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ABSTRACT 

This is the twenty-fifth Monthly Progress Report on this Contract. 

It contains information up-dating the various phases of the Design Work 

and the R W Program. 

The Preliminary Design of the Full-Size Steam Generator is 

complete and the Design Report has been issued. The Preliminary Design 

of the Prototype Steam Generator is approximately 98^ complete. A 

draft of the Preliminary Prototype Design Report has been circulated to 

the members of the Steam Generator Standing Committee, 

The analysis of Sodium-Water Reaction Problems in both the Full-

Size and Prototype Steam Generator is continuing. This work is being 

done by BiSW and by APDA under Subcontract. A description of this work 

is reported in Section 4.7 of this reports 

Purchase orders have been placed for almost all of the long-lead 

materials to be used in fabrication of the Prototype Steam Generator 

and this material is beginning to be received. 



^- INTRODDCTION; 

This Monthly Progress Report summarizes the status of the work in 

progress under this Contract as of this date. 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, and 

the R ^ Program, as outlined in the Table of Contents. 

*l HISTORY OF CONTRACT; 

Thia 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 stdam generator 

design will he available for use in the Atomic Energy Commission Sodiup 

Reactor Development Program which has the overall objective of developing 

reliable, economical, large central station nuclear power plants. 

.2 SCOPE OF CONTRACT; 
I'm H I ' I. I l l 

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, 

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, 

DESIGN WORK; 

The design work under Phase I of this Contract is proceeding according 

to the Critical Path Schedule, The status of the design work is as outlined 

below, 

DESIGN CRITERIA; 

There are dertain basic design criteria that are important in the 

design of steam generators. Some are important in the design Of any steam 

generator, some are important in the design of a once-through steam generator, 

and some are of vital importance in the design of a sodium-heated once-

through steam generator. The important design criteria are as follows; 

1, Once-through type of steam generator. 

2, Single tube wall separating the fluids, 

3, Tube sheets exposed to inert gas only, 

4, Ready access to tube ends for inspection and repair, 

5, Design can be extrapolated to larger or smaller sizes as required 

for a particular central station application, 

6, Design can be extrapolated to steam pressures above the critical 

pressure, 

7, Removable tube bundles. 

8, Hot re-start without thermal shock. 

- 2 -



2 PROTOTYPE STEAM GENERATOR: 

The general arrangement of the Prototype Steam Generator 

is shown on Drawing 20957F. The design and performance data 

are tabulated on Tables 1 and 2. The Prototype Steam Generator 

is intended to prove out the various problem areas is design, 

manufacture, and operation of the Full-Size Steam Generator. 

The Prototype Steam Generator has been arranged to mockr̂ up 

a number of areas of difficult access for welding, etc., of the 

Full-Size Steam Generator. 

-3-



PRESENT STATUS: 

D e t a i l drawings have been prepared as requ i red to be able to order 

long lead m a t e r i a l . Orders have been placed for the major i ty of the 

m a t e r i a l having long d e l i v e r y t imes t h a t w i l l be r equ i r ed e a r l y in 

f a b r i c a t i o n . Some of t h i s m a t e r i a l i s beginning to a r r i v e . 

A d r a f t of the Pre l iminary P ro to type Design Report lias been s e n t 

to members of the Steam Generator Stajiding Committee i n pr-e para t i p n 

for a c o n t r a c t review meet ing . This Design Report inc ludes sections-^ 

on f u n c t i o n a l c a l c u l a t i o n s , s t r e s s a n a l y s i s , and fabricat l jon s p e c i f i -

c a t i o j i s . The f a b r i c a t i o n s p e c i f i c a t i o n s include the t e s t i ng -and Qual i ty 

Control s p e c i f i c a t i o n s and acceptance s t a n d a r d s . 

Work i s con t inu ing -on t h e des ign of the t e s t I n s t rumen ta t i on . 

Nozzles have hean provided i n the ^ h e l l fo r br ing ing the thermocouple 

and s t r a i n gage sheaths oilit. Mock-ups of high tejnperature s t r a i n gages 

a r e being made a t A l l i a n c e Research Center to determine the b e s t type of 

s t r a i n gage for the var ious a p p l i c a t i o n s and to determine the c a l i b r a t i o n 

f o r these s t r a i n gageg. 

Ana lys i s of the F u l l - S i z e and Prototype Steam Generator for the 

consequences of a Sodium-Water React ion i s proceeding, J3yna«ic a n a l y s i s 

of the main s h e l l i s being made on an impulse-momentum basis„ 

-4-





TABLE 1 

PROTOTYPE STEAM GENERATOR 
BOILER SECTION 

Design Conditions 

Sodium TemperatTjre 1200 F 

Steam Temperature 
Steam Pre s su re 

Operat ing Condi t ions ( F u l l Load) 

Heat Load 

Sodium Flow 
Sodium I n l e t Temperature 
Sodium O u t l e t Temperature 
Sodium Pres su re Drop 
Steam Flow 
Feedwater Temperature 
Ou t l e t Temperature 
Ou t l e t Pres-snre 

M a t e r i a l 

Tubes 
S h e l i s , Heads 
Tube Shee t s , Nozzles 

Heat Transfer Resu l t s 

Tubes, Economizer 
Nucleate & Film Boi l ing 

Sec , 
Superheat Sec t i on 

T o t a l Length 

Number 

25 

25 
25 

1" 

1" 
1" 

0. 

0, 
0. 

,D. 

,D. 
,D. 

800 F 
2750 p s i 

64.35 X 10^ B tu /h r , 
18.84 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 
2507 ps ia 

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

Ef fec t ive 
Size Length 

X 

X 

X 

.120" MW 57,5 f t . 

.145" MW 56,8 f t , 

.165" MW 21.0 f t . 
135.3 f t . 

Boiler 

Overall Heat Transfer Coefficient 
Economizer 

Nucleate Boiling 
Film Boiling 

Superheater 
Fouling Jî ctor 
Corrosion Allowance 

575 B/hr/ft2/F 
646 B/hr/ft^/F 
451 B/hr/ft^/F 
452 B/hr/ft2/F 

3333 B/hr / f tVF 
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 Sj 
Parallel Tube Spacing Ŝ x 

885,1 f t 

376.1 f t^ 
371.6 ff̂ ^ 
137.4 f t2 

5/8« O.D. X 0,076" MW 

1" O.D, X 0.165" MW 

14,82 p s i 
6.21 psi 

31,15 psi 
24,07 psi 
27.10 psi 

1,6.25" 
1.375" 



TABLE 2 
PROTOTYPE STEAM GENERATOR 
SUPERHEATER SECTION 

DesjLgn Conditions 

Sodium Temperature 

Steaw Temperature 
Steam Pressure 

Operating Conditions (Full Load) 

Heat Load 

Sodium Flow 
Sodium Inlet Temperature 
Sodiuffli Outlet Temperature 
Sodium Pressure Drop 
Steam Flow 
SteBm Inl,et Temperatvire 
Steam Outlet Temperatxire 
Outlet Pressure 

Material 

Tube 

SheU 
Tube Sheets, Heads 

Heat Transfer Results 

Tubes - Number 
Size 
Effective Length 

Overall H.T. C o e f f i c i ^ t 
IMTD 
Surface 

Superheater In l e t Tubes 

laoo F 

1070 F 
2625^ psi 

21,82 X 10 BTU/hr, 
6pJ9Wt 

583,000 Ib/hr 
OJUO P 
1016 F 
0.081 ps i 

88,750 Ib/hr 
750 F 
1050 ,P 
2425 psig 

SA-213 TP 316 SS 
Croloy Zo-l/U 
TP 316 SS 

4-5 
7/8" O.D. X ,120" MW 
43,1 f t , 
347,0 B/hr / f tVF 
162,5 
444 ft" 

Size 
Material 

7/8" O.D. X ,120" MW 
Tp 316 SS 



PEQTOTZPE 
DESIGN PRESSURE - BOILER AND SUIERHEATER 

STEPPED DESIGN PRESSURE FOR ONCE-THROUGH BOILERS 
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» RESllARCH AND DEVELOPMENT PROQRAMt 

Research and development work has been approved under this Contract on 

the following projects: 

1, Materials - carbon transfer and effect on material properties 

simulating Full-Sî ê Steam Generator. 

2, Corrosion of Croloy 2-1/4 in products of a sodiym-water reactiO-n. 

3» Procedure for welding tubes to back side of tube sheet. 

4. Ghemicial simulation of sodium Bnvironment for leak testing. 

5* Sodijim-Water Reaction - Engineering Analysis, 

The problem to be solved and the general scope of _each project is 

described on the following pages along with a short description of the 

present status of each project. 

-5-



MATp!RIAlS - Carbon Transfer and Effect on Material Properties; 

Background Information 

There are actually two problems relating to materials and their appli

cation 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 gteam side of the tube. 

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

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 decarbufi?®' 

in sodium ŝ nd for the carbon to deposit out on austenitic stainless steel 

surface in the same sodium circuit. Considerable work has been done on 

mass transfer and carburization-decarburization prob;).ems, 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 316 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 carefuj 

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 the tube from over

heating ("Burnout") when nucleate breaks down and film boiling sets in. 

-6 -



In th i s sodium-heated boi ler there are no extremely high temperatures -such 

as found on the gas side of a f o s s i l fuel f ired boi ler , but because sodipm 

i s so much be t te r a heat t ransfer medium than gas there can be very high 

heat fluxes with moderate temperature differences between sodium and water. 

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

steam generators a t temperature levels below those for which th is boiler 

i s being designed showed a small amount of corrosion had taken place. I t 

i s f e i t tha t further experimentation is required -at the temperature levels 

of i n t e re s t for th i s steam generator to be able to say with assurance tha t 

serious corrosion wi l l not occur. 

Ob,ieotive 

The purpose of th is program i s to study the carbon and mass transfer 

effects in a sodium-heated steam generator containing both aus teni t ic and 

f e r r i t i c mater ia ls , and to determine that these materials wi l l be sa t i s fac tory 

on both the sodiijti^ and the water side for use under the planned operating 

Gondiiions. 

Scope 

A t e s t loop simulating the Full--Size Plant i s being oper-ated. The 

t e s t boi ler consists of a one-tube model steam generator having a Croloy 

2-1/4 boi ler section and a Type 316 Stainless Steel Superheater Section. 

The portion of Croloy 2-1/4 -and Stainless Stef 1 wi l l be arranged to simulate 

the proportions of these materials in the Full--Si2ie -Steam Generator, and the 

r a t i o of surfaces exposed to volume of sodium wi l l be -made to duplicate the 

fu l l - s i ze boi ler as closely as possible . Sodium is circulated outside 

- 7 -



the tube in the model boi ler a t flow ra tes and temperatures simulating tjae 

ful l - load boi le r , and steam i s generated within the tube a t pressures 

and temperatures similar to the ful l - load bo i le r . The sodiy:m system 

consists of an electromagnetic pump, flow -meter, .sadium heater , plugging 

indicator , cold t r ap , and pump. The water-Bide system includes a reservoir , 

pump, heater , boi ler and superheater, condenser-cooler sect ion and a bapk 

pr-essure regula tor , 

The t e s t operation wi l l continue for approximately one year during which 

the un i t w i l i be subjected to s teady-s ta te oonditions as well âs t rans ient 

operation. In th i s way, the f u l l range of ant inipated service w i l l be 

duplicated. Samples are being T-emoved and examined during the t e s t operation 

to get preliminary t e s t r e s u l t s , Foliowing the t e s t , the uni t w i l l be 

dissembled and 1;.he materials examined hj appropriate techniques such as 

met^llographic, electron microprobe, electron microscope, and .spectrographic 

meahs, 



PRESENT .̂ TAinĵ j 

The sodiyto t e s t loop continued in operation in Hay. I t i s anticipated 

that th i s t e s t loop wi l l co-mplete 8,000 hours of scheduled operation pn 

June 3« I t w i i l then be shut down for examination. __Careful examination of 

Specimens removed af ter the 1,000, 2,000, and 4,000 hours of operation sh.ow 

s igni f icant gradients in carbon and other elements throughout the walls of the 

pipe samples, but most of these ef^'ects were e i the r in the -as received piping 

or were changes due to operation for a number of hours a t elevated temperature, 

and have nothing to do with the sodiyta. environment i t s e l f . There is a small 

indicat ion of decarburization of the croloy 2-1/4 a f te r 4QO0 hours, but there 

i s no detec t ib le carburization of the type J l 6 s ta in less s t e e l . I t i s planned 

t6 r-emove samples and make a quick -analysis af ter 8000 hours of exposure before 

the Public Information Meeting to be held in Chicago June 16, If s ignif icent 

carbon migration is oceuring in th i s loop the 8000 hour samples should show i t . 



4.2 CORROSION RATES FOR CROLOY 2-1/4 STEEL IN PRODUCTS OF A SODIUM-WATER 

REACTION; 

Baok^ound Informiation 

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

corrosion cracking, apparent metal fatigue, and bulk transcrystalline 

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 thickness 

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

With such effects on tubes in a steam generator during a sodium-water 

reaction, it is necessary to know as much as possible about this corrosion 

caused by the products of reaction. This knowledge affects two areas of 

sodium-heated steam generator design the operation and materials 

selection. 

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 sodium 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 temperatxire in the xuiit. Since the products 

and rates of rates of reaction are temperature dependent, it may be 

advantageous to maintain a predetermined sodium temperatiire to lessen the 

corrosion effects of a sodium-water reaction. 

^ 10 -̂



The program described below is directed toward the assembly of the 

necessary t e s t equipment, and the determination of corrosion ra tes for 

Groloy 2-1/4 s t e e l in hot aqueous solutions of sodium hydroxide, and in 

sui tably equil ibrated solutions of sodium hydroxide in molten sodium., 

Qorrosion ra tes in pure sodium wi l l be determined in order to es tabl ish 

base values for th is work. 

Croloy 2 - I /4 s t e e l i s used for th i s project since i t i s more ,susceptible 

to gross corrosion in a sodium environment than any of the s ta in less s tee ls 

to be used for other parts of the system^ Although the aus teni t ic s teels 

are more susceptible to s t r e s s corrosion, extensive work has already been 

done in th is area by B&W and others . This data is available for use in the 

Sodium-Heated Steam Generator Development Program. 

Objective 

The objective of th i s program is to provide information pertaining to 

the r a t e of corrosion of Croloy 2-1/4 s t e e l with reactor products of water-

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

of react ion between Groloy 2-1/4 s t e e l and the sodium-water reaction products. 

With such information, i t w i l l be possible to determine if there are 

operational procedures which wi l l reduce the corrosion effect of a sodium-water 

react ion on the tube mater ial . Also, the t e s t s wi l l indicate what products 

of corrosion wi l l affect the tube material and to what extent. 

- 11 -



PRESENT STATUS; 

This project is nearing completion. The corrosion of Croloy 2-1/4 steel 

in aqueous sodium hydroxide is very high at elevated temperatures as Fig. 1 

shows. These are simple corrosion tests in stirred vessels. These data 

will form a basis for comparison as corrosion data become available from tests 

where water and sodium are reacted against a tube or other metal surface. 
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4.a PROCEDURE FOR laELDlNG TUEES TO BAC£ ̂ IDE OF TLffiE ,SHEET; 

Background Information 

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

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 tube sheet at each tube and butt weld the tube to this 

projection. 

Scojoe; 

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 verified by X-ra.y 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 thickness of tubes 

in the Full-Size and Prototype Steam Generator. This change in scope was 

approved, and work has begun on this TIG process with cold wire feed). 
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PRESENT .STATUS; 

Work has begun on the welding head having a cold wire feed mechanism. 

The welding of the 5/8 inch O.D. tubes did not require any filler metal so the 

TIG welding head for this deameter did not incorporate the wire feed mechanism. 

A mock up of the welding head for larger size tubes was made to find the problems 

of feeding the wire Into the weld. After some exploratory work filler wire has 

been ordered that should be ̂ f the proper diameter and temper to feed reliably 

into the weld zone. After the welding and wire feeding techniques are perfected 

the welding head Itself will be optimized. Locating and centering devices 

will be added to the torch bead to reduce it to a practical, useable design 

of the same general nature as the one for the 5/8 inch O.D. tubing. 
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4.A 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 hj ultrasonics and magnetic 

particle methods and found to be metallurgically 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 Cojiipany considered 

shop tests whereby the boiler would be Immersod 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 manufacturing facility, together with the 

problems of cleaning the sodium from the boiler after the test to 

prevent the absorption of water from air and possible setting up of 

stress corrosion, make 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. 

The program to find a suitable reagent to leach out oxide 

inclusions in Croloy 2-1/4 and Type 316 stainless steel will proceed 

in the following two phases: 

Phaso I - Feasibility of various reagents for removing oxides: 

The two reagents that appear attractive at this time are EDTA 

(Ethylene Diamine Tetracetic Acid) and Sulfamic Acid, It is planned to do 

- 15 -



rough-screening testing of the ability of these reagents to remove oxides 

from Croloy 2-1/A and stainless steel material. 

Weld deposits on Croloy 2-1/4 and Type 316 stainless steel flat plate 

will be made under inert atm.osphere. No fluxing material will be used. 

The weld beads will consist of oxides of elements present in the flat 

plate material. In addition to these,, beads of molten slag will be deposited 

on flat plate specimens. Several different fluxes will be used to produce 

slags of different characteristics. 

The ease of removal of the oxides in the beads by either EDTA or 

Sulfamic Acid will be determined, EDTA is more effective at higher temperatures, 

so the tests will be conducted at temperatures approaching the breakdown 

temperature of EDTA, (approximately 350 F). Semi-quantitative evaluation 

will be made by visual and low-power magnification (lOx) study of the test 

specimens after treating with the solutions. 

Phase II 

If either of these two reagents appear feasible for this application, 

test specimens can be made up with known oxide inclusions and more exacting 

techniques used in evaluating the effectiveness of these solutions. 

PRESENT STATUS; 

This project is being completed and will be summarized next month. 

Several reagents were investigated. 
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SODIUM^mTER REACTION - ENGINEERING ANALYSIS - (Quoted from APDA Report) 

I . JREEAGE 

A. Scope 

The objective of this study is to determine whether The 
Babcock & Wilcox Full-Size Steam Generator and the 30-Mw(t) 
Prototype Steam Generator have a high probability of withstanding 
the reaction resulting from a lead of water into sodium. 

B, Relationship to Other Projects 

This study is conducted in direct support of the Sodium-
Heated Steam Generator Development Contract awarded to The 
Babcock & Wilcox Company (Contract No. AT(11-1)-1280., 

II, TECHNICAL piOGRESS 

A. Analys is 

Analysis of the Prototype Steam Generator 

The results of all the analyses cpnducted on the Prototype 
are being summiarizied foi* inclusion in a hazards report for this 
unit. 

Detailed Analysis of th$ Full-Size Steam Generator 

Analysis of reactiins in four different locations in the 
boiler section of the uAit have been completed using the parallel-
path mathematical modeli These analyses were conducted assuming 
vari-ous numbers of simultaneous tube ruptures from 1 to 100, The' 
highest bubble pressure resulted from reactions locjated near the 
bottoD̂  of the downcomer annulus. 

Tube wastage rates, determined from existing data, have 
been used in combination with the mathematical model to analyze 
the 2;'esults of a reaction which causes leak propagation by this 
mechanism. Further aiiaJLyses of this type are being run, and the 
tube wastage data will be re-evaluated as the experimental results 
of the tube thinning tests are made available. 

Examination of possible leak propagation from temperature 
softening of the tubes is continuing. A thorough review of existing 
experimental data pertinent to this problem has yielded little 
quantitative information usable for analyzing the problem. 
Currently, a determination of possible outside heat transfer coeffi
cient and temperature combinations, assuming sodium entrainment in 
the bubble, is underway. Heat transfer coefficients calculated 
from spray cooling data for sodium and a thermodynamic analysis of 
the bubble are combined to yield the h versus t information. 
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• 

In order to define the magnitude of the controlling parameters, 
outside heat transfer coefficients were calculated for which the 
strength of the tubes in the boiler section of the unit would be 
barely sufficient to prevent the tube from rupturlng„ These 
"critical h" values were determined for all 5 sections of the 
boiler tubes and for all operating and fill conditions of the unit. 
The "critical h" values ranged from 9l6 Bhu/hr ft2 op in the film 
boiling region at 20 % load, to 4-,675 Btu/hr ft2 op in the boiler 
downcomer tubes during 4-0 % loado 

Finite-Difference Mathematical Model 

Determination of the friction terms for this model is continuing„ 

B. Air-Water Model Tests 

The high-speed motion pictures of the helium-water preliminary 
model tube rupture tests have been analyzed« The bubble height 
and liquid level height was determined as a function of time for 
four input pressures of 40, 60, 80, and 100 psig of helium. The 
pressure trace data will be used as input data of a mathematical 
model which predicts the growth of the bubble in two dimensions, 
and the liquid level height as a function of timeo The results 
from the mathematical model will then be compared to the experimental 
results to determine how well the model predicts the actual 
events. These results will indicate the accuracy and conservatism 
of the finite-difference model to be applied to the Full-Size Unit, 

C. Sodium-Water Tube Thinning Tests 

Fabrication and checkout of the sodium-water tube thinning test 
apparatus has been completed. 

III. EXPECTED RESULTS 

Analysis of the Full-Size Unit will be completed in June. All 
testing will be continued in June. 

# 
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