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ABSTRACT 

An evaluation was made of four alternate ways to redesign the Prototype 

Steam Generator to eliminate the stainless steel pressiire parts. It was 

recommended that a new Croloy 2-1/4. boiler-superheater bundle be designed for 

installation In the existing shell. 

Task II, the Sodium to Steam Heat Exchanger Study is proceeding with the 

selection of alternate concepts to the reference design for fiirther study. 

Task III - Conceptual Studies for FFTF Reactor Vessel. Evaluations are 

being made of three vessel concepts; the annular downcomer, the piped downcomer 

and the bottom inlet piped downcomer. 



0 PREFACE 

1 BACKGROUND 

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

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

eqiiipment of improved design. This equipment will be available for use in 

the Atomic Energy Commission Liquid Metal Fast Breeder Reactor Program 

v^ich has the overall objective of developing safe, reliable, and economical 

large central station nuclear power plants. 

2 SCOPE; 

There are several tasks under this Contract which are as follows: 

Task I - Steam generator development including fabrication and testing 

of a prototype. 

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 Prototj^e 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 the Prototype 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 - Sodi-um 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 with coil type arrangement of heating 

stirface, 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 pressures and temperatiires, 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. 

Task III - Conceptual Design Work on Reactor Vessel for FFTF: 

This study is directed to perform conceptual studies on various 

aspects of the reactor vessel for the FFTF to assist Pacific Northwest 

Labora"̂ 6ries in recommending the best overall reactor vessel concept 

for this plant. 
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1.3 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 

plants and on fioll size commercial LMFBR plants. This program will 

produce a steam generator of demonstrated performance and reliability 

that id.ll be available for use in the construction of LMFBR demonstration 

plants and full size commercial central station power plants. 

The conceptual design studies being carried out irnder Task III of 

this contract are an important part in the design of FFTF. The FFTF vri.ll 

play a vital part in the development of technology for LMFBR systems. 

2.0 TECHNICAL PROGRESS DURING REPORTING PERIOD: 

2.1 TASK I - PROTOTYPE STEAM GENERATOR: 

Fabrication of the prototype steam generator has been held up as a 

result of an overheated spot discovered on one of the stainless steel 

superheater riser tubes that had been fabricated and was being made ready 

for installation in the steam generator. Consideration of the uncertainties 

and the quality of materials and workmanship of these stainless steel 

tubes and the fact that stainless steel would not now be required to 

meet the temperatiore conditions of greatest interest for LMFBR plants 

made it desirable to look at alternate designs that would eliminate the 

stainless steel portions from the water-steam side of the steam generator. 

Also, "Uie elimination of all stainless steel from the water-steam side 

will avoid a concern of whether the stainless steel superheater can be 

damaged through accidental upsets in feedwater chemistry. 

-3-
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2.1.1 Changes to Performance Conditions: 

Changes due to plant considerations: 

Since the original performance conditions were specified in 

the Contract, several factors have been working to alter them. 

Fuel costs for the LMFBR plants have been shown to be less than 

previously estimated. The 1000 MWe plant studies now indicate 

that with lower fuel costs, a lower steam temperature is economical. 

Lower steam temperatures permit the reactor designer to reduce 

the reactor outlet temperature, and permit the use of mono-metallic 

heat exchangers. These plant studies are indicating a desirability 

for a reduced sodium temperature difference across the reactor and 

subsequently across the steam generator. Previously, a temperat\ire 

difference of 4-90 F was taken across the steam generator. This has 

been reduced to about 385 F. 

In addition to lower steam temperatures, present studies indicate 

the lower feedwater temperatures will be used as a result of fewer 

feedwater heaters. The resulting decrease is from 530 F (eight 

heaters) to 485 F (seven heaters). The changed design conditions 

for steam generators are as follows: 

Former Specification New Specification 
Sodium Inlet Temperature (F) 1140 1025 
Sodium Outlet Temp (F) 650 640 
Sodium T (F) 4-90 385 , 
Sodium Flow 61.0 x 10° 

Steam Outlet Temp (F) 1050 950 
Feedwater Temp 530 4B5 , 
Steam flow total 7.35 x 10° 
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Changes Due To Boiler Considerations: 

Fouling - The fouling resistance used previously on the 

prototype steam generator was 0.0003. The basis of this 

number was its use on earlier steam generators for nuclear 

plants. These steam generators were of the natural circulation 

type. 

For once-through service, feedwater chemistry requirements 

have become quite stringent, because everything included in 

or added to the feedwater goes to the tiirblne. Therefore 

the fouling resistance has been reduced to .0001. Nearly 

all fouling is on the water side, since there is little 

evidence of sodium side fouling. 

Corrosion - Over a 30 year life, there will be corrosion on 

the steam side. This corrosion will amount to approximately 

0.010" during the life of the steam generator. 

Steam Side Pressure Drop - The work performed under Task II, 

ref: Interim Report, BAW-1280-46, Cost Trends, of this Contract 

showed that steam generators with higher pressure drops 

(4-00 psi to 500 psi) are more economical than those with 

lower pressure drops. This trend is in line with modem 

power plant practice. 

Tube Size - In addition to increased pressure drop, the cost 

trends determined under Task II indicate the optimum tube 

diameter to be at least 1-1/2" OD. 
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study of Alternate Prototype Designs: 

A study was made to evaluate several alternate ways that the 

steam generator can be redesigned to eliminate the stainless steel 

superheater. These Include the following: 

1 - Use of existing Croloy 2-1/4. boiler bundle only, taking 

the resulting reduction in performance. 

2 - Replacement of the present stainless steel superheater 

bundle with a Croloy 2-1/4. superheater bundle occupying 

the same space. 

3 - Adding length to the existing Croloy 2-1/4. bundle to 

achieve the desired performance. 

4. - Installing a new Croloy 2-1/4. bundle in the existing shell. 

Another alternate, a whole new steam generator was evaluated, 

but the tube bundle was identical to Alternate 4- above so that it 

would fit into the existing shell and there would be no reason to 

consider a new shell. 

Approximate designs for the fovr alternate prototype steam 

generators were made Including tabulations of the portions of the 

existing prototype which would be reused and the modifications 

required thereto. A comparison was made among the four alternates 

showing how each met the program objectives, and how each would 

model significant features of the full size steam generator such 

as tube length, tube size and steam flow per tube. The performance 

of each of the four prototypes was tabulated and compared. Cost 

estimates were prepared for redesigning and completion of fabrication 

of the four alternate prototype steam generators. 
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Alternate four, the new Croloy 2-1/4. tube bundle in the 

existing shell, was recommended because it met the program 

objectives best and more closely modeled the significant performance 

and structural features of a full size steam generator that would 

be of primary interest in the LMFBR program today. This evaluation 

and recommendation was submitted to the Commission in a topical 

report dated February 2, 1968. 

INSTRUMENTAnON: 

During the month of February it was discovered that the resistance 

to ground of the Microdot SG-423 strain gage was different depending on 

which lead was positive and negative as the gage was attached to the 

readout instrxmientation. In either case the resistance to ground was 

less than the vendor's specification and low enough to introduce a 

significant error in high temperat\n*e strain measurements using this 

gage. Work on the evaluation of long time creep and drift of "tills 

gage in a "hut" has been held up pending a resolution of the problem 

of the xinsatlsfactory resistance to ground of this gage. 

TASK II - SODIUM TO STEAM HEAT EXCHANGER STUDY: 

Work continued on this study to establish the steam generator concepts 

for further study. A tabulation was made of the combinations of the followin 

variables: 

1 - Large units or modular units 

2 - Once-tJirough, natural recirculation or pumped recirculation 

3 - Drainable or imdrainable 

4 - Vertical or horizontal 

5 - Straight tube, U-tube, return bend, or helical coll 
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All of the combinations of the above variables resulted in 96 steam 

generator concepts, not all of which represent actual designs that could 

be built. For instance, it is not possible to build a drainable horizontal 

helical coil steam generator. By a process of elimination the concepts 

are being reduced from 96 to some smaller number, not less than three, 

ferf further study. The elimination process will proceed in several 

steps. First, the combinations which do not actually represent a possible 

steam generator design will be eliminated, then the remaining concepts 

vrill be examined on a no-go basis to eliminate the concepts that have 

serious technical disadvantages that will eliminate them from further 

consideration. Of the remaining designs approximate performance, size, 

and cost estimates will be made so that designs that are unfeasible for 

technical or cost reasons can be eliminated. From the remaining concepts 

the fineO. selection for those to be studied further will be made. In 

cases where significant design features are duplicated on two or more 

concepts only one concept will be studied during this phase of the contract 

because the information will have 'general application to all of the 

similar concepts. 

When this selection has been completed a topical report will be 

issued describing how the selection was made and recommending the steam 

generator concepts for further study. 

TASK III - CONCEPTUAL STUDY OF REACTOR VESSEL FOR FFTF: 

Under this Task conceptual design work has been carried out on some 

features of a reactor vessel for FFTF. The primary effort has been devoted 

to comparisons of the featiires of three reactor vessel concepts which are 

as follows: 
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1 - Anniolar downcomer 

2 - Piped downcomer 

3 - Bottom inlet downcomer 

Additional studies are being made of the interactions between the 

vessel cover, the support skirt and the upper vessel flange. A preliminary 

analysis is being made to Identify areas of the reactor vessel that might 

be a problem under seismic loadings. 

A topical report, BAW-1280-51, has been prepared covering this phase 

of the investigation. Ihe significant conclusions of this report are as 

follows. 

The annular downcomer design has large upthrust forces on the core 

support vessel because of the hydrostatic pressure of the inlet sodium. 

These upthrust forces are of serious concern in the design of the upper 

flange and cover. The core support cylinder in the annular downcomer 

design is subjected to external pressure of the Incoming sodium. The 

techniques for predicting buckling or creep buckling of this core support 

cylinder are not known with confidence today. These are two significant 

problems that must be solved if the annular downcomer design is used. 

The downcomer design having downcomers Inside the reactor vessel has 

a problem of accommodating the differential expansion between the downcomer 

pipes and the reactor vessel itself. Space is limited so that some type 

of expansion joint such as a slip joint will probably be required. At 

the present time there are no standard slip joints suitable for this 

service so that development of some type of slip joint would be required 

if this concept is used. 

Some of the problems of the annular downcomer and the piped downcomer 
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concepts are solved by the bottom inlet downcomer concept. The sodium 

inlet downcomer tubes pass down outside the reactor vessel inside the 

safety or guard tank and enter the high pressure plenum at the bottom 

of the reactor. Because additional space is available for accommodating 

expansion of the downcomer pipes, no slip joints are required. The upper 

flange is not subjected to the hydraulic uplift forces of the annular 

downcomer arrangement. The bottom inlet downcomer concept has two 

disadvantages. The jtmction between the reactor vessel and the high 

pressure plenum at the bottom of the reactor vessel is a critical area 

in the design and will require careful analysis. The safety tank or 

guard vessel will have to be designed so that failure of a dovmcomer 

pipe will not drain the sodiiim from the reactor vessel and expose the 

core. 

After evaluating the desirable and undesirable features of the three 

reactor vessel concepts BStW has recommended to PNL that the concept for 

further study should be the bottom inlet downcomer concept. 

RScD PROGRAM: 

EROSION IN TUBE BMDS: 

This project is directed to determine if there will be a problem of 

erosion in once-through steam generators on the water side at the location 

where the steam quality is high—^near the point of dryness. To find if 

there would be significant erosion it would be necessary to operate a 

test facility over a number of years so that measurable amounts of 

erosion could take place if in fact it will really occur. There is a 

gas fired model once-through steam generator at the B&W Alliance Research 

Center that has operated at various loads, pressures, and outlet temperatxires 
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over approximately the past twelve years. It was felt that if samples 

of tubing were removed from a nimber of locations in this steam generator 

and examined for erosion it would be determined if erosion inside tubes 

having short radius bends v/ill actually be a problem in service. 

The replacement sections for the outlet bank of the convection pass 

and the furnace roof were fabricated. The roof tube and outlet convection 

tube bank selected for erosion analysis were removed from the steam 

generator. These tubes were sectioned, and a metallurgical examination 

was started. The replacement tubes were installed in the steam generator 

and the steam generator was returned to service. 

EXPECTED PROGRESS DURING NEXT REPORT PERIOD: 

During the next three months it is expected that the redesign of 

the Prototype Steam Generator will' have begun. Under Task II it is 

expected that the steam generator concepts for further study will have 

been selected. 

Under Task III the conceptual studies on the FFTF reactor vessel will 

continue. The report on this phase of the conceptual design with the B&W 

recommendation on the reactor concept will have been completed and submitted 

to PNL. 

The metallurgical examination of tubing removed from the once-through 

steam generator will have been completed and the report evaluating whether 

or not erosion should be a problem in short radius tube bends at high steam 

qualities near dryness will have been issued. 

-11-




