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AGENDA 

JUNE 6 I, 9:00 - 9:15 INTRODUCTION AND SUMMARY - T, SPRINGER 

S,JD: 531 

II, 9:15 - 9:45 SYSTEM MATERIAL REQUIREMENTS - L. GLASGOW 

A. TEMPERATURE EXTREMES AND MEANS 

B, STRAIN CYCLES 

C, ENVIRONMENTAL EXPOSURES 

1. ATMOSPHERIC (RECEIVER) 
2, COMBUSTION CHAMBER (FOSSIL HEATER) 
3. FEEDWATER (STEAM GENERATOR) 

III, 9:45 - 11:30 MATERIAL OPTIONS AND CONSIDERATIONS - J, PAGE 

A. MATERIAL CHARACTERISTICS 

1. CARBON STEEL 
2, LOW-ALLOY STEEL 
3. AUSTENIC STAINLESS STEEL 
4. HIGH-NICKEL ALLOY STEEL 
5, TRANSITION WELDS AND JOINTS 

• 
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S,JD :_531 

AGE. 
(CONTINUED) 

B. MATERIALS IN THE ENVIRONMENT 

1. AIR 
2. STEAM 
3, BURNER 

C. MATERIALS AND SODIUM 

1. GENERAL EFFECTS 
2. CARBON TRANSPORT 

IVi 11:30 12:00 SELECTED MATERIALS BY COMPONENT - W, WILLCOX 

A. RECEIVER 

B, FOSSIL-FIRED HEATER 

1. FURNACE 
2. HIGH-TEMPERATURE CONVECTION 
3. LOW-TEMPERATURE CONVECTION 

c. RISER 

D. DOWNCOMER 

• 
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• AGENDA 
(CONTINUED) 

E. STORAGE 

F. STEAM GENERATOR COMPLEX 

1. EVAPORATOR AND SEPARATOR 
2, SUPERHEATER AND REHEATER 

G. PUMPS 

1. CASE AND IMPELLER 
2, BEARINGS 

HI VALVES 

1. BODY 
2. HARD FACING 

I. TRANSITIONS 

V. 12:00 - 1:00 LUNCH 

VI. 1:00 - 1:45 BASIS OF MATERIAL SELECTION 

A, HEATER CB&W) 

• 
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• • AGENDA 
(CONTINUED) 

B. BALANCE-OF-PLANT - J. PAGE 

1. EQUIPMENT AND PLANT COMPONENTS 
2. HEATER TUBE SODIUM ASPECTS 
3. CHLORIDE STRESS 

VII. 1:45 - 2:30 DESIGN FEATURES TO ACCOMMODATE THE MATERIAL - L. GLASGOW 

A, BUFFERING 

1. BUFFERED TANKS 
2. MIXING T'S 

B, ENVIRONMENTAL PROTECTION 

COVERED RECEIVER (TEMPERATURE MAINTENANCE) 

C. SODIUM PURITY 

COLD TRAPS 

D. HARD FACING, VALUES AND PUMPS 
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EI FEEDWATER 

• 
AGENDA 

(CONTINUED) 

1. SEPARATOR TANK 
2. H20 PURITY CONTROL 

F. CYCLIC DRAINING OF RECEIVER 

VIII, 2:30 - 5:00 REACTOR AND TEST LOOP EXPERIENCE 

2:30 - 3:00 A. FOSSIL-FIRED HEATER (Hl AND H2) - W. WILLCOX 

B. LIQUID METAL EXPERIENCE - W. WOLFE 

3:00 - 3:30 BUS TO SPTF 

3:30 - 3:40 VUGRAPH PRESENTATION OF SPTF 

3:40 - 4:00 TOUR SPTF 

• 

4:00 - 4:45 A. SODIUM/WATER REACTION EXPERIMENTS - W. DEBEAR. B-38 

B. SCTI VUGRAPH PRESENTATION 

C, TOUR SCTI 
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SECOND DAY 

AIDA 
(CONTINUED) 

JUNE 7 IX, 8:15 - 8:45 IMPACT OF SERI CONFERENCE - J. PAGE 

:·----...._, 
'->-•~-........ 

A. TOPICS PRESENTED AT SERI CONFERENCE 

B. DISCUSSION OF SPECIFIC AREAS 

1. SODIUM PURITY LEVELS 
2. HYDROGEN LEVELS 
·3. OXYGEN LEVELS 

C. COMMENTS ON SLL ASSESSMENT DOCUMENT 

X. 8:45 - 9:15 COAL PLANT STACK GAS CLEANUP - R. OLDENKAMP 

A, REMOVAL OF PARTICULATES 

B. S02 REMOVAL 

------------------­
~""'--+ ,....._"-•,,.,~ 

-------- ---------- -

"~---~----....,_ 
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~.,...,,~ .. ,. 
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INTRODUCTION AND SUMMARY 
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• MID~TERM QUARTERLY REVIEW 

MATERIALS. TUTORIAL SUMMARY 

• USE OF SODIUM AS HEAT TRANSPORT FLUID IS NOT NOVEL 

30 YEARS OF EXPERIENCE AND $3 BILLION ALREADY INVESTED IN DEVELOPMENT 

120 SODIUM LOOPS DESIGNED, BUILT, AND OPERATED IN. U.S. AND WORLD 

9 SODIUM-COOLED POWER PLANTS CURRENTLY IN OPERATION CUP TO 350 MWE) 

14 SODIUM-COOLED POWER PLANTS UNDER CONSTRUCTION CUP TO 1200 MWE@ 
$1 BILLION EACH) 

• SODIUM SYSTEMS HAVE A SAFETY RECORD BETTER THAN U.S. INDUSTRY AS A WHOLE 

• USE OF SODIUM AS A COOLANT IN THE SOLAR CENTRAL RECEIVER CONCEPT DOES NOT 
__.__ 

• 

REPRESENT A·DEPARTURE FROM THE ESTABLISHED STATE OF THE A~T OF SODIUM TECHNOLOGY 
IN TERMS OF SIZE, TEMPERATURE, FLOW RATE, PRESSURE, AND MATERIALS OF CONSTRUCTION 

• RECEIVER HAS UNIQUE AREAS OF CONCERN IN TERMS OF CYCLE LIFE 

I) Ftockwelt lntemattonal 
l:nervY Systems Group 

JLC :64 
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SYSTEM MATERIAL REQUIREMENTS 
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SOLAR CENTRAL.RECEIVERHYBRID POWER SYSTEM 

~j 
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593 (1100 ± 50) Na 

TDH- mlftl 
P - MNJm2 (pall 
H- m (ftl 

(x. xi HEAT FLUX MW/m2 . 

. 0c (°F) ± 14 {25) 
:E • SIGNAL SUMMER 

D - 111 lftl 
v- 103m31108 o•tl 
O-OPIII 

FFIC • RATIO FLOW CONTROL 

288 (550) 

,- .. e 

593 {1100) 
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C!]E} Rockwell International -

Enorny Systems Grrmp 
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FRONT 
TUBE WALL 

---- I 

CJlt::) Rockwell tnternatlonal i 
Energy Systems Group 

• 
RECEIVER TUBE TEMPERATURE PROFILE 
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CONCLUSION: 

THERE AR[ NO ENVIONME~TS WHICH HAVE 

NOT BEEN ENCOUNTERED PREVIOUSLY, 

I • 

j 
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MATERIAL OPTIONS AND CONSIDERATIONS 
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SECTION Ill-A 

MATERIALS CHARACTERISTICS 
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Ferrite 
le<. Iron) 

Body-Centered Cubic Structure of Alpha Iron 

(ASM} 

Austenite 
(l'lron) 

· Face-Centered Cubic Structure of Gamma Iron 

(ASM} 
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CHROMIUM _ 
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NICKEL 
70-MA 1-48-375 

• 

,_ .. 

'-
·, 



•••-• .,=--•'i?•'••''• .... •• ,_.__ ~.•a~•• • -.:-::-.~:,,-;.• 

• 

• 

• 

V, V, 
LU v, 
~LL.I 
LU _,J 
v,Z 

I -
C) <C 
~~ 

V, V, 
LL.I V, 

~ LL.I 
LL.I _,J 
v,Z -8i5 
('t'\V, 

_,J 
LLl 
~ 
(..) -z 
:c 
C!) -:c 

. . , 
" 

X 8 >-
000 '° ,-4 _,J _,J 
r- _,J LLl 
_,J LLl _z 

0 LU I- 0 
s;azv, (..) 

o<C z 
>-U:C 
oz 
-J-
0 
(..). 

z 

c( 
an 
~ z C0 
~ -c( 
:E 
0 ..... 

'­
(..) . 

0 

C 



ca 

\\ 

Cr 

. F;e 
,, LOW 

ALLOY 

400~SERIES 
STAINLESS - -LIY fr, , , ,,~ 

300 SERIES 
STAINLESS 

• 

~. 

Ni 
70-MA 1-48-375B 
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NOMINAL COMPOSITION OF ·sTRUCTURAL MATERIALS I 
I 
I 
I 
' ! 

MATERIAL COMPOSITION., WT% (BALANCE FE) 
.. 

CR NI Mo St MN TI AL Nn C s p 
! 

AISI 304 18 9.6 - 0.5 J..l - - - 0.07 0.008 0.03 

AISI 316 17 ( 12 2,8 0.5 1,7 - - - 0.05 

AISI 321 18 9.5 0.7 1.1 0.4 - - 0.07 

2-l/4CR-1Mo 2.2 0.1 0,9 0.4 0.6 - - {1.0) o. }/4 0.02 0.01 

9CR-1Mo 9 - 1.0 0.7 1.0 - - - 0.15 0,03 0.03 

ALLOY 800 20 32 0.04 ·0,3 0.8 0.4 0.4 - 0.06 0.007 0.008 
16-3-2 15.5 8.5 1.5 0.5 2.5 (Cu 0.10 0.03 0.03 
ERMICR-3 20 67.0 (FE 0.5 3.0 0.75 ') I 5) 2.5 0.10 0.015 0.03 
( I MCOi·IEL S32) (MIN) 3.0) 
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ASME BOILER CODE ALLOWABLES FOR CAHDIDATE t,1ATERIALS 

16 ~~~~ SECTION VII, DIV 1 

15t '» \ -14 . ~ 

13 

INCONEL 600 

::: 12~ fil ~ • 321 HAND 347 Ii._ "'! II c3I6 H ~~, _ 
c 10 304 HY 
Vl -
~ 9 I NCOLOY 800 (GRADE 2) 

~ 8 CARBON 
~ 7 STEEL -
~ 6 
0 

5 

4 

3 

2 

I 

I NCOLOY 800 
(GRADE 1) 

O'------'-------'------...___ ____ ....., 
800 900 1000 1100 1200 

TEMPERATURE (°F) 70-MA 1-48-34'7 

• 
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CARBON STEEL 

ADVANTAGES 

• VERY LOW COST 

• READY AVAILABILITY 

• GOOD FABRICABILITY 

(EXCEPT WELD POROSITY) 
C r;a.~~ U-J4h1 

• NO CHLORIDE sc_c Vu(l~ ~ . 
dj 0/2tun6 /o~yfl 6CC, 

• 

DISADVANTAGES 

• RUSTS 
cc 

• CAUSTIC sts 
• ABOVE 800°F 

• GRAPHITIZES .~t-e- trnvffi~ Iv e,ikt 

• WEAK 

• OXIDIZES 

• WILL DECARBURIZE IN SODIUM 

• MAY EMBRITTLE AT LOW TEMPS 



• 

ADVANTAGES 

• LOW COST 

• STRONG TO l000°F 

• OXIDATION OK 
. ------
• WON'T GRAPHITIZE 

• NO CHLORIDE sec-

• 
LOW~ ALLOY STEEL 

(1 TO 9% CR) 

• 

DISADVANTAGES 

• MAY RUST 

• MUST HEAT TREAT WELDS 
... 

• MAY HAVE HIGH NIL-DUCTILITY 
TEMP 

• MAY DECARBURIZE j[;J 

7 .;7~ ~ ltihu/-­
&/{/wJ/1 

I~ /, 
• MUCH FOSSIL STEAM f-" -- ~ /: 

GENERATION EXPERIENCE . /' '" / / ("' j / / V . 
• MUCH SOD !UM STEAM . fl _,-Ju~,..•( &,vif' rd ~f 

GENERATION EXPERIENCE ,1,¥>/),Jb 
I
V· ,l\l 11 e, ~, · 

• REASONABLE AVAILABILITY . 1-¾ Ve ' ~1{ pAJ-/ \Alf,,· -\" :,'> .o ,; 11· • , ; 
V]Ayr/,, lP ,.,..-/ I r vvv a.A ~ 1J .L r , /J I 

1' vv I • AfJ} -"" ~ ~ ~ tp ~ri.A 1 

I~ ~ •• ~J}-"'-._, , q eJv c_\'i .. ✓ --(h-t4",V ~t\ ~~.J~• ! 
G~ ,\)'(leiu--r~nt., orJV VD✓. r~f) ~2-A 

\\f T \'IV'~t .vi) 1/ 1-I"" \I ~ ,I' ; ~ ~ ! 
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1 L / 

~1/t/, a J1 r · . 
1 
;1,At sirt ___ -:-- J 

,/,-(' Vf, V ~ / 'I_ ~?7 
.. / "! ~ 

st/,1,t ~;fl,l~l/ 

"4.00 - SERIES" STAINLESS 
i :2 -/ t/ % {',,z_ • 2.J i, 
1 __ ~ , /, O 

( (}Aee: Jh /4'$ a ; ,k,ln, ~¼~ w I .u£/;/µL:ef 
caa-&e/ /M;5--u~JJ / . · ,. 

UT~. /f/ t 

ADVANTAGES 

• DOESN'T RUST 

• LOWER COST 

• NO CHLORIDE sec 

~~ ~ h~r; k4Ld /'Uffl~~ · 
DISADVANTAGES . t4t t---vishl~. . · 

• HIGH-TEMP EMBRITTLEMENT 

,, • DIFFICULT TO WELD 

• CAUSTIC SCC? 

• NO HIGH TEMP EXPERIENCE 

Att-t/15; ~ 



• •• • 
"300 - SERIES" STAINLESS 

ADVANTAGES 

• MODERATE COST 

• GOOD STRENGTH 

• ~SILY WELDED 

• NO NIL-DUCTILITY 

• DOESN'T RUST 

• MUCH RESEARCH 

• MUCH EXPERIENCE . 

• REASONABLE AVAILABILITY 

DISADVANTAGES / /?~if "ff fu~L/'~a/2,1_,e; 

,. J ,I. \ 

iz,nil .U,~"-J -rt,Q'r Nt1 // . 

• SENSITIZES 

• CAUSTIC sec 
• CHLORIDE sec 
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HIGH NICKEL ALLOYS 

ADVANTAGES 

• RESISTS CHLORIDE sec 
• NO NIL-DUCTILITY 

• RESISTS CAUSTIC sec 

WELDABILITY VARIES 

STRENGTH VARIES 

• 
tkuh~ p._ff.u/2.✓ b?J, 
Pb t-d '>td-. -!JJ,1.,•'_,, / ~rfi? 

~- _,1·-L__ 

DISADVANTAGES . . . UJ.-fJLJ 
f-o 1-b f1_1J,,h If' 

• HIGH COST .. 

11 VIJ-i/fo' ' I~ 2- d 

• LIMITED AVAILABILITY 

• WEAKENED BY LEAD AND SULFUR 

~ . ~JU::~: -. .Ill nd>. :>l~,,,1 . -. -
v1 ,IJII ~ - ~~ 
fl t?,d .. P'' j / 1? ( • pJ/'l_ i1 l,,1-i/\,v , ~/h:-1 

1 
°7/,,rr <f -
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LOW TEMPERATURE 

FERRITIC 
LO -o< 

HIGH TEMPERATURE 

2-1/4 CR-
1 Md 

• 
., 

TRANSITION JOINTS "r .J- ~ 
}~:(~') 

CT ( 700°F) 

CT> 700°F) 

·~~ ',~"" l.,, ,, ,,. .,, f I\ . f \U· , ', 

n~· v1-1-
/ ~/ /' 

INCOLOY 
800 

AUSTENITIC 
HI -o<. 

)r: 
ml O ' 1 

ivv ' 

316 ss 

• 
r 
l' 
l 
i 
I 
f 
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• 
DISSIMILAR METAL WELDS - TRANSITION JOINTS PROGRAM 

(316 SS/2-1/4 CR - 1 Mo) 

• CONDUCTED BY DOE AT ORNL 

• DESIGN ANALYSIS - GE 

• MECHANICAL PROPERTIES - ORNL 

• WELD & ISi PROCEDURES - ORNL . 

• LI FE TESTS - ETEC/ESG -

• • PROGRAM INCEPTION - 1976 

• 

• BUDGET 1. 25 M/YR. 

• COMPLETION - LATE 1980 

• TRANSITION JOINT SCHEMATIC: 
)fa/'{t 

/9 '1J)(J 

. ERNICR-3 
316 ss 
=10.3 

16-8-2 
=10.3 ALLOY 800 CINCO 82) 

=9.4 =8,3 
2-1/4 CR-1 Mo 

=7.8 
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OTHER MATERIALS 
. .)gt .f¢1:d ~ . 

A,( 411 v,,J;u.1<1f /;./ ~ # ,.,µl. aJ ~ 
~/ tuf ,:ifll'"'t" . / 

• BRAZING - NI BASE ALLOYS 
' 

e ANTI GALL & SELF WEL] - STELLITES 

e SEAL MATERIALS - ELASTOMERS 

e INERT GASES - HELIUM, ARGON 

• COOLANTS - DOWTHERM, NAK, WATER 

... 
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STRESS 01.STRIBUTiON IN 
A SHO'T PEENED BEAM 

PEENED SURFACE 
TENSION O COMPRESSION 

T 

;JIESIDUAL'STRESS 

1:-T 

C 

·c 

•· DISTRIBUTION OF STRESS IN A SHOT .PEENED BEAM WITH NO EXTERNAL l.OAD 

TENSION O COMPRESSION 

--1 ---

\ 
\ 

·RESIDUAL STRESS 

,b. RESULTANT DISTRIBUTION OF STRESS IN ASHOT•PE!NED SEAM WITH EXTERNAL LOAO APPLIED ·SOLID LINE IS THE RESULTANT 

71-014-59-6 
Figure 86a 
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(~ ~ ~ · EQUILIBRIUM CONCENTRATION OF NaOH AS A FUNCTION OF TEMPERATURE AND VAPOR PRESS~RE OF H20 

'600 

ii:' 
0 -w 
a: ::> 400 

( ~ 
a: 
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0. 
~ w 
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200 

t>l---lL---_.IL..---L---1-----' 

. ~f ~ At.omtc, lntilfnatloMf DMelon IV A~ Roclr.welltntemallonll 

0 20 40 60 80 too 
NaOH (wt%) 
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BOUNDARIES OF CAUSTIC sec· DANGER ZONES 
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REPORTED CAUSTIC STRESS CORROSION IN 

300 SERIES STAINLESS STEELS 
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STRESS CORROSION TEST 
U-BEND SPECIMEN 
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SENSITIZATION 

SENSITt ZATION 

I HAS NO EFFECT ON STRENGTH 

i HAS NEGLIGIBLE EFFECT ON DUCTILITY ~ 

i HAS MINOR EFFECT ON IMPACT STRENGTH AT LOW 
TEMPERATURES 

i HAS NO EFFECT ON OXIDATION REStSTANCE 

• HAS NO EFFECT ON SODIUM COMPATIBti..rtv 

( ) 

---✓ 
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TO RESIST SENSITtZAttON: 1 

• OPERATE ABOVE 12008 F 

• 

6 SOLUTION ANNEAL ANO OPERATE BELOW 8oobi= 

• REDUCE CARBON (e.g. 304L) - LOSE STRENGTH 

• ADD STRONG CARBIDE-FORMERS SUCH AS Tl(32H OR Cb(347) -

11 LESS WELDABLE 

• SUBJECT TO KNIFE~LINI: ATTACK 

• WILL SENSITIZE EVENTUALLY 

9-N7-129-24 
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STABILIZED 
STAINLESS 
STEEL 

KNIFE-LINE . 
,·ATTACK--

NARROW RERI ON 
(2000.to 2600 F) 

Nb, Ti CARBIDES 
DISSOLVED; D 1-D 
NOT PR(CI.PITATE 
ON REHEATING 7 
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CHROMIUM CARBIDE 
PRECI Pl TATES: · 
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WI DtR REGJ ON 
(900 to 1400 F) 

10-MA 1-48-359 

/Jti ~ p:tfvu; 1.QRJ~ . . 
1__; ,J,W,J-;-Jii.i . i,,IJtlM , 1- h,Jp nuui,_ r ~ML ,,.,; wJM J k r 

• 

• 

u 



(,. 

f 1 

I ', I "j 

'.l 

• C9 
TIME-TEMPERATURE-SENSITIZATION DIAGRAMS FOR AUSTENtTIC StAINLESS STEEL· 
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How Sensitization Affects the Corrosion of Stainless Weld Metal 

Agint Temperature. r 

u 

Corrosion Rate. Mils per Vear 

Above l000 

100 lo 1000 

By RVSSEI.L B. GUNIA 
nml THO.\IAS J. MOORE" 

10.000 

Time al Temperature, Hr 

This three-dimensional draw­
ing illustrates the time-temper­
ature-sensitization relationship 
for 18-8 weld metal (0.036% C) 
which was aged in the as-welded 
condition before being corrosion 
tested in boiling nitric acid. 
(The vertical scale is logarithmic 
with the same base as the time 
scale.) 

; I 

'--,I' 

*Mr. Gunia is manager, stain­
less steel metallurgy, United 
States Steel Corp., Pittsburgh, 
and Mr. Moore is assistant direc­
tor of research, Arcos Corp., 
Philadelphia. 
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PEENED AND UNPEENED TYP~ 304 SS AFTER 

SENSITIZING (1 hr AT 1200° F), AND TESTiNG FOR 
INTERGRANULAR CORROSION IN HNO

3-HF 
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SENSITIZATION 

CHROMIUM 
CARBIDE ( 

SECTION A-A 
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SODIUM "_CORROSION" EFFECTS 

A. · SOLUTION MASS TRANSFER 

AKA TEMPERATURE GRADIENT MASS TRANSFER 

• ESSENTIALLY INSIGtHFICANT IN NON-RADIOACTIVE 
SYSTEMS . 

B. (INTERSTITIAL MASS TRANSFER 

AKA DISSIMILAR METAL MASS TRANSFER 
AKA CARBON TRANSFER 

• ESSENTIALLY INSIGNIFICANT BELOW 700°F 
. • PREDICTABLE ABOVE 700°F 

C. DISSOLUTION OF EXPOSED INCLUSIONS 

• EASILY AVOIDED BY GRAIN FLOW CONTROL OR 
PURE METALS 
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CORROSION OF 316 STAI.NLEss· STEEL BY FLOWING SODIUM 
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TEMPERATURE (Of) 

~l~ Rockwell lnternat1on~I 
Atomics International DiYi1ion 
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NOTES 

... 

1) FOR SODIUM VELOCITY 
>10 ft/s, LOWER .CORROSION 
AT LOWER FLOW 

2) OXYGEN ANAL VZED BY 
VANADIUM WIRl:; USUALLY 
1/10 OF RESULTS BY OTHER 
METHODS 

3) MULTIPLY BY 2 fOR HIGH 
dT/u\'. (i.e. CORE) 

REFERENCE: NUCLEAR SYSTEMS 
MATERIALS HANDBOOK 
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ALL COMMERCIAL ALLOYS 
USED IN HIGH-TEMPERATURE 
STRUCTURAL APPLICATIONS: 

( IRON-CHROMIUM 
AND 

IRON-NICKEL-CHROMIUM} 

ARE COMPATIBLE WITH SODIUM 

• 

... 
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EFFECT OF TEMPERATURE ON SOLUBILITY 

SOLUBILITY OF 
METAL "M" IN 
SODIUM 

"M" PRECIPITATES .,_ ____________ _ 
AS Na IS COOLED 

"M" DISSOLVES --- ---~--------. 
AS Na IS HEATED 

TEMPERATURE 

9-010-116-21 

ca· 
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SOLUBILITY - GRADIENT 

MASS TRANSFER 

CASE 
11
A

11 
- TRANSFER OF ELEMENT-(e.g.Ni) 

( 

NICKEL DIFFUSES 
TO SURFACE AND 
DISSOLVES 

L 

~ 

CJ 
LLJ _. 
t­
o 
:c 

DISSOLVED Ni ~ 

SODIUM 
FLOW 

PARTICULATE-Ni 

f ' '-.,, 

NICKEL PRECIPITATES 
AND ADHERES OR IS 
TRAPPED OR RETURNS 
TO HOT LEG 

7-AlS-184-11 
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-SOLUBILITY-- GRADIENT 
MASS TRANSFER 

CASE 11 8 11 
- TRANSFER OF COMPLEX - e.g.Na2O·FeO 

( 

. I RON REACTS 
TO FORM COM­
PLEX WHICH 
DISSOLVES 

(.!) 
llJ 
....I 

t­
o 
:c 

DISSOLVED COMPLEX ="-

PARTICULATE Fe. 

HOT 

(.!) 
llJ 
...J 

0 
...J 
0 
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... 

COMPLEX 
DECOMPOSES, 
YIELDING 
FREE IRON 

REACTION: 3 Na2o +Fe~ 2 Na2o · FeO + 2Na 
. COLD 

COMPLEX 
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INITIAL CORROSION OF IRON-CHROME-NICKEL ALLOYS 
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EFFECT OF TIME 

ON SODIUM CORROSION 

OF IRON-CHROME-NICKEL ALLOYS 
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COMPOSITIONAL CHANGE IN SS ASSOCIATED 

WITH ELEMENT AL LEACHING IN Na 
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ENVIRONMENTAL EFFECTS ON CLADDING ·CORROSION 
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THE "HEAT FLUX EFFECT" 

,. 

-- ACTUAL "CORROSION" 
TEMPERATURE 

'
·~ ·1. ~~ --- -- AVERAGE SODIUM ·~1tt.J~ ,~ a 

VOLUME OF UNSATURATED TEMPERATURE 
SODIUM IS A FUNCTION OF 
HEAT FLUX 

SE~TION 00 

u 
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ACTIVITY- GRADIENT ~ASS TRANSFER 

(e.g. CARBON TRANSPORT) 

(.) 

~.:;~•?;:~~-.~:.~}~ f-•· •.;.· ~~~~rl~. f ;:•:~~::~~~~ r 
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ACTIVITY OF CARBON 

FOR .SEVERAL 

METAL CARBIDES 

TEMPERATURE 
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(2.4 MM> 

DECARBURIZATION OF 0.095-in. THICK 2¼Cr-lMo STEEL 

BY SODIUM (ONE SIDE) 
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NUCLEAR SYSTEMS MATERIALS HANDBOOK VOLZ - SUPPORtlNG 

DOCUMENTATION 

PART I - STRUCTURAL MATERIALS ~OUP 1 - HIGH ALLOY STEELS __ I SECTION 2 - 304 SS, SODIUM EXPOSED 

REVISION: 0, 11-28-78 
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NUCLEAR SYSTEMS MATERIALS HANDBOOK VOL 1-DESIO{' DATA 

PART I - STRUCTURAL MATERIALS GROUP l - HIGH ALLOY STEELS SECTION 2 - 304 SS, SODIUM EXPOSED 

REVISION: 0, 11-28-78 CREEP EQUATION, SODIUM EXPOSED 
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NUCLEAR SYSTEMS MATERIALS HANDBOOK- VOLZ - SUPPORTING 

DOCUMENTATION 

PART I - STRUCTURAL MATERIALS 

REVISION: 0, 11-28-78 
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12 PIN BIAXIAL CLADDING TEST RETORT FOR LMFBR 

RETORT PRESSURE INDICATING AND Na VAPOR SEALING BELLOWS 

TOP FURNACE BAFFLE PLATE 

PRESSURE TUBE COUPLER 12 REQ'D 

THERMOCOUPLE 3 REQ'D 

THERMOCOUPLE WELL 3 REQ'D 

Na SAMPLE TUBE 3 REQ'D 

CLADDING SPECIMEN 12 REQ'D 

SUPPORT TUBE 

DRAIN LINE 

BOTTOM FURNACE BAFFLE PLATE 

INSULATION 

67-7706-004-20 
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BIAXIAL STRESS-RUPTURE BEHAVIOR OF COLD WORKED 

TUBES OF 304 AND 316 SS IN STATIC SODIUM 
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CORRELATION OF STRESS STATE WITH RUPTURE LIFE USING VON MISES' 
YIELD THEORY-ANNEALED 304 STAINLESS STEEL 
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UNIAXIAL CREEP OF ANNEALED TYPE 304 STAINLESS STEEL IN . 
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• CASTING IS CROPPED TO REMOVE "PIPE" 

• CASTING IS HOT-WORKED 

CLOSES "VOIDS" 

• INCLUSIONS WHICH HAVE HIGH MELTING POINTS 

• 

• ALUMINIDES 

· FRAGMENT & SEAL 

INCLUSIONS WITH LOW M.P. MAINTAIN AREA RELATIONSHIP -

STAY AS STRINGERS . 

(lie 2 I 
~. 
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• STRINGERS RUN PARALLEL TO GRAIN FLOW 

• NON-METALLIC STRINGERS ARE SUSCEPTIBLE TO Na CORROSION 
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3.2.5 

341-0UHNP 
SHEET 4 

-ATOMICS JNTERoATIONAL 
A ~ •I 11-,,. -'-'- .. ....._. ••· 

1 J\JNI 1969 

.ENGINEERING D[SICN MANUAl 

LIQUID HETAL CDKTAINBRS 

DESIQl OONSIDERATIONS (CDNT) 

All material selections !or liquid metal containers shall be approved 

by the 111.P Coordinator or assi,ned Kz.P &n1ineer. 

3.2.6 Where grain direction is critical for desi1ns utilizing bar, forgings, 
sheet or plate, it shall be indicated by a two-directional arrow and 

the word GRAIN on the field of the drawing. 

3. 2. 6. l Designs involving machining which leaves thin sections (l/8 inch or 

less) nonnal to the grain should be avoided. When this condition is 

unavoidable, adequate precautions should be taken to assure that the material 

does not contain laminations, stringers, or other flaws running parallel to the 

grain. Some appropriate prec:autions which may be •pecified include, but are not 

limited to: 

A) Surface etch follo~ed by dye penetrant inspection. 
B) A thin specimen cut from surface and inspected for flaws. 

3. 2. 6. 2 In welded design the heat of welding may increase the si.ze of 
internal flaws. For critical applications, forging or forming should 

be considered to avoid ma.chining, as illustrated in 11,. 3.2.6.2. 

... .. 
--·r 

---- GRADI DIPJ:.CTIC!l ____ \ -. 

Nor RECOMmmEl 
FOR CRITICAL A.PPLIC.tTIOOS 

1'11. 3.2.6.2 

PREn:RRED FOR 
CilTIC>.1, APPI.ICATIONS 

d
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TWO pc.S. 
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SELECfED MATERIALS BY COMPONENT 



0. 

'l' Rockwell lnternattonal 
E~rgy Systen. Group 

JCS:65 

• 

SOLAR CENTRAL RECEIVER 
HYBRID POWER SYSTEM 

MATERIALS SELECTION 

I • 



,. 

'l' Rockwell lntematlonal 
Energy Systems Group 

JCS:65 

• 

HYBRID POWER SYSTEM COMPONENTS 

RECEIVER 
FOSSIL FIRED HEATER 
RISER . 
DOWN COMER 
STORAGE 
STEAM GENERATOR COMPLEX 
PUMPS 
VALVES 
TRANSITION POINTS 
HORIZONTAL PIPING 

• 



•• 

,1,, Rockwell lntemattonal 
Energy Systems Group 

,IC~:f;'1 

• 

RECEIVER 

PANELS AND HIGH-TEMPERATURE HEADERS - 304 SS 
LOW-TEMPERATURE HEADERS AND VALVES - MILD STEEL­
PANEL COATING PYROMARK 

• 



• 

'l' Rockwell lntematlonal Energy,,...... Group 

• 
. FOSSIL-FIRED HEATER MATERIALS 

FURNACE MEMBRANE WALLS - 2 1/4 CR - 1 Mo 
HIGH-TEMPERATURE CONVECTION - 304 SS 

---~-~OW-TEl1PERATURE CONVECTION - MILD STEEL~~ .;.-
-- .10 .\.g.A 

Membrane 

furnace 
Wall Tubes 

·•· X ~ 1v • -\1"""1 
·r~ 

Fig. 19 Typical section through furnace wall (membrane 
design). 

I • 

/ltE~Bl?/1111£ WAJ..L­
coNS77'f:llcr,oN 
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'l' Rockwell lnternatlonal 
Energy Systems Group 

JCS:65 

• 

RISER AND DOWNCOMER MATERIALS 

RISER - MILD STEEL 
DOWNCOMER - 304 SS 

• 
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'l' ·Rockwell lnternatlonal 
Energy Systems Group 

~JCS: 65 

• 

STORAGE SUBSYSTEM MATERIALS 

COLD TANK - MILD STEEL 
HOT TANK - 304 SS 

• 



• 

'l' Rockwell lntematlonal 
Energy Systems Group 

• 

STEAM GENERATOR COMPLEX MATERIALS 

EVAPORATOR AND SEPARATOR - 2 1/4 CR - 1 Mo 
SUPERHEATER AND REHEATER - 304 SS 

• 
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/ ·l,~ 
~ e,'oi 

Ul of ~ 
. J' t' 4' 1.'fJ 

PUMP MATERIALS . /f ff"''~:,»" 

/ 

o', I} ~' ~,~ 

CASE AND IMP qf "~ 
BEARINGS ELLER - 316 SS <t 1}1 

- STELLITE ~, ~e, · ~~ 

'l' Rockwell International 
Energy Systems Group 

JCS:65 
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'1' Rockwell lntemattonal 
Energy Systems Group 

JCS:65 

• 

VALVE MATERIALS 

BODY - LOW TEMPERATURE; MILD STEEL 
HIGH TEMPERATURE; 304 SS 

HARD FACING - STELLITE 

• 



• 

'l' Rockwell International 
Energy Sptems Group 

JCS:65 

• • 

TRANSITION MATERIALS 

IN€0 82 WELD MATERIAL 
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('l_) Rockwell lntematfonal 
Energy Systems Group 

,.res: fi5 

•• 

HORIZONTAL PIPING 

HIGH TEMPERATURE - 304 SS 
LOW TEMPERATURE - MILD STEEL 

• I • 
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BASIS OF MATERIAL SELECTION 



- -

MATERIAL SELECTION 

FOR 

COAL-FIRED SODIUM HEATER 

• 
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MATERIAL SELECTION 

LOW-TEMP. CONVECTION SURFACE - CARBON STEEL 

FURNACE TUBES - 2-1/4 CR - 1 Mo 

HIGH-TEMP. CONVECTION SURFACE - TP304 SS* 

*ACCEPTABLE ALTERNATE - 9CR - 1 Mo 

-



- -
MATERIAL SELECTION - CONSIDERATIONS 

· GAS-SIDE CORROSION 

· SODIUM-SIDE DECARBURIZATION 

• 

· MECHANICAL STRENGTH - 51z£tV /JIY s~uc.n1,€.Prt.. cs.urpo(Zr ~ASJ~ 

· FABRICABILITY 

· E-CONOMI CS 
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HIGH-TEMP, 
CONVECTION 

- -
FLUE GAS TEMPERATURES 

1450 

LOW-TEMP, CONVECTION 

700 
TO AIR HEATER 

2190 

RADIANT 

I 
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SODIUM TEMPERATURE 

J00'7o 

L.T. CONV, SURFACE 550-678°F 

FURNACE 678-963 

H.T, CONV, SURFACE 963-1100 

*BASED ON NO FLUE GAS RECIRCULATION 

• 

~o7o ll1£11ue Lo A~ 

550-685°F 

685-1050* /C'?)d~ ~ 
(_____/I 

1050-1100 

@ fr,P 6mew~~.r 

(!} fit./£.tl/JS 
RE ~1,eeu~Hn()l"I 
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CONCERN: z.j ~ - 1 ~ 0 

AT LOW LOADS, MORE OF THE TOTAL ABSORPTION OCCURS IN THE FURNACE 

RESULTING IN HIGHER TUBE METAL TEMPERATURES 

ACTION: 

CONTROL TEMPERATURE AT LOW LOAD BY: 

• 

• 
· FLUE GAS RECIRCULATION _ 
,, /ti ti II NL. £-XUf£-fS /JI ,e · rV 1?, VIZ. IV£ ,e 5 (s= /7 LL.. 3.£/rl c; IZ v.,,, t!. VA T,c a) 
· FIRING ONLY THE TOP -ROW OF BURNERS . 

TO REDUCE GAS TEMPERATURE IN BURNER ZONE AND EFFECTIVELY REDUCE SIZE OF FURNACE 
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DECARBURIZATION IN SODIUM 

2-1/4 CR - 1 Mo FURNACE TUBE 
3D YEARS 

1•00 [ 

I 
800 

,,,....... 
:E: 
a,_ 
a,_ ......, 
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600 [ 
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I i::o 
0:::: 
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z I - 400 
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(/.) 
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0:::: 
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LJ.J 200 Cl 

600 700 800 900 1000 1100 

TEMPERATURE (°F) 
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MEMBRANE PANEL FABRICATION 

B&W HAS MANUFACTURED MEMBRANE PANELS OF 2-1/4 CR - 1 Mo ALLOY 

· DEVELOPMENT PROGRAM~ 1974 

· USED IN COAL GASIFICATION UNIT 

-
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TRANSITION MATERIALS 

· 2-1/4 CR - 1 Mo/TP304 SS - INCONEL 600 

· 2-1/4 CR - 1 Mo/CARBON STEEL - NONE REQ'D 
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SECTION V-B 

BALANCE OF PLANT 

• 
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'\ 

I 
.j 
1 
-;J 

• - -BALANCE-OF-PLANT MATERIALS 
SELECTION SUMMARY 

A. HIGH TEMPERATURE REGION <-ll00°F) 

COMPONENT 

RECEIVER 
DOWN COMER 
HOT STORAGE TANK 
HOT VALVE BODIES 

SUPERHEATER 
REHEATER 

PUMP IMPELLER 
PUMP CASE 

VALVE HARDFACING 
PUMP BEARING 

MATERIAL 

304 ss 

304 ss 

CF8M (CAST 316 SS) 
316 ss 

STELLITE 

i 

DISCUSSION BACK-UP I 
I 

_/- ~! 

ADEQUATE STRENGTH '· ~ ,;,~ 
BEST WELDABI LITY w M>lf <} , 316 SS 
MUCH RESEARCH -~ - TLOCAC,- HIGHER 
MUCH EXPERIENCE 
LOWEST 3XXSS COST 

,~{f?-

ALSO: NO DECARB 
BUT: KEEP DRY 

CURRENT PRACTICE 

ADEQUATE 
MUCH EXPERIENCE 

STRENGTH) 
INCONEL 718 
(LOCAL, MUCH 
HIGHER STRENGTH) 

ALLOY 800 
9 CR - 1 Mo 

~-/ 

NONE NEEDED 

NONE NEEDED 



• - -
BALANCE-OF-PLANT MATERIALS 

SELECTION SUMMARY 

B. INTERMEDIATE TEMPERATURE REGION (700 - l000°F) 

. COMPONENT MATERIAL DISCUSSION BACK-UP 

EVAPORATOR 2-1/4 CR-1 Mo No CL-SCC NONE NEEDED 
SEPARATOR MUCH EXPERIENCE 

STRENGTH OK 
DECARB OK 
COST OK 

~ 
~ c. LOW TEMPERATURE REGION<< 700°F) 

RECEIVER HEADERS MUCH EXPERIENCE NONE NEEDED 
RISER CARBON STEEL STRENGTH OK 
COLD STORAGE TANK DECARB OK 
VALVE BODIES LOW COST 

PUMP IMPELLER CF8M (CAST 316 SS) CURRENT NONE NEEDED 
PUMP CASE 316 ss PRACTICE 

j 
l 

' .! 
' VALVE HARDFACING ~ STELLITE MUCH EXPERIENCE NONE NEEDED ' 1 
~ 

PUMP BEARING .. 
! 
i 
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D. TRANSITION JOINTS 

COMPONENT 

INTERMEDIATE TEMP. 
(( l000°F) 

LOW TEMP. 

--
BALANCE-OF-PLANT MATERIALS 

SELECTION SUMMARY 

MATERIAL 

INCO 82 

INCO 82 
... 

DISCUSSION 

INTENSIVE 
LMFBR R&D 

EXPERIENCE 

-

BACK-UP 

16-8-2/ 
1-800/ 
INeo 82 
NONE NEEDED 
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REACTOR 

DRESDEN-I 
I ND I A~·l PT -1 
KRB 
KHL LINGEN 
fqFR 

- N-REACTOR 
SENA (CHOOZ) 
TARAPUR-1 
TARAPUR-2 
TRINO 
YANKEE ROWE 

-

STRESS CORROSION CRACKING 
IN 304 SS PWR STEAM GENERATORS 

EQUIVALENT 
FULL-POWER·DAYS 

2963 
1750 
2651 
1739 
2134 

1956 
1317 
1304 
2428 
4144 

CUMULATIVE 
DEFECTS 

161 
265 
364 
112 
-9--

27 
20 
2 

143 
-fr-

65 

THRU DEC 31, 1976 

&t 
~ 
V 
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TUBE 
MATERIAL 

TYPE 30LJ SS 
INCONEL-600 
MONEL-400 
INCOLOY-800-

-

EXPERIENCE WITH TUBE MATERIALS 
TO DECEMBER 31, 1976 

NUMBER OF 
REACTORS 

11 
42 
8 

' 

NUMBER 
OF TUBES 

NUMBER 
OF TUBE 
FAILURES 

58 547 1159 
526 886 11 867 
167 700 232 

36 558 0 

ft sCl ~ 
(;J ff) B 1)/M!i'f L 

~!'~) C, ~ 

~ D y(Ltrw-()_ 
fi- fo.,~ 

-

· TUBE ~--~-FAILURE 
FAILURE MECHANISM 
· RATE 

2.0% A,B 
2.0% A,B,C,D,E 
0.14% A,D 

0 

·. ✓ 

~~ 
~o No. e;P 
~ 
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DESIGN FEATURES TO ACCOMMODATE THE MATERIAL 

\ 



..__ .• :-.:1 

. . .... •---~·•-.~------·--,-,-.~- ~-;-<,-----'---·-~-

.,-'-, 
.------·-\-· ------··- ~ .• 

_,-

, \BELLOWS SEAL VAL YES 

DISCONNECT 
PIN 

~

·1. -

~~ ee ~ -------· 
______ ..... _" . ·-- ··------·--·--·•-·;··- ., .. __ ,..,.. .... 

-
PIN~S 

SL.OT 

rJ/ft'/ 
1 

·1 

I 

~ fj<:/J c0 ~G".c:µ°10 66-3623-107-2 . 

~ l\\qt~ ~-~ ... · ...... ·-- ····' i~>-.i .·.•• 



• 

,. 

• ;. 
•. 



':i 
tf ;,~ 

-/•! 

f·. 
:1 

·-·-•~?- .•--·~.' ,,_,-¥_, • 

• ,_ ...... ,... ·0c·,.,.,;, 

, ... 
t 

I 

;' 

'it,,•· 

.,.,,;,.; r- .. "->r'O•~•-"·- -,: . 

$6C'l'ION A•A 
'i'• ~ 

+ ,• 

,"•:J" • :;:,..: ·, ·,;. ... ·' ·; ;,-••·, 

4 ' 

f .REEZE. SEAL· TEMPERATURE PROFILE 

·,. 

AMBIENT TEMPERATURE 
'r #= 130°F 

0 . 
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HNPF TYPE PUMP 

FLANGE SUPPORT ~~L~OR ELEVATION 
bi ll; ,id -fn-,- . ' I 

, OUTER BARREL 

INNER BARREL 

LABYRINTH 
CASE SEAL 

HYDROSTATIC ~ 
RADIAL BEARING--._~ssss;:;il 

DISCHARGE • " 
IMPELLER WEAR 
RING - LABYRINTH SEAL 

COOLING FINS 

SODIUM LEVEL 

SHAFT 

OVERFLOW CONNECTION 

HIGH PRESSURE PLENUM 

LABYRINTH SEAL 
INLET 

• 1-~-~-a]' 

~ ': 
·----TL.~ +-
fll/rnf) wd!' ~ . 

~1 
/V4 /,Jul /AA:~-: 

/41M:J!;if,u'~ 
70-MA 1-48-203 
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'l' Rockwell lntematlonal 
Energy Systems Group 

• 

CONCLUSION: 

THE MATERIAL ENGINEERING FOR HIGH TEMPERATURE 
SODIUM SYSTEMS HAS: BEEN COMPLETED AND FIELD 
TESTED. 

I • 
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REACTOR AND TEST LOOP EXPERIENCE 
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SODIUM HEATER EXPERIENCE 

• SODIUM COMPONENT TEST INSTALLATION 

• 

• 

ll\ Rockwoll lntornutlorml 
t11•111, br•••m• o,uu11 

1, 

2, 

H-1 

1, 
2. 

H-2 

1. 
2, 

BJM:1101 

TWO HEATERS 
35 MWT EACH 

BUILT 1954 
50,000 HOURS AT 700°F OR GREATER 

BUILT 1975 
INSTALLATED AND OPERATING 

• 



• SCTI H-1 HEATE~PECIFICATION 

GOVERNING SPECIFICATIONS 
\ 

• ·ICbOlls Aantc Pow~r Laboratory Specification No. C1lJ•1 Revision 2, dated October 29, 1953 .. ·: '. 

, ·Heat output 

Sodium oudet temperature 

Sodium inlet temperature 

Sodium Pressure Drop 

Tubes 

Inlet to outlet 

Fuel rate 

Excess Air leaving heater 

Air Inlet Temperature 

Gas temperature leaving heater 

Wet gas flow 

Air flow to burners 

Furnace liberation . 
Dey gas loss 

Water from AF fuel loss 

Moisture in Air loss 

_ Unburned combustion loss 
,,t.-· Radiation loss 

' Unaccounted lor loss 

total losses 

Efficiency 

"l' Rockwoll fntornutlonnf 
Eneruy By1lom11 Q,c,up 

DESIGN CONDITIONS 

Btu/hr 
OF 

OF 

psi 

psi 

gpm 

% 
OF 

OF 

lb/hr 

lb/hr 

B/hr ft3 
~,,,,. 

% 

% 

% 

% 

% 

% 

% 

% 

\, 

5% 

5,000,000 

740. 

470 

.75 

25 

80 

510 

6,240 

5,900 

2,620 

9.7 

6.3 
0,2 

o.o 
2.3 
1.5 

20.0 

80.0 

Operating Load 

100% . 125% 
.) 

100,000,000 125,000,000 .. 

850 1,200 

580 87~ 
-j( 

6.3 6.8 ~, 
8.0 8.7 

17.4 :23,9 

25 25 

80 80 

1,04)0 1,250 

146,500 201,000 

138,500 190,000 

· 61,400 84,100 

20.7 26J', 

7.5 · 8.1 
0,5 0.7 · 
o.o i o.o 
1.6 i.2 
1.5 1.5 

. 31.8 37.8 
68.2 i 62.2 

,, 

.. 

5_':--

; ,, 
1· ,, 

~~-••-<' 

\j 

[', 
.· I,, Ni, 

~-,:;·i 

.I, 

' 

• 
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'1' Rockwell lnternet1onol 
Energy 8y1lom1 Oroup 

• 

SCTI H-1 HEATER 

GENERAL HEATER DATA 

Weight of Heater . 
Volume 

Volume of Sodium ( in heater) 

Cohvection Volume 

Tubes 

Heating Surface 

Heade• Design Pressure 

Casing Design Pressure 

295,000 lbs 

2,200 cu ft 

168 cu ft 

1,890 cu ft 

1¼ OD x 0 ,095 thick 
minimum wall 

1 ,3l4 sq ft 

200 psi 

18inH2o 

• 
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SATURATION CONCENTRATION FOR OXYGEN IN NaK AND SODIUM 
260 
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WORLD LIQUID-METAL-COOLED REACTOR.FACILITIES 

STARTUP YEAR 
REACTOR DATE 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 

tfl::;7 1/S/J, EBR-1 8/24/51 X 

t:L..r. SRE 4/25/57 X 

BR-5,-10 1/ /59 X 

DFR 11/14/59 X 

LAMPRE 2/17/61 X 

HALLAM 8/25/62 X 

FERMI 8/23/63 )( 

EBR-11 11/11/63 " x, 

RAPSODIE 1/28/67 )( 

SEFOR 5/3/69 X 

BQR.:.60 12/14/69 )( 

-KNK 8/20/71 X 

BN-350 11/29/72 x, 

PHENIX 8/31/73 X 

PFR 3/3/74 X 

JOYO 4/24/77 X 

GLB:523 



r J • LIQUID METAL FAST BREEDER REACT.OJECTS THROUGHOUT THE WORLD •• 
Power Initial 

· Name Country Type (MWt) (MWe) Operation 

Operable · 
BR-10* USSR Loop 10 -- 1973 
OFR+ United Kingdom Loop 60 14 1959 
EBR-1 I United States Pool 62 20 1963 
Rapsodie -France loop 40 -- 1967 
BOR-60 USSR Loop 60 12 1969 
BN-350 tiss·R Loop 1000 350 (equiv) 1972 
Phenix France Pool 567 250 1973 
PFR . United Kingdom Pool 600 250 1975 
Joyo Japan loop 100 .... 1977 
KNK-2 Germany (FRG) loop 58 20 19771 

In Procurement/Construction 
BN-600 USSR Pool 1470 600 1980 
FFTF United States loop 400 -- 1979 
PEC Italy loop 135 -- 1981· 
Madras FBTR India Loop 42 17 1981 
SNR-300 Germany (FRG) loop 762 327 1983 
Super Phenix - 1 France STl'hf!r t:,usr 7~ Pool 3000 1200 1983 
CRBRP United States Loop 975 350 1986 

ln Planning/Design 
Monju Japan Loop 714 300 1986 
COFR-1 United Kingdom Pool 3250 . 1300 1990 
SNR-2 Germany (FRG) Loop 3250 1300 1990 
BN-1600 USSR Pool 4000 1600 1990 
Super Phenix - 2 and 3 France Pool 2 X 3500 2 X 1500 1989-90 
DFBR Japan -- 2800 1000 1993 
CDS United States 2600 1000 1991 

*Following conversion from BR-5, which operated from 1959 to 1971. 
+Oeconmissioned March 1.971. 
#Following conversion from the thennal neutron KNK-1, which operated from 1979 to 1974. 
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C: 7 Construction 

111111 ; I : mrn Civil engineering 

lti'AJ@,Qlfl Assembling 

~~-21 Testing 

Reactor 

and 

fuel handling 

Stearn generator 
and 

secondary circuits 

Auxiliary circuits 

Control building 

Turbine hall 

' 

01 ll111111 I It ll111111 tt I I I lt(~Cr.:'':tl!k%{~ 
.{Elect. au,c sopply 

(,.....!}~11~11-1 ~II-, 1-......11-.-.l l~ll~l l~ll~ll~l(---~---1~-~ 

(!:}II I I I Ii I 1111 I I I I I I I I I I I I 111111 I I@ 
Condensate and fe'3d water plant No 1 

3) l~ 
Turbo generator !i9 

I 

Condensate and feedwater r>lant No 2 
I) (41 a,;-• 

Turbo generator Set 64 

S J ( 41 S:Y-X<MMI !i9 

Pumping station 
• ~ondenser available 

(DI 11 I I I I I l@611@@t.fr4M ~ 

Fig. 14. Construction schedule for the Creys-Malvilte power station 
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·• • 
LIST OF NATIONS WITH SODIUM HEAT TRANSFER LOOPS 

USA 
FRP,Nf.E 
FEDERAL REPUBLIC OF GERMANY 
JAPAN . 
USSR 

· NETHERLANDS 
UNITED KINGDOM 
ITALY 
BELGIUM 
CZECHOSLOVAKIA 
SPAIN 
INDIA 
AUSTRIA 
LUXEMBOURG 
SOUTH AFRICA 
DEMOCRATIC REPUBLIC OF GERMANY 
EGYPT 
PEOPLES REPUBLIC OF CHINA 

______ ,-.1r 

•• 
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Some Highlights from Liquid Metal 
Nuclear Pump Manufacturing History 

• 1950 Submarine "Seawolf" Prototype Pump 

• 1956 "SRE" Primary and Secondary Pumps 

• 1957 Enrico Fermi Test Pump 

• 1958 "CANEL" Project Test Loop Pttmps 

• 1960 Enrico Fermi Primary ahd Secondary 
Pumps 

• 1961 "SCTI" Primary Loop Pump 

• 1962 Hallam Prototype, Primary and 
Secondary Pumps 

• 1963 "EBR II'' Primary Pumps 

• 1964 "SRE" Power Expansion Primary, 
Secondary and Auxiliary Pumps 

• 1964 Argonne National Laboratory 
liquid Sodium Pump 

11 1967 ''SNR" Prototyp~ Putnp 

• 1971 uPNC" Primary and Secondary Pumps 

• 1975 "CRBRP" Prototype, Primary and 
Intermediate Pumps 

• 1977 "L-S LMFBR0 Preliminary Designs, 
Prototype Primary and Intermediate 
Pumps 
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US .. MILESTONE,. .. , 
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u • ~ u M 

M s 1~ lf un ~ffl . ffl Designation u ,.., ; ... Cl Pump type - numb~r of stages It 0 :. t! and impeller type ' l 
... n.a u 1 f.!I t;., ! ~ a ff 

SRE DJ LOOP uoo 80 1200 1160 jQ 21.400 Single stage• aingl~ suction 

.. 
Fermi DJ tooP 11.000 310 1000 900 1000 0.000 Sinale atage, •i~gle auction 

Hallam . IIJ tool' 1200 160 lQOO 870 350 20,000 Single atag•• tingle suction 

EDR ti DJ POOL 5500 200 800 1075 300 12,000 8ina1a •~•B•• tingle auction 

SCTt JIJ LOOP 4000 uo 1200· 1750 200 u,ooo Single etage, eingle auction . 
7900 410 1500 880 29,&~;o ' SNR 2 (W.Oermahy liJ LOOP 1022 Single atage 1 single auction 

· PNC (Japan) DJ LOOP 4870 251 986 uu 500 12,000 Sin9le 1ta1e, atnate suction 
I 

FFTF Weat LOOP u,,oo 500 10$0 1030 2200 3,000 8ina1a ntaae, ntnglb suction ...._ . 

CRDR (proto) 8J LOOP 13 1700 450 995 111& 5000 '-•-- Blna1e etas•• doub1e suction 
. . . . . 

•Per Pump 

FIG Ba 
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I fm ll lJ 
bedgnaU:on 

., 
"fl4 Pum~ type - number of atagea and B 
" .ff ' uJq impeller typ@ ii· S:a ~!t ! m.· Ci r-

Rapsodie France LOOP 1610 105 1000 1100 1Z Single stage• _aln&le _auction 

I 
Phenix !France POOL Ui,70~ 2SO iooo 1000 i&oo 8ina1e atage• single auction 

Super Phenix France POOL 16,000 230 1S2 sod 6000 Bingle 1tage, •i~gle auction 

BN-350 USSll tooP u.oeo 360 900 970 1400 Single atuge• double auction 

BN-600 USSR POOL 42.000 j12 170 070 4000 Bina1e ataga• doub1a auction · 

SNR-300 ~ oer LOOP 22,000 279 1075 960 1600 9ina1a ata1e, ain9le Auction I 

Joyo ~apali LOOP ,,no 230 842 '930 440 8ing1e atag•• ain11i auction 
I 

tionju JOO Japan LOOP_ 23,300 295 110 b50 Uoo 8tn,1a etaae, 1tn1le auction . . ... . . 
. . 

PFll Ult POOL 20,900 317 932 !160 155() Rin11e stage, doubt• auctiott t . I. 
' POOL . ' CFlt ' UK . 46,300 j65 662 480 ,sdo Two ata1e, aunale auction i 
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TABLE l 

LARGE LEAK SERIES I TEST RESULT SUMMARY 

TEST 11 

Injection Rate (Steady State) 2.4 lbs/sec 
(1. 1 kg/sec) 

Peak Pressures Measured in: 350-500 psia 
Test Article at Different (2.4-3.5 MPa) 
Locations 
Haxinum Temperatures '\,1500°f 
Measured fn Test Art1C1e (815°C) 

Measured Wastage of 4-16 m11s 
Surrounding Tubes (Of UT) (.t-.4 am) 

lie Leak Indication 7 Tubes ta 
After Test tO-"to 10-7 

cc/sec 

Deformation of Tubes None 
by X-Ray 

extent of µeactton st ight 
Product Re.sfdual 

Agreement with 
lRANSWRAP Predictions 

Good 

-•Nitrogen ~fn place of H20 for Test 15. 

**J-OEG ~upture Tube 

TEST #2 TEST 13 

2,5 lbs/sec 8 lbs/sec 
(t. 1 kg/sec) (3.6 kg/sec) 

400-500 psia 300-350 psia 
(2.8-3.5 HPa) (2.1-2.4 MPa) 

~1700"F 'l,l 700°F 
(927°C) (927°C) 

4 mils max. 4 mils max. 
( .1 mn) ( .1 mn) 

None None 

.,, 
' 

Bowing of None 
Seconda,.Y 
Tubes Near 
Leak Site 

Heavier Below Additional 
Lower Window Butldup Below 

Lower Window 
+ Above Lower 
Window 

Good Code Over-: · 
Predicted 

·-•-• 

.TEST #4 

4.2 lbs/sec 
(1.g kg/sec) 

330•450 psia 
(2.3-3.1 MPa) 

'l,1500°f 
(815°C) 

.no change 

Hone 

Hone 

Sltght Deposit 
on Tubes at 
Upper Window. 
Ho Significant 
Additional 
Buildup Below 
Lower Window. 
Code Over-
Predicted 

TEST 15 . 

4 lbs/s~ 
(1.8 kg/sec) 

240-400 psia 
(1.6-2.8 MPa) 

B00°F(Ha Temp} 
(427°C) 

no change 

None 

None' 

no change 

Code Over-
Predicted 

TEST 16** 

10 lbs/sec 
( 4.5 kg/sec 

530-675 psia 
(3.7-4.7 MPa 

'l.1700°F 
(921°C) 

no change 

Hone 

Hone 

S1 lght Addit 
Deposit on l 
at Upper W1r 
Ho Slgnificc 
Addftfonal 
Buildup Bel< 
Lower Wlndo, 
Code Over-
Predicted 

• 

ional 
ubes 
dow. 
nt 

,w 
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CHRONOLOGY: 

1ST AM 

1ST PM, 
2ND DAY 

· 3RD AM 

-
SERI MATERIALS WORKSHOP - DECEMBER 1978 

INTRODUCTION, OBJECTIVE: 

"TO PROVIDE BALANCE TO DESIGN MOMENTUM" 

TASK GROUPS MEET 
HEAR SCOPING PAPERS 
LIST ISSUES 
VOTE, PRIORITIZE 
WRITE-UP WINNERS 

RECONVENE MAIN GROUP 

REVIEW TASK GROUP REPORTS 
VOTE ON URGENCY OF WORK 

LATER SERI SENDS OUT DRAFT REPORT FOR REVIEW AND COMMENT 

• 
"yi,\,,\vvt..,..,..,_ 

~L( t;>ttl~~ · 0'>4 
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-
SERI MATERIALS WORKSHOP - DECEMBER 1978 

COMMENTS: 

PARTICIPANTS WERE RESEARCH-ORIENTED, REPRESENTING GRANT - OR 
CONTRACT-FUNDED INSTITUTIONS 

SOME ISSUES WERE PRESENTED MORE EFFECTIVELY THAN OTHERS 

SOME PARTICIPANT'S OBJECTIVITY MAY HAVE BEEN CLOUDED BY: 

LMFBR TECHNICAL BACKGROUND 
LMFBR BUDGETARY PROGNOSIS 
SALT VS. SODIUM 

AFTER ALL, IT WAS DONE BY A COMMITTEE, IN A HURRY 
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SERI MATERIALS WORKSHOP - DECEMBER 1978. 

PRINCIPAL ISSUES 
IN ORDER OF PRIORITY 

1. CREEP/FATIGUE BEHAVIOR 
IN SODIUM AND SALT UNDER 
RECEIVER PROTOTYPICAL 
CONDITIONS 

... 

2. PHYSICOCHEMICAL DATA 
(427 - 593°C) ON ALKALI 
NITRATE SALT MIXTURES 

ESG COMMENT 

1. WE AGREE THAT MORE WORK IS 
NEEDED TO REDUCE THE CONSERVA­
TISM IN HI-TEMP CODE CASE. 

t~OST EXPERIMENTAL WORK TO 
15°~ SUPPORT SODIUM CAN BE DONE 

oF wf £ ~ IN INERT ATMOSHPERE, . 
(11,lc,~v 0~ 

~~ ,r-~~JO COMMENT ON WORK TO SUPPORT 
\~ 001~ --~~ SALT TECHNOLOGY. 

'o&)c . 

CREEP/FATIGUE PROBLEMS ARE 
COMMON TO ALL HIGH TEMPERATURE 
SOLAR SYSTEMS, 

2. WE AGREE THAT CURRENT DATA BASE 
IS INADEQUATE FOR CONFIDENT LONG­
TERM SYSTEM DESIGN 
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SERI MATERIALS WORKSHOP - DECEMBER 1978 CONTD 

ISSUES 
~~ 

3, SODIUM CORROSION STUDIES , ~~ 
AT OXYGEN CONCENTRATIONS t· . 
GREATER THAN 1 PPM COUPLED 
WITH MASS TRANSPORT STUDIES 

4. DEVELOP HIGH STRENGTH FERRITIC 
ALLOY 

5. THERMAL STRIPING AND THERMAL 
FATIGUE DAMAGE 

JlftJJJ &YCtlNf CNI/} 95 ft/ltJ1f)E l> TIIRLI 
-f;)GSI~ 

6. FORCED CONVECTION· LOOP 
STUDIES OF MOLTEN NITRATE 
(DRAIN) SALT 

ESG- COMMENT 

3. WE DO NOT AGREE: 
MA I NTENANCE OF A U I . 
CLEAN SYSTEM IS 
INEXPENSIVE ~t 

b-?~~ 
4. WE AGREE THAT SUCH AN 
0~N~ (9 CR - 1 Mo) WOULD BE 
~~· USEFUL, ESPECIALLY IN 

STEAM GENERATOR. 

5. WE DO NOT AGREE THAT THIS 
IS AS MUCH OF A CONCERN IN 
SOLAR AS IN U~FBR (UPPER 
INTERNALS) APPLICATIONS .. 
WE DO AGREE THAT T MIXING 
DESERVES COMPETANT DESIGN/ 
ANALYSIS·. 

6. WE AGREE 
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SERI MATERIALS WORKSHIP - DECEMBER 1978 CONTD 

ISSUES ESG COMMENT 

7. DEVELOP AND/OR QUALIFY COOLANT 7. WE DO NOT AGREE THAT THERE 
CONTAINMENT ALLOYS FOR RECEIVER IS ANY INCENTIVE IN EXCEEDING 
OPERATION TO 704°C (13Q0°F) FOR STEAM SYSTEM CONDITIONS DESIRED 
SECOND GENERATION PLANT DESIGNS BY UTILITIES. 

8. CAUSTIC CRACKING OF STEAM GENERATOR 8. WE DO NOT AGREE THAT CAUSTIC 
TUBES INTRUSION TO THE WATER/STEAM 

SYSTEM IS PROBABLE; WE DO AGREE 
THAT THE UNITS OF CAUSTIC sec 
COULD BE MORE PRECISELY DEFINED I 

9, STRESS CORRISION CRACKING BY 9. WE AGREE 
MOLTEN SALT 
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OVERALL 

-
CRITIQUE OF SODIUM 

SECTION OF ASSESSMENT 
REPORT 

DOES NOT PROVIDE A BALANCED REPORT OF STATE-OF-THE-ART OF 
SODIUM TECHNOLOGY; 

TOO MUCH ATTENTION TO RESEARCH (TREES) VIS A-VIS COMPONENTS 
AND SYSTEMS (FOREST) - -

SELECTED CRITICISMS 

NO COMMENT ON YEARS AND DOLLARS INVESTED IN SODIUM TECHNOLOGY. 

"CORROSION" EFFECTS OVEREMPHASIZED. 8 /~ of "~-t, h-o ~~ 

VALVE SECTION MUCH TOO NEGATIVE.- \.l'1'\tii,iVl,e.Jl -· '(\f> ~l ~e;\-e,. 

------------·--·-·•'•'·• -~~ 
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COAL PLANT STACK GAS CLEANUP 
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FLUE GAS CLEANING SYSTEM 

• TWO-STAGE DRY SCRUBBING SYSTEM 

• SO2 AND FLY ASH CONTROL 

e SPRAY DRYER SCRUBBER 

• FABRIC FILTER 

• 
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THIS NEW CONCEPT IS OFFERED BY . 

~ ~~ 
$...=. Wheelabrator-Frye Inc. ~l~ Rockwell International 

A.• JOINT VENTURE 

WHICH PROVIDES THE FOLLOWING ADVANTAGES~ 

• FULL CAPABILITIES AND SUPPORT OF TWO LARGE 
CORPORATIONS 

·• INTEGRATED SYSTEM APPROACH FOR ENTIRE AIR 
POLLUTION CONTROL SYSTEM 

• SINGLE CONTRACTING ENTITY AND POINT OF CONTACT 

• PERFORMANCE WARRANTEE PACKAGE FOR ENTIRE 
SYSTEM 

78-M30-54-3 
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SPRAY DRYER 

. • FINE ATOMIZATION PROVIDES 

GOOD GAS-LIQUID CONTACT 

• EFFICIENT S02 REMOVAL 

\VITH LOW LIQUID FLOW RATES 

• HEAT FROM FLUE GAS DRIES 

LIQUID BEFORE CONTACTING 

CHAMBER WALLS 

• OUTLET GAS TEMPERATURE 

ABOVE DEW POINT; NO REHEAT 

REQUIRED 

• • 
SPRAY MACHINES 

~~~E- ~1r~ /~~~­
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SCRUBBER CHEMISTRY AND TECHNOLOGY . 

. . 

. • Ca(OH)2 + S02 • CaS03 + H20 

o CaS03 + 1/2 02 • CaS04 

o SPRAY DRYER ATOMIZER PRODUCES FINE DROPS OF 

LIME SLURRY 

e DROPS ARE DRIVEN THROUGH FLUE GAS STREAM 

o SO2 IS ABSORBED AND REACTS WITH LIME IN DROPS 

o WATER EVAPORATES LEAVING DRY PARTICLES 

o EXCELLENT GAS - _LIQUID CONTACT GIVES HIGH S02 REMOVAL 

o FLUE GAS NOT SATURATED WITH WATER VAPOR 

~-lt:) Rock-n International 
Atomict lnterneliOftll Dlw111on . . - - w· an • 

; 

78-J9-2-3,J __,-
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SPRAY DRYER EXPERIENCE 

• GENERAL 

• MORE THAN 1200 UNITS CURRENTLY IN SERVICE WORLDWIDE 

• MATURE TECHNOLOGY (--50 YEARS) 

• SOz REMOVAL 

I 

• MOR ETHAN 600 TESTS OF SOz REMOVAL IN PILOT SPRAY DRYERS OVER 7-YEAR PERIOD 

• POWER PLANT BOILER FIRED WITH BLACK MESA COAL (MOHAVE) 

• IN-LINE GAS/OIL BURNER FOR HOT GAS GENERATION {BOWEN) 

• CYCLONE, BOILER FIRED WITH LIGNITE (LELAND OLDS) 

• CYCLONE ELECTROSTATIC PRECIPITATOR,AND FABRIC FILTERS USED FOR 
PRODUCT COLLECTION . 

• SO2 CONCENTRATIONS FROM 200 TO 8000 ppm 

• INLET GAS TEMPERATURES FROM 250° TO 500°F 

• DRYER GAS FLOWS FROM 800 TO 4000 acfm 

• SODA ASH, TRONA, SODIUM BICARBONATE, HYDRATED LIME, OUICKLINE, LIMESTONE, 
POTASH, FLY ASH, AND VARIO~S COMBINATIONS OF THESE USED AS SO2 ABSORBENTS 

78-JU7-54-12A 
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FABRIC FILTER 

• HIGH COLLECTION EFFICIENCY 

• PROVEN APPLICATION IN MANY PROCESS INDUSTRIES 

• GAINING WIDE ACCEPTANCE ON COAL FIRED BOILERS 

a USED WITH SPRAY DRYER ON MOST SPRAY DRYER APPLICATIONS 

e CAN EASILY BE MAINTAINED WHILE SYSTEM IS OPERATIONAL 

• FLUCTUATIONS IN TEMPERATURE OR DUST LOAD HAVE LITTLE 

EFFECT ON PERFORMANCE OF COLLECTOR 

• 

78-JU7-81-6A 
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FABRIC FILTER 

~ ! ~ .:.u: .......:; ...u: ..0.:: 

DUST HOPPER DUST HOPPER 

COMPARTMENT FILTERING COMPARTMENT CLEANING 

DUST 
COLLECTOR 
HOUSING 

77-M10-20-26 
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BAGHOUSES ON COAL FIRED UTILITY POWER PLANTS 
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REF. J. S. TROUPE, BECHTEL, PAPER PRESENTED AT 1978 APPA WORKSHOP, 
SAN FRANCISCO, CAL., FEB. 28, 1978 

78-A4-54-15 
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Wfl'S FABRIC FILTER EXPERIENCE IN POWER INDUSTRY 

• •11-coYOTE STATION UNIT No. 1 

• -SOUTHWESTERN PUBLIC SERIVCE 

HARRINGTON No. 2 & No. 3 

• TEXAS UTILITIES 

MONTICELLO No. 1 & No. 2 

• *PENNSYLVANIA POWER & LIGHT 

HOL TWOOD, PENNSYLVANIA 

• COLORADO-UTE 

NUCLA, COLORADO No. 1, No. 2, & No. 3 

*TURNKEY INSTALLATIONS 

440 MW 

700MW 

880 MW 

40MW 

39 MW 

78-JU7-81-8 
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: TYPICAL PERFORMANCE OF DRY FGD SYSTEM USING ---~ ···-· - -

1 SODA ASH SOLUTION OR LIME SLURRY FOR ABSORBENT 
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PARTICULATE EMISSION CONTROL REQUIREMENTS 

PARTICULATE 
EMISSIONS 

GRAINS/ACF 

o.o4o r,---,----i----,--------i.-----.----..-------

0.030 

~EPA PRESENT LIMIT 
. (0.1 lb/106 Btu) 

0.020 

· (0.03 lb/10_6 Btu) 

/

EPA PROPOSED LIMIT 

o.o,or------L----------------

• 

AVERAGE EMISSION 
FROM PILOT UNIT 

/ 
Btu/lb COAL 

Q,OOQ 
I 

I f 6,()00 8,000 t 10,000 . f 12,()00 I 

TYPICAL TYPICAL TYPICAL 

• 

LIGNITE WESTERN COAL BITUMINOUS COAL 

78-JU7-81-5A 
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SUMMARY OF KEY FEATURES 

FEATURES TECHNICAL ADVANTAGES PAYOFF TO USER 

SPRAY • WET CONTACT • HIGH S02 REMOVAL EFFICIENCY • MEETS FGD REQUIREMENTS 

DRYER ' 
• DRY PRODUCT • NO PLUGGING OR SCALING • HIGH AVAILABILITY 

• NO CORROSION OR EROSION • LOW MAINTENANCE COSTS 

• LOW 1/g • SMALL PIPES AND PUMPS • LOW CAPITAL AND 

• LOW POWER REQUIREMENTS 
OPERATING COSTS 

• CAN USE BLOW DOWN WATER 
• REDUCED WATER USAGE 

BAGHOUSE • FABRIC FILTERS • HIGH PARTICULATE REMOVAL • MEETS STRINGENT PARTICULATE 

EFFICIENCY AND S02 REQUIREMENTS 

• PROVIDES ADDITIONAL S02 
REMOVAL 

• MECHANICAL AND • HIGH PERFORMANCE WITH • LOWER CAPITAL AND 

PNEUMATIC CLEANING REDUCED Fl LTER AREA OPERATING COSTS 

• LESS FREQUENT BAG 
CLEANING 

THE SYSTEM • SIMPLICITY WITH • HIGH RELIABILITY WITH LOW • LOW CAPITAL AND OPERATING 

PROVEN TECHNOLOGY OPERATING AND MAINTENANCE COSTS 
REQUIREMENTS 
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Through a joint venture, the Air Pollution Control Division 
of Wheelabrator-Frye Inc. and the Atomics International 
Division of Rockwell International have merged their 
respective resources and process knowledge to solve the 
problem of fossil-fuel boiler emissions. 

The Wheelabrator/ Rockwell dry-products SO2 and 
particulate removal system relies on components which 
have proved their reliability in over 50 years of operation . 

The Atomics International Division of Rockwell has 
developed the use of spray dryers for SO2 removal. 

Wheelabrator-Frye is a leader in air pollution control 
technology, specializing in applications of fabric filters and 
electrostatic precipitators for coal-fired boiler installations. 

For additional information on this dry system, write : 
Marvin Long , Wheelabrator-Frye lnc./Rockwell International 
Joint Venture , P.O. Box 717, Pittsburgh, PA 15230. Or, 
call him at ( 412) 288-7290. 

If::.~ Wheelabrator-Frye Inc. 'l' Rockwell International 

A Jo int Venture 

• • 



A dry-product system 
which removes both S02 
and particulates 

Wheelabrator-Frye Inc. and 
Rockwell International have devel­
oped a simple, economical, dry­
product system* for cleaning boiler 
flue gas. This system has application 
on utility and industrial boilers of 
virtually any size, fired with coal or 
oil. The system is an open-loop 
process which uses a spray dryer 
and a fabric filter collector for SO2 
and particulate removal. Alternately, 
an electrostatic precipitator can 
serve as the particulate collector. 

~Patent pending 

~ 

Fuel 

Key features and benefits 
• Simple, reliable system with 

proven components 
• High availability 
• Meets emission standards 
• Low capital costs 

These features result in overall low 
annualized costs. In addition, here's 
what you avoid: 
• Sludge ponds 
• Water chemistry and pH control 

problems 
• Flue gas reheat 
• Scaling, erosion or corrosion 

problems 

Here's how the system works 
1. Boiler flue gas is passed through 
a spray dryer where it reacts wit­
mist of a dilute sodium carbonat 
solution or calcium hydroxide sl . 
Immediate chemical reaction 
removes the SO2 from the flue gas 
and the sensible heat of the flue gas 
evaporates the water and dries the 
solution to form a dry powder. 
Since the flue gas does not become 
saturated, many of the operational 
problems associated with wet 
scrubbers cannot occur. 

2. The flue gas leaving the spray 
dryer, containing dry powder and 
boiler fly ash, enters the collector. 
As the fly ash and powder are 
removed from the flue gas in the 
collector, additional reaction of the 
SO2 takes place, increasing the 
efficiency of the system. 

3. The clean gas is then exhausted 
through a stack to the atmosphere 
without reheat. 

4. All particulates (fly ash and 
powder) are removed from the hop­
pers of the collector in a dry for. 
for disposal. 

Scrubbing 
Solution 

Air~te77l 
Combustion Air Outside Air 

From 
F.D. Fan 

Carbonate 
Solution Tank 

A spray dryer installation 

A power boiler fabric filter installation 

Fabric Filter 
or 

Electrostatic 
' er~ipita_tor· 
. .. ... .. . 

Dry Product 
Disposal 

CleanedAlr 

A tested system 
Years of operating experience have proved 
fully the components of the system. The 
most recent demonstration testing was 
performed at the Leland Olds Station of 
Basin Electric Power Cooperative. Tests 
of operational characteristics were 
conducted with a number of sorbents and 
filter fabrics . The comprehensive test 
program demonstrated the ability of the 
system to achieve high SO2 and particu­
late removal efficiences under varied flue 
gas conditions. 

Through a joint venture of Wheelabrator­
Frye Inc. and Rockwell International, a 
410 MW (1,890,000 ACFM) turnkey SO2 
and particulate removal system has been 
contracted for the North Dakota Coyote 
Station, owned by Otter Tail Power Com­
pany, Minnkota Power Cooperative, Inc., 
Montana-Dakota Utilities Company, 
Northwestern Public Service Company 
and Minnesota Power and Light Company. 

Flow Diagram Key: 

Scrubbing Solution 


