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ABSTRACT 

This is the first monthly progress report on this Contract, In 

addition to discussing the progress on the various phases of the work, this 

first report covers some of the history of the Contract and some general 

design criteria are discussed. 

The scope of this Contract is as follows: 

Phase I - Preliminary design of 1000 MW Steam Generator. 

Supporting Research and Development. 

P̂ l̂ eliminary design of 30 MWt Prototype Steam Generator. 

Phase II - Detail design of 30 MWt prototype. 

Fabrication of prototype for installation at SCTI. 

Final report on test of prototype. 
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2. INTRODUCTION 

This is the first Monthly Progress Report on this Contract. 

It contains a description of the history and scope of work to 

be done. It is planned to include enough background material 

in each month's progress report that each report can be understood 

without reference to all previous reports. In general, each 

report will have a section describing the design work, the R&D 

program, and the Critical Path Schedule as outlined in the Table 

of Contents. 

2.1 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. 

2.2 SCOPE OF CONTRACT 

The scope of work covered under this Contract is briefly 

as follows: 

Phase I 

A - Preliminary design of 1000 MW Sodium-Heated Steam 

Generator. 
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B - Supporting Research & Development Work 

C - Preliminary design of 30 MWt Prototype Steam 

Generator 

Phase II 

A - Detail design of Prototype Steam Generator 

B - Fabrication of Prototype Steam Generator for 

installation and testing at SCTI, Santa Susanna, 

California 

C - Final Design Report relating the performance of the 

Prototype to the design of the 1000 MW Steam 

Generator 

CHANGES IN SCOPE OF CONTRACT 

To meet the Commission's overall objective stated above, 

a change in the scope of the Contract was agreed to per 

F,C. Mattmueller's letter dated May 8, 1963, to increase 

the size of the boilers from 1000 MWt in three units to 

1000 MWe in three units. This would result in three 

boilers for a 1000 MWe power plant instead of nine, with a 

significant saving in overall plant cost. For 1000 MWe, 

the reactor would have to produce 2,333 MWt, and each boiler 

would handle 778 MWt assuming an overall plant efficiency 

of 4-2.8 per cent. 

Large Central Station steam turbines are designed for 

certain "Preferred Standard" steam pressures and temperatures. 

There are significant savings in cost if these Preferred 
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standard design conditions are used. For this reason, it 

was requested that the operating pressure for the steam 

generators be changed from 2200 psi to 24.00 psi at the 

superheater outlet to agree with a Preferred Standard 

design condition. The steam temperature of 1050 F with 

reheat to 1000 F already agreed with the Preferred Standard 

design conditions. 
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DESIGN WORK 

The design work under this Contract is proceeding according 

to the Critical Path Schedule included with this report. The 

status of the design work is as outlined below. 

3.1 GENERAL DESCRIPTION OF DESIGN 

To meet the oyerall Commission objective of developing 

economical, practical nuclear power, the steam generator 

being designed under this Contract will be of the "once-through" 

type because economic studies have shown that the once-through 

boiler cpsts considerably less than a recirculating boiler, 

especially in large sizes. A single tube wall will be used 

because it is felt that adequate safety measures can be 

provided to protect personnel and to protect the boiler 

against severe damage in the event of a tube rupture, and 

by using a single tube wall a considerable saving in cost 

results. 

A very compact arrangement of heating surface is possible 

by using concentric helical coils for both the boiler and 

superheater. The steam generator is being designed so that 

the superheater and boiler tube banks are individually 

removable for inspection or repair should this be necessary. 

The boiler bank will be made of a low-cost alloy such as 

Croloy 2 I/4. because the tube temperatures are within the use 

limits for this material. For the high-temperature superheater, 

a material must be used having good stress characteristics 
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at high temperature. Stainless steel and several other alloys 

are being investigated for possible application in the 

superheater. 

1000 MWE STEAM GENERATORS 

The general configuration of the steam generator is shown 

on Drawing AP-1-54--14L-0. This drawing shows a boiler for 

1000 MWt in three units, whereas the present size is 1000 MWe 

in three units. The boiler as it is now being designed is 

approximately 2.3 times as big as the one shown on the drawing. 

The drawings of the larger size unit are started but are not 

completed for inclusion in this progress report. 

A tabulation of design parameters begins on Page 7 . Table 1 

describes the boiler, Table 2 the superheater, and Table 3 the 

reheater. 

30 MWT PROTOTYPE STEAM GENERATOR 

Design work on the 30 MWt prototype steam generator wi l l 

be s ta r ted after most of the design work has been completed 

on the large-s ize un i t so tha t the prototype can be a t e s t 

model for problem areas uncovered in the design of the large 

un i t . A proposition drawing of the prototype was prepared to 

ant ic ipate some of the manufactxiring and assembly problems tha t 

may come up l a t e r . This drawing, SK-051568, shows approximately 

what the prototype wi l l be and gives some idea of the overall 

size of the un i t . 
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TABLE 1 

3 Units Required 

Design Conditions 

STEAM GENERATORS 

Parameters for Each Unit 

Sodium Temperature 
Sodium Pressxire 
Steam Temperature 
Steam Pressure 

Operating Conditions (Full load) 

Heat Load 
Sodium Flow 
Sodium Inlet Temperature 
Sodium Outlet Temperature 
Sodium Pressure Drop 
Steam Flow 
Feedwater Temperature 
Outlet Temperature 
Outlet Pressure 

Material 

Tubes 
Shells, heads 
Tube sheets, nozzles 

Heat Transfer Results 

Tubes - number 
size 
effective length 

Overall H.T. Coefficient 
Ec onomlz er 
Boiler (Film Boiling Section) 
Superiieater 

Fouling Factor 
Corrosion Allowance 

1200 F 
300 psig 
770 F 
2725 psia *(Nominal) 

1638 x 106 Ib/hr 
15.59 X 106 Ib/hr 
993 F 
645 F 
2.5 psi 
2.403 X 106 Ib/hr 
530 F 
720 F 
2565 psla 

Croloy 2 l A , 
Croloy 2 I/4. 
Croloy 2 I/4. 

T-22 

680 
1" O.D. X 0.154" MW 
131.0 f t . 

529.5 B/hr/ft2 F 
450.5 B/hr/ft2 F 
512.0 B/hr/ft2 F 
3333.0 B/hr/ft2 F 
0.009" 

Heat Transfer Surface 

Total 
Economizer 
Boiler 
Superheater 

20,600 ft2 
8870 ft2 
9800 ft2 
1930 ft2 



TABLE 1 (CONT'D) 

Downcomer Inlet Tubes 

Size 
Length 

Superheater Ou t l e t Tubes 

5/8" O.D. X 0.076" MW 
60 f t . 

Size 
Length 

Pressure Drop (Steam Side) 

Downcomer I n l e t Legs 
Economizer 
Bo i l e r 
Superheater 
Outlet Legs 

Total 

1" O.D. X 0.15;̂ " MW 
20 ft. 

30.0 psi 
11.1 psi 
38.1 psi 
9.6 psi 
31.7 psi 
120.5'psi" 



TABLE 2 

3 Units Required 

SUPERHEATER 

Parameters for Each Unit 

n Conditions 

Sodlxim Temperature 
Sodium Pressure 
Steam Temperature 
Steam Pressure 

1200 F 
300 psig 
1090 F 
2675 psia 

Heat Load 
Sodium Flow 
Sodium Inlet Temperature 
Sodium Outlet Temperature 
Sodium Pressxire Drop 
Steam Flow 
Steam Inlet Temperature 
Steam Outlet Temperature 
Outlet Pressure 

Material 

Tube 
Shell 
Tube sheets, Heads 

Heat Transfer Results 

Tubes - number 
size 
e f f e c t i v e l eng th 

Overa l l H.T. Coef f i c i en t 
LMTD 
Sxirface 

Downcomer I n l e t Tubes 

Size 
M a t e r i a l 
Length 

Ou t l e t Tubes 

Size 
Ma te r i a l 
Length 

691.67 X 106 Btu /hr 
15.59 X 106 Ib /h r 
1140 F 
993 F 
2 psi 
2.403 X 10° Ib/hr 
720 F 
1050 F 
24.65 psla 

SA-213 TP 316 SS 
Croloy 2 I / 4 
TP 316 SS 

1220 
7/8" O.D. X .122" MW 
46.7 ft 
320 B/hr/ft2 F 
165.5 
13,100 ft2 

7/8" O.D, X 
TP 316 SS 
28 ft 

7/8" O.D. X 
TP 316 SS 
20 ft 

.122MW 

,122" MW 
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TABLE 2 (CONT'D) 

Pressure Drop (Steam Side) 

Downcomer Tubes 15.0 psi 

Tube Biindle 32.4 psl 
Outlet Tubes 20.2 psi 

Total 67.6 psi 

Transverse Tube Spacing ST 1.25" 
Parallel Tube Spacing S n 1.25" 
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TABLE 3 

3 Units Required 

REHEATER 

Parameters for Each Unit 

Design Conditions 

Sodium Temperature 
Sodium PressTore 
Steam Temperature 
Steam Pressure 

Operating Conditions (Full Load) 

Heat Load 
Sodium Flow 
Sodium Inlet Temperature 
Sodium Outlet Temperature 
Sodium Pressure Drop (approximately) 
Steam Flow 
Steam Inlet Temperature 
Steam Outlet Temperature 
Outlet Pressure 

Material 

Tubes 
Shell 
Tube sheets, Heads 

Heat Transfer Results 

Tubes - number 
size 
effective length 

Overall H.T. Coefficient 
LMTD 
Sprface 

Pressure Drop (Steam Side) 

Downcomer Tubes 
Tube Bundle 
Outlet Tubes 

Total 

Transverse Tube Spacing Sij 
Parallel Tube Spacing S n 

1200 F 
300 psig 
1050 F 
625 psia 

106 Btu/hr 
10° Ib/hr 

326.7 X 
2.4.07 X 
114.0 
690 
4k psi 
1.71 X 106 Ib/hr 
655 F 
1000 F 
490 psla 

SA-213 TP 316 SS 
Croloy 2 I/4 
TP 316 SS 

600 
1 1/2" O.D. X .077 
136.6 f t 
13A.2 B / h r / f t 2 F 
75.7 P 
32,200 f t 2 

4..O p s l 
19o3 p s l 

3 .2 p s l 
26.5 p s i 

2" 
2" 
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TABLE 3 (CONT'D) 

Downcomer Tubes 

Size 
Length 

1 1/2" O.D. X .077" MW 
30 ft 

Outlet Tubes 

Size 
Length 

1 1/2" O.D. X .077" MW 
10 ft 
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RESEARCH AND DEVELOPMENT PROGRAM 

Research and development work has been approved under t h i s 

Cont rac t on the fo l lowing p r o j e c t s : 

1. Mater ials : Carbon transfer and effect on material proper t ies . 

2. Effect on heat t ransfer and two-phase flow of coiling tubes. 

3 . Sodium-water react ion. 

4-. Procedure for welding tube to back side of tube sheet. 

5. Radiographic inspection of back side tube welds. 

6. Chemical simulation of sodium environment for leak testing. 

The problem to be solved and general scope of each project 

is described below. The detail test procedures are being worked 

out and test equipment designed at this time. 

4.,1 MATERIALS - Carbon Transfer and Effect on Material Properties 

At temperatures above 900 F in sodium systems, significant 

decarburizatlon of Croloy 2 I/L, and many other ferritic alloy 

steels occurs. The loss of carbon degrades the material 

properties and affects the allowable stress which can be used 

in design. 

The carbon that is lost from the low alloy steels will 

tend to deposit out on any stainless steel sxirfaces in 

contact with the sodium. 

The rate of carbon migration for the operating conditions 

of the boiler being designed under this Contract and the 

effect on the properties of materials of construction are 

- 13 -



still unknown. This project will provide information on 

which this and other sodlxim-heated boilers can be designed. 

The R&D program will consist of several phases as 

follows: 

Phase I 

Design and build a single tube model boiler test loop 

of Croloy 2 \/k and Type 316 Stainless Steel to simulate 

materials of full-size steam generator. Install samples 

of both materials. 

Phase II 

Operate test loop to simulate sodium and steam flows and 

temperatures of full-size boiler. Total operating time to be 

approximately 5000 hoxirs. 

Phase III 

At intervals, remove Croloy 2 1/4- and Stainless Steel 

samples and examine for carbon transfer or mass transfer. 

Determine if carbon migration seeks an equilibrium in 

each material. 

Phase lY 

Analyze results as they apply to design of full-size 

steam generator. 

EFFECT ON HEAT TRANSFER AND TWO-PHASE FLOW OF COILING TUBES 

Any once-through boiler operates at all temperatures 

and steam qualities between the subcooled water entering and 

the superheated steam leaving. At some location in the 
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boiler tube, nucleate boiling conditions will break down and 

"film boiling" set in. The point at which this occurs will 

depend on pressure, mixture velocity and quality, local heat 

flux, and probably on curvature of the tubes. 

Since heat transfer conductance under film boiling 

conditions is much lower than under nucleate boiling, the 

knowledge of the location of the point of Departure from 

Nucleate Boiling (DNB), and the heat transfer under 

nucleate and film boiling conditions are of great Improtance 

in designing a steam generator, 

Much work has been done on this problem by the Company 

and others. All of the work done so far has been on straight 

tubes. 

To study the effect of curvature of a tube on the 

conditions at which the DNB occurs, we propose to install a 

curved tube sample in the boiling heat transfer test 

loop now Installed at Alliance Research Center. This tube 

will be operated over a range of heat fluxes and water 

velocities simulating the operating conditions of the proposed 

boiler. The location of the point of departxire from nucleate 

boiling will be determined, and the effect on tube temperature 

recorded. These data will be compared to similar data 

for straight tubes to determine the effect on"the boiler 

design. 
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SODIUMTWATER REACTION 

The program that was originally proposed for Investigation 

of sodium-water reaction was concerned only with the ability 

to relieve the reaction products from a large leak — the full 

rupture of one tube. Experience at Enrico Fermi Station since 

this proposal was made indicate that corrosion and perhaps 

year in the zone near a relatively small leak is of great 

concern. 

Since the R&D work originally proposed seems to miss 

the mark, no R&D work has been started on this project. The 

whole problem is being re-examined and a new program ft>rmulated. 

This will be submitted for Commission approval approximately 

July 1, 1963. 

PROCEDURE FOR WELDING TUBES TO BACK SIDE OF TUBE SHEET 

An expanded and seal welded tube-to-tube sheet joint 

can develop a crevice exposed to the sodium side. Sodiiim 

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 caxistic solution concentrated in the crevice; 

thus presenting the classical conditions for stress corrosion 

of stainless steel or "caustic embrittlement" of ferritic 

alloys. 

One way to eliminate the above problem is to machine 
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a projection on the sodium face of the tube sheet at each tube 

and butt weld the tube to this projection. 

The Company has a machine under development for making 

inexpensive tube-to-tube sheet butt welds. The development 

of this welding machine, welding processes, and the quality 

control procedures will be completed to demonstrate a 

commercially feasible process for making the tube-to-tube 

sheet welds on the subject steam generator. 

RADIOGRAPHIC INSPECTION OF BACK SIDE TUBE WELDS 

A program has been proposed to develop a method of 

welding tubes to the back side of tube sheets. It is, of 

course, desirable to radiograph the tube-to-tube sheet weld. 

However, radiographs taken from outside the tubes may not give 

clear pictures because of the close tube spacing, and no 

radiation source small enough to be inserted into the tube is 

available. 

If a point source for radiation can be developed, it 

should produce pictures with good definition when it is 

located inside the tube and the film is ̂ wrapped around the 

tube. 

The Company believes that such a point source can be 

produced by irradiating a spherical heavy element target 

approximately I/I6" diameter from a beta emitter surrounding 

It. Promethlum 14-7 has been suggested as a suitable beta 

emitter. This will produce focal spot sizes of I/I6", 
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CHEMICAL SIMULATION OF SODIUM ENVIRONMENT FOR LEAK TESTING 

Leaching out of minute slag or oxide Inclusions by sodium 

is well known. Even though metal components are tested by 

ultrasonics and magnetic particle methods and found to be 

metallurglcally sound, oxide inclusions may still be present. 

When hot sodium comes in contact with these oxide inclusions, 

the oxide leaches out leaving areas that are subjected to 

accelerated attack and ultimate failure. 

In a previous sodium heated boiler proposal, the Company 

considered shop tests whereby the boiler would be Immersed 

in sodium at operating temperature for approximately three 

days to leach out any Inclusions. The boiler would then be 

subjected to a mass spectrometer test and any leaks repaired 

before shipment. However, the many problems associated with 

handling sodium in a manxifacturing facility, together with 

the problems of cleaning the sodium from the boiler after the 

test to prevent the absorption of water from the air and 

possible setting up of stress corrosion, makes this test 

undesirable. 

Recent studies have Indicated that it may be possible to 

find a solution that will react in the same manner as sodium 

in leaching out oxide, but will be easier to handle in a 

manufacturing facility. One material that appears promising 

is a Dow Chemical product called "Versene." The Company 

proposes that a feasibility study be made on using this material 
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I 
or some similar type material that can be handled easily in 

the manufacturing shop. 

I 
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CRITICAL PATH SCHEDULE 

One of the requirements of this contract is to schedule the 

work according to a PERT schedule or equivalent. 

A Critical Path Schedule has been prepared for the design 

work of Phase I. (This is the preliminary design of the 1000 MW 

unit and preliminary design of the 30 MWt prototjrpe.) The schedule 

will be expanded to Include the R&D work as soon as the various 

projects are laid out in enough detail. The schedule for Phase II 

(detail drawings, procurement of materials, fabrication and delivery 

of the 30 MWt prototype) will be added as soon as possible to 

facilitate the Commission's planning for SCTI. 

In preparing the portion of the schedule for Phase I, the 

design work was broken down into individual tasks and an arrow 

diagram made showing the inter-relation of these tasks. The time to 

complete each task was estimated. In general, the statistical 

mean time, Tmen = "̂ min + Tmax + 4- Tavg, was used, although this 

6 
was modified in some cases based on experience. 

The schedule and times were run on a Critical Path Method 

program on the Burroughs 220 Computer. This program developed 

the Critical Path Schedule that, after some revisions to shorten 

the overall time span, was plotted as shown on Page "2^. This 

chart was plotted with a time scale as the ordinate to portray 

the schedule as clearly as possible. 

The critical path can be recognized easily as the dark line, 

and tasks along this line set the overall time span for the whole 
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project. Other tasks have "float" time — shown as dotted lines. 

These tasks can float over a considerable time period to make optimum 

use of manpower without affecting the completion of the overall 

project. 

A number of schemes were tried to show graphically the stage of 

completion of the various tasks. None of the schemes showed up', too 

clearly on the chart when reproduced in one color. The scheme used 

in this report is to use a wavy line above the regular arrows for 

the various tasks to indicate the status of the work on each task. 

By comparing the status of each job with the large arrow indicating 

the date of this report, one can quite easily see which jobs are 

on schedule, ahead of schedule, or behind schedule. It is the 

writer's opinion that some graphical plot such as this gives the 

maximum information with the minimum effort on the reader's part. 

This schedule chart will be brought up to date each month and 

Included In each month's progress report. 
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