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ABSTRACT 

The Preliminary Design of the Prototype Steam Generator 

has been completed and the report BAW-1280-28 has been distri

buted. 

Fabrication of the Prototype Steam Generator is approxi

mately 35^ complete and on schedule. The present status of the 

several R&D projects still underway is outlined in Section 4-

of this report. 



. INTRODUCTION! 

The method of reporting on this Contract has been changed to include 

an Informal Monthly Progress Report and a Formal Quarterly Progress 

Report, This report is the second Quarterly Progress Report. It is 

planned to include enough background material in each Quarterly Progress 

Report that the report can be understood without reference to all 

previous reports. In general, each report will have a section describ

ing the design and fabrication of the Prototype Steam Generator and 

the R&D Program, as outlined in the table of contents, 

1 HISTORY OF CONTRACT; 

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

3, 1963. The overall objective of this Contract is to develop a large 

sodium-heated steam generator of improved design. This steam generator 

design will be available for use in the Atomic Energy Commission 

Sodium-Reactor Development Program which has the overall objective of 

developing reliable, economical, large central station nuclear power 

plants. 

2 SCOPE OF CONTRACT! 

The scope of work covered under this Contract is briefly as follows! 

Phase I 

A - Preliminary Design of Full-Size Sodium-Heated Steam 

Generator, 

B - Supporting Research and Development Work, 

C - Preliminary Design of 30 MWT Prototype Steam 

Generator, 
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Phase II 

A - Detail Design of Prototype Steam Generator 

B - Fabrication of Prototype Steam Generator for 

Installation and Testing at SCTI, Santa Susana, 

California. 

C - Final Design Report Relating the Performance of the 

Prototype to the Design of the Full-Size Steam 

Generator. 

3. DESIGN WORK! 

The preliminary design of the Full-Size Steam Generator has been 

completed. This design is reported in BW 67-2, "Preliminary Design Report 

Full-Size Steam Generator" Volume 1 and 2, Additional work was done on 

analyzing problems of a sodium-water reaction in the Full-Size Steam 

Generator and this work was reported in BW 67-2(a), "Addendum to Preliminary 

Design Report Full-Size Steam Generator, Sodium-Water Reaction." 

The preliminary design of the Prototype Steam Generator has been 

completed and the design report, BAW-1280-28, "Preliminary Design Report 

Prototype Steam Generator" has been distributed. This design report, in 

four volumes, includes: General Description, Stress Analysis, Analysis of 

Sbdium-Water Reaction Problems, and Specifications. With the distribution 

of this report the work under Phase I of this Contract is complete. 

3.1 GENERAL DESCRIPTION OF PROTOTYPE STEAM GENERATOR; 

The general arrangement of the Prototype Steam Generator as shown on 

Drawings 20957F, 20958F, 20959F, 20961F and 20962F, These drawings show the 

- 2 -



assembly of the steam generator and the steam generator broken down into the 

three major subassemblies! Superheater Section, Boiler Section, and Shell 

Section. The design and performance data are tabulated on Tables 1 and 2, and 

a chart. Figure 3 shows the design pressure for the various portions of the 

steam generator. A "stepped design pressure" has been used for this steam 

generator similar to the practice normally used for once-through steam 

generators for central station application. 

The Prototype Steam Generator is intended as a proof test of the solution 

of various problem areas in the design, manufacture and operation of the Full-

Size Steam Generator, For this reason the Prototype Steam Generator in itself 

is not an optimum heat exchanger. The boiler inlet tubesheet, for instance, 

is a Full-Size model of one of the boiler inlet tubesheets of the Full-Size 

Steam Generator, and is consequently considerably larger than would normally 

be required for this number of tubes. To model problems of access for welding 

in the Full-Size Steam Generator there is some wasted space within the Proto

type Steam Generator, making the steam generator shell disproportionately 

large for the amount of heating surface it contains. 

In addition to modeling the temperature and pressure conditions of the 

Full-Size Steam Generator the Prototype Steam Generator will model the heat 

transfer and fluid flow conditions of the tubes of the Full-Size Steam 

Generator, The tubes of the Prototype Steam Generator are the same material, 

diameter, thickness, and length as the Full-Size Steam Generator, The number 

of tubes in the Prototype Steam Generator is proportionately smaller than the 

number in the Full-Size Steam Generator. By making the tubes Full-Size it 
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will be possible to model the thermal gradients and mass transfer, if any, of 

the Full-Size Steam Generator. 

DETAIL DESIGN AND FABRICATION OF PROTOTYPE STEAM GENERATOR! 

The fabrication of the Prototype Steam Generator is proceeding. The 

majority of the detail drawings are completed. These drawings are being made 

as required by the fabrication schedule. 

The majority of the work so far has been concerned with fabrication of 

the upper head and shell section from which the superheater bundle will be 

supported and the upper shell section from which the boiler tube bundle will 

be supported. These items are on the critical path for fabrication because 

the long span time for the manufacturing operations associated with these 

heavy pieces and the large number of other pieces and subassemblies that 

attach to these sections of shell. 

The upper hemispherical head has been machined as required and welded 

to the upper cylindrical shell section. The upper flange forging has been 

welded to the shell section. This component was stress relieved after each 

weld, with preheat maintained during welding and after welding until the 

component went into the furnace for stress relieving. These major pressure 

vessel welds have been x-rayed. The nozzles for the superheater inlet and 

outlet tubesheets, and the nozzle for the 16 inch relief diaphragm are 

being welded on. After these welds are completed, the backing strips removed, 

the root of the weld chipped out and magnetic particle inspected, rewelded, 

stress relieved, and x-rayed this portion of shell will be ready for the 

installation of the tubesheets. 
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The "spool section" of shell to which the boiler bundle attaches is 

approximately the same stage of completion as the upper head section. Both 

flanges have been welded to the cylindrical shell. These welds have been 

x-rayed, repaired, and rex-rayed. The cladding of a small area, of the 

flanges with carbon steel has just been completed and the shell is being 

stress relieved. These carbon steel areas will allow welding of the seal 

membranes to the flanges joining the upper head and spool section and joining 

the spool section and lower shell. By using the carbon steel facing it will 

not be necessary to stress relieve after welding on the sealed membranes. This 

will greatly simplify the removal and replacing of these seal membranes, 

especially if it is necessary to open one of these large flanges in the 

field. 

The welding of the several lengths of superheater and boiler tubing to 

make the required lengths for the superheater and boiler coil bundles has 

been completed. These welds were majie by an automatic multipass TIG welding 

process uging cold wire feed. The welds were ground smooth, dye checked, and 

x-rayed from two directions 90° apart. No defects in the stainless steel 

superheater welds were foiind to a sensitivity of 2% of the wall thickness 

or .010" minimum. In the Croloy 2-1/4. boiler tubes two indications of 

defects were found. The welds were cut out, new weld preparations machined 

on the tubes and they were rewelded without difficulty. It was concluded 

from examination of these welds that small traces of oxidation on the weld 

preparation had caused the defect in the weld. Careful inspection of the 

machined weld preparations on subsequent tubes prevented any further 

difficulty. The tubes are stored under plastic dust covers, with the ends 
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plugged, awaiting coiling into the superheater and boiler tube bundles. 

The coils for the outer row of the superheater bundle have been completed. 

Difficulty was experienced in maintaining the correct diameter of the coil 

made up of ten tubes in parallel. The mandrel onto which the coils pass 

after leaving the coiling machine was not accurate enough to maintain 

tolerances of the generated coil. It was felt that this would cause 

difficulty in assembling one coil into the next one, so the coiling mandrel 

was redesigned and is being rebuilt in the machine shop. It should be com

pleted in mid-January so that coiling of the tube bundles can proceed. 

When coiling is underway it proceeds rapidly so the revisions to the 

coiling mandrel are not delaying completion of the Prototype Steam Generator. 

The generation of these coils is not on the critical path. 

Machining of the first tube-to-tubesheet weld mock-up has been completed. 

Mock-ups are being prepared of the three different sizes of tube-to-tubesheet 

welds in two different materials to demonstrate the manufacturing and 

quality control procedures for these welds. As soon as the first mock-up 

is completed it will be shipped to LASL to check out the procedure for 

x-raying these tube-to-tubesheet welds using an x-ray tube inserted into the 

tube. 

Fabrication of the Prototype Steam Generator is approximately 35^ 

complete. Although there are delays in some items, such as tube coiling, 

the critical path items are approximately on schedule. At this time it 

appears the promised shipping date of October 27, 1966, can be met. 
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TABLE 1 

PROTOTYPE .STEAM GENERATOR 
BOILER SECTION 

Design Conditions 

Sodium Temperature 

Steam Temperatiire 
Steam Pressure 

Operating Conditions (Full Load) 

Heat Load 

Sodium Flow 
Sodium Inlet Temperature 
Sodium Outlet Temperatiire 
Sodium Pressure Drop 
Steam Flow 
Feedwater Temperature 
Outlet Temperature 
Outlet Pressure 

Material 

Tubes 
Shells, Heads 
Tube Sheets, Nozzles 

Heat Transfer Results 

Tubes, Economizer 

1200 F 

Number 

25 
Nucleate & Film Boiling 

Seco 
Superheat Section 

Total Length 

25 
25 

Size 

," OoD, X .120" 

," O.Do X . U 5 " 
." O.D. X ,165" 

800 F 
2750 p s i 

6:^.35 X 10^ B tu /h r . 
18 .8^ MWt 
583,500 I b / h r . 
1016 F 
650 F 

0,138 p s i 
88,750 I b / h r . 

530 F 
750 F 

2057 ps ia 

Croloy 2-1/4- T-22 
Croloy 2.-1/4. 
Croloy 2-1/4. 

Ef fec t ive 
Length 

MW 57.5 f t . 

MW 56.8 f t . 
MW 21,0 f t . 

135,3 f t . 

Overall Heat Transfer Coefficient 
Economizer 
Boiler Nucleate Boiling 

Film Boiling 
Superheater 
Fouling Factor 
Corrosion Allowance 

575 B/hr/ft /F 
64.6 B/hr/ft2/F 
451 B/hr/ft;/F 
452 B/hr/ftp/F 
3333 B/hr/ft /F 
0,009 inches 



BOILER SECTION 
TABLE 1 (CONT'D) 

Heat Transfer Surface 

Total 

Economizer 
Boiling Zone 
Superheater 

Boiler Inlet Tubes 

Size 

Boiler Outlet Legs 

Size 

Pressure Drop (Steam Side) 

Downcomers 
Economizer 
Boiling Zone 
Superheater 
Boiler Risers 

Tube Spacing 

Transverse Tube Spacing Srp 
Parallel Tube Spacing S-.-, 

2 885,1 ft 

376,1 ft^ 
371,6 ff^ 
137,4 ft2 

5/8" 0,D, X 0.076" MW 

1" O.D. X 0.165" MW 

14.82 
6.21 
31.15 
24,07 

psi 
psi 
psi 
psi 

2710 psi 

1,625" 
1.375" 

1 



TABLE 2 

PROTOTYPE STEAM GENERATOR 
SUPERHEATER SECTION 

Design Conditions 

Sodium Temperature 1200 F 

Steam Temperature 1070 F 

Steam Pressure 2625 psi 

Operating Conditions (Pull Load) 

Heat Load 21,82 x 10 Btu/hr 
6.39 MWt 

Sodium Flow 583,000 Ib/hr. 
Sodium Inlet Temperatixre 1140 F 
Sodium Outlet Temperature 1016 F 
Sodium Pressure Drop 0.081 psi 
Steam Flow 88,750 Ib/hr. 
Steam Inlet Temperature 750 F 
Steam Outlet Temperature 1050 F 
Outlet Pressure 2425 psig 

Material 

Tube SA-213 TP 3l6 SS 
S h e l l Crcloy 2-1 /4 
Tube Shee t s , Heads TP 316 SS 

Heat Transfer Results 

Tubes - Number 45 
Size 7/8" O.D, X .120" 
Effective Length 43.1 ft. 

Overall HoT„ Coefficient 347.0 B/hr/ft^/F 
LMTD 162.5 F 
Surface 444 ft^ 

Superheater Inlet Tubes 

Size 7/8" O.D, x .120" 
Material TP 316 SS 



PROTOTYPE 
DESIGN PRESSURE ~ BOILER AND SUPERHEATER 

STEPPED DESIGN PRESSURE FOR ONCE-THROUGH BOILERS 
5% OVERFLOW, 5% OVERPRESSURE 

DESIGN PRESSURES 

DOWNCOMERS TO ECONOMIZER 2825 PSI 
ECONOMIZER AND BOILER 2750 PSI 
PRIMARY SUPERHEATER 2725 PSI 
RISERS 2725 PSI 
INTERCONNECTING PIPE 2675 PSI 
SECONDARY S.H„ 2625 PSI 
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RESEARCH AND DEVELOPMENT PROGRAM; 

Research and Development work is in progress under this Contract on 

the following projects: 

1. Materials — Carbon Transfer & Effects on Material Properties 

Simulating Full-Size Steam Generator. 

2. Corrosion of Croloy 2-1/4 Steel in Products of a Sodium-Water 

Reaction. (This project has been completed). 

3. Procedure for Welding Tubes to Back-Side of Tubesheet. 

4. Preliminary Control and Instrumentation Studies 

a) Preliminary Control Studies 

b) High Temperature Strain Gauges in Sodium Environment 

The problem to be solved in general scope of each project is described 

in the following pages along with a short description of the present status 

of each project. 
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4.1 MATERIALS - Carbon Transfer and Effect on Material Properties; 

Background Information 

There are actually two problems relating to materials and their 

application for a sodium-heated steam generator. There is the problem 

of carbon and mass transfer on the sodium side of a tube, and also the 

problem of possible accelerated corrosion at the location of Departure 

from Nucleate Boiling on the steam side of the tube. 

It is well known that materials used in sodium systems above 900F 

undergo mass transfer whereby materials are dissolved from the tube walls 

in the hot zones and deposited in the cooler zones. In addition to this, 

there is a tendency for ferritic materials such as Croloy 2-1/4 to de-

carburize in sodium and for the carbon to deposit out on austenitic stain

less steel surface in the same sodium circuit. Considerable work has 

been done on mass transfer and carburization-decarburization problems, 

but it is evident that further work is required to determine if these 

problems will be of concern in a closed loop with the relative quantities 

of Croloy 2-1/4 and Type 3l6 Stainless Steel involved in this design. 

Tests have shown that accelerated corrosion can occur in boiler 

tubes at the location of DNB under certain conditions. Under some 

conditions a boiler tube can fail by corrosion at the DNB point in less 

than 24 hours. 

This corrosion is controlled on fossil fuel fired boilers by care

ful control of water chemistry and by designing the boiler to have the 

DNB point occur in a zone of low heat flux. The relatively low heat 

flux at the DNB point comes about because of the necessity of protecting 
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the tube from over-heating ("Burnout") when nucleate breaks down and 

film boiling sets in. In this sodium-heated boiler there are no 

extremely high temperatures such as found on the gas side of a fossil 

fuel fired boiler, but because sodium is so much better a heat transfer 

medium than gas there can be very high heat fluxes with moderate tempera

ture differences between sodium and water. 

Tests which have been conducted on model once-through sodium-

heated steam generators at temperature levels below those for which this 

boiler is designed showed a small amount of corrosion had taken place. 

It is felt that further experimentation is required at the temperature 

levels of interest for this steam generator to be able to say with 

assurance that serious corrosion will not occur. 

Ob.]'ective; 

The purpose of this program is to study the carbon and mass transfer 

effects in a sodium-heated steam generator containing both austenitic 

and ferritic materials, and to determine that these materials will be 

satisfactory on both the sodium and the water side for use under the 

planned operating conditions. 

Scope; 

A test loop simulating the Full-Size Plant was operated for 8000 

hours. The test boiler consisted of a one-tube model steam generator 

having a Croloy 2-1/4 boiler section and a Type 316 Stainless Steel 

Superheater Section. The portion of Croloy 2-1/4 and Stainless Steel 

were arranged to simulate the proportions of these materials in the 

Full-Size Steam Generator, and the ratio of surfaces exposed to volume 

of sodium were to duplicate the full-size boiler as closely as possible. 



Sodium was circulated outside the tube in the model boiler at fl,ow 

rates and temperatures simulating the full-load boiler, and steam was 

generated within the tube at pressures and temperatures similar to the 

full-load boiler. The sodium system consisted of an electromagnetic 

pump, flow meter, sodium heater, plugging indicator, cold trap, and 

pump. The water-side system included a reservoir, piMip, heater, 

condenser-cooler, section and a back pressure regulator. 

The test operation extended over approximately one year. Samples 

were removed and examined during the test operation to get preliminary 

test results. Following the test, the unit was dissembled and the 

materials examined by appropriate techniques such as metallographic, 

electron microprobe, electron microscope, and spectrographic means. 
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PRESENT STATUS; 

Micro-hardness testing was completed during November, including a 

study of several specially heat treated samples that were prepared in the 

same manner as described in Report No. BAW-1280-31. Metallography is com

plete except for that which must necessarily follow the microprobe examina

tion. 

Microprobe examination of the distribution of major elements in 

eight Type 316 Stainless Steel samples has been completed. No unusual 

featiires or clear indications of mass transfer has been found. Changes 

in composition in the surface regions, if any, are less than 5^ of the 

amount of each element and are confined to about five microns from the 

surface. 

FUTURE PROGRAM; 

The microprobe analysis of Croloy 2-1/4 specimens will be completed, 

including the examination of scales on the specimens as well as the metal 

proper. This examination will include a search for sodium, made possible 

by the recent incorporation of a light element unit for the microprobe. 

It is anticipated that the metallographic examinations will be completed 

and the final report on this project issued by March 31, 1966. 
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CORROSION RATES FOR CROLOY 2-1/4 STEEL IN PRODUCTS OF A SODIUM-WATER REACTION; 

Background Information; 

Tube failures, due to sodium-water reactions, can result from stress 

corrosion. Considerable interest has been generated in this later type 

of metal failure, and little is known of its rates under the widely 

varying environmental conditions which can exist. 

Examples of such corrosion can be found in the tube failures at 

Enrico Fermi Power Plant. In one area where a sodium-water reaction 

occurred, blisters with longitudinal cracks were noted. The wall thick

ness of the tube at the point of the reaction was reduced by about l/2. 

During normal operation, hot sodium is circulated through the steam 

generator. If a sodium-water reaction occurs with its associated products 

of reaction, the station operator has two choices in regard to sodium 

flow, (l) shut off the sodiiim flow to the steam generator and permit 

sodium temperature to decay to the isothermal condition, or (2) keep 

the sodium flowing and maintain a specific temperature in the unit. 

Since the products and rates of reaction are temperature dependent, it 

may be advantageous to maintain a predetermined sodium temperature to 

lessen ttje corrosion effects of a sodium-water reaction. 

The program described below is directed toward the assembly of the 

necessary test equipment, and the determination of corrosion rates for 

Croloy 2-1/4 steel in hot aqueous solutions of sodium hydroxide, and in 

suitably equilibrated solutions of sodium hydroxide in molten sodium. 

Corrosion rates in pure sodium will be determined in order to establish 

base values for this work. 
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Croloy 2-1/4 steel is used for this project since it is more suscep

tible to gross corrosion in a sodium environment than any of the stain

less steels to be used for other parts of the system. Although the 

austenitic steels are more susceptible to stress corrosion, extensive 

work has already been done in this area by B&W and others. 

Objective' 

The objective of this program is to provide information pertaining 

to the rate of corrosion of Croloy 2-1/4 steel with reactor products of 

water-to-sodium leak. A second objective is to be able to postulate 

the mechanism of reaction between Crolpy 2--1/4 steel and the sodium-

water reaction products. With such information, it will be possible to 

determine if there are operational procedures which will reduce the 

corrosion effect of a sodium-water reaction on the tube material. Also, 

the tests will indicate what products of corrosion will affect the tube 

material and to what extent. 
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PRESENT STATUS; 

This project has been completed and Report BAW-1280-30, dated 

November 15, 1965 has been distributed. 

The conclusions from this R&D Program are as follows: 

1. The corrosion rate of Croloy 2-1/4 steel in aqueous sodium hydroxide 

solutions is a function of temperature and concentration. 

2. The corrosion rate of Croloy 2-1/4 steel in aqueous sodium hydroxide 

solutions is more dependent upon temperature conditions than upon 

solution concentrations. 

3. The corrosion rate of Croloy 2-1/4- steel in aqueous sodium hydroxide 

solutions is generally linear with time, and no "induction" period is 

involved in the corrosion. 

4. In general, the corrosion rate of Croloy 2-1/4 steel in aqueous 

sodium hydroxide solutions is very high at temperatures above 200F, 

reaching a maximum of 2.67 ipy at 900F. 

5. The corrosion rate of Croloy 2-1/4- steel in sodium (containing 

"̂ 90 ppm Na O) is comparatively low at temperatures up to 1250F, 

under these test conditions. 

6. The corrosion rate of Croloy 2-1/4- steel in sodium containing relatively 

small quantities of sodium hydroxide is comparatively low at temperatures 

up to 900F and is similar to that for sodium containing'^90 ppm of NapO. 

At temperatures above 900F, the rate for the lower NaOH concentrations 

is considerably higher. 

7. The corrosion rate of Croloy 2-1/4- steel in a sodium hydroxide-sodium 

system increases as the concentration of sodium hydroxide increases, 
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PRESENT STATUS (Continued) 

7. but is not as great as that for aqueous sodium hydroxide solutions 

at the same temperature. 

8. The corrosion rate for Croloy 2-1/4- steel in a sodium hydroxide-sodium 

hydride-sodium system is lower than the rate in a sodium hydroxide-

sodium system having the same starting concentration of sodium hydroxide. 

9. The mechanism for the corrosion of Croloy 2-1/4 steel in aqueous 

sodium hydroxide solutions is simple solution attack, with some slight 

intergranular oxide formation at elevated temperatures in very concen

trated solutions. 

10. The mechanism for the corrosion of Croloy 2-1/4 steel in a sodium 

hydroxide-sodium hydride-sodium system at 900F is simple solution 

attack, with no preferential attack. 

11. The mechanism for the corrosion of Croloy 2-1/4 steel in sodium hydroxide-

sodium systems at high temperatures is characterized by the formation 

of intergranular oxide. The major weight loss is due to subsequent 

removal of whole grains from the metal surface. 

12. There was no evidence of decarburization in the corrosion of Croloy 

2-1/4- steel in aqueous sodium hydroxide solutions. In the present 

test specimens there was no evidence of decarburization in sodium 

(containing'^90 ppm NapO) at 1400F, in the 5 weight percent sodium 

hydroxide-sodium system at 1375F, or in the sodium hydroxide-sodium 

hydride-sodium system at 900F. 
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4.3 PROCEDURE FOR WELDING TUBES TO BACK SIDE OF TUBESHEET; 

Background Information; 

An expanded and seal welded tube-to-tubesheet joint can develop a 

crevice exposed to the sodium side. Sodium vapor will collect in this 

crevice. When the steam generator is shut down for maintenance, moisture 

laden air finding its way into the sodium side of the unit will result 

in the formation of a strong caustic solution concentrated in the crevice 

thus presenting the classical conditions for stress corrosion of stain

less steel or "Caustic embrittlement" of ferritic alloys. 

Objective: 

One way to eliminate the above problem is to machine a projection 

on the sodium face of the tubesheet at each tube and butt weld the tube 

to this projection. 

Scope; 

The purpose of this project is to develop the welding machine, welding 

processes, and Quality Control procedures to demonstrate sound welds for 

use in the Full-Size and Prototype Steam Generator. 

A "flash-type" welding process was investigated and, although sound 

welds were produced, the inner surface of the weld was such that the 

integrity of the weld could not be varified by x-ray or other non-destructive 

techniques. 

A change in scope of this project was suggested to stop work on 

the "flash-type" welding process and develop a TIG process utilizing a 

cold wire feed into the weld. (Filler wire is required for the thick

ness of tubes in the full-siee and Prototype Steam Generator. This change 



in scope was approved, and work has begun on this TIG process with cold 

wire feed.) 

PRESENT STATUS: 

The cladding of the twenty-five tube mock-up for the 5/8" O.D. tubes 

has been completed. The weld preparation for making these tube-to-tubesheet 

welds will be machined from weld deposit cladding in order to insure clean 

metal the weld preparation. The shape of the weld preparation has been 

firmed up for the 5/8" O.D. tubes. As soon as the welding of the stub 

tubes to the tubesheet mock-up has been completed it will be sent to 

LASL for checking out the procedure for x-raying these welds. 

The fabrication of the welding torch for making the 7/8" and 1" O.D. 

welds is completed and the torch and wire feed mechanism are being assembled. 

Material is oni hand for making the qualification welds to firm up the 

configuration of weld preparation for these welds^ in both Croloy 2-1/4 

steel and in Type 316 Stainless Steel. It is anticipated that the first 

demonstration welds will be made in January, 1966. 
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PRELIMINARY CONTROL & INSTRUMENTATION STUDIES: 

4.4.1 Preliminary Control Studies 

Scope; 

This project is directed toward developing a mathematical model to 

describe the dynamic performance of the B&W Full-Size Steam Generator and 

Prototype Steam Generator, Analogue simulation of the steam generator 

characteristics will be accomplished using a differential analyzer type 

of analogue computer. By comparing the actual performance of the B&W 

Prototype Steam Generator in the SCTI test loop with the simulation, the 

mathematical^equations will be adjusted as required. The revised analogue 

simulation will then be used to predict the performance of the Full-Size 

Steam Generator with its controls in a Full-Size Reactor Plant where as 

many as three steam generators might be employed in a parallel arrange

ment. 

PRESENT STATUS; 

The derivation of the mathematical model for the Prototype Steam 

Generator operating as an open system is complete. The model has been 

further simplified to fit the analogue computer. The computer has been 

wired and debugging of the model is in progress. 

The important parameters that have become evident as the writing of 

the mathematical model progressed were used in selecting the locations 

where important measurements must be made during testing at SCTI in order 

to get dynamic performance data from the tests. The design of the in

strumentation that will be installed in the Prototype Steam Generator was 

guided by the results from this study. 
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4.4.2 High Temperature Strain Gauges in a Sodium Environment 

Scope; 

The rapid thermal transients that are characteristic of a sodium 

reactor system represent a severe design problem with respect to tube-

sheets, nozzles, and thermal sleeves. One of the objectives of the 

testing of the Prototype Steam Generator is to demonstrate the adequacy 

of the design in these critical areas. In order to make meaningful 

strain measurements in each problem area, strain gauges should be 

developed that are accurate to temperatures of 1200F and that are 

stable in calibration both after extended exposure in a high temperature 

sodium environmento This project is directed toward developing a suitable 

strain gauge for the above criteria. Commercially available strain 

gauges will be tested and modifications made to these gauges as required, 

PRESENT STATUS; 

The following types of high temperature strain gauges are presently 

being investigated for use on the Prototype Steam Generator. 

MICRODOT 650F GAUGE; 

The gauges of this type originally received from the vendor failed 

in sodium because the sodium attacked the brazing alloy used to attach 

the strain gauge to the lead wire sheath. Two gauges were obtained from 

the vendor unbrazed so that different types of brazing alloy could be 

studied. These two gauges which ware nicrobrazed by the welding group 

have been tested in sodium at 650F, The nicrobraze was found to give 

satisfactory service in sodium. The drift of these gauges was found to 

be excessive for long term use. 
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BLH HIGH TEMPERATURE WELDAELE STRAIN GAUGES; 

These gauges are now being calibrated at temperatures up to HOOF. 

Since these gauges are not sheathed they will not be suitable for ex

posure to the steam or sodium environment, but will be suitable for 

strain measurements on the outside of high temperature nozzles such as 

the sodium inlet nozzle. 

900F MICRODOT HALF BRIDGE GAUGE; 

Two of these units have been calibrated and evaluated at temperatures 

up to 950F. These gauges have so far given the best results. The gauges 

have been nicrobrazed for use in sodium and will be tested in sodium up 

to 1025F. Also, a new technique will be used whereby the gauges can be 

calibrated and detached from the test beam for reuse on any other surface. 

This will allow careful calibration of the gauges in the laboratory with 

these same gauges removed later and attached to the steam generator. 
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ABSTRACT 

The Preliminary Design of the Prototype Steam Generator 

has been completed and the report BAW-1280-28 has been distri

buted. 

Fabrication of the Prototype Steam Generator is approxi

mately 35^ complete and on schedule. The present status of the 

several RScD projects still underway is outlined in Section 4 

of this report. 


