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ABSTRACT 

Fabrication of the Prototype Steam Generator is held up pending resolution 

of metallurgy problems associated with the overheated tube. Recommendations have 

been made for resolution of the problems. 

Task II, the sodium to steam heat exchanger study, is a draft of the Interim 

Report—Design Report containing preliminary cost trends and preliminary specifications 

has been submitted to the Commission for review and comment. 



0 PREFACE 

1 BACKGROUND 

This Contract was received on March 20, 1963 and signed on April 3, 1963. 

The overall objective of this Contract is to develop large heat exchange 

equipment of improved design. This heat exchange equipment will be available 

for use in the Atomic Energy Commission Liquid Metal Fast Breeder Reactor 

Program which has the overall objective of developing reliable, economical, 

large central station nuclear power plants. 

2 SCOPE; 

The scope of work being done under this Contract is briefly as follows: 

Task I - Steam generator development including prototype fabrication 

and testing: 

This task includes the following major phases, some of which have 

been completed. 

A - Preliminary design of a full size sodium heated steam generator 

B - Supporting research and development work 

C - Preliminary design of a 30 MWt Prototype Steam Generator 

D - Detail design of the Prototype Steam Generator 

E - Fabrication of the Prototype Steam Generator for Installation 

and testing at SCTI. 

F - Preparation of operating instructions and test program 

G - Analysis of test data from SCTI 

H - Destructive examination of idle Prototjrpe Steam Generator 

following testing 

I - Final report relating the results of the testing and 

destructive examination to the design of the full size 
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steam generator. 

Task II - Sodium to Steam Heat Exchanger Elements and Research; 

This study is intended to integrate into the steam generator 

design things that have been learned so far in the detail design 

and fabrication of the Prototype Steam Generator In order to speed 

up as much as possible the turn around time for experience to be 

factored back into the design of a component. This Task has the 

following major phases; 

A - Design Criteria, including preliminary cost trend curves 

and preliminary specifications. 

B - Concept trade-off studies to establish the relative total 

evaluated cost of alternate steam generator configurations 

such as large units vrith coil type arrangement} of heating 

surface, modular concepts, etc. 

C - Optimization of the reference design in which the selected 

concept from the above study will be studied over a range 

of pressiires and temperatures, etc. 

D - Preliminary design which will include a design and detail 

cost estimate so that the relative costs that have been 

determined in the previous portions of this study can be 

reduced to absolute costs. 

RELATIONSHIP TO OTHER PROJECTS; 

This steam generator development program is generating design and 

cost information of value within the LMFBR program to the contractors 

having 1000 MWe plant studies, to those in the Commission, National 

Laboratories, and private industry doing development work on demonstration 
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plants and on full size commercial LMFBR plants. This program will produce 

a steam generator of demonstrated performance and reliability that will 

be available for use in the construction of LMFBR demonstration plants 

and full size commercial central station power plants. 

TECHNICAL PROGRESS DURING REPORT PERIOD 

CORRECTION OF STATEMENTS IN PREVIOUS PROGRESS REPORT; 

On page 8 of BAW-1280-4.7, the Quarterly Progress Report for April, May, 

June, 1967, there is a discussion of making and heat treating samples 

simulating the dissimilar welds between type 316 stainless and Croloy 2-1/4 

and the weld deposit cladding of the type 316 stainless steel tube sheets. 

The Quarterly Report describes the heat treatment of samples and testing 

them for ductility by an ASTM bend test to l/2" radius as an indication 

of formation of brittle sigma phase from the ferrite in these welds. 

The report states "Only the type 316 SS weld deposit on type 316 SS 

base material showed any significant formation of sigma phase, and even 

in this case it was not to a degree that interfered with the ductility 

demonstrated in the bend test." This is in error. 

One sample of 316 SS weld deposit on 316 SS base metal that was heat 

treated to 1375 F for two hours failed the ASTM bend test and metallographic 

examination showed all of the ferrite had transformed to sigma phase. 

This would not have adversely affected the steam generator, because this 

sample simulated the weld deposit cladding on the stainless steel tube sheets, 

(to which the superheater tubes are welded), and these tube sheets would 

have been removed from the steam generator shell prior to re-heat treating 

the Croloy 2-1/4. shell. The actual tube sheets would not undergo the heat 

treatment cycle that showed sigma formation and embrittlement of the samples. 
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TASK I - PROTOTYPE STEAM GENERATOR; 

Fabrication of the prototype steam generator has been held up with 

the exception of completing some work in progress on the boiler riser tubes, 

pending the resolution of metallurgy problems related to the overheating of 

four Type 316 stainless steel superheater tubes during fabrication and 

adequate heat treatment of the Croloy 2-1/4. shell material to give lower 

hardnesses and higher ductility than is now apparent for some of the welds 

and heat affected zones. 

A complete description of these problems is contained in Quarterly 

Progress Report BAW-1280-4.7, April, May, June, 1967. A meeting was held 

on August 22 and 23 to review these problems and possible solutions with 

members of USAEC and LMEC. Minutes of this meeting contain a complete 

summary of the conclusions and recommendations. Some of the more important 

conclusions and recommendations as they affect the future planning for the 

steam generator are as follows: 

1 - It is possible that there may be sub-surface microfissuring in 

the stainless steel tubing in overheated areas that cannot be 

detected by existing non-destructive techniques such as ultra

sonic or dye penetrant testing. Although it is felt that such 

conditions are not likely to exist in the tube wall it was 

recommended that additional destructive examinations be made 

in areas where overheating is known to have occurred and in 

selected other areas to have greater assurance that microfissures 

are not present. 

2 - Since some of the tubes were hot-formed without adequate controls 

there is a possibility of some metallurgical effect in these areas 
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that, although it may not interfere with satisfactory service at 

SCTI, may make evaluation of the results of the destructive 

examination difficult. 

3 - The higher than normal hardness observed in some of the welds and 

heat affected zones of the Croloy 2-1/4. shell and liner were due 

to using too low a temperature for the post-weld heat treatment 

of these parts. It was recommended that all of the Croloy 2-1/4. 

shell parts be re-heat treated to 1350 F + 25 F. 

4. - There is a possibility that some of the ferrite that is normal in 

the stainless steel welds and stainless steel cladding on the 

tubesheets, will change to brittle sigma phase. Whether or not 

the brittle sigma phase will seriously affect the Impact strength 

of the completed steam generator is a subject for speculation. 

To have the greatest assurance of the integrity of the unit it was 

recommended that all of the stainless steel parts be removed before 

the Croloy 2-1/4. shell parts are re-heat treated. 

Because of improper storage of the 1" Croloy 2-1/4. riser tubes and 

5/8" Croloy 2-1/4. downcomer tubes considerable rusting and corrosion pitting 

had occurred on the inside surfaces of these tubes. New material was ordered 

for the replacement of these tubes and they are being re-fabricated at B&W 

expense. The bends in riser tubes were made cold and they are being stress 

relieved under inert atmosphere to control scale formation in them during 

heat treating. 

The replacement 5/8" OD downcomer tubing was inspected on receipt and 

foiind to contain evidence of rust or some deposit inside the new tubing. 

An investigation is under way to determine the character of this deposit. 
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how to remove it, and if the tubes are satisfactory for use after doing so. 

INSTRUMENTATION; 

To have greater assurance of reliability of the sheathed thermocouples 

to be installed within the steam generator those that had been previously 

purchased uncalibrated were returned to the Atendor for calibration. They 

will be calibrated at room temperature, 600 F, 800 F, 1000 F, and 1200 F. 

The fact that each thermocouple will have, survived a thermal cycle to 

temperatures higher than it will see in service will Increase the confidence 

that the thermocouple will not fail after it is installed in an inaccessible 

place in the steam generator and goes into service. 

A meeting was held on August 1 at LMEC to discuss the instrumentation 

for the steam generator and the strain gage testing now in progress at LMEC 

on this type of instrumentation. Minutes that were issued for this meeting 

summarize the discussion and conclusion. Briefly, LMEC will test twelve 

gages made to identical specifications to those ordered by B&W. These will 

be tested to conditions representative of the actual service these gages 

might see in the prototype steam generator. B&W will transmit to LMEC the 

expected transients the gages in the steam generator will see. LMEC will 

transmit to B&W an outline of their test program for these gages. 

Techniques for brazing the sheathed strain gage leads into the protective 

huts are being investigated to insure a leak type joint at this location. 

Some difficulty has been experienced in getting adequate wetting of the 

stainless steel sheath and the stainless steel tube through which the strain 

gage lead enters th« liut. 

TASK II - SODIUM TO STEAM HEAT EXCHANGER STUDY: 

A draft of the Interim Report BAW-1280-4.6 containing a number of cost 
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trend curves and a preliminary set of suggested specifications has been 

transmitted to the Commission for review and comment. This report includes 

the effect on relative cost of the following factors; 

1 - Materials of construction 

2 - Sodium mass velocity and pressure drop 

3 - Water and steam mass velocity and pressure drop 

4. - Tube diameter 

5 - Uniform tube wall versus stepped tube wall 

6 - Single bundle versus two bundle design 

7 - Size 

8 - Reheater 

9 - Steam pressure and temperature 

10 - Temperature differential between the sodium and steam 

The costs tabulated in this study are relative costs and should not be 

used for determining absolute prices of nuclear plants at this stage of the 

study. However, they are accurate enough to make choices between various 

alternates and optimizing ihe overall plant design as it is affected by 

steam generator cost. Later in the study it is intended to do sufficient 

design and detail cost estimating to reduce these relative costs to absolute 

costs. 

All of the steam generators studied at this time were similar, having 

coil type heating surface in cylindrical shells. The next phase of this 

study will include evaluation of several alternate design concepts. Work 

on this portion of the study has been proceeding at a low level of effort 

pending the completion of the Interim Report. 
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0 EXPECTED PROGRESS DURING NEXT REPORT PERIOD: 

During the next three months it is expected that the questions with 

respect to the metallurgy of the prototype steam generator will have been 

resolved and the future plans for the prototype program will be firmed up. 

It is expected that the Interim Report on Task II will have been reviewed 

by the Commission and the report issued. 
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