
Conclusion and recommendations

The vacuum destination cleaning procedure, never used before

on a full sized steamgenerator module, is very promising. With

the aid of additional trace heating and insulation on critical

locations and forced circulation of gas through the inside

of the tubes an adequate homogeneous temperature distribution

and level could be maintained. Almost all the residual sodium

has been removed.

A better result can even be expected by the following

modifications:

- The lowest temperature inside the component should be not

less than 4 00°C.

- The very low density sodium vapour requires short connections

with large crossflow area's between component and condensor

(vapour trap).

- Vacuum meters and other instrumentation necessary to monitor

the process should be designed for a working temperature of at least

4 50°C in order to prevent sodium condensation.

- Methods should be developed to determine the finish of the

destination process.

- The drainability requirements of components should be

reconsidered in view of the necessary cleaning for maintenance

and inspection.
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ABSTRACT

Reviewed in this paper are technical considerations which are of
importance in choosing between an alcohol process and a moist
nitrogen process for the removal of sodium from LMFBR components.
Results observed in laboratory tests and in the cleaning of large scale
components (e. g. , a 28 Mwt Modular Steam Generator Test Unit) are
presented and discussed.

INTRODUCTION

A number of technical and economic factors must be taken into

consideration in the selection of a cleaning process for the removal of

sodium from major LMFBR components. It is planned that in the near

future the selection of the reference process to be employed on the Clinch 0 0 4

River Breeder Reactor Plant 'will be made. The technical basis for the

selection will be provided from the programs which have been funded for

several years by the Atomic Energy Commission as well as other informa-

tion available from the cleaning of specific large sodium components. The

primary candidate processes being considered involve removal b̂ y either

1) alcohol, or 2) moist nitrogen followed by a water rinse. These candidate

processes must be considered with respect to their effects on the component

and any potential hazards of component reuse, safety, time required for

cleaning, and the equipment necessary to support the cleaning method

employed. Reviewed in this paper is some of the technical information

available which is being considered in selecting the preferred sodium removal

method for the Clinch River Breeder Reactor Plant.

ALCOHOL METHOD

The principal fluids which have been considered for the alcohol sodium

removal process are Dowanol EB, Dowanol PM, and ethanol. In processes of

this type, alcohol is recirculated and reacts to form alcoholates which are

carried off in solution by the alcohol. Component cleaning success has been

achieved using the alcohol method in several instances, including the Modular

Steam Generator, Fermi steam generators, and the pump bearing assembly

cleaned at the Westinghouse ARD facility. Areas of technical concern relative

to removal of sodium from a component include 1) component temperatures

during the cleaning process (primarily with regard to the possible occurrence

of caustic stress corrosion cracking), 2) cleaning process reaction rates,

3) thoroughness of cleaning, 4) residual reaction products, 5) hydrogen

evolution rate and reaction stability, and, 6) safety in handling reagents

and control of reaction products. Experiments conducted at Atomics

International on sodium removal by alcohol, together with the successful

cleaning of the Modular Steam Generator test unit subsequent to its operation

in the Sodium Component Test Installation, have provided definitive informa-

tion in most of the above areas as well as providing a demonstration of

effective cleaning of a large sodium component. This general effort and

results which were obtained are described below.



The removal of sodium from the Modular Steam Generator was done

for the specific purpose of preparing the MSG for examination and subsequent

modifications to adapt it for use in the sodium-water leak test soon to be

conducted. Since the material was 2-1/4 Cr-1 Mo steel and was rust sensi-

tive, the cleaning was designed to be essentially anhydrous in nature. The

details of the overall sodium removal effort and the pre-tests have been

extensively covered in reference 1. The key measures included in the MSG

cleaning program included:

1. Estimate of volume and distribution of residue sodium to be

removed.

2. Performance of several supporting tests using subassembly

mockups to assure that pockets and annuli could be cleaned

and to characterize time-profiles.

3. Thermal-analysis to assure that temperatures would be low

enough to preclude caustic stress corrosion cracking throughout

the cleaning process.

4. Performance of a pre-operational safety and procedure evaluation

to assure that a safe hydrogen evolution rate in cover gas con-

ditions existed throughout the cleaning cycle.

5. Provision of a cleaning system which included positive means

of assessing the reaction rates and determining when the

component was clean.

6. Close monitoring of all data during the MSG cleaning operation.

The MSG was cleaned before being removed from the Sodium Com-

ponent Test Installation in order to take advantage of the in-place process

systems and instrumentation. Tankage and a bypass loop were installed to

facilitate the cleaning as illustrated schematically in Figure 1. During

the cleaning operations, the temperature of the assembly was controlled

by circulating feedwater at approximately 150 F through the tubing.

Throughout the MSG sodium removal operation, both hydrogen evolution

was monitored and sodium ion concentration was sampled. The major

results of the MSG cleaning operation are summarized in Table 1. Figure 2

indicates the good agreement between the predicted amount of sodium

remaining in the steam generator after draining and the observed amount 00C

of sodium reacted based on the hydrogen evolution and sodium ion concentra-

tion measurements which were made. From data of this type, a rather

detailed history of the sodium removal rate was established, and presented

in Figure 3 is a plot of the results obtained during the final days of the

cleaning cycle. Also included in the figure is the sodium reaction rate

estimated from the slope of the sodium ion concentration curve. Tempera-

tures of the component were monitored using a number of internal thermo-

couples which had previously been used during operational testing of the MSG

and the SCTL Local temperatures never exceeded the feedwater temperatures

by more than a few degrees. It may be noted that plots of both ion concen-

tration and hydrogen evolution rate simultaneously indicate that the sodium

removal process was essentially complete.

Upon completion of the sodium removal from the MSG, several surfaces
-8were examined for trace sodium with detection capability down to 5 x 10"

grams per square centimeter of surface. No sodium was detected on the

metal surfaces. Photographs shown in Figure 4 of disassembled parts of

the MSG provide evidence of the effectiveness of the alcohol cleaning

operation. As indicated in Table 1, even crevices of dimensions smaller

than 1 mil were free of sodium. The unit has been opened to the air for

several months while it is being modified for use as a test article in the

Large Leak Test Rig, and there still is no evidence of any weeping or

sodium oxide formation.

The supporting tests referred to earlier were performed prior to

the MSG sodium removal operations in order to develop information on

the effectiveness of the cleaning operation, the rate of sodium removal,

the general stability of the process, the temperatures experienced during

cleanup, and the thoroughness of the cleaning operation and nature of any

residues which might remain. These tests were performed employing a

five-inch diameter mockup which is pictured in Figure 5. It was found that

when Dowanol PM (the slowest reacting of the fluids which were evaluated)

was used as the reagent that the sodium was removed at a rate of 0. 2 inch

per hour. This data is in excellent agreement with a series of tests per-

formed using small diameter tubes (0. 85 inch) and anhydrous Dowanol PM.

Ы both the laboratory and the component mockup tests, temperatures within



the sodium at the reaction interface went through only minimal changes

(less than 10 F). The reaction proceeded in a smooth manner, sodium

was essentially completely removed, and no residue remained in the crevices.

The results of the above test indicated that it should be possible to

assure that component temperatures should stay well below the threshold

at which a serious risk of possible caustic stress corrosion cracking might

be incurred. It should be noted that no stress corrosion cracking of steel

has been observed when alcohol removal of sodium has been moved. In

planning the MSG cleaning operation, the approach taken to assure that the

danger of caustic etress corrosion cracking was avoided was to maintain a

large margin between the component temperatures and the "danger zone"

threshold represented in the plot of Figure 6. This plot is based on the

concept first introduced by Berk and Waldeck (Ref. 2), and includes results

for stainless steel reported in reference 3.

MOIST NITROGEN PROCESS

In recent years a number of experiments have been conducted on

Atomic Energy Commission technology programs to better characterize

the moist nitrogen cleaning process. Moist nitrogen methods have been

employed in many instances to clean sodium components, and in some

cases component damage has resulted (e. g., Pump Bearing Test Facility

(Ref. 4), Phenix pump bolts and charge machine bolts cracking (Ref. 5)).

Experimental results obtained to date have provided useful information

regarding the moisture process as shown in Table 2, which also indicates

results obtained in laboratory testa with alcohol. A potentially troublesome

effect which has been observed in experiments with the moist nitrogen

process is that of "thermal spiking". This has occurred in experiments in

which a horizontal layer of sodium becomes insulated from the gas stream

by a caustic layer which forms at the free surface. When mixing ultimately

occurs, rapid chemical reaction and associated temperatures result. While

the sodium removal rate obtained with moist nitrogen cleaning is compara-

tively low, as indicated in Table 2, the final water rinse which is applied

after most of the sodium has been reacted results in a very high final

removal rate. Rates of 18 inches per hour were observed in experiments

at HEDL.

The effectiveness of the moist nitrogen method in the removal of

sodium from components was demonstrated through the cleaning of the

secondary pump from the Fermi plant at HEDL. Approximately six pounds

of sodium were removed from the pump 79 hours of total processing time,

including water rinsing. Data are shown in Table 3. bi this operation,

overall heating of the pump was accomplished by using the external trace

heaters. After processing the pump for four hours at 5% HO vapor, the

concentration was increased to 10% since the H evolution rate was being

maintained below 1%. When the H_ evolution rate subsequently approached

4%, water vapor addition was stopped temporarily and - after the H rate

fell off - was resumed after 22 hours, the evolution rate fell to near 0. 15%,

so water vapor level was increased to 15%. After 40 hours, the hyarogen

evolution rate fell to 0. 02% and did not change subsequently. Temperatures

measured at various points did not change by more than 10 F throughout

this processing. No thermal spikes were observed during the Fermi pump

cleaning, and all temperatures throughout the component were maintained

well below the threshold at which there exists a risk of caustic stress

corrosion cracking.

Both the moist nitrogen and the alcohol cleaning processes result in

the generation of a large volume of hydrogen, bi handling this hydrogen,

it is necessary to eliminate the possibility of ignition. This is normally

done by inert gas flushing at a rate sufficient to maintain the hydrogen

concentration below 4%, the lower explosion limit in H--air mixtures.

CONCLUSION

Both the alcohol process and the moist nitrogen process should be

satisfactory for effective cleaning of sodium components With the alcohol

process, there is essentially no risk of caustic stress corrosion cracking,

and all sodium residual is effectively removed. While the risk of stress

corrosion is higher when moist nitrogen cleaning ia employed, judicious

monitoring and control of the process to avoid high temperatures should

alleviate the danger of component damage from that cuase. Cleaning rates

are much more rapid with the alcohol than with the moist nitrogen process;

however, the final water rinse employed with the moist nitrogen procedure



will result in the final cleaning stage proceeding very rapidly. Both

processes should result in there being minimal unrinsed reaction products

remaining on the component, and any of these should be limited to any

deep crevices which are present.

The alcohol cleaning operation appears to proceed in a more smooth

and stable manner than does the moist nitrogen approach; however, with

proper operational controls there can be no high temperature spikes or

o.ther process difficulties with the latter cleaning method. The volume of

hydrogen generated by the two methods is the same for equivalent sodium

removal, and the handling requirements relative to safety are essentially

the same. Employment of the alcohol cleaning approach does involve the

hazard of handling significant quantities of volatile flammable solvents.

However, this is a common industrial problem, and the application of good

chemical engineering practices should assure that the cleaning can be

accomplished in a safe and effective manner.
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• TEMPERATURE INCREASES RATE
• ETHANOL 75°F 0.5 in. Na/hr
• ETHANOL 135°F 3.8 in. Na/hr
• WVN 150°F 0.4 in. Na/hr
•WVN 215°F 1.3 in. Na/hr

0.850 in. DIAMETER TUBE
0.850 in. DIAMETER TUBE
7 mils SLEEVE CREVICE
7 mils SLEEVE CREVICE

• SMALLER CREVICE GAP DECREASES PENETRATION RATE (70°F)
• 95% ETHANOL 0.15 in. Na/hr 4 mils SLEEVE CREVICE
• 95% ETHANOL 0.47 in. Na/hr 54 mils SLEEVE CREVICE

• Na REMOVED FROM 1 mil CREVICE GAP
• H2O (L) 0.125 in. Na/hr
• ETHANOL 140°F 0.1 in. Na/hr

• RATE OF DOWANOL
0.03

EB = PM (70°F)
= 0.03 in. Na/hr

3 in. CREVICE LENGTH
0.5 in VOLT

0.26 mils SLEEVE CREVICE

SODIUM REMOVAL FROM THE MSG
SUMMARY AND CONCLUSIONS

• COMPLETE REMOVAL OF SODIUM FROM COMPLEX HEAT EXCHANGER CONFIGURATIONS
WITH CIRCULATED DOWANOL PM AND ETHANOL HAS BEEN DEMONSTRATED

• THE ANHYDROUS DOWANOL PM REACTIONS AT AMBIENT TEMPERATURES ARE APPROPRIATE
FOR RAPID IMMERSION

• ENTIRE MSG FILLED IN 25 min

• TEMPERATURES ONLY SLIGHTLY EFFECTED BY REACTION (<10°F)

• REACTION SUFFICIENTLY FAST TO REMOVE MOST OF THE SODIUM IN 3 TO 4 hr
(17 OF 21 TOTAL POUNDS)

• THE MAJORITY OF THE REACTION TIME IS REQUIRED TO CLEAR CREVICES AND LOW
ACCESSIBILITY ANNULI

" 2 TO 4 ft LONG SPACER-TIE ROD ASSEMBLIES

• RADIAL TUBE SPACERS

• COMPLETE SODIUM REMOVAL FROM <1-mil CREVICES AND BOLT THREADS IS ACHIEVABLE/
POSSIBLY ELEVATED TEMPERATURE ASSISTED REACTION

NO VISIBLE REACTION PRODUCTS (Na2O, NaOH)

• SAFE OPERATION OF A DOWANOL PM SYSTEM TO 175°F AND AN ETHANOL SYSTEM AT 140<>F
WAS DEMONSTRATED WITH LARGE SOLVENT INVENTORIES

TABLE 1

• BULK RECESSION RATE FOR ETHANOL IS FASTER THAN WVN
• ETHANOL 75°F 0.34 in. Na/hr 6 in. DIAMETER POT
• WVN 150°F 0.02 in. Na/hr 4 in. DIAMETER POT

• TUBE 0.85 in. DIAMETER = 4 TO 6 in. DIAMETER POT
• ETHANOL 75°F 0.5 in. Na/hr 0.850 in. DIAMETER TUBE
• ETHANOL 75°F 0.34*n. Na/hr 6.0 in. DIAMETER POT

TABLE Z

FERMI SECONDARY PUMP SODIUM REMOVAL

BY MOIST NITROGEN
PROCESSING TIMES

MOIST GAS
WATER RINSING (15 RINSES)

46.5 hours
32.5 hours

SODIUM REMOVAL

> 6.2 lbs
I 5.8 lbs

CALCULATED FROM RINSE WATER ANALYSIS
CALCULATED FROM H 2 EVOLUTION*

H2 EVOLVED WAS NOT MEASURED DURING WATER RINSING
THE DIFFERENCE OF 0.4 lbs REPRESENTS THE SODIUM
REMOVAL DURING WATER RINSING.

TABLE 3
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MSG SODIUM REMOVAL LOOP SCHEMATIC

PREDICTED RESIDUAL SODIUM (Ib)

• VERTICAL SURFACES

• CREVICES

TUBE/TUBE SPACER GAP

TIE ROD/SPACER GAP

• HEEL

TOTAL

OBSERVED SODIUM REACTED llbl

• VERTICAL SURFACES AND
HEEL (AFTER 12-hr OF
CLEANING) 17.0

• CREVICES (REMAINDER OF
CLEANING TIME) 3.3

FIGURE 2 V

TOTAL 20.3
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SODIUM REMOVAL FROM THE
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