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APPENDIX A.4 

PRELIMINARY STRUCTURAL ANALYSIS 

OF 

TUBE-TO-TUBESHEET WELD 

NOTICE 
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty , express or implied, or assumes any 
legal liability or responsibility for the accuracy, com­
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 
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1 . ABSTRACT 

This analysis presents the preliminary structural 
evaluation of the pressure tube to high pressure 
tubesheet weld. Stresses considered are those 
resulting for steam side design pressure, sodium 
side pressure, and forced displacement of the 
tubeweld due to tubesheet deflection under design 
loading. 

The analysis is made in accordance with the 1971 
ASME Boiler and Pressure Vessel Code, Section III 
for Nuclear Power Plant Components and includes 
Addenda through Summer, 1972. 
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2. SIGNIFICANT RESTTLTS 

All stresses are satisfactory and meet the appropriate 
allowables set forth in the ASME Boiler and Pressure 
Vessel Code, Section III for Nuclear Power Plant 
Components. 

The highest value of local primary membrane stress 
intensity occurred at Cut 5-6 (See sheet 18). The 
stress intensity was 20.4 ksl which did not exceed 
the allowable of 1.5 Sm = 22.2 ksl. 

The greatest range of primary local plus secondary 
stress intensity (for pressure and forced displacement 
only) was 26.4 ksl which was well below the allowable 
of 3 Sm = 44.4 ksl. This value occurred at Location 5 
(See sheet 18). The effects of temperature on the 
range of stress will be considered in the fatigue 
evaluation. 
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3 - GENERAL DISCUSSION 
i 

The forced displacement imposed upon the tubeweld ; 
was determined by modeling the tubesheet, sodium j 
flange, high pressure shell, sodium shell, and I 
support skirt (See sheet 9) with the "SAAS" Finite 
Element Con̂ juter Program (Reference 46) and j 
extracting deflections in the area of the weld. i 

i 
I 

The above deflections together with steam side and i 
sodium side pressure were loaded on the tubeweld j 
model (See sheet 10) and evaluated with Wilson's i 
Finite Element Computer Program (Reference 2 5). j 

The exaggerated deformed shapes shown on Sheets l4 
and 15 give a qualitative representation of the 
type of stress (compressive or tensile) in various 
areas of the tubesheet and tubeweld. The iso-stress 
plots on Sheets l6 and 17 show the stress patterns 
that have formed in the tube to tubesheet weld. 

Examination of the surface stresses tabulated on 
Sheet 19 will disclose that some surface yielding 
occurs, however, these areas will shake-down to 
elastic action after one cycle of loading. 
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APPENDIX A.5 

PRELIMINARY STRUCTURAL ANALYSIS 
OF HIGH PRESSURE TUBE AT THE 

SODIUM-ARGON INTERFACE 
(PARTIAL) 
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SUMMARY 

The purpose of this analysis is to examine the high pressure 
tube at the sodium level in the steam generator, and deter­
mine if any Inelastic deformation occurs. It is shown in 
this report that inelastic deformation does occur (See Sheet 
l4), and an attempt was made to calculate the incremental 
plastic strain using a siiBplified conservative method, the 
full relaxation Bree method. The Bree method proved, however, 
to be too conservative and the recommendation of this report 
is to perform a more rigorous inelastic calculation. 

RESULTS 

The stresses obtained from a seal-shell analysis (Sheet 7 
through 10) indicate that the critical stress Intensity is 
V^-V^ on the inside surface of the tube. Two locations 
were examined in detail. Node l4, the location of maximum 
thermal cycling between steady level and fluctuating level, 
and Node 22, the location of maximum stress. The effects of 
fatigue and secondary creep were found to be small but 
plastic deformation was shown to exist. Although satis­
factory results were not obtained using the full relaxa­
tion Bree method, it should be pointed out that this 
method assumes ratcheting to exist while the figure on 
Sheet 14 clearly indicates the stresses to be in the 
shakedown regime. 
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1 . ABSTRACT 

Tube leakage may occur sometime during the life of 
the sodium-heated steam generator. The reaction 
between sodium and water is a potential hazard to 
both personnel and equipment. The objective of the 
analysis is to determine the dynamic response of the 
vessel shell and the flow baffle of the evaporator 
and the superheater of the steam generator by numeri­
cal analysis of the deformation of these two elements 
under the reaction pressures resulting from the 
rupture of the tubes in the evaporator or in the 
superheater and then further determine the integrity 
of the steam generator. The effect of volume iTicrease 
in the vessel where the sodium-water reaction takes 
place has not been considered in developing the 
dynamic pressures. However, the results are known 
to be conservative. This analysis has concluded a 
satisfactory result for both units of the steam 
generator under the given dynamic loads. 
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2. SIGNIFICANT RESULTS 

As shown In Figures 5 and 6 and tables in Section 5-e., 
the maximum displacements of the vessel shells and 
the baffles are foijnd to be as follows: 

MEUC. Displacement 
of the Flow Baffle 

Evaporator Exceeded r = 1.0898 

Superheater 1.038409<r*= 1.0887 

Max. Displacement 
of the Vessel Shell 

1.01538<r* = 1.1157 

It Is noticed that the baffle in the evaporator has 
ruptured, however, the vessel shell sustained the 
load. The displacement of the baffle In the super­
heater stayed within the strain limit of 0.0887". 

The calculated required thicknesses for the vessels 
under the maximum cover gas steady pressures of 450 
psi and 150 psi are 0.9187" and 0.2253" for the 
evaporator shell and the superheater shell respectively. 
Both are less than the actual thickness of 1.25". 

These results assure the integrity of these two 
vessels subjected to the sudden increase of internal 
pressure due to sodium-water reaction. 
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3. GENERAL DISCUSSION 

The structure considered in this analysis is shown 
in Section 5.a. The shells and the flow baffles 
were analyzed for the dynamic pressure described in 
Section 5.b., which was developed from the BUG-3 
Computer Code by NPD; only the highest peak pressure 
inside each vessel was considered. 

The procedure used in evaluating the dynamic response 
of the vessels and the baffles was as follows: 

(a) The equation of motion for the flow baffle was 
evaluated numerically by the Runge-Kutta method. 
The baffle was allowed to expand with time until 
it reached its maximum displacement or it 
exceeded the critical radius and ruptured. 

(b) If the flow baffle had reached its maximum 
displacement before it ruptured, the analysis 
was concluded, no further study on the dynamic 
response of the shell would be needed. 

(c) If the flow baffle had ruptured before reach­
ing a maximum displacement then the equation 
of motion for the vessel shell was evaluated 
by the same numerical method, starting from 
the time when the baffle was ruptured. The 
shell was allowed to expand with time until 
either the shell reached its maximum displace­
ment or it exceeded the radius at instability 
and ruptured. 

The displacement versus time curves for the shell 
and the baffles are shown in Figures 5 and 6. The 
values are taken from tables in Section 5.e. 
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B^anui avTP ajwyim 
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COMBUSTION ENGINEERING. INC. 
ENGINEERING DEPARTMENT. CHATTANOOGA. TENN. 

D-sr/foo 

NUMBER. 

SHEET 

A'C 
fo -OF. 

DESCRIPTION. 

CHARGE NO. 
^oPlUA^I—lAAATBfi FIBACTIOAJ 

r.AT̂  2 - / V - 7 3 
CHECK riATi; •' (L , ' : 

I^L 
«v CHBAJ 

• B Y , : ^ 

5 V PBTA/LBP A/DALY'S 16 

OJ ^ysTBA4 LoAPl/^Bl 

J 
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1 '. I 
\ -

• • 

• ' -
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10
00
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COMBUSTION ENGINEERING. INC. 
ENGINEERING DEPARTMENT. CHATTANOOGA. TENN 

D-^IIPO 

NUMBER. 

SHEET— 

DATE 

A:±. 
// -OF. M. 

DESCRIPTION. 

CHARGE NO. 
^PD/LfA4-lAfATRR /TBACT/OAJ CHECK D A T E ^ 

Z'/^-^3 Hv CHBAJ 

f + -j—1 1 

• 

• 

1 . . . , -. - ,, -,-
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• :::... i 
— - = E E — 1 
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h^5 
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M 77 
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COMBUSTION ENGINEERING. INC. 
ENGINEERING DEPARTMENT. CHATTANOOGA. TENN 

P'S/lOO 

NUMBER. 

SHEET 

.ilni-
JJz. -OF . 

DATE. ^ - / ^ - 7 3 .BY. 

DESCRIPTION. 

CHARGE NO 
6OPIUAA - i/UAT^R RB^Ac T/PAJ CHECK D A T E J l - i ^ ^ l i ^ - B Y J i l 

CA/BAJ 

^J PBT/Ht^^p AA/A(r.y^l^ 
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C O M B U S T I O N E N G I N E E R I N G . I N C . 

ENGINEERING DEPARTMENT. CHATTANOOGA. TENN. 

CHARGE NO P-S//OO 

NUMBER 

SHEET. ? - ^ 

A-C. 
OF U-

r>i=«r.p.nnr.r>K. 9 P PIUM - WA TBAC Re AC T/PAJ CHECK DATE ? 

Bv CHBAJ 

5 :> PBTAILBP AA/ALYSIS 

d) AIBTHPP OF AAAALV^'IS 

d-l) AfPA4EA/CLATORB 

A/PA^BA/CLA TURB 

H^~ /A/lTlAL~ SHELL THICK/JBSS ,/AJ t; = TIA^B SCALB , SBC 

^ ^ ^ / A / , , PtA4£AJSlOA/LeS9 SHELL. T = ( ' ^ A f / A ' ^ J ^ " ' ' ' ^^ 

-THiCKA/BSS FACTOR J SBC 

yiy = ^TRAIAS" HAf^p&N BXPO/JBAJT ^C- tHiTIAL. T/MB, SBC 

fj - APPl/BP p/A/AtAllC /AJTBR/^AL y - UAllT Af-4«5 oF A^AT'L. 

PRBSi^aPB PSI 

Fs - APPLfBP 4 TAT IC /A/TB/^AJA-L. 

PRBSiUHB P^l 

-pJ'Pdf^'/nHo P/A^BA/S/PA/LES^ 

PYAJA/^ f C PRB^it/RB RATIO 

T^^ FsFf./r. Ho P/M B/\J-iiPAJL-B i < 

/AJTB/^AJA L PRBSSt/fiB RATIO 

A? - SHBLL RAPiUS X //U 

F^c' /A//TIAL ^HBLL RAP/L/S^/A/ 

r - ^/R^ PtA^CAJi^/PAJLE'Si^ SHELL 

flAPIUS 

^ = ^TRBAI^TH A4EAieJRi,P^{ 

X~ "^/T" P/A4BAJ^tOAJLeS^ 

Tf/^B SCALZr-

1/,- /A^/TlAt- (/SLPC iTy 

fr^^ /AJSTABtLlTy Pf/^EAF 

i^lOAiL-B^i, RAP'OS 

B = /^ppULUS 6F BLA'iTl-

ClT/ . 



COMBUSTION ENGINEERING. INC. NUMBER. A-^ 
ENGINEERING DEPARTMENT.CHATTANOOGA,TENN. g^FFT ^ ^ " F ^ ^ 

CHARGE HO.-£lJ2L^ DATE X"/^'?^ BY C/fBA/ 

DESCRIPTION. Sopt UAA-A/ATBR REACT/OA/ CHECK r.ATg ' v J: BV 'J^ 

^J PBTAILBP AAfALVil^ 

d) MBTHOP PF AAfALysiS 
ci-Z) A'SSUA^FT/PAJ^ 

^) A1ATBR/AL 13 /A/CO^PRBSSI^LB {BLASTIC PBF0RA4ATIPAJ 

NsatBCTEP). 

b) pLAAiB STRAI*^ FOR i,OA/B cyL//JPBR^ ^^^ — ^^ 

C) LupiH/SK poiA/B/^ -LO^ STRA/A/ f^AfiP/AJ^ (r^Kfi B*^) 

d) V0NA4lSB9 FtotAJ CRITBRIA iS USBp. 

&) A/p /A/TBRACTIP^ pBTlA/eeAJ FRBSSCfR-B UBR^US TXHB 

CUR\AB AA/p /AfCRBA9B OF i/pft/^B PUB To 

PBFP/^AIAT/PAO PF i/BSSBL SHBLL / ^ Cc^StPBR^P. 

h) tAl PBTBPPI/A//AJ^ THB RB^pPAJ^B^ e>F FHB^ TH/AJ 

CYt'tAJPBRi, , THB Ft/6HB^4'T /A^'^TAATTAA/BOU^ FBAK 

PR.BSSdR'B /AA THB ^BCT/e>AJ /S TA/^ITAJ AA/P f5 

ASS*/A4BO Te? BB- f^APlALL/ AA/p A^/ALL/ 

^yAiA4BTR/CAL. 



NUMBER. 

SHEET-

COMBUSTION ENGINEERING. INC. 
ENGINEERING DEPARTMENT. CHATTANOOGA. TENN. 

CHARGE UO.JP-HLER 
PF..^o.^.r^K. fOP/PPt- n/ATBR RBAC-T/OAJ CHECK DATE 

JL:^ 
/ 5 " -OF. .£3L 

DATE Z ' t ^ - ^ 3 ^y_CAfBAJ 

.BY*£l_r_ 

^ ) DBTAll^BP AA/ALVSI^ 

<0 AABTHOP OF AA/ALYSI£> 

J - 3 ) A4ATE/r/AL PROPBRTIBS 

THE T/PBS OF ABATER IAL U$BP AHP THB//?^ PFOPBPTIBS 

A/^B TABUCATBP AS roLLOi^S ^ BASBP OAJ THE Cff^.'S-iAtA/ 

TBM p^RATU RF.S SHo UAAJ. 

ELEA4CA/T 

BVAPOfATOR 

BAFFLB 

EVAPoKATO^ 
VES'S^EL 

SHELL. 

^tfp&<H€.ATt4( 

BAPrLB 

ysi^s-L 
SMELL 

Typfr pp 

MATtXlAi. 

-rypB *fosr 
A4pp)C H' 

SA-^^n 
6*.,p 

4A'*J>Ao 
TAP* if^ir 
A4»P 'A. M, 

SA-^BI 

6iK- P 

PE^4iAi 
T&Aip. 

CF) 

et,^ 

0^4 

i6p 

9i,o 

T; 
K^l 

6S.^ 

9&' 9 

e8>^o 

/ ' ^A fZ 

I^AA/^ 

0, pefct94 

£>, ffoi? 7 5 

ff^ oeolf^ 

C.OOi>^3 

r^ 

d7. /7Z. 

o. Zl^ 

p./'JO 

<9, Z.Z y 

fe.e 

Z-O.^Z^ 

/^.'j^ 

7.0'3Z 

B 
/^si 

Z^.ox:(0 

Z4«-. 5 « Y « 

25" f / ^ 

zi/^.Bf/^ 

THE fo Sh n. YALUBS ARB PBTAlA/BP AS /ILUSTRATBP 

lAj THB F^OLL0\A//AJdi BXAA^PLB FoP yy/B A^ATBRIA-L OF SA-Z'/o 

TYPE ^oS- AT 8 6 6 . 

AT yiBLP POIAJJ -^y^T^^lB'S R-^i B-7.^xi<^ f^s\ 

B - -z^ X I o^ K^ I 

B, = ^/E = o-7z3 ^/cT^ 

AT RtfPTUIff pttlA/T 5 ^ sr 7^ a- fnH4f 

ilNCB r " fl e'*' t fF.t. 5. C'Z) , A^'^OAtPTIO^J c_^ 

^pLY/*/6l ^iHULTAA/coui-L^: /Q,^ ^ 71 (P'7r 3 x/o^^ f^ 

\RB HAYB rv-P'f?^ ^ sn.^6^.ifKSl 



COMBUSTION ENGINEERING. INC. NUMBER. AlA. 
ENGINEERING DEPARTMENT. CHATTANOOGA, TENN. ^ H E F T A ^ p p Z ^ 

CHARGE . . ^ PSI loo o,^ 2,-1^-13 ^y CH^A/ 

DESCRIPTION. eopf OAA " tVATBR RBA CTIOAJ CHECK DATE-Z:2kll__BY-M£i. 

5.) PBTAILBD AA/ALy9lS 

d) A^ETHOP PF AA/ALY9I^ 

d-4 ) FOKA^ULAT/PAJ AA/P CP/^PUTAT/DAJ 

THtA/^VYALLBP C/LIAJPRfCAL SHELL SUBTBCTBP TO 

UHlPO/tAA /A/TBPA/AL PPBSSURB 

THB BQUiVALBA/T 9TATI/^ RRESSUKB - RAPI U ̂  RFLATlOhi 

FOR. THIAJ IAAALLBP CyufiPP iCAL SHELL. I^/PITTF/J /A/ A 

PlMBfJSlPfJLBS^ FOR/^ A 5 

r = (rf^f^'^^ (HBP n 0) 

THe BQUATtPAJ op A4PTIOAS PoP THE SY^TB/A , IN A 

Pl/^BA/SlONLB^6 FORAA , IS Bi\ABhJ AS 

^UBiTITUTIAJBi y^s BY THB BXRRBSSIOAJ FROAA B<SUATfPAJ 0) 

LEAPS TO THB FOLLOtAAfAA6i PBLATIOAJ 

THE PIMBA/SfPAJLBS^ ^HBLL RAPlUS AT /AJSTAP I LI T/ ^ F , 

IS FOU/JP BY SETT IAJ«I THB PBRlVATlVB oF F^ \A/frH 

Re^pBCJ To t BSUAL TO ^SPO , 



COMBUSTION ENGINEERING. INC. 

ENGINEERING DEPARTMENT. CHATTANOOGA. TENN. 

CHARGE N O . _ £ Z £ £ ^ £ f 

DESCRIPTION -$ ^ ^ / L/A^ - IA/ATBR RBA CTIPAJ 

NUMBER. jtlL 
SHEET- zx -OF. ^ 1 . 
DATE Z - / ^ - y ^ „v g / y g V 

CHECK r>A-nr Z'^*"" 7 3 ny §!<-

5^ PBTA/LBP AA/ALysis 

dj A4BTHPP OF AA/AL-YSl^ 

a - 4 ) FoRA4i4i~AT/PAJ AA/P CPMPt/TATi CAS/ 

BSUATIOAACB) / 5 SP/^YBP BY A/i//^BP/CAL /A/TEerPAt-T/OAj 

USIA/Bi RI/A/6B ^A<aTTA A^ETHOD /RBF. 6 ) , THB ffB^t/LTS 

PF WHICH APB FRBSBAJTBP /A/ SBCTIOAJ 5 " C. 

THB YALUBS PF /A/^TABI UT)/ RAP'US> r F rHF BLBA^CAJTS 

/A/ THIS A/^ALysi3> ARB USTBP AS FrUPti^'S, 

ELEAiSA/T 

FLPV\/ 

BAFFLB 

YBS5EL 
SHBLL^ 

R. 
CfH) 

2 3 . 3 / 2 5 

2 0 . 7 5 -

Zo.'l3'l9 

n. 

P. / f 

O. 2 - / ^ 

«9-2Z.7 

F* 

/'pe9B 
A.oesq 
A //«'7 
/. / 2 / < 5 ' 

UA/IJ 

BVAPoPAroP 

9t/pen/*eArB>ii. 

^APOKATDlt 

SUP^fttEATsK 

XF A THlAf CYLINDER FAILURE IS TP BB AV OiPEP , 

THE RAPlUS PF THB CXL/AJEP CAA/ y\/OT BX CEBP TRB 

RAPIU5> AT iNSTA^iuTy PEF/A/BP ABO\/B . 

A CPP/pUTAT/oAJAL FOPA4 FPR A ^BCPAJP- c>Rpr R 

PiFFBRBA/CiA L B^UATIO/^ , pe>TA//JBP FRtA-* RBF-.^ 

IAJITH SLIGHT CfiAA/Si-B //J THV A/PTAT/PAJ^ ^ /S PRB^BZ/f^P 

lAi THB FoLLPt^/AAj^ FAB/B FpR RBFBRBAJCB . 
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>4 
"N

 
^ t̂

 

lô
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4 

tt 
v

; 

»-tt 

V
k 

*
• 

liX
 

&
 

X
-

p> 

l4 

S: 

tt 

V
 >
s 

V
i 

5^ 
tt 

tt 
< P

\ 

•( 

V
 

M
 

« >̂
 

v*i 

I N
 I, 

V
 

V
. 

m
 

^ 

»..^ 

> -̂
 

1) 

V
 

^ %
 

>4 
V

. 

§! 

<2> 

^ 
^ 
^ \ 10 

^ 
^ 

1 .^ 

1 ^ < 

V
. 

tt 

t <^ 
s. 

> 

^ ^ 

L
.^ 

<j>> 
< 5̂ 
tt 

tt 

^ •s 

k t tt 

^ X
 

0> tt 

0 
>«J 

\ ^ >
i 

VA
 

"< 

•8 

»1 

0 

^ \ N
. 

'V
 

•s. 

•v. 
tt 
tt 

4 



C
O

M
B

U
S

T
IO

N
 

E
N

G
IN

E
E

R
IN

G
. IN

C
. 

E
N

G
IN

E
E

R
IN

G
 

D
E

P
A

R
T

M
E

N
T

. C
H

A
T

T
A

N
O

O
G

A
. T

E
N

N
. 

D
-S

'll 
P

 O
 

C
H
A
R
G
E
 N
O

 
—
—^-LL 

N
U
M
B
E
R
.
 

S
H
E
E
T
 

A
-^ 

J± 
-O

F
-

D
A

T
E

. 
Z

-I4
''7

3
 

m
-

.B
Y

. 
C

H
^A

J 

^^^r.r«^.<.^ 
S

P
P

iU
A

^ 
N

A
T

B
R

 
R

E
A

C
-r/o

A
/ 

C
H

E
C

K
 D

A
T

E 
1' 

\^
'l'^

 
B

Y 
^ 

tt 

tt 

II 

^
' 

tt 
tt ;̂

 
H 

s£ 
t4 

v\ 

U
l 

•J 

O
 

11 

» 
ll 

to
 

W
 

I II 

S
i 

^ 

5 

i ^
 • ^

 
"̂

 i t^
 

NSC
 

tt 

U
l 

iS 
%

i>
'M

M
S 

X
! 

>
i 

:^i 
^ 

N
' 

«0 

I 51 ̂
 

i N
»! 

^
i 

N
' 

!^ 
<:ii 

"
a

; 
Vft 

* i 
• 

isi: 
N

 

I\, 
VA

 

SM
 

00 

Vn 

<4-

0] 
V) v> 

^ H
 

tt 
tt 

^ 
^ 

N
 

S5 

0 
^

 N
 

%
 

tti 

SH
 

!S\ 

I 

tti 

N
 

tt 
Itt 
^ 
N

.. 

tt 
^ tt 

^ ^ 

H
i ^ 

'Jo 
tt 

•I 

^..1^ 
<! 

^
: 

to
! 

M
l 

^ 
Ĵ-
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APPENDIX B 

SPECIFICATIONS - DEMONSTRATION PLANT STEAM GENERATORS 
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MODIFICATIONS 
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3. 3.2.1 Design Conditions 
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REV. 

K-sesa 

MODIFICATION EXCEPTIONS AND/OR INTERPRETATIONS TO RDT E4-16T 
DATED MAY, 1972, FOR SODIUM HEATED STEAM GENERATORS 

This exceptions/interpretations document modifies, supplements or clarifies RDT 

Standard E4-16T dated May, 1972, and in conjimctlon with the Ordering Data, 

can be used to procure sodium heated steam generators. 

2.1 Reactor Devel(^ment and Technology (RDT) Standards. Delete the 

following RDT Standards frcxn this paragraph (not applicable). 

RDT M 1 - 2T 3 - IIT 
RDT M 1 - 6T 4 - IT 

2 - IT 4 - 2T 
2 - 4T 5 - 2T 
2 - 7T 5 - 3T 
2 - 8T 5 - .4T 
2 - 15T 6 - IT 
3 - 4T 7 - 3T 
3 - 5T 
3 - 6T 
3 - 9T 

Add the following RDT Standards to paragraph 2 .1 : 

RDT M 1 - lOT 
RDT M 7 - 4T 

2. 2 American Society of Mechanical Engineers (ASME) Codes 

Section XI rules for in-service inspection dated 1971 and addenda 

through Summer, 1972. 

ASME Boiler and Pressure Vessel Code Case interpretations, code case 

1331-7 Nuclear Vessels for high temperature service. 

3.1. 5 Seals - Internal by-pass seals are not goverened by this 

paragraph. 

Nudaar Cempenantt Dapartmairt ' 
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3.1. 7.2 Delete last sentence. 

3 .3 .2 .1 Add paragraph as follows: The steam generator 

design pressures and temperatures shall be included in the Ordering Data. 

3.4. 8 Threaded Elements and Bolts - Item 9 - Delete this require­

ment and replace with the following: Threaded or bolted connections on 

the sodium side shall be held to a minimum. Where bolted connections 

are required, suitable analysis shall be provided. 

3. 5. 3 Water Level Indicators - Delete this paragraph. (In a forced 

recirculating steam generator utilizing a separate steam drum, the water 

level will be established within the drum and level indicators will be 

required in this component. 

3.11 Reports and Documentation - Add sentence: "Submittal of reports and 

Documentation shall be in accordance with Table IV". 
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SODIUM HEATED STEAM GENERATOR 

LMFBR DEMONSTRATION PLANT 

ORDERING DATA 

TABLE OF CONTENTS 

1.0 SCOPE 

1.1 ' Components and Services to be furnished 

3.0 TECHNICAL REQUIREMENTS 

3.1 General Requirements 

3. 1.1 Steam Generators 

3.1.1. 2 Type and Description 

3.1.1. 3 Design Basis 

3.1. 3 Inspec lability and Maintainability 

3.1. 3.1 Inspection 

3. 1. 6 Cover Gas 

3.1. 7 Dralnablllty 

3.1. 7.2 Drain lines 

3. 1. 8 Size and Weight 

3. 1. 9 Preheating 

3.1. 9. 2 Heatup rates 

3. 1. 11 Performance Requirements 

3.2 Thermal and Hydraulic Design Requirements 

3. 2.1 Design Objectives 
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3.2.1 .1 ^eci f ic Objectives 

3.2.2 Type and Orientation 

3.2. 3 Physical Properties and Purity of Sodium 

3.2.4 Physical Properties and Purity of Feedwater 

3.2. 5 Heat Transfer Surface 

3.2. 5.1 Excess Surface and Tubes 

3. 2. 7 Pressure Drops 

3.2.11 Thermal Transients 

3, 3 Structural Design Requirements 

3. 3.2 Stress Limits 

3. 3.2. 1 Design Conditions 

3. 3. 3 Seismic Requirements 

3. 3.4 Vibration 

3. 3.4. 1 Flow ratio 

3. 3. 6 Thermal Transient Stresses 

3. 3. 7 Nozzle Loads 

3. 3. 9 Baffles and Support Plates 

3. 3. 9.2 Sizing 

3. 3.11 Sodium Water Reaction 

3. 3. 14 Corrosion Allowance 

3. 4 Connections, Accessories and Appurtenances 

3. 4.2 Auxiliary Lines 

3. 4. 3 Insulation Supports 
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3.4. 6 Foundation and Support Structure 

3.4. 7 Piping and Connections 

3.4. 9 Preheating System Supports 

3.5 Instrumentation 

3. 5.1.1 Instruments 

3. 5.2 Sodium Level Indication 

3. 5. 4 Pressure Gauges 

3. 5. 5 Temperature Instrumentation 

3. 5. 6 Flow Instrumentation 

3. 5. 7 Water to Sodliun Leak Detection 

3. 5. 8 External Leak Detection 

3,5.9 Instrumentation, Inspection, Maintenance and Repair 

3. 5. 10 Structural Insti-umentation 

3. 6 Operating Conditions 

3. 6.1 Types of Operating Conditions 

3. 6.1. 1 Normal Conditions 

3. 6.1. 2 Upset Conditions 

3. 6.1. 3 Emergency Conditions 

3. 6.1. 4 Faulted Conditions 

3. 6.2 Steady-State and Transient Operations 

3. 6.2. 1 Normal Conditions 
1. Full Power steady state conditions 
2. Part Load steady state conditions 
3. Dry heatup and cooldown 
4. Normal Startup and Shutdown 
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5. Load Changes 
6. Step Changes 
7. Other normal operating conditions 

3. 6.2. 2 Upset Conditions 
1. Normal Reactor plant 
2. Loss of Recirculating pump flow 
3. Other Upset Operating Conditions 

3. 6. 3 Abnormal Conditions 

3.6. 3.1 Emergency Conditions 
1. Single Secondary Sodiiun pump Seizure with Scram 
2. Single primary Sodium pump Seizure with Scram 
3. Activation of Sodimn-water Reaction Relief System 
4. Loss of Feedwater Flow via Feedwater Control 

Valve Closure with Scram 
5. Sodimn-water Reaction Due to Single TXibe Rupture 
6. Steam Line Rupture 

7. Other emergency conditions 

3.6. 3.2 Faulted Conditions 

3. 7. 3 Materials 

3. 8.1 Fabrication 

3. 8. 2. 7 Tube Plug Welding 

3. 8.2 Heat Treatment 

3. 8.11 Assembly 

3. 8.13 Identification and Marking 

3. 8.13. 3 Nameplates 

3. 9 Installation and Field Service Requirements 

3. 9. 1 Services to be Provided 

3.9.4 Handling 

3. 9. 6 Installation Requirements 
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3.10.2. 3 Requirements for Pressure Relieving Devices 

3.12 Drawings 

3.12. 6 Parts List 

4. 6.2 Helium Leak Tests 

5.1 Items to be Delivered 

Table 1 Additional Requirements for Examination of Materials (RDT 

E4-16T) 

Table II Range of Steady State Operating Conditions 

Table III Drawing Submittal Requirements 

Table IV Report and Dociunent Submittal 

Figure 1 Steam Generator Envelope 

Flgfure 2 Schematic Arrangement of Steam Generator 

Figure 3 Nozzle Loads 

Figure 4 Normal Operating Ranges 

Figure 5 Na/H20 Flow vs % Power 

Figure 6 Steam/Water Pressures vs % Power 

Figure 7 Normal Load Changes 

Figure 8 Normal Scram Transient 

Figure 9 Secondary Sodium Pump Seizure 

Figure 10 Primary Sodium Pump Seizure 

Figure 11 Activation of NA/H2O Protection System 
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REV. 

E-26BB 

Note: This document supplements the Sodium-Heated Steam Generator Standard RDT 

E4-16T, dated hAay, 1972. The numberiiig system used in this document 

is the same as RDT E4-16T. When no additional requirements to RDT 

E4-16T are reqiaiired, the paragraph is omitted. 

1. SCOPE 

This document contains the Ordering Data to be used for the design and 

fabrication of sodium heated steam generators for LMFBR Demonstration 

Plants. 

1.1 Components and Services to be Provided - Components and services 

to be provided include the foUov^ing items: 

A complete steam generator as defined in 3 .1 .1 , including: 

A. Structural supports 

B. Lifting lugs 

C. Drain, vent, and relief connections 

D. Preheat Requirements 

E. Tests and mockups to back up the design 

F. Drawings, plans and Instruction manuals 

G. Design, analysis, and performance reports 

H. Quality Assurance procedures and documentation 

I. Spare parts 

J. Field services as defined in 3. 9 

K. Insulation Requirements 

Nudear Components Department — — — — — — — — — . — — — 
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COMBUSTION DIVISION 

REV. 

1.1 Components and Services to be Provided continued 

L. Steam Generator Instrumentation 

Associated equipment not covered by this specification: steam drum, 

pimips, piping, valves, sodium water reaction relief systems, control 

systems. Isolation and dump systems. 

TECHNICAL REQUIREMENTS 

3. I General Requirements 

3. 1. 1 Steam Generator 

3.1,1. 2 Type and Description - The steam generator shall 

consist of a bayonet-evaporator module and a bayonet superheater module 

as shown In Figure 1. The steam generator shall operate as a forced 

recirculation system as shown In Flgfure 2. 

Feedwater shall enter the evaporator through nozzle H and flow downward 

through the bayonet tubes to the base of the tubes, where It shall 

flow upward through an annulus, receiving heat from the sodium on 

the shell side In counterflow. The steam shall then exit through 

nozzle G and after passing through a separator (not part of this 

specification), enter the superheater module through nozzle C. 

B-26B8 
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COMBUSnON DIVISION 

REV. 
3.1 . 1.2 Type and Description continued 

Entering the superheater, the steam shall flow downward through an annulus 

between the bayonet tube and pressure tube, receiving heat from the shell 

side sodium in counterflow. Upon reaching final superheat temperature at 

the base of the tube, the steam shall flow upward through the bayonet tuhie 

and exit the unit through nozzle D. The bayonet tube portion of the superheater 

tube assembly shall be made of double wall tubes to provide a stagnant space 

between the tubes for insulating purposes. 

Sodium shall enter the lower portion of the superheater module through nozzle 

A and flow upward around the bayonet tubes and exit through nozzle B near 

the top of the bundle. The sodium shall then enter the upper part of the 

evaporator module through nozzle F and flow downward around the bayonet 

tubes and exit the evaporator at the lower end through nozzle E. 

The steam generator shall be designed to Incorporate an Inert cover gas 

between the tubesheet and the sodium free surface In the evaporator and 

superheater modules. The cover gas systems In the modules are completely 

Independent. Nozzles above and below the sodium level shall be Incorporated 

to provide a means of measuring and controlling the sodium level In each 

module. A vent nozzle/s shall be provided at the highest points Inside the 

module shells. 

The steam generator design shall Incorporate sodium-water reaction relief 

systems for each of the modules. Primary and secondary relief systems shall 

be connected to the modules at nozzles located in the gas space In each 
———"——"————' Nudear Components Department — —— 
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3.1.1.2 Type and Description continued 

of the modules. 

3 .1 .1 . 3 Design Basis - The steam generator shall 

be designed in accordance with the latest edition and addenda of the ASME 

Boiler and Pressure Vessel Code, Section n i , together with the applicable 

code cases including Code Case 1331-7, the high-temperature criteria of 

RDT F9-1T, and the requirements of this specification. The steam 

generator shall be classified as a Class I vessel and shall be Code stamped. 

The steam generator shall be designed for a service life of 30 years operation 

at the conditions defined in 3. 6. 

3 .1.3.1 Inspection - Requirements for In-Service Inspec­

tion shall be in accordance with ASME Code Sec. XI,'Rulesfor Inservice Inspection*, 

3.1. 6 Cover Gas - Argon cover gas shall be utilized above 

the surface of the sodium. The argon cover gas supply shall have 

the following characteristics: 

Supply Inlet Temperature (°F) 100 
Working Pressure (psia) 0 - 1 5 0 
Purity 99.996% 

Impurities ppM 
Oxygen (tentative) "S 
Hydrogen (tentative) 2 
Nitrogen 15 
Carbonaceous Gases 5 
Water (D. P. - 84°F) 6 
Other 7 

3.1.7.2 Drain lines will be 2" pipe size. 

3. 1. 8 Size and Weight - The approximate size and weight of 

Nudear Components Department 
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COMBUSTION DIVISION 

REV. 

3. 1. 8 Size and Weight continued 

the steam generator a re shown In Fig^ure 1. 

3.1. 9. 2 The heatup rate of the steam generator shall 

be 5°F/hr. from ambient to 350°F. 

3.1.11 Performance Requirements - The steam generator 

shall be capable of continuous operation throiogh the range of conditions 

specified In 3. 6. The steam generator shall be designed for exposure to 

the following environmental conditions after Ltistallatlon and during operation: 

Ambient Temperature Later 
Ambient Pressure Later 
Ambient Humidity Later 
Nuclear Radiation Intensity Later 

Neutron Radiation Later 

3. 2 TJiermal and Hydraulic Design Requirements 

3,2.1 Design Objectives 

3,2.1.1 The steam generator shall be designed to permit sa fe , 

stable, and predictable operation throughout the load range of the steady state 

and transient conditions presented In 3. 6. 

3, 2,2 Type and Orientation - The steam generator shall be forced 

recirculating shell and bayonet tube heat exchanger with sodium on the shell 

side and water/steam on the tube side. The superheater and evaporator shall 

be contained In separate shells each mounted separately In a vertical position 

as shown In Figure 1. 

3,2, 3 Physical Properties and Purity of Sodium - For the steam 

generator design, the sodium properties as recommended In ANL-7323 shall 

be used. 
e-2eBB 
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3.2.4 Physical Properties and Purity of Feedwater - The 

feedwater purity limits for the steam generator model shall be as follows: 

PPB 

1. Total dissolved solids 50 
2. Total silica 20 
3. Total iron 10 
4. Total capper 2 
5. Conductivity after ion exchange 1 
6. PH 9 . 2 - 9 . 4 

3.2. 5.1 Excess Surface (Later) 

3.2.5.2 The steam generator sodium level control system 

will be designed to maintain the sodium level with a permissable 

variation frran the set point of phis or minus 3 inches. 

3. 2. 7 Pressure Drop - The water/steam side and sodimn side 

pressure drop shall not exceed the following: 

Water/steam side, evaporator 50 psl 
Water/steam side, superheater 125 psl 
Sodium side, evaporator 20 psl 
Sodium side, superheater 20 psl 

3.2. 11 Thermal Transients - An analysis shall be performed 

to evaluate the response of the steam generator to the Inlet flow and 

temperature transients of water and sodium specified In Section 3. 6. 

•-aeaa 
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3.3 Structural Design Requirements 

3.3.2 Stress Limits - Allowable stresses for the steam generator 

shall be in accordance with Section III of the Code, Code case 1331-7 

and RDT F9-1 for a seirvice life of 30 years under the normal, upset, 

emergency, and faulted conditions specified in 3. 6. 

3. 3. 3 Seismic Considerations - Earthquake zone 2 

DBE Acceleration . 2G Horizontal acting 

. IG Vertical simultaneously 

3. 3.4 Vibration 

3.3.4.2 Flow rates for use in vibration analyses shall be 110% 

of the maximum flow rates specified in table n . 

3. 3. 6 Thermals Transient Stresses - R^ions of discontinuities such 

as nozzles, tube to tubesheet joints, tubesheet to shell regions, and thick 

sections such as tubesheets, nozzles, and shells shall be analyzed for 

thermal stresses resultiitg in past from the number of sodiiun and water-

steam temperature transients specified in Section 3. 6. 

3. 3. 7 Nozzle Loads - Nozzle loads shall be in accordance with 

Figure 3. 

3.3.9.2 Tube bundles, baffle and tube support thickness, and 

tube hole clearances shall meet the req^xirements of the specifications, codes 

and code cases contained in Section 2.0. 

3. 3. 11 Sodium-Water Reaction - The steam generator shall be designed 

to contain the pressure and shock forces caused by the design basis leak 

(DBL) defined below: Nudear Components Department 
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3. 3.11 Sodium-Water Reaction continued 

One (tentative) gfuillotine faQure of pressure tube at the worst location 

as determined by a sodium-water reaction pressure loading analysis. 

3. 3.14 Corrosion Allowance - Later 

3.4 Connections, Accesses, and Appurtenances 

3.4.2 Auxiliary Lines - See 3.4.7 

3. 4. 3 Insulation Supports - The supplier shall provide insulation 

supports on the exterior surfaces of the steam generator evaporator 

and superheater shells. Integral clips or rings for supporting 

the insulation shall be provided prior to final heat treatment. 

Requirements for insulation shall be established by the supplier based 

upon the following criteria and operating conditions. (Later) 

3. 4. 6 Foundation and Support Structure - (Later) 

3. 4. 7 Piping Connections - The Interface location of the sodium and 

water/steam lines and auxiliary lines are shown in Figure 1. Piping sizes, 

end preparation and number required shall be as follows: 

No. Required Pipe Size End Preparation 

Butt Welded 
Butt Welded 
Butt Welded 
Butt Welded 
Butt Welded 

Butt Welded 

Butt Welded 
Butt Welded 

Sodium Inlet, superheater 
Sodium Inlet, Evaporator 
Sodium outlet, evaporator 
Sodium outlet, superheater 
Evaporator reclrc. water Inlet 
Evaporator saturated steam 

outlet 
Superheater saturated steam 

Inlet 
Superheater steam outlet 

1 
2 
1 
2 
1 

1 

1 
1 

18'' 
12" 
18" 
12" 
16" 

16" 

14" 
14" 
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No. Required 
Later 
Later 

2 
1 
1 
1 

Pipe Size End Prep. 
Butt Welded 
Butt Welded 

12" Butt Welded 
1" Butt Welded 
1" Butt Welded 
2 " Butt Welded 

3.4. 7 Piping Connections continued 

Auxiliary Lines (in each evap/S. H. module) 

Sodium Level Nozzles 
Primary Relief Nozzles 
Secondary Relief Nozzle 
Cover Gas Makeup & Vent Nozzle 
Vent (steam/water) 
Instrumentation 

3.4. 9 Preheating System Supports - (Later) 

3. 5.1. 1 The following instruments and provisions for instrumen­

tation are considered to be a part of the steam generator and consist 

of the following: 

a. Strain gages for measurement of shell stresses 
b. Sodium level indicators 
c. External sodium leak detection 
d. Water-to-sodlum leak detectors 
e. Pressure Indicator 
f. Vibration Instrumentation 

g. Temperature indicator 

Numbers and location of instrumentation (Later) 

3. 5.2 Sodium Level Indication - The steam generator shall be fitted 

with independent sodium level indicators mounted external to the 

evaporator and superheater shell modules. 

3, 5, 4 Pressure Gages - The requirements of the pressure gages to 

measure sodium and water/steam pressures shall be determined and provided 

by the supplier for installation In the piping adjacent to the steam generator 

modeL 

3, 5. 5 Temperature Instrumentation - Requirements for the temperature 

Nudear Components Department 
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3. 5. 5 Temperature Instrumentation (continued) 

instrumentation necessary to establish the thermal and structural performance 

of the steam generator model shall be determined by the supplier. 

Thermocouples shall be installed on the steam generator model to 

adequately measure the following: 

a. Sodivun side temperature 
b. Water/steam side temperature at end points 

c. Shell temperature 

Requirements and location of temperature measuring devices shall be as 

follows: (Later) 

3. 5. 6 Requirements for flow measurement shall be provided by the 

supplier. No flow measurement will be required within the steam generator 

shells. 

3. 5. 7 Water-to-soditmi Detection - The evaporator and superheater 

modules of the steam generator shall have provisions for two (2) 

Independant means of monitoring for water-to-sodlum leakage. 
1. Diffusion tube Hydrogen detectors shall be located in the 

sodium piping as close as practicable to the superheater outlet 
nozzles and the evaporator outlet nozzle. 

2. The cover gas space in the evaporator and superheater modules 
shall have provision for continuous monitoring of the cover gas by 
means of a gas chromatograph to detect hydrogen, 

3,5.8 External Leakage Detection - (Later) 

3. 5, 9 Instrumentation, Inspection, Maintenance, and Repair - Test 

procedures to determine the functional operation of Instrumentation shaU 

be provided by the purchaser. 

e-26Ba 
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3. 5.10 Structural Instrumentation - The supplier shall determine the 

requirements of instrumentation necessary to determine the structural per­

formance of critical areas of the steam generator. This instrumentation 

shall be provided as part of the steam generator. Procedures for 

installation of instrumentation will be provided by the supplier. 

3. 6 Operating Conditions 

Note: (The information and criteria in this section is of a preliminary 

nature and is not in the form that will be contained in the final 

specification. Some of the notations and discussions are included 

for preliminary information only and will be deleted in the final 

spec. Tables will replace the curves shown in figures 4 through 11). 

3. 6.1 Types of Operating Conditions - The steam generator shall be 

designed and fabricated for satisfactory operations under the normal, upset, 

emergency and faulted conditions as defined in paragraph NB-3113 of 

Section III of the ASME Code and as specified below in Sections 3. 6. 2 and 

3. 6. 3. These operating condition categories are defined in summary in 

the following paragraphs. 

3. 6.1.1 Normal Conditions - Normal conditions are any 

conditions experienced in the course of system startup, operation in the 

design power range, hot standby and system shutdown, other than Upset, 

Emergency, Faulted or Testing Conditions. 

3. 6.1. 2 Upset Conditions - Any deviations from Normal 

Conditions anticipated to occur often enough that design should include a 

capability to withstand the conditions without operational impairment are 
Nuchar CempeiMnts Department — — — — ^ — 
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3. 6.1.2 Upset Conditions continued 

called Upset Conditions. The Upset Conditions include those transients 

which result from any single operator error or control malfuncti on, 

transients caused by a fault in a system component requiring its isolation 

from the system and transi^its due to loss of load or power. Upset 

Conditions include any abnormal incidents not resulting in a forced outage 

and also forced outages for which the corrective action does not include 

any repair of mechanical damage. 

3. 6 .1 . 3 Emergency Conditions - Emergency Conditions a re 

those deviations from Normal Conditions which require shutdown for 

correction of the conditions or repair of damage in the system. The 

conditions have a low probability of occurrence but are included to provide 

assurance that no gross loss of structural in t^ r i ty will result as a concomitant 

effect of any damage developed in the system. The total number of postulated 

occurrences for such events shall not cause more than 25 stress cycles 

having an Sa value greater than that for 10" cycles from the applicable 

fatigue design curves. 

3. 6 .1 . 4 Faulted Conditions - Faulted conditions are those 

combinations of conditions associated with extremely-low-probability, 

postulated events whose consequences are such that the integrity and 

operability of the nuclear energy system may be impaired to the extent 

that considerations of public health and safety are involved. Such 

considerations require compliance with safety criteria as may be specified 

by jurisdictional authorities. 
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3. 6.2 Steady-State and Transient Operation - The steam generator 

shall perform imder steady-state (^erational and environmental conditions, 

including transients induced by varying loads. It shall also operate imder 

other operational transients which are not steady-state conditions. All of 

these operating canditicns a re defined in the following paragraphs. 

3.6.2,1 Normal Conditions 

1. Full Power Steady-State Operating Conditions -

The steam generator full power steady state operating conditions a re shown 

in Table II. 

2. Part Load Steady-State Operating Conditions -

The steam generator part load steady-state operating conditions of temperamre 

flow and pressure are shown in Table II and the curves on Figures 4, 

5 and 6. 

3. Dry Heatup and Cooldown - Dry heatup and 

cooldown rates of the steam generator shell a re shown in the following 

table. Heatup of the shell is accomplished by trace heating prior to filling 

with sodium. 

Temp. " F NO. of 
Event Location Start End Occurrences Temperature Change 

Dry Shell Ambient 350°F 10 + S^F/hr. 

Heatup 

Dry SheU 350°F Ambient 10 - 5°F/hr. 

4. Normal Startup and Shutdown - The normal startup 

and shutdown temperature transient conditions are specified In the following 
table. The temperature change rates shown apply specifically to the Inlet 
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3. 6.2.1 Normal Conditions continued 

nozzles on both the sodiimi and water/steam sides. 

Event 

Startup 

Shutdown 

Ta3ip.°F No. of 
Location Start End Occurrences 

Sodium Inlet Nozzle 350°F 924°F 600 
FW Inlet Nozzle @ Drum 100°F 370°F 

Sodium Inlet Nozzle 924°F 350°F 250 
FW Inlet Nozzle @ 

Drum 370° 100°F 

Max. Rate of 
Temp. Change 

+100°F/hr. 

-100°F/hr. 

e-26BB 

During the startup transient sodium flow is held constant at 30% to 35% 

power and then increased lineraly to 40% flow at 40% power. The flow 

and power transients during shutdown are the reverse of those given for 

startup, (Feedwater flow, temperature and pressure during startup 

and shutdown will be determined later). 

5. Load changes Over the 40 - 100% Power Range -

The steam generator will be subjected to two types of load changes, 1, e. 

step changes In load and ramps 

a. Normal Ramp Change - Normal ramp load changes will vary 

linearly between the end conditions at 40% and 100% full power with a 

power ramp rate of 3%/mln, Temperature change rates are shown In the 

table below. Sodium and feedwater flows vary from 39. 5% to 100% and 

37% to 100% respectively over this power range. This Information Is 

summarized In Figure 7 for a normal load decrease from 100% to 40%. 

A load Increase over the same range is simply the reverse of these curves, 
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Additional temperature ramps over different load rang^s can be obtained from 

the part load operation curves shown in Figures 4, 5 and 6. 

Temp., Op No. of Max. Rate of 
Event Location Start End Occurrences Temp.Chapge 

Normal Power Sodium Inlet Nozzle 924 960 9000 1.8°F/min, 
Increase FW Inlet Nozzle @ 

Drum 370 460 4.5°F/min. 
Normal Power Sodium Inlet Nozzle 960 924 9000 -1.8°F/min. 
Decrease FW Inlet Nozzle @ 460 370 -4.5**F/min. 

Drum 

•Temperature transients at other locations within the steam generator 
will be available later. 

b. Step Changes - It is assumed that the demonstration plant must be 

capable of performing step changes in power which are at least equivalent 

to those provided for in current water reactor plants. Therefore, the 

step change is based on a + 10% Instantaneous change In power from any 

power level over the 40% - 100% power range. The response of the plant 

to these steps should be as quickly as possible. However, the rate of 

change of temperature, pressure and flow has not been determined and 

will be supplied later. The C-E PWR's specify that these step changes 

exhibit temperature and pressure fluctuations within the range of their normal 

specified plant variations. The normal demonstration plant variations 

are not available, therefore, this Information will be supplied later. The 

number of occurrences is estimated to be 1500, equally divided between 

upswings and downswings. 
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c. Fast or Emergency Ramp Power Changes - (Later) 

6. Other Normal Operating Conditions - There a re 

several other operatiDg conditions that are considered normal but are not 

Included here because it is felt that they are similar in transient response 

to some of those already listed. These operating conditions would include 

such things as: Hot Restart after Scram, Shutdwon after Scram, or 

the Return to Power frcan Hot Standby or the reverse, 1. e . , going to Hot 

Standby condition from Power Operation, All of these transient conditions 

are similar to or a combination of either normal startup and normal 

power increases over the load range or the reverse, which is normal 

power decreases and normal shutdown. Therefore, they have been accounted 

for by increasing the number of occurrences of the appropriate normal 

operating condition, 

3.6.2,2 Upset Conditions - The following transients are defined 

as upset conditions and are considered to be representative of most the 

group of possible upset events. Included are curves showing the expected 

thermal transients In the fluid at the sodium and feedwater Inlet nozzles 

and their estimated number of occurrences. The thermal transients at 

other locations throughout the steam generator are currently being evaluated. 

1. Normal Reactor Plant Scram - (Number of Lifetime 

Occurrences = 350) Reactor plant scram Is an operating procedure for 

very quickly reducing the power output of the reactor to a low level of 

2-5% as determined by fission product decay heat. This scram might 
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3. 6.2,2 Upset Conditions continued 

be a result of a false spurious electrical signal or a desired response 

from one of many protective system s l g ^ l s or an operator-initiated signal. 

The reactor scram primarily consists of reducing the reactor power by 

drc^ping all control rods, and simultaneously reducing the heat transfer 

system flows by tripping the primary and secondary sodium pumps and 

the feedwater pumps. The secondary sodium flow coasts down to 5% 

while the feedwater flow coasts down to 4%, These flow decay curves 

and the sodium and feedwater inlet temperature transients for the first 

300 seconds following scram are shown in Figure 8. Also shown Is the 

feedwater inlet pressure drop of 200 psl which varies with the square of 

the flow. Furthermore, when scram occurs, the turbine-generator Is also 

tripped. After the 300 seconds shown on the cu ives, the transient Is 

assumed to follow the normal shutdown transient. 

2, Loss of Recirculation Pump Flow - (Number of 

lifetime occurrences = 20 pump) Definition of transient - (Later) 

3. Other Upset Operating Conditions - It Is recognized 

that there are a number of other operational events that are considered 

to be Upset Conditions, However, at this time since they all would very 

quickly cause a reactor scram, It Is assumed that the transients would 

be similar to a scram transient. Therefore, allowance has been made 

for these events by appropriately adjusting the number of occurrences of the 

normal scram. Some of the other Upset Conditions Include events such as: 

positive reactivity Insertion with scram; loss of electrical power to one 
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3.6.2.2 Upset Conditions continued 

primary, secondary or feedwater pump with scram, loss of plant power 

with scram, control rod drop with scram, and turbine trip with scram. 

It is recognized that the scram following some of these events might be 

delayed somewhat and therefore, momentary up or down temperature 

transients could be initiated. However, from past experience these have 

been found to be quite short in time and have very little effect on the 

overall temperature transient used for strucmral analysis. Therefore, 

since these delays were not identified at this time, no attempt was made 

to include them and all such events a re assiuned to be similar to a normal 

scram. It should be pointed out that as additional plant system design 

information becomes available, these Upset Conditions will be reconsidered 

and if this assumption appears invalid in any of the cases, the transient 

will be considered separately, 

3,6,3 Abnormal Conditions - Abnormal conditions a re class­

ifiable as occurring after a failure or malfunction of a component or system. 

Although no longer stated as an operating category in the ASME Code, 

the events under this section in the RDT Standards Include events which 

now fall under Faulted, Emergency and in some cases. Upset Condition 

categories of the ASME Code, Since some Upset Conditions were also listed 

under section 3. 6, 2 - "Steady-State and Transient Operation" of the RDT 

standards above, e.g., reactor scram, it was decided to Include all Upset 

Conditions under that category. Therefore, only Emergency and Faulted 
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3. 6. 3 Abnormal Conditions continued 

Conditions will be included in this section. 

3.6.3.1 Emergency Conditions - The following 

transients a re defined as Emergency Conditions and are representative 

of a group of possible events but do not include all such events. Included 

here, similar to what was done previously for Upset Conditions, a re 

curves showing the expected thermal transients in the fluid 

at the sodium and feedwater inlet nozzles and their estimated number of 

occurrences. The transients at other locations throughout the steam 

generator are currently being determined and will be available in the near 

future. 

1. Single Secondary Sodium Pump Seizure with Scram 

(Number of Lifetime Occurrences = 3 per loop) The seizure of one 

secondary sodium pump is quite similar to a normal scram, with the 

exception of the flow coastdown in the affected loop. Since the pump shaft 

is assumed to seize quickly, the Impellar stops rotating and therefore 

creates an additional resistance in the loop flow. This is assumed to 

cause a flow coastdown twice as fast as a normal loop coastdown. The 

sodium inlet temperature to the steam generator of the affected loop will 

remain constant over the first 300 seconds. Feedwater parameters are 

Identical to those occurring durliig normal scram. All of these steam 

generator Inlet parameters for the affected loop are shown In Figure 9. 

Parameters In the other two secondary sodium loops and associated feed-
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3. 6. 3 Abnormal Canditians continued 

water systems are identical to normal reactor scram, since scram is 

assumed to occur a few instants after pump seizure. After the 300 sec. 

shoMm on the curves, the transient is assumed to follow the normal shut­

down transient. 

2. Single Primary Sodium Pump Seizure with Scram -

(Number of Lifetime Occurrences -3 loop) The steam generator inlet 

conditions for the first 300 seconds of this transient are shown in Figure 

10. Everything is the same as normal scram with the important exception 

of sodium inlet temperature which eventually decreases at a rather high 

rate of -3°F/sec. This temperature ramp is caused by the stoppage of 

the primary flow in the seized loop caused by closure of the check valve. 

That is, once flow in that primary loop is essentially stopped, the se­

condary sodium loop, even at low decay heat flows, rapidly removes 

the stored heat in the IHX primary sodium. The reduction in primary 

sodium temperamre causes a similar reduction in secondary sodium 

temperature which eventually levels out near the steam saturation temperature. 

Sodium and feedwater flows, temperatures and pressures in the two other main 

heat transfer loops are the same as for normal scram. Furthermore, after 

the 300 seconds shown on the curves of Figure 10, the transient Is assumed 

to follow the normal shutdown transient, 

3. Activation of Na/H20 Protection System - (Number 

of Lifetime Occurrences - 2 per component - evaporator/superheater pair) 
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3. 6. 3 Abnormal Conditions continued 

This event consists of an emergency isolation and dump of the water/steam side 

of an evaporator/superheater module pair during power operation. Following the 

initiation of such an event, a reactor plant scram will occur, probably triggered 

by a loss of pressure signal of the effected steam generator. For this transient, 

a delay of 5 seconds is assumed before scram occurs. The sodiiun inlet nozzle 

temperature and flow transients are therefore similar to normal scram and are 

illustrated in Figure 11. The feedwater parameters will also vary according 

to normal scram conditions with a 5 second delay; however, this transient 

is not influenced by feedwater conditions since the water/steam sides are isolated. 

Instead, when the isolation valves close and the dump valve opens, the water/ 

steam mixtures will quickly blow down. This occurs in both the evaporator 

and superheater modules simultaneously since the protection system of each 

pair is tied together. These blowdown flows are currently being determined 

and are not yet available. Therefore, the Internal temperature transients In 

the steam generator during and after blowdown have not been determined. They 

will be supplied in the near future. Again, as before, after the first 300 seconds, 

the transient Is assumed to be similar to the normal scram transient, 

4, Loss of Feedwater Flow Via Feedwater Control Valve 

Closure with Scram - (Niunber of Lifetime Occurrences = 2 valves) Although 

the operating philosophy for this event has not been completely defined yet. It 

Is Included and briefly discussed here because of the possible effects It might 

have on the steam drum, the evaporator, and recirculation pump designs. This 

event Is different from the loss of feedwater pump power event In that the 
Nuclear Components Department 
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3. 6. 3 Abnormal Conditions continued 

closing of the feedwater control valve stops all feedwater flow whereas 4% 

natural convection flow still remained after loss of pump power. With the complete 

loss of feedwater flow to the steam drum, the drum level can drop, possibly 

to a point where the rec irculation piunps began to cavitate. This condition 

could damage the pumps. Furthermore, with no low temperamre feedwater 

entering the drum, the drum water temperatures will begfin to r ise as a function 

of the recirculation water temperature only. This will cause temperature transients 

on the drum as well as the evaporator. It is probably possible to eliminate this 

possible transients by proper operating procedures and/or a backup feedwater 

supply, however, this has not yet been determined. Therefore, the transient. If any, 

during this event will be defined later. 

5, Sodium-Water Reaction Due to a Design Basis Leak -

The pressure, flow and temperature transients during this event will be defined 

later. 

6, Steam Line Rupmre (Loss of Pressure) - This 

transient has not been defined yet and will be supplied later. 

7, Other Emergency Operating Conditions - Several 

other events which might be considered to fall within this category by some 

designers are briefly discussed In this section. The RDT standard lists four 

additional events Including: loss of primary sodium, loss of secondary sodium, 

loss of operating power, and scram with sodium flow continuing. The first two 

events could Include two Initiating conditions, both of which have been already 
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3, 6. 3 Abnormal Conditions cantinued 

discussed and specified. This is , the loss of primary or secondary flow 

can be caused by power failure to the pumps which is similar in transient 

response to reactor scram and is Included under Upset Conditions. 

This event could also be caused by seizure of a pump as was discussed 

above under Emergency Conditions. The third event, loss of operating 

power is similar in response to reactor scram and is included under Upset 

Conditions. The last event, 1. e . , scram with sodimn flow continuing, 

has been precluded by the control philosophy of the demonstration plant. 

That is, sufficient backup trip circuits will be provided to Insure that all 

pumps trip whenever scram occurs, 

3, 7, 3 Material Samples - (Later) 

3, 8.1 Fabrication - Submittal of drawings and documents sdiall be In 

accordance with tables 3 and 4, 

3,8,2,7 Tube Plug Welding - Tests to demonstrate tube 

plugging procedures and equipment shall be performed by the supplier. 

The type and number of these demonstration acceptance tests shall be sub­

mitted to the purchaser for approval. 

Tube plugs to be furnished by supplier (Later). 

3.8.3 Heat Treatment - Heat treatment procedures shall be submitted 

for purchaser approval prior to heat threatment. Six copies of heat treat­

ment records shall be submitted. Number of copies is shown In Table 4, 

3, 8. 11 Assembling - An Inspection and assembly procedure shall be 

submitted by the suppBer for purchaser approval. 
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3. 8.13 Identification and Marking 

3.8.13.3 Nameplates - Nameplates shall be installed on both 

modules on stand-offs in an accessible location to permit reading after 

insulation is applied. In addition to the ASME Code requirements for 

marking, the nameplates shall include the following data: 

Part Name Contract No. 

Identifying No. C-E Spec. No, 

3.9 Installation and Field Services Requirements 

3, 9. 1 Services to be Provided - The supplier shall provide the 

services of a field representative to monitor installation, pre-operational 

testing, repair, performance of test program and to provide technical advice 

during these operations. Specific requirements will be determined later. 

3. 9. 4 Handling - The supplier shall pro-vide all fixtures and equipment 

necessary to handle the steam generator components. These Include: 
- Shipping saddles, covers, tie downs, etc, 
- Flxmres necessary for up-ending the components at the site 
- Equipment for maintaining a positive pressure Inert gas atmosphere on 

the interiors of the components during shipment and storage, 

3. 9, 6 Installation Requirements - The supypller shall monitor the off­

loading of the steam generator at the site and the up-ending, lifting and 

Installation of the components In the facility. 

The supplier shall monitor the Installation of all Instrumentation 

furnished by the supplier. 

3.10.2,3 Requirements for pressure relieving devices - (Later) 

3. 12 Drawings - The time, number of copies, and approval requlre-
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3,12 Drawings continued 

ments for drawings shall be in accordance with Table 3. 

3,12. 6 Parts List - Spare tube plugs to be furnished - See paragraph 

3. 8, 2, 7, 

4, 6.2 Helium Leak Testing - Acceptance standards and specific 
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TABLE II A 

RANGE OF STEADY STATE OPERATING CONDITIONS 

Heat Load, MWt 

SODIUM SIDE 

Sodium Flow Rate (lb. / h r . ) 
Sodium Inlet Temp. (°F) 
Sodium Outlet Temp. (°F) 
Sodium Inlet P res su re (pslg) 
Sodium A P (psi) 

STEAM-WATER SIDE 

Feedwater Flow (lbs. h r . ) 
iFeedwater Temp. (°F) 
Feedwater P res su re (psia) 
Recirculation Ratio 
Steam Outlet Temp. (°F) 
Steam Outlet P re s su re (psig) 

100% 
Power 

110 

4.35x10^ 

960 
673 

18 

3. 97x10^ 

460 
2666 
3.5 
900 
2500 

CONDITION 

80 

88 

3. 48x10^ 
945 
665 

Later 
11.5 

3. 18x10^ 

440 
2624 
4 .0 
900 
2500 

60 

66 

2. 61x10^ 
933 
658 

6 .5 

2.38x10^ 
412 
2590 
6.0 
900 
2500 

40 

44 

1. 74x10^ 
926 
656 

2 .9 

1. 59x10^ 

370 
2563 
9.0 
900 
2500 



DESIGN CONDITIONS 

TABLE II B 

1 Item 

Heat transfer tubes 

Tubesheet 

Sodium shell 

Channel shell 

Superheater 

Design Press/Temp. 

2600 psia/960°F 

2700 psia/750°F 

250 psia/960°F 

2700 psia/750°F 

Evaporator j 

Design Press/Temp. 1 

2700 psia/866<^F 

2750 psia/750OF 

250 psia/866°F 

2750 psia/750°F 
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Introduction 

Over the preceding several weeks. Combustion Engineering's KDL PWR test 
loop facility has been utilized to experimentally verify the effectiveness of 
the bayonet assembly, which comprises a critical component of the CE 
LMFBR steam generator design. 

The purpose of this interim report is to summarize the effect of those tests 
on the CE reference design^and to set forth CE recommendations with regard 
to future testing. 

Only a limited amount of data, directly applicable to the CE design, has been 
considered in this preliminary study. The remainder of the considerable 
data available will be evaluated in the formal and complete report of the 
insulator tube test program. 

Discussion 

The CE reference steam generator concept utilizes a bayonet tube 
configuration in both the evaporator and superheater modules. This 
configuration, along with the flow arrangement of the two fluids, allows CE's 
steam generator to enjoy several advantages over competing designs such 
as unrestrained tubes, tubesheets which operate below the creep range and 
unexceeded accessability for in-service inspection and maintenance. Details 
of this concept are shown in Figure 1. 

In order to utilize a bayonet arrangement, however, an effective barrier 
against regenerative heat transfer across the bayonet tube must be found. 
The CE design utilizes a double bayonet tube with an "insulating" gap 
between to provide the required barrier. Figure 2 is a schematic repre­
sentation of this "bayonet assembly". 

The purpose of the insulator tube test program was to verify the effectiveness 
of the bayonet assembly as a barrier to regenerative heat transfer. 

A six foot test section similar to the bayonet assembly was operated in the 
PWR test loop at KDL. Both the evaporator and superheater configurations 
were simulated. Figures 3 and 4 are schematics of the test loop configurations 
for simulation of the evaporator and superheater respectively. Complete 
details of the test program may be found in Ref. (1). 

E-Z68S 
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Sunmary of Results - Evaporator Configuration 

The test loop was first operated in the evaporator configuration . The results 
of this series indicated that regenerative heat transfer will cause a temperature 
r ise in the downccnner of approximately 5**F. This corresponds to a Nusselt nuna-
ber erf approximately 3.5 to 4 for the insulator gap. The effect of this regen­
erative beat transfer is n^ligable^ and the effect on sizing cannot be detected 
within the accuracy of our current methods. 

Summary of Results - Superheater Configuration 

While the effects of regenerative heat transfer in the evaporator were found 
to be negligable, the opposite case holds true in the superheater, within which 
much higher temperature differences across the insulation g^P are found. 

Figures 5, 6 and 7 represent a portion of the data from the superheater series 
at three pressure levels 1500, 1900 and 2600 psia. The data covers a range 
of flow rates and average insulator gap temperatures. 

Although the data, to be best understood, must be reduced to non-dimensional 
terms, three general conclusions can be drawn from the general trend of the 
data. First , the flow rate has a preceptable, but not important, effect on 
the heat losses. This is expected due to the low overall contribution of 
the flow film resistances to the overall resistance. At lower flow ratings 
the resistance tends to be slightly greater. Secondly, operating pressure 
has a significant effect, with more heat being lost at the higher pressure 
levels. Third, the trend at the highest driving temperamre differences 
( > 300F) indicates a probable radiation component. 

Some scatter appears in the data, with a few points showing unusually high 
losses. These few points are thought to result from data taken during 
periods where leaks occurred at the flanges in the test section. This meant 
that the actual flow rate in the test section was lower than measured, and 
hence, indicated heat loss (from WCp A T at 2 points in the bayonet tube) 
was much worse than actual. This will be further investigated as data 
reduction proceeds. 

Effect on Superheater Sizing 

Certain groups of data were directly applicable to the conditions in the CE 
LMFBR superheater, and these data points were used to reset the sizing 
of the Demonstration Plant Superheater. 

E-26Sa 
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Effect on Superheater Sizing - continued 

The procedure for this evaluation was as follows: 

1. Select data points relevant to the conditions in the superheater, and 
make a plot of the heat loss per foot of test section versus the temperature 
difference across the bayonet assembly. The applicable points chosen 
were those at 2600 psia, and flow rates above 1800 #/hr. These 
points were ploted in Figure 8 and a conservative design curve was 
determined therefrom. 

2. The dimensions of the simulated bayonet assembly in the test are different 
from those of the present steam generator bayonet assemblies in that 
the diameters a re larger in the steam generator (See Figure 9). A 
correction factor for the increased area per foot was determined as 
follows: 

f = 1/2 (. 91fr»- . 636) = 1.25 
1/2 ( . 7 5 + .4925) 

The differences in t^ and t2 were neglected. 

3. An estimate of the superheater size was made and a plot of the temperature 
difference across the bayonet assembly versus length was created using 
the performance program (See Figure 10). 

4. The superheater was divided into four foot lengths from the sodium level 
down, and using Figures 8 and 10, an estimate of the heat loss in each 
section made. The approximately four feet of bayonet assembly above the 
sodium level was also taken into account, assumiigthe highest temperature 
difference. Table 1 shows the computation of the heat loss in the 
superheater. 

5. Knowing the flow rate in the superheater, an enthalpy balance was made 
to determine the temperature required at the entrance to the riser tube. 

The flow rate in each tube is about 2337 #/hr. in a superheater with 170 
tubes. A trial and error enthalpy balance yields a required inlet temperature 
of ' ^ 925. 6F (at 2525 psia) to result in conditions of 900°F at 2500 psia 
at the outlet. 

e-26Ba 
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6. The performance prc)gram was run with various multipliers on the 
insulator gap fluid conductivity to match the required conditions at the 

bottom of the tube. This resulted in a steam generator with a somewhat 
larger area than previously sized. A summary is presented in Table 2, 
The indicated multiplier on the conductivity (Nusselt number) was 4. 7. 

Comparison with Predicted Values 

A value of the Nusselt number may be estimated by a correlation based on 
Jakob's study of convection heat transfer in vertical enclosed air spaces. 
The conclusion is not directly applicable, since the ratio of length to gap 
width in the insulator gap greatly exceeds the range of the correlation. A 
conservative estimate of the heat loss, however, should be obtained by 
assuming the ratio to be 42.2, the maximum investigated. Using this procedure, 
the Nusselt number is predicted to be about 3 .1 , as compared with 4. 7 as indi­
cated above. Details of the calculations are presented in Appendix 1. 

Recommendations for Future Testing 

In the light of the results of the insulator tube testing to date, a decision 
must now be made concerning continuation of the test program with a 
different (smaller) gap. The following facts are pertinent to such a decision. 

1. The present configuration is adequate for the present demonstration 
plant steam generator design. 

2. There appears to be an increasing radiation component at higher 
temperature differences ( > 300 F). 

3. The aforementioned correlation for convection heat transfer predicts 
only small effects from variation of gap width. Specifically, 
with larger gaps, the value of n would become 1/3 (Gr > 2.1 x lO"*) 
and the heat transferred would be essentially independent of gap width. 
With a smaller gap, some added resistance is predicted down to the 
point where conduction begins to predominate (Gr -< 2 x lO^). For a 
gap half the size of the current test, the predicted resistance would be 
about 15% higher. 

Based on the above facts, it is CE's view that another test with a different 
inmilaior gap would U' deHirabie from a .si-ientlfic a.specl in llial fiirlher 
iiUorniation on the nature of heat irausler across sucli gaps woultl he oblauiecl. 

Nuclear Components Department 
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From a practical aspect, however, the current gap configuration is considered 
adequate for the intended use, and the available analytical tool predicts that 
little if any added resistance would be gained by variation. (Conversely, it 
predicts that the effectiveness of the gap will be relatively insensitive to 
manufacturipg tolerances, etc). This viewpoint would tend to indicate that 
no further testing is needed. 

Looking forward to future designs, it is estimated, based on this preliminary 
assessment, that the present insulator tube would be adequate for design 
steam temperatures up to 9 5 0 ^ assuming saturation pressures on the order 
of 2500 psia. For steam generators incorporating even higher superheat 
temperatures at that pressure, an advanced insulator design, possibly 
with smaller multiple gaps may be required, and additional testing may be 
desirable at that time. 

Nuclear Components Department 
E-26SS 
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TABLE I HEAT LOSS ACROSS BAYONET 
ASSEMBLY IN SUPERHEATER 

Increment 
No. 

1 

2 
3 
4 
5 
6 
7 
8 

Above Na 

Length 

4 ft. 

2 .5 
4 

T 

223 F 

193 
152 
110 
74 
44 
20 

5 
233 

Uncorrected 
Loss /F t . 

1830 BTU 
F T Hr 

1510 
1140 

800 
530 
310 
140 

30 
1950 

Total 

Uncorrected 
Loss - 4Ft. 

7320 BTU/HR 

6040 
4560 
3200 
2120 
1240 

560 
75 

7800 

32,915 

Correction for Area: 

QL = 32915 x 1.25 = 41144 BTU/HR 

Nuclear Components Department 
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TABLE 2 EFFECT ON SIZING OF SUPERHEATER 

Original Design 
Present Design 

Number Tubes* 

150 
170 

Length 

30. 8 ft. 
31.1 ft. 

Area 

1814 ft^ 
2076 ft^ 

*Does not include design marg ins . 

Nuclear Components Department 
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APPENDIX D 

EFFECT OF STEAM PRESSURE ON DESIGi^ 



EFFECT OF STEAM PRESSURE ON DESIGN 

1.0 Introduction 

While the work presented in this steam generator conceptual design package has 

been based on a steam outlet pressure of 2500 psia (2400 at tne turbine), i t has 

been recognized throughout the period of this e f fo r t , however, that alternate, 

lower, pressures are being considered. The 2500 psia design pressure was selected 

by CE as presenting the greatest challenge to our design, analytical and fabrication 

e f for ts . Extrapolation to lower pressures was considered to be relat ively straignt 

forward, while extrapolation to higher pressures was seen to pose some d i f f i c u l t i e s . 

Tnis summary nas been prepared to serve two purposes. F i rs t , to assist those 

responsible for setting plant parameters and, secondly, to indicate the capaoil it ies 

of the CE generator design. 

Portions of this summary are quantitative ref lect ing the results of development 

work already performed. Other portions, where specific information is not yet 

available, are addressed in quali tat ive terms. Where quantitative information 

was available, comparisons were made at the three pressures whicn are currently 

considered candidates: 1400, 1900 and 2400 psia. 

2.0 Steam Generator Sizing 

Due to tne changing properties of water and steam,and effects on the mechanisms 

of heat transfer, the water/steam side pressure has a signif icant effect on ttie 

pnysical size of the steam generator. 

2.1 Tube Thickness 

As design pressure increases, the thickness of tne high pressure tuue, consti­

tut ing part of the sodium water boundry, correspondingly increases. The resis­

tance of the tube is a signif icant protion of the overall resistance to heat 

transfer and a reduction in design pressure,and hence thickness,will result in a 
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notaole size decrease in both the evaporator and superheater. 

2.2 Saturation Temperature 

For given inlet conditions, a change in the design pressure,and hence sat­

uration temperature,can have a marked effect on the available LMTD,and therefore, 

generator size. Lower pressures,with accompanying lower saturation temperatures, 

result in a larger LMTD. Tne required heat transfer surface is therefore reduced. 

2.3 Insulator Effectiveness 

Tne effectiveness of the insulator gap as a barrier to regenerative heat 

transfer, particularly in the supemeater, is dependent upon trie thermal 

conductivity of tne fluid. As the pressure is increased, the conductivity 

of the steam in tne superneater increases and thus tne efficiency of the 

insulator gap decreases. This is partially offset since temperatures differ­

ences across tne insulator gap are lower at higher pressures. 

2.4 Circulation Ratio 

If the effect of pressure on the DNB heat flux-quality relationship were 

significant, this aspect of design could affect steam generator s ize, since 

a lower allowable circulation ratio would result in a more efficient econo­

mizer section. 

Tne design circulation ratio was determined for 2500, 1900 and 15QQ psia sat­

uration pressures. The two higher pressure CR's were selected using priprietary 

CE data as outlined in Section 3.1.5.3. The CR at 1500 was determined by an 

extrapolation of the data of BAW 3238-13. There were no significant differences 

indicated and a CR of 3.5 would be selected for all three cases. 

2.5 Effect on Generator Size 

A preliminary study was made to quantitatively evaluate the effects of the 

aoove mechanisms on generator size. Not included in this study were the re-
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suits of tne insulator tube testing (Appendix C), which were available at 

a later date. 

The study was accon^Jlished using tne CE recirculation sizing program. Tne 

sodium outlet temperature was optimized for eacn steam outlet pressure to 

acnieve a minimum weighted surface area in the generator and IHX combination. 

The following ground rules were used in the study. 

1. As sodium temperature out of the steam generator is reduced, steam 

generator size increases and IHX size decreases;ttierefore, an optimum 

(minimum) size exists for each steam outlet pressure. Optimum sodium 

outlet temperature was defined as the temperature at which the sum of the 

steam generator heated surface area and 2/3 of the associated intermediate 

heat excnanger heated surface area reacned a minimum. The 2/3 factor 

accounted for the estimated relative cost of tne units. (See Section 3.1.5.2) 

2. A numoer of tubes was cnosen in the superheater and evaporator so tnat 

reasonable pressure drops were obtained (100 psi or less in tne superneater 

and 50 psi or less in the evaporator). 

3. Three steam generator outlet pressures were considered: 

Turbine Pressure Steam Generator Outlet Pressure 

1400 psia 1500 psia 

1800 psia 1900 psia 

2400 psia 2500 psia 

4. The following parameters were held constant for tne three cases: 

1. Total heat transferred - 110 MWt 

2. Sodium inlet temperature - 960°F 

3. Steam outlet temperature - 900 F 

4. Feedwater temperature - 460 F 

b. Tube flow geometry 
Hign pressure tube Ou - 1.5 In. 
Heat transfer annul us, evaporator - .1875 in. 
Heat transfer annul us, superneater - .1000 in. 
Insulation gap (evaporator & superneater) - .06 in. 

0-3 



5. The fo l lowing parameters were varied as d ic tated by operating requirements: 

1 . Tube wal l thickness - established by design pressure and temperature, 

2 . Fluid Propert ies. 

Tne resul ts o f the s iz ing study are summarized in table 2.5-1 

TABLE 2.5-1 
SUMMARY OF PRESSURE EFFECTS 

Steam Outlet Pressure 

(psia) 2500 1900 1500 

Superheater 
No. of tubes 
Lengtn - f t . 2 
Heated area - f t 

P - psid 

Evaporator 
No. of tubes 
Length - f t . p 
Heated area - f t 

P - psid 
CR (required) 
CR (actual) 
T,A OUT - "̂ F 

150 
30.78 

1813.00 
99.70 

380 
32.45 

4842.00 
21.00 
2.82 
3.50 

673.00 

134 
23.70 

1247.00 
101 .00 

250 
30.90 

3034.00 
26.30 

3.22 
3.50 

650.00 

134 
20.00 

1052.00 
97.50 

250 
23.50 

2307.00 
17.00 
2.94 
3.50 

635.00 

As tne table ind icates , the t o ta l surface area required in the steam generator 

increases wi th water-side pressure; th is i s also true of the IHX. This i n ­

crease is pr imar i ly due to two mechanisms. F i r s t , is the decrease in avai lable 

log mean temperature di f ference (LMTD) as the saturat ion temperature in the 

evaporator approaches closer to the sodium temperature. Second, is an increase 

in tube wall tnickness required to contain the higher pressure. The incre­

mental size increase (slope of the curve in Figure 1) increases with pressure. 

Witnin the range of th is study, there is no reason in terms of p rac t i ca l i t y , 

with respect to s i z ing , to choose one ou t le t pressure over another. Ul t imate ly , 

the decision is an economic one, weighing capi ta l cost versus plant performance 

over the expected l i f e t i m e . 
n A 



3.0 Performance 

In addition to effects on steam generator s ize, the effect of design pressure on 

performance must be considered. Three areas which were evaluated in tnis study were 

s tab i l i t y , sodium-water reaction effects and r e l i a b i l i t y . 

3.1 Stabi l i ty 

A meaningful quantitative evaluation of the effects of design steam pressure 

on stabi l i ty would involve an extensive ef fort and probably experimental 

ver i f icat ion. 

The following references, however, can lend some qualitative insight into 

the problem: 

-Nanavandi, A. N. , and Von Hoi 1en, R. F., "Flow Stabi l i ty in 

Large Vertical Steam Generators ASME 64-WA/AUT-ll 

-Boure', J . A. Bergles, A. E., and Tong, L. S . , "Review of 

Two Phase Flow Instabi l i ty" ASME 71 HT-42 

Both o f these references indicate t ha t , i n a bo i l i ng system, increasing the 

pressure tends to make the system more s tab le . 

This i s not to say, however, that e i ther a 1400 psia or 2400 psia design 

would be stable or unstable, only that the trend is favorable toward higher 

pressures. 

3.2 Effect of System Pressure on Sodium-Water Reactions 

The magnitude of reaction loading imposed on the steam generator shel l is af fected 

by tne rate of blowdown of water into sodium. The invest igat ion of blowdown rate 

for severed tube requires four discrete methods of analys is. These are: 

Subcooled pressurized l i q u i d blowdown through short tuoes 
Subcooled pressurized l i q u i d blowdown tnrougn long tubes 
Saturated steam/water blowdown 
Superheated steam blowdown 
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The fo l lowing i s a discussion of these methods, and comparisons of blowdown rates 

3.2.1 Subcooled Pressurized Liquid Blowdown Through Snort Tubes Using 

Zaloudek's Model 

Zaloudek's ^ 'data demonstrates that con^ressed subcooled water blowdown fo r 

0 - ij- - 20 can be represented by: 

G = cj^ (P..„ _ P e . J l o s / f t ^ _ sec up - sat ' 

2 
6 = mass ve loc i ty during upstream choking, l b s / f t - sec 

2 
P = upstream pressure l b s / f t 

2 
P ^ - saturat ion pressure l b s / f t 

a 
V^ = spec i f i c volume of saturated water f f / l b 

C = 0 . 9 5 , contract ion coe f f i c ien t dimensionless 

Tne data-were correlated by equation (1) wi th a maximum deviat ion of 10%. 

Since a tube rupture at the tubesheet bottom would have an Q- greater than 20 

(L= 12.5" fo r tuoesheet tnickness, bayonet tube I .D. = .501") , equation (1) (which 

assumes entrance acceleration only wi th no momentum loss due to f lashing) cannot 

be appl ied. I t is c lear tha t momentum losses must be accounted for i n the computa­

t i on of c r i t i c a l mass f l u x , wnere f lashing does occur. Wnere longer tubes are 

ruptured, tne i n i t i a l l y supersaturated l i q u i d core has more time to break up. 

Extremely long tuoes (such as a bottom t i p rupture wi th an L/D 800) allow thermo­

dynamic equi l ibr ium to be approached, where bubbly two-phase flow breaks down in to 

a nearly Homogeneous mixture. The pressure drop is tnen pr imar i ly caused by momentum 

losses due to changes in spec i f ic volume and wall shear flow re tardat ion . 

^ F. R. Zaloudek, "Steam-Water Critical Flow from High, Pressure Systems," 

Hanford Atomic Products Operation, HW-80535, January 1964 
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TABLE 3.2-1 

A COMPARISON OF BLOWDOWN RATE VS. PRESSURE 

Pup' P'"*^ 

Subcool, °F 

Temp., °F 

Psat' P^^^ 

Vf, f t ^ / l b 

G, Ib / f t ^ -sec 

Case 1 
1400 

100 

487 

606 

.0201 

18,175 

Case 2 
2000 

100 

536 

931 

.0213 

20,487 

Case 3 
2600 

100 

574 

1270 

.0226 

22,184 

Since V^ is essentially constant, blowdown rate increased by 22% for tne 2600 psia 

system over the 1400 psia system. 

3.2.2 Subcooled Pressurized Blowdown Through Long Tubes 

(2) 
R. E. Henry ^ ' developed a non-equilibrium model to describe the two phase critical 

discharge of initially saturated and subcooled liquid through long tubes (L/D > 12). 

His solutions are based on the upstream and stagnation fluid conditions. Henry shows 

that 

'..'] 
i^) 

Where v = specific volume, l b / f t 
2 

P = pressure, l b / f t 

g = gravitational constant, ft/sec'^ 

X = quality 

(2) 
R. E. Henry, 'The Two-Phase Critical Discharge of Initially Saturated or Subcooled 
Liquid," Nuclear Science & Engrg., Vol. 41, No. 3., Sept. 1970 



where G = c r i t i c a l mass f l u x , l b / f t - sec 

C = contract ion coe f f i c ien t = .95 

and the subscr ipt 0 refers t o i n i t i a l stagnation condit ions 

t refers to th roa t ( e x i t plane) condit ions 

f, refers to saturated l i q u i d propert ies 

g refers t o saturated vapor propert ies 

For an analy t ica l so lu t i on , Henry's equation requires an estimate o f the e x i t plane 

qua l i t y and c r i t i c a l pressure r a t i o s . His results are p lo t ted as c r i t i c a l mass 

f l ux vs. L/U r a t i o fo r saturated water and are attached as Firgure 3 . 2 - 1 , w i th i n i t i a l 

stagnation pressure varying from 28.4 to 2600 psia (dotted l ines indicate cross-

p l o t t i ng and/or extrapolat ion frem other graphs in reference 2 ) . Figure 3.2-2 i s a 

p lo t o f c r i t i c a l mass f l ux vs . i n i t i a l stagnation pressure fo r various L/D r a t i o s . 

These curves can be used to obtain maximum steady state blowdown rates througn long 

tubes assuming the l i q u i d to be saturated; however, where a considerable degree of 

subcooling may e x i s t , so lut ion of equation (2) i s essen t ia l , or non-conservative 

results may be obtained. Subcooling causes a lower ou t l e t qua l i t y and, there fore , 

less momentum pressure drop resulting in a higher blowdown r a t e . Firgue 3.2-3 ( c r i t i c a l 

pressure r a t i o vs . L/D) from reference (2) is attached to use as an estimate for P^ 

fo r obtaining throat q u a l i t y . 
TABLE 3.2-2 

A COMPARISON OF SLOWDOWN RATE VS. PRESSURE 

Case 1 Case 2 Case 3 

PQ. psia 

Subcool, ^F 

Psat. P^ '̂̂  

V 

"o 
n, c r i t i c a l pressure r a t i o 

\ 

\ 

\ t 

% 

1400 

100 

606 

.0201 

473. 

.66 

.06 

400 

1.16 

7632 

2000 

100 

931 

.0213 

532. 

.63 

.09 

586 

.78 

9044 

2600 

loo 
1270 

.0226 

581. 

.60 

.11 

762 

.60 

10,580 
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Tne above calculat ions show a olowdown rate increase o f 39% wnere trie system 

pressure was increased from 1400 psia to 2600 ps ia , keeping 100° subcooled water. 

3.2.3 Saturated Steam/Water Mixture Slowdown Using Moody's Model 

,(3), F. J . Moody^ 'developed a model fo r maximum blowdown of a two-pnase mixture tnrougn pipes 

in terms of upstream stagnation propert ies and pipe geometry. Tne exact mechanism of 

the model need not be described here, since f-loody's grapical output allows tfie 

user to obtain an immediate so lu t i on . 

Graphs are given fo r values of FL/D = 0 , 1 , 2 ,3 ,4 ,5 ,10, 20, 50 and 100. 

TABLE 3.2-3 

A COMPARISON OF BLOWDOWN RATE VS. PRESSURE 

Case 1 Case 2 Case 3 

PQ. psia 

quality 

f, friction factor 

Pipe L/D 

G^ Ib/ft^ -sec 

1400 

.30 

.01 

100 

5200 

300 

3700 

500 

2900 

2000 ' 

.30 

.01 

100 

7000 

300 

5100 

500 

4100 

2600 

.30 

.01 

100 

8700 

300 

6800 

500 

5600 1 

The above calculat ions show olowdown rate increases of 67% for L/D = 100, 78% 

for L/D = 300, and 93% for L/D = 500 where tne steam pressure was increased from 

1400 psia to 2600 psia with constant q u a l i t y . 

3.2.4 Superheated Steam Blowdown Using Lapple's Model 

.(4) C E . Lapple^ presents graphs of P ̂ ^.^^^ / PQ vs. G/G^^.^ with fL/D as 

(3),. 

(4) 

F.' J. Moody, "Maximum Two-Phase Vessel Blowdown from Pipes, "General Electric Co . 
APED 4827, April 1965. 

C. E. Lapple, Fluid and Particle Dynamics, Univ. of Del., March 1951, pp. 61 



the independent parameter. With this method, superheated steam can be treated as 

an ideal gas. Lapple presents graphs for values of k (rat io of specific heats, 

C /C of 1.0, 1.4 and 1.8. For steam, the s l ight ly conservative value of k = 1.4 

is used. 

TABLE 3.2-4 

A COMPARISON OF BLOWDOWN RATE VS. PRESSURE 

1 ^o' P^^* 
Superheat, F 

hj j , b tu / l b 

1 '"cni* ^^^^^^ ~ ^^^ 
1 Pipe L/D 

1 G/G . 1 ' cm 

1 ^ 

Case 1 

1400 

300 

887 

1430 

2512 

100 

.6 

1507 

300 

.42 

1055 

.500 

.33 

829 

Case 2 

2000 

300 

936 

1433 

3494 

100 

.6 

2096 

300 

.42 

1467 

500 

.33 

1153 

Case 3 | 

2600 

300 

974 1 

1438 

4453 

100 

.6 

2672 

300 

.42 

1870 

500 

.33 

1469 1 

wnere G . = P /g M", maximum mass velocity of f l u id under f r ic t ion less, 
cm 0 v__c__ 

eRT 
0 

isothermal flow. 

The above calculations show blowdown rate increases of 77% where the system 

pressure was increased from 1400 psia to 2600 psia keeping degree of superheat 

constant. 

3.2.5 Conclusions 

Since results with CEBUG nave shown that the specific impulse on the shell ( J Pdt) 

during a sodium/water reaction is proportional to (leak rate)^' '^ , an increase in 

system pressure w i l l raise the load on the snell during the reaction. The following 

results are for comparisons with generating tubes of the same diameter ( i f larger 

diameter tubes were to be used, the specific impulse w i l l increase in proportion to 

the diametric increase); 
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TABLE 3.2-5 

INCREASE IN SHELL IMPULSE FOR: 

Regime 
Subcooled snort tube 
Subcooled long tube 
Saturated mixture (30% qualityJ 
Saturated mixture (30% quality) 
Saturated mixture ('3i)% qual i ty) 
Superheated steam 

L/D 
0-12 

12-300 
100 

• 300 
500 
al l 

1400 psi 
6ase 

2600 psi 
6% 

. 9i 
15% 
17% 
19% 
18% 

2600 psi 1 
10.5%' 1 
18 % 1 
29 % 1 
33 % 1 
39 % 
33 % 1 

3.3 R e l i a b i l i t y 

With respect to tne tubesneet, cnannel snel l and channel cover, the reliaoility o f tne 

generator snould not be affected by steam generator pressure. A l l of these are 

sized to the same standards for each pressure and tne margins o f safety snould 

be s im i l a r . 

In tne case of tne tub ing , however, wnere relatively small defects could comprise a 

s ign i f i can t port ion of tne tube w a l l , the th icker wall sections at a design pressure o f 

2400 could possibly be considered an advantage. 

4.0 Manufacturing Aspects 

An evaluation was made in qua l i t a t i ve terms with respect to tne e f fec t o f steam 

generator design pressure on the manufacturing aspects o f producing a steam generator. 

These are discussed in the fo l lowing sect ions. 

4.1 Manufacturing Costs 

In addit ion to tne ef fects on generator size wnich were discussed above, tnere are 

several factors wnich would tend to s l i g h t l y increase tne cost of a nigner pressure 

un i t when compared to a lower pressure design. 

Tne materials required for the tubesneet, tub ing, and channel shel l and cover 

would be th icker tnus adding to material costs. 
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Addit ional welding would be required on the th icker sect ions. 

Cost o f Non-Destructive Test ing^par t icu lar ly radiography would be somewhat i n ­

creased f o r the th icker sect ions. 

There would be l i t t l e i f any e f fec t on the other aspects o f manufacture such as 

forming, f i t u p , bundl ing, e t c . 

I t is our best judgement that the net ef fects o f these items on the overal l 

manufacturing cost would oe i n s i g n i f i c a n t , especia l ly wnen compared to other 

ef fects SUCH as var ia t ion of number of tubes and/or heated length as previously 

reported. 

4.2 Welding and NDT 

No pa r t i cu la r e f f ec t on welding and NDT is ant ic ipated except as mentioned above with 

respect to costs. 

5.0 Effect of Steam Pressure on Water/Steam Recirculat ing Equipment 

5 J Recirculat ing Pumps and Seals 

Recirculat ing pumps over the range of pressures have been sucessful ly incor­

porated wi th C-E foss i l bo i le r appl icat ions. As such, C-E considers pumps and 

seals to be w i th in tne s ta te -o f - t he -a r t . 

5.3 Steam Drums - Effect on Costs and Size 

Using the C-E demonstration plant steam generator steam drum as a reference (2400 

psig system), tne fo l lowing can be noted with respect to a lower pressure steam drum: 

a) For e f fec t i ve steam separat ion, a longer steam drum would be required due 

to tne nigtier spec i f i c volume (approximately 25% longer maintaining the same 
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drum diameter wnen comparing the 2400 and 1400 psia systems). Also, 

th inner plate would oe used on tne drum fo r tne lower pressure systems. 

b) Costs fo r the 1450 psia steam drum when compared to the 2500 psia would be 

approximately 10% lower. Tnis is essent ia l ly due to the lower costs o f 

material due to the thinner p la te . The labor and welding costs, e t c . would 

not oe appreciably cnanged. 
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APPENDIX E 

SHELL SIDE DISTRIBUTION AND PRESSURE LOSS CALCULATIONS 

1 Axial A P Calculations for LMBR Superheater Tube Bundle 

2 Crossflow AP Calculations for the LMFBR Superheater 

3 Axial AP Calculations for LMFBR Evaporator Tube Bundle 

4 Crossflow A P Calculations for the LMFBR Evaporator 
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:: Z^2.06oVir,/vl) ^̂  

A|n, ^Tof^i w«w |i5««'<r a*id I 

.Z/2 V 

^ . • • ^ 

^.S»o^ 

n 
c 

A^^^ To-hJ(hi^ ^ W / 4 Y I * ^ ;« ^ ^ z < y ' ^ • ^ B ^ e / ^ j ^ - \ ^ 



COMBUSTION ENGINEERING. INC. 
ENGINEERING DEPARTMENT. CHATTANOOGA, T E N N . 

NUMBER. B,\ 
SHEET- .£_ 

CHARGE NO.. 

DESCRIPTION AC/Q^ AF ~J>^^eyk^<Jte 
DATE. y/z^Z-y 

.OF . ± 
C H E C K r>ATC xJA^^/l'^ w v IflfJr 

^dfC (^^^^''^^ f^^^^^^ ^ 3*-^ ^Z- - ^}^Z^*-^ - ' ^P\^^^'- lA/J * x 

Qooo6or^^/2.) 

/ . • J i -
,C3r - Ao o o ^ 

w^^e u 52,6// - ?>^i.z:^ ^ fts^^3%^ 

^ M r : 4 4 > ^ v ^ , ^ ^ / . . . .^^..^--.. . . .^^ sr 4.9CSK/0 -f K>^' 

a 
'-(V, •| £ 

W j % 0 

^ 

4o?? 
too 
800 
/ooO 

f^er^ 

4?.0/ A/A "•" 

I.IO^IO'' 

^.O^Vo^ 

c,,M\it>^ 

l.'\\i(o'^ 

4 
*o/\S 
,c>i'>o 
.Olio 

. 0( M 

.o i?o 

Af*,.K^ ^ t i 
,7^< 1 

l,Zoz 
^M^G, 
4.Z79 

(̂ .'159 

> 



COMBUSTION ENGINEERING, INC. 

ENGINEERING DEPARTMENT. CHATTANOOGA. TENN. 

NUMBER. 

SHEET 

E.l 
A 

CHARGE NO. DATE. 

DESCRIPTION A<^*^ dP > ^^^pififVtfc^eY--

//^ ̂ 75 
.OF , 4. 

.BY Zir^l^^ 

CHECK DATE. jZ2Si2i_BYi£f. 

At̂ . 
2. /f 

u^ , . / / _ //<.9C' l̂ ^ , _ 

/c5-.r Z/ . / t^ V ,̂£>t̂ ) - . < 5 ' 4 

Ae 
Iv^Vse SvAojrtov*^ u 

wjS*^*; A^f5>^y«.H 

3oo 
^ol.\ 
ioo 
Soo 

IttOO 

/.3Z8 
3^ IS 7 
$.Zlo 

"^MO 
m.1^0 

^^t..^A%^) 

3.SS9 

A4. / f.o^oXioT.rzt:) ' 

-^ rrf fi^ iA'5^ $/4g: A€i^^/^^r Af^nfo 7Uft:HoDw^hi(c*> ^Kfu^ju 



COMBUSTION ENGINEERING. INC. 
ENGINEERING DEPARTMENT. CHATTANOOGA. TENN. 

NUMBER. J E ^ 

SHEET-

CHARGE NO. DATE. /A</7^ 
-OF. ± 

DESCRIPTION n^WX " " ' -^ t f ja ry W * * ^ * ^ CHECK DATE. 

BY 

BY 

AP 
• ^ f c U . . - / . ^ t , V^,\ ^ ^ 3 9A^y«<-4> (^' 

" . 0 0 0 0 7 9 / 7 ^y<j^ 

^yf%. 

"ioo 
^oo 
(,00 

3CLA 
(OOO 

M?,̂  
/,S6>m'^ 

Z ' 6 9 A / O ^ 

J.IJ/C«>^ 
4,HXfo^ 
S-llKIO^ 

4 
. Oif»< 
.Of ^9 
,Ol4i 

.Oi<iO 

.OIi6 

^ev.a. J^-^ 
/ / / 7 
, 2 0 / 
.<Zi. 
.12,7-

I.071 

y- ktorC 

A/ ^ 

• / & « c 

Tor R 

re>7,7ic) ^'^^(o 

AP 
Ti'br x^^^U) 

< l D r c -37o f ,??c^ . ,7^C 

S:?,^ (^y 52.1> I/O 7.4a; " /Z«9 

r,47r 

- ,4^ 

-0 vAi. -• ~ . f t o o o r UJ^ 

-^ rt^(^ (',. iA'5^ "^/it fi€iefi5h'fi<x: ArfUdP fhrdHoP^Aj^t-nc /^flKf^Hi 



COMBUSTION ENGINEERING, INC. 
ENGINEERING DEPARTMENT. CHATTANOOGA. TENN. 

NUMBER. M^ 

CHARGE NO. 

SHEET-

DATE— 

_s. 
//zS/7J 

- O F . 

.BY. 

DESCRIPTION AT^'^ / \ P ' ^ U j g g Y h fe^i^y- CHECK DATE. 

l>f<^ 
\/7'i/n BY , ^ 

.̂0 ;̂ 
3oo 
l o o 
400 
S06.9 
looo 

^^Hae Sufft^^t 

/.isoo 
^,Zoo 
7,700 

li.azT^ 
Zo.oo^ 

AP^̂ ,rA^ 
/ . ^ 7 
3. fd/ 
l.UlT^ 

f^7i4 
V-oil 

O- <-^^<^^ / b M / Pt<»^ ^ojh J /-CAJ ^/a^^uct df **-'/ t ^u 

f\ot ol A f ^ ^ VS lA<pr ''^'^^^ ^n>T ' » M + - K 



N O . 4 i l O - a . M BiviSKMM p « * ••«•< aoTn wmn. aeo • * sov o iv ia toM* . f ^ ' H f ^ V ^ ^ S T * * *«*Dca • v^HM> 9fM3m CO. IMC aioawo) 

^o./'S 
^ " ^ . f A / K -

m 

IT 

f r 

It 

i 
* . 

B 

<i 

"F 
^ 

h 

|f 

; 

i 
li 

li 
li 
l i 

1 
! 

t 

fi 
MM ' 

1 li • 
i; 
li''-

w 
if:;-

^li^ 
! • ! . • 

ttji;:: 
1 :: 
TJ:: . 

• i : -

.tfri . 

'4* 

'if 
* * -

i ': 

i 11;: 

"4*'^ 

1 : : • 

! I t : : : 

! ! : : ' • • 

• 1' 

TT '' 

i; 1':; 

;:J;:.: 
; ; • ! , 

:n 

.: ', 

l\ 
.Li 

:rf 
r : 

W: 

•: i 

.: i 

• ! 

•H 

;-! 

• • ' t 

.. 1 -. 
• . " ( - • . 

'.'.:'< ' 
• • 

•':...] : . 

: - • ; • • • 

• 1 . 

-1-: 
• :i 

.-;_;_ 

- -
:: 

— 1 _ -

: 

i — 

1 

, ! • 

j.J.1 

• • 1 , 

. : 1 : • 

1 

;; 

:; i 
-.r: 

•r^. 

: - ; [ ; • • 

;:;: 
• ' . : 

-.-

; : ! 

: • . : { - • 

~r" 

. J . \ 

1 

I 

1 

1 
1 1 

'%-

. :-. 

r : 

:ni''.; 
:;.] ; : 

;-:|:---

^ i AP 

3 
: . : 4 

1 ! 

'.-. 
; : i : 

1";-

:n 

• • • • : 

^ 

1 

t 

i r 

1 

- - r • 
1 

, , , . . . , 

1 

-.1 

1 

1 

Id; 

t : i 

; ! ' 

. ; 

• t : 

iiil 

-

1 

- -

hi:!:,: 

i;:; :;̂ : 
.'i:i-! 

; . | • 

! ! i 

.O '37S ib& 

1 

1 

1 
1 

1 

1 

.1 

r--^ 

; • ; 

t i - . 

; ll: : 

VORM 

7*5 
0 ,434 417 . 6W 

\---- 2o 

•; -p -

" • J ! -
•;[ : ! • : : 

•n-iii ^ 

\ ' : ^ \ '• 

•r- • 

. .ii:! ; 
: ; - : t : : : 

:::;l ': 

"•-']•/'-

" -ii-

;::|-: 

::;r : 
.1 : . 

1 • ; 

i r j 

iri 

:; 

rUi 

•i'r 

: ; : • : 

' • ^ 

'.'. : 

: : • 

O K 

Sf 

A o . 1̂4- «o(, ' I2ZO 

9 

.-;•,; 

• : r [ : 

~r 
^i ; : ! : ; -

; • ' ! • ; • . 

- ' • • t : : ' . 

. ; i .. 

. : : : * . . • 

-r] 

:;. 

: 

• 

• \ : -

• ] ' • 

- • • ! • 

,!::;';.!. 

yP 

• : • ! • • : : 

" 1 1 

•i ' 

>o ,<7a| t 

_ ; . ^ . • 

• ; ; : l ; : -

'::T^' 

•^ i.:: 

" ^ " l " ~ 

.. ,.. 

•i 

H^ 
^ 

\ 

i 

1 

, . ! • • 

; • ! 

.i:j. . 
". i • • 

• : : i • • : 

_.:.!::: 

. : ; . ] . : : : 

"! 'f;; . 

•'. :[:,• 

: , . I . : • 

••v-j:-:-: 

: ' l : . : ' 

..:;!:!:: 

) • : : ' 

i.; 

• ' l i 

1 

ly 
1 • • , ! : : . 

. . ' j . . ; : 

• i / 

a M 1 U9> 

• i^ji-;; 

; . : • ' ; . ; 

,-H 

!:-. 

':H 

-'H-

•i:-

kn 

; ; ; • 

- -HJ-

• 'P 

'. i •: 

Mil 

Hi; 

;k-
.III 

j i ; ' 

• i ' 

l i 
• | ; , , 

: . 

. • : : ! : : -

. ! : 

• i - r : -
ll"!! • - • -

: : : • 

•;i 

• • 

li ^f-
'.'. " l i : • 

s-h-

::\r 

. . j . . . . 

:• , . i : . 

!ir 

-^^ 

:i 
[ 

— 

; 

f^-i-'/" 

• • • J - i : ' 

- :: i , :;: 

;:,.!i 

A 

^ 

i:;:|r; 

r .|^; 
; : • • ] : : • ; 

: • ! ' • 

^^A^,* 

. :: l-\ . 

;;:: i', •.! 

••\-x-y-

'^x^\y 

•m. 
". T! . i ' : 

":'np': 

: i . : : . 
. • , : t : : . 

• ; : i j . ; -

._..; " 

''r\ 

•'.'•M \ 

Wt ' 

1 

T ; 

: • ' • 

•rH-

•k 

^r 

r • 

.. : 

H 
' i 

; i i : 

;!": 

• I : 

: ; - • ! • • • 

- . : : t . 

TTr f } - ; 

; • 1 

-.-r 

: 

•;:• 

1 

T^: 

:;; 

;. ! 

- I -
1 1 

1 

ilii 

::i: 
-

: i ; ! : • ' 

:' '!.: 

: i : ; ! ; ; : 

i:;:|::.: 

:k;l,;: 

_t 

, . , . , : T - . 

'' 
' : • 

;r-;|-;;; 

: ^ 

^ ' ^ ! , : ; • 

••:,i ;: 

- • : : t , ' - -

•• r 

: : i 

•;-
> 

^ ; 

i : ; 

.11 
! : • : 

• ( * / . 

; ; : ; i ; - : 

^LL:'-;; 
: . : ; ; : • • ; 

Si!]** 

k Y 

i i l i j : - . : 

'iT^irrr 

1 

i: :|-.; ; 

i- ;p; 

' ^ • ^ ' 

'•:•. \\y 

• • • ; ! - -

.:•:::: : 

rWA 

.:|.!:' ; 

: : : • ! ; : • 

''.•.:\V •': 

:::iiv ; 
: - ; ; : • : 

'i-T';:^ 

• • ; i ' - | • 

..'.': A 

r-SU; 

- ; : | ; ; i ; 

iiiVf: 

'rlrrt' 

• : , ! - - ; ! : ; : : 

:::!::' 

Mr. 
•:}•:.:. 

: l ! l 
iii; 

•[ ;j;i'.' 

• •:•]•: 

..,;i;._ L. . . 

^ 

• : ' i ! : ; ; : 

: : ; M : : : 

^ 
^ 

• • : • ! • ! 

•^M 

• ' j ; ; -

fe ' 

' 1 

-

1 
1 

• | ' 

1 

- 1 -

i; ; 

I 

1 

; i . -
'-'•. 

m i 
;:-;rr; 

-h. 

• ; -

/ f 
• . . ! i : ! ' ! 

. : " ; ! i ; . 

T~^C. 

fu. 

• 

; i : • 

' r; 
II. 

I'i 
: • • : 

• • ' • 

• ' . 

-\V: 
• 

1-Jl 

III 

liijri 1 

" I ' r? . 

iirl!:; ' 
;1 : 

i;! 

•• '••• i 

i: 'IH 1 
•11 : ' 1 ' 

• 'f'; i 

: -iill i 
:';lf^: 

:£iil.i 

ill:!:: . 

rffr 
// . 

.•.[•:•}. 

' . ' . ' • • 

-i'-ir':! 

y»«x^ 

: ; • ! ! ; ! 

- r r i r • 

• : : : ! ; i ! 

: i ' : i 

- l i - r 

r\.\' 
'• I j i : 1 

• 1 ' - • 

H-rrr-t 

••..v.: • 

:::!:^i 

:''\^ J 

^^f 
f 

• : • • • 

• : : 

—r\: 

: ; • : 

X'i: : 

•:• i : . 

• i i ' - " 

- -

:-;:i;i;-

W 

V « ^ ^ 
^ 

"i:-^-: 

- • • • ' r r 

y - - , - " ' 

; '4,: 

; 

'•,'•'• 

1 

•I i n '• 

• ; 4 , ; ' . : . ; . 

HiirH 
::.::. . 

:-ili ; 1 

i : : l ! - I 

ff' -

//- -

• • • -

- : • - - -

- - - - • ' • 

' • • • 

1 - - - — 

^ i ! -

^ • ^ \ 

f7.6kf>i. \ 

; - - | > 

j . 

• , • • 

- - ; 

: : i i ; • 

li 
, 1 

" 

I 

: 

. •; 
:. 

.J^. 

••' i :!, 

•" 'H; : - ; 

• , . • 1 ' ' • • 

li^^^i,-

• / : | :^ 

^ 

. : j • < 

,!:. iiil 
;;'iiiii: 

^ 

' 1 ' 

— 

1 

M/^ 1 

t 

- -

/ 

' f 
S\ 

w\ ii^ 
••--'— 

; -4 ;~ 

• 

• ' • 

•• ...: i 

' i i - • 

'—-•:--

•; n i l 
• - I : 

....;.... 

;•[;!; i j 

:.:; -

:;i- ; 

v-awez 
- i t w i e X -

"i • • j • ! 

:; . 1 ; 

• • : • 1 :-i ' 
i 
1 • : 

' i* - : 

. - . , „ . , . _ ^ . . 

.- : 

• • '• ' ' 

i 

i i ,. ! •: 

, • : : . 

y^ 

y" 
Skl^ /^Tbt f tv . 

T;̂ ,., 
• -.y- I 

• . i : : 

/ i ' . 

• • ( • • 

. r i : , 

' " \ • • ' : 

• {'•:• 

^,\.. 
• A : \ 

\ • ) ! • . . 

i'iiin 
i' it'll! 
' ' • i n j i ; 

i ! - i 

• •-• Hi 
: : 

• . , i • ! 
• ; 1 

• • • ! 

:: : j . 

. i . 

' i . 

[' , 

1̂ 

i:\ . . . 

' j '•• 

• 1 • 

.• i • 

1 ;•• 

', i 
iJ...; 
i j : • i 

-

- -

" * ~ 

- - 1 

- ! 

, 
1 

! 

1 

1 
1 

1 

-

- j 

. 

1 

1 

file://��/-x-y


COMBUSTION ENGINEERING. INC. 
ENGINEERING DEPARTMENT. CHATTANOOGA. TENN. 

NUMBER. ^>2. 

CHARGE NO. 

SHEET-

DATE— 

-OF. 

DESCRIPTION. CHECK DATE. 

.BY. 

-BY-

TITLE: Crossflow A P Calculations for the LMFBR Superheater 

OBJECTIVE: To determine the magnitude of pressure drops expected 
in the crossflow region of the LMFBR Steam Generator 
(the region where fluid flows from the openings in the 
flow baffle radially into the tube bundle) in order to assess 
whether or not flow maldistribution problems exist in that 
area. 

CONCLUSION: This calculation indicates a pressure drop which is 
negligible compared with total pressure drop down through 
the tube bundle; therefore, it is concluded that no maldistribution 
problems will exist in this region. 

Prepared by: D. D. DeFur 1/23/73 

Checked by: S. R. Penfield 1/29/73 
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CHARGE NO. 

DESCRIPTION 
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SHEET 1 OF 

nATP Z - 7 - -7 3 

CHECK DATE ^ • ^ ' ' - ' O 

/3 
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TITLE: Axial ^ P Calculations for LMFBR Evaporator Tube Bundle 

OBJECTIVE: To determine the relative magnitude of pi^essure drops 
expected within the tube bundle of the LMFBR Steam 
Generator (below the crossflow region) in order to 
assess whether or not flow maldistribution problems 
exist in this area. 

ASSUMPTIONS: Assuming that the effects of the wall (shroud 
inside diameter) will be felt to a distance of 3 
tube rows into the tube bundle. 

CONCULSIONS: This calculation indicates sodium maldistribution 
between tubes near the shell wall and central tubes. 

Prepared by: J. W. Aderholdt 

Checked by: S. R. Penfield 

2/7/73 

2/7/73 
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COMBUSTION ENGINEERING. INC. 
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CHARGE NO 

DESCRIPTION 

NUMBER. 

SHEET. 

E.M 

r.ATF ^ ' 7 - ^ 3 

OF 5 " 

CHECK PATE ^ ~ 7 - 1 3 _BY. 

TITLE: Crossflow Z\P Calculations for the LMFBR Evaporator 

OBJECTIVE: To determine the magnitude of pressure drops expected 
in the crossflow region of the LMFBR Steam Generator 
(the region where fluid flows from the openings in the 
flow bafQe radially into the tube bundle) in order to 
access whether or not flow maldistribution problems exist 
in that area. 

CONCLUSION: This calculation indicates a pressure drop which is 
negligible compared with total pressure drop down 
through the tube bundle; therefore, it is concluded 
that no maldistribution problems will exist in this 
region. 

Prepared by: J. W. Aderholdt 

Checked by: S. R. Penfield 

2/7/73 
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