e r 

and tube spacer , upper surface of support r ing, -vibration suppresso r , 
in ternal surfaces of shell , l imited -vdewing of face to upper tube sheet 

Tubes Fxill length external surface at tubes . Internal surface inspection to 
be covered in separa te r epor t 

Feedwater Head Internal surface of holes through tube sheet by borescope - to be 
covered in separa te repor t 

Same as above 
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Photo VI- lOg shows a -view looking into the tube bundle at the rupture 

d i s c . The thin b lack res idue film, desc r ibed above, can be noted on the 

su r f aces . Severa l sect ions were wiped with acetone exposing the shiny base 

m e t a l . A borescope examination of two adjacent tube space r s (not shown) 

was made . No signs of unreacted sodium were observed, even in the 0, 006 in 

rad ia l gap between the tubes and tube spstcer ho les . The tubes could be 

moved in this r ad ia l gap giving a noticeable meta l to meta l contact sound. 

A -view looking into the sodium side of the rupture disc nozzle is shown in 

Photo VI- lOh, Again, the thi|n black res idue film is visible, but no signs 

of unreac ted sodium w e r e observed . The shiny surface on the rupture disc 

is an a r e a -wiped with acetone exposing the base me ta l . The c r o s s m a r k s 

noted a r e the back side of the grooves on the disc for providing the p rope r 

rup tu re p r e s s u r e . The disc was removed from the nozzle by grinding the 

l ip formed when the disc was welded to the nozzle . A ra the r deep c rev ice 

was exposed showing no signs of -unreacted sodium. 

Photo VI- 10b shows a -view looking into the sodium inlet nozzle after 

the -weld cap was removed . The flo-w baffle plate and the outside surface 

of the upper flow d is t r ibu tor can be seen . The thicker res idue cake (1/16 to 

1/8 inch) can be observed on the lower surface (right side of photo) of the 

nozz le . The th icker l ayer on the lower surface is postulated to have 

occur red , as d i scussed above, as a r e su l t of the solvent flow cha rac t e r i s t i c s 

in the nozzle region during cleaning. There was no solvent flow through 

the sodium nozzle during cleaning, which resu l t s in essent ia l ly stagnant 

flow conditions between the flow d i s t r ibu tor and nozzle . Also sparge gas 

flow coxild not agitate the solvent in this region. Because of these stagnant 

condit ions, the black res idue picked up by the solvent would tend to set t le 

out on the lower surface of the nozz le . During cutting of the nozzle to 

remove the weld cap, spa rks were observed, indicating the possibi l i ty of 

unreac ted sodium. Inspection of the in terna ls revealed no signs of unreac ted 

sodium. The spa rks that were observed a r e postulated to have occur red 

f rom res idua l ethanol which condensed on the cold uninsulated sodium nozzle . 
t 
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P h o t o IV- lOe s h o w s a -view of the tube bundle a f t e r the e lbow sec t i on 

w a s r e n a o v e d . The t h e r m a l l i n e r a s s e m b l y c a n b e s e e n , wh ich w a s l a t e r 

r e m o v e d , A p o r t i o n of the v i b r a t i o n s u p p r e s s o r i s v i s a b l e a s w e l l a s s o m e 

of t h e i n t e r n a l t h e r m o c o u p l e s . T h e pho to shows r e s i d u e s a m p l e s be ing 

t a k e n for c h e m i c a l a n a l y s i s . P h o t o IV- lOf shows a c l o s e u p of the v i b r a t i o n 

s u p p r e s s o r . The m e t a l l i c p a r t i c l e s n o t e d on top of the s u p p r e s s o r a r e 

cu t t i ng c h i p s f r o m the e lbow r e m o v a l o p e r a t i o n . A bo l t ho l e c a n a l s o be 

n o t e d w h i c h w a s c o m p l e t e l y f r e e of sodiuna . P h o t o IV- 10a shows a c l o s e u p 

of t h e t u b e s a s t hey p a s s t h r o u g h t h e r i n g flow r e s t r i c t e r a f t e r t he t h e r m a l 

l i n e r w a s r e m o v e d . A p o r t i o n of a t ube s p a c e r i s v i s i b l e beh ind the flow 

r e s t r i c t e r . A l s o sho-wn i s one of t h e e igh t t i e r o d h e x nu t s and a t h e r n a o -

c o u p l e . One of the t h e r m o c o u p l e b a n d s , t h a t ho ld the T C ' s to the t u b e s , 

-was r e m o v e d and i n s p e c t e d for u n r e a c t e d sodium.. No t r a c e of sod i i im w a s 

found u n d e r the b a n d a s w e l l a s any of t h e a r e a s a c c e s s i b l e for i n s p e c t i o n 

in the u p p e r b e n d r e g i o n . 

The f ina l pho to (VI- lOd) s h o w s t h e e x t e r n a l s u r f a c e of a full l e n g t h 

tube wh ich h a d b e e n s p l i t and s e c t i o n e d in to about f ou r - foo t l e n g t h s . The 

b l a c k r e s i d u e -was n o t e d on ly on c e r t a i n p o r t i o n s of the tube l e n g t h . T h e s e 

p o r t i o n s c o r r e s p o n d e d to the l o w e r r e g i o n , r u p t u r e d i s c n o z z l e r eg ion , and 

u p bend r e g i o n . T h e s e r e g i o n s in t u r n c o r r e s p o n d to a r e a s t h a t w e r e 

s u b j e c t e d t o p o s t - w e l d h e a t t r e a t m e n t a f t e r the t u b e s w e r e i n s t a l l e d . T h i s 

o b s e r v a t i o n s u b s t a n t i a t e s t h e t h e o r y t h a t t he r e s i d u e o r i g i n a t e d f r o m a n 

ox ide l a y e r f o r m e d d u r i n g p o s t - w e l d h e a t t r e a t m e n t , and then c h e m i c a l l y 

r e d u c e d d u r i n g sodiuna se r -v i ce . S ince the r e s i d u e i s m a g n e t i c , i t t e n d s 

to a d h e r e to t h e m e t a l s u r f a c e . C l o s e i n s p e c t i o n of the tube s u r f a c e 

r e v e a l e d no s i g n s of x in reac ted s o d i u m . L o c a t i o n of a r e a s w h e r e the tube 

p a s s e d t h r o u g h the t u b e s p a c e r p r o v e d to be v e r y difficxilt, b e c a u s e of 

c l e a n a p p e a r a n c e of the tube s u r f a c e . 

A f t e r d i s a s s e m b l y of the t h e r m a l l i n e r (sho-wn in F i g u r e V l - lOe ) , 

s e v e r a l b o l t c o n n e c t i o n s w e r e i n s p e c t e d . F i g u r e VI -11 shows pho tos of 

one s u c h b o l t c o n n e c t i o n t o a s u p p o r t b r a c k e t . P h o t o VI- 1 l a shows a 

s e c t i o n of the t h e r m a l l i n e r w i t h the b r a c k e t bo l t c o n n e c t i o n . P h o t o VI- l i b 
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s h o w s the e x p o s e d bo l t t h r e a d s wi th t h e b r a c k e t r e m o v e d . T h e x inders ide 

of the bo l t h e a d (not shown) w a s c o m p l e t e l y (360°) s e a l we lded to the l i n e r . 

No u n r e a c t e d s o d i u m w a s found e i t h e r in the opening b e t w e e n the bo l t and 

ho le in the l i n e r o r on a n y of t h e t h r e a d s . 

D u r i n g b o r e s c o p e -viewing t h r o u g h t h e o n e - i n c h v e n t and d r a i n l i n e s , 

only the th in r e s i d u e f i l m could b e o b s e r v e d . No u n r e a c t e d sodiuna in any 

a r e a w a s found. Viewing of t h e top s u r f a c e of the l o w e r t h e r m a l baff le 

p l a t e s r e v e a l e d no s i g n s of any c a k e d e p o s i t s . The cre-vices b e t w e e n the 

h o l e s in the p l a t e s and the t u b e s w e r e c o m p l e t e l y c l e a n , w i th no i n d i c a t i o n of 

any s o d i u m o r o t h e r r e s i d u e d e p o s i t s . 
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L CLEANING RESULTS SUMMARY 

A t e m p o r a r y cleaning loop was instal led and the res idual sodiuna was 

removed while the MSG remained located in place at the SCTI, Cleaning 

was per formed using t h r e e solvent f lushes; one Dowanol PM, and two ethanol, 

A s u m m a r y of the sodiuna removed along with the predicted res idual sodium 

is given in F igu re VI-12. A to ta l of 20. 3 lb of sodium was est imated to 

have been removed during the cleaning p r o c e s s . This value compares to a 

predic ted ini t ial value of 20. 8 lb remaining after sodium draining. 

Visual inspection of in ternal surfaces showed no evidence of any 

unreacted sodium, even in c rev ice and bolt thread reg ions . A black res idue 

was observed on in terna l sur faces and also collected in a filter during the 

init ial cleaning s t ages . The res idue was identified to be p r imar i ly the 

base meta l , 2-1/4 Cr - 1 Mo fe r r i t i c s tee l , fornaed by chemical reduction 

of a surface oxide coating during sodium se rv i ce . 

The alcohol p r o c e s s used for cleaning the MSG proved to be very 

safe and highly effective in removing the res idua l sodium from sodium 

coated su r f aces . The long cleaning t ime required to remove the sodium 

remaining af ter draining was caused by the many smal l c rev ices within the 

MSG, which resul ted in diffusion controlled react ion r a t e s . The design of 

the s t e a m gene ra to r s for the demons t ra t ion plate incorpora tes features that 

min imizes the c r e v i c e s , and should resu l t in a significantly reduced 

cleaning t ime . 
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