
H 2 . N2 4 Ar to atmosphere

4 • N2 gas supply line

Jf J .VJ* t ) . Typical relief system with blow-down system at sodium-water reacti

A«5« Steamgeneratore under Construe- J. Eesebaggers Netherlands
t ion for the SRR-30O Power
Plant

SUMMARY

The prototype straight tube and the helical coil-steam-

generator has been designed and fabricated of which the

straight tube steamgenerator has been successfully tested

for over 3000 hrs at prototypical conditions and is

presently being dismantled for detailed examination of

critical designed features.

The prototype helical coil steamgenerator is presently

under testing in the 50 MWt testfacility at TNO-Hengelo

with approximately 500 hours of operation at full load

conditions. In an earlier presentation(1) the design and

fabrication of the prototype steamgenerators have been

presented, while for this presentation the production units

for SNR-300 will be discussed. Some preliminary information

will be presented at this meeting of the dismantling

operations of the prototype straight tube steamgenerator.

INTRODUCTION

The production steamgenerators for SNR-300 as briefly

described in this paper are designed and fabricated by two

dutch companies "Stork" and "De Schelde" under project-

management of B.V. NERATOOM; These units will used for

the steamproduction in the sodium cooled fast breeder

reactor SNR-300. The SNR-300 project is an international

cooperation between Germany, Belgium and the Netherlands.

In the Netherlands there is a close cooperation between the

National Laboratories such as TNO and RCN, for the develop-

mental work of the steamgenerators, which is coordinated

by NERATOOM.

Recently 3000 hours of testing at prototypical conditiens

of the straight tube steamgenerator has been completed at

TNO-Hengelo while the helical coil steamgenerator is pre-

sently under testing in the same test facility at Hengelo,

with approximately 500 hrs of operation at prototypical

conditions.

STRAIGHT TUBE STEAMGENERATOR

Functional description

In figure 1 the straight tube steamgenerator has been shown

consisting of a water-steam inlet and outlet plenum

connected by straight tubes, which are surrounded by a

flow shroud and a shell. The sodium flows from the upper

inlet ,ooz2le into the sodium inlet plenum, which directs

the flow radially around the tube bundle outside the flow

shroud. The upper part of the flow shroud is perforated,

allowing the sodium to enter the tube bundle, while causing

a pressure drop over these orifices for proper flow distri-

bution in the tube bundle.

After the sodium.enters the tube bundle the sodium flows*

straight down the tubes in long- flow pattern, giving up its

heat to the water-steam on the inside of the tubes, flowing

in opposite direction to the sodium flow.
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The sodium leaves the tube bundle at the lower part of the

flow shroud through exit orifices into the sodium plenum

and exit nozeie.

One steamgenerator consists of a superheater and an

evaporator in serie with three units of each per loop. The

operational data of the evaporator and superheater have

been provided in table 1, while the design data have been

provided in tabel 2.

MECHANICAL DESCRIPTION

Tube to tube sheet welds (see figure 2)

The tubes are welded to the tube sheet Dy internal bore

welder, which has been developed to provide a high integrity

tube to tube sheet weld. Each weld will be inspected to

the highest possible standard to exclude possible leakpaths

at this critical location. In the prototype steamgenerator

these welds have been succesfully tested for over 3000

hours at full load conditions. Since the fabrication of

the prototype steamgenerator, additional development took

place to even further improve the weld quality, repeatebi-

lity of good welds and inspection techniques.

Tube sheet protection

To reduce the thermal gradients through the tube sheet,

special features have been provided at the location of the

tube sheet welds to reduce the sodium inlet temperature to

close to the boiling temperature in the evaporator.

This feature,consisting of a heavy plate drilled with holes

for passing the tubes has been tested in the prototype

steamgenerator taking temperature measurements, which indi-

cated the usefullness of this feature.

This temperature break-down at this location has been

further improved by the addition of a sandwiched type-plate

construction at the knockel area of the tube sheet to the

shell connection as shown in figure 3.

Tube supports

The tube supports are of the welded construction consisting

of bushes and connecting plates, welded together to a

support grid.

The tube support grids are held in place by tie rods at

different distances to disturb the first and higher order

natural frequencies of the tubes.

To prevent high bearing loads at the tube to tube support

interface by misalignment of the support bushes, one of the

acceptance criteria for the support grids is that all the

tubes should slide easily through all support bushes, when

all the support grids of one steamgenerator are staggered

on top of each-other,there by maintaining tight tolerances

of clearances between tubes and bushes.

In figure 4-c a principal sketch of the support grid has been

shown. The tie rods which are holding the grids in place,

are supported from the shell at the location of the inlet

plenum, as shown in figure 4-a.

Flow shroud

A flow shroud is used to direct the sodium flow from the

inlet plenum through the tube bundle in a longitudinal

flow pattern.

The purpose of this flow shroud is,in addition to directing

the flow, to prevent a small water leak from wasting the

shell and bellows which has been provided for thermal expansion

purpose. The flow shroud is placed around the entire length

of the tube bundle, and has been supported from the same

location as the tie rods (see figure 5-b). The upper and

lower part of the flow shroud is perforated for proper flow

distribution of the sodium flow within the flow shroud^

Various details of the flow shroud have been shown in

figure S a-e.

Experimental and theoretical investigations have been

carried out to study the flow distribution and tube

vibration phenomena. Water models, which simulated the

entrance and exit configuration of the flow shroud

have been used to study the vortex induced vibration

aspects.

The frequencies of the tubes are calculated, assuming

the tubes are simply supported in the support grids.

As a criterion for cross flow-induced vibrations the
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vortex-shedding frequency of the flow has been taken

two to three times lower than the lowest natural fre-

quency of the tubes.

The vortex-shedding frequency has been calculated using

data from Chen (2) , who plotted values of the Strouhal

number versus the transverse-spacing ratio for both in-

line tube banks and staggered tube banks for a range of

parametic values of the longitudinal spacing ratio.

The experimental work to investigate the vibration of

tubes was carried out by the TNO laboratories.

No significant vibration of the tubes are anticipated

for the straight tube steamgenerator.

Bellows

A bellows is incorporated in the design mainly to prevent

overstress of the shell and the tube bundle due to tempe-

rature differences during transients. For normal operating

conditions the bellows is in fact not required. However,

mean temperature differences orginating from the differences

in wall thickness of the shell and the tubes during transients

give rise to unacceptably high stresses in the steam generator

in the absence of a bellows.

Extensive fatigue testing of the bellows has been carried

out to assure a save and reliable sodium pressure boundary

over the expected life time of the unit.

In addition to provide for proper thermal expansion allow-

ance between the bundle and shell, the bellows has to

withstand a large sodium water reaction. For this purpose,

support-rings have been provided within the waves of the

bellows as shown in figure 6.

Draining and venting

Provisions for proper draining and venting has been

provided in the lowest and highest part of the sodium

pressure vessel. The drain and vent connection have been

shown in figure 7.

SAFETY ASPECTS

The safety of the steamgenerator is in the first place

assured by a high integrity of the unit which is influenced

by simplicity in design, choice of material,utilisation of

proven technology, stringent quality assurance and control

and the incorporation of safety features.

Even in the case of a high quality product a small and

large water leak can not be excluded. For this purpose high

speed leak detection devices will be incorporated in the

sodium flow to detect a small leak at the earliest possible

time while for larger leaks, such as full size tube

ruptures, sodium water reaction relief nozzles have been

incorporated at the inlet and oulet plenum to relief the

high pressure in the case of such an accident as shown in

figure 8. To allow for fast leak detection in the steam-

geneiator, stagnant sodium areas have been minimized or

completely eliminated by allowing small bypass flows, to

sweep these areas clean.

To prevent high stress conditions at the location of the

tube and tube sheet interface a thermal shield has been

incorporated to lower the temperature gradient in this

area. As mentioned before a flow shroud has been incorpo-

rated for the purpose of preventing a small leak, which

is directed directly in the direction of the shell, from

penetrating this shell and thereby allowing sodium to be

released to the environment.

The weakest point in the shell is the bellows which has

been for the purpose of a sodium water reaction re-inforced

by support rings, although the bellows on his own is strong

enough to withstand a full blown sodium water reaction

pressure. Extensive fatigue testing has been completed on

the bellows to assure a high integrity of the sodium to air

pressure boundary.

An extensive testprogram has been completed to minimize

or eliminate tube vibration which may cause fretting at

the location of the tube supports. Tube wear caused by high

bearing loads and relative movement, as a result of thermal

expansion, has been minimized by proper line-up of the

tube supports. Preliminary investigations of the wear

phenomena in the prototype steamgenerator indicate that

no problems are to be expected.
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Further investigations will be made during the dismantling

operations of the prototype steamgenerator to obtain more

information about the wear phenomena.

Operating conditions

The operational aspects of the steamgenerator will be dis-

cussed in a separate paper.

Material selection

The basic material for the straight tube evaporator and

superheater is a low alloy stabilized ferritic steel

(10 Cr Mo Ni Nb 9.10). The niobium is used to eliminate

the carbon transport problem. A substantial amount of

favorable experience of this material led to its selection,

thereby minimizing the occurrence of chloride stress corosion

so often experienced for this type of service. The bellows

is made of a high alloy steel 1.4948 to obtain better fatigue

characteristics and higher strength at high temperatures.

The tube sheet is made from vacuum degassed ferritic

steel forgings to reduce gas inclusions in the tube to

tube sheet welds. Single wall nondestructive examination

methods will be applied using x-ray tech-

niques for each tube to tube sheet weld to assure the

highest possible integrity of the sodium-water pressure

boundary. Each tube will be volumetrically examined by

ultra-sonic methods and visual surface examined.

Inservice inspection, maintenance and repair

No inservice inspection is being anticipated other than

monitoring for water to air, sodium to air and water to

sodium leaks. Component shut down criteria are being es-

tablished to prevent propagation of damage in case of a

small leak. As discussed before, stagnant sodium volumes

are minimized to allow for fast leak detection. Periodic

inspections may be accomplished by removing locally the

insulation and trace heating to inspect the critical

welds from the outside, at any time. Tube to tube sheet

welds and the wall thickness of tubes at the location of

the tube supports can be inspected by an ultra-sonic probe,

lowered into the tubes. The usual high water quality will

be required to prevent deposit of impurities, at the heat

transfer surface. No cleaning maintenance is anticipated,

provided that the water quality is continuously monitored

and kept within specified limits. In case of a tube leakage,

provisions have been made to allow for tube plugging.

The criteria for maintenance and repair has been based upon

the philosophy that safety and reliability are of the highest

importance at all operation modes, while availability will

be maximized.

To maximize the safety aspects in the steamgenerator

measures have been taken to reduce the possibility of

failure by simplicity in design, choice of material, methods

of fabrication and high quality assurance of critical parts

of the pressure boundary.

The maintenance and repair program for this steamgenerator

shall meet the same criteria or the intent of these

criteria as applied for the original product. The repair

procedures for the critical sodium-water pressure boundary

shall be based or the following criteria:

a. The plug of a leaky tube shall be adequately inspectable

such as required for the internal bore weld of the tube

to tube sheet weld.

b. No extra crevices shall be incorporated in a repaired

component.

c. No unallowable stresses shall be introduced such as

caused by local hot spots, stress relief operations of

welds etc.

d. Methods of welding sodium wetted parts shall be assured.

For the straight tube steamgenerator a plug has been

developed which prevents the incorporation of a crevice and

which is of the same integrit as the original product.

HELICAL COIL STEAMGENERATOR

Functional description

A general functional arrangement of the helical coil steam-
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generator has been shown in figure 9, while the design data

has been presented in table 3.

Water/steam enters the lower inlet header outside the sodium

compartment and is devided over the heat transfer tubes which

enter the sodium vessel through the half globe by means of

thermal sleeves. The water/steam passes then through the

helical coils where it is being heated by the sodium, flowing

on the outside of the tubes in cross-counterflow. The heated

water/steam leaves the sodium vessel in the upper part of the

unit, where it is collected in the steam outlet header, which

is similar in construction as the inlet header. The sodium

enters the unit through the upper inlet nozzle into the in-

let plenum, from where is it properly distributed around

the bundle and flows through inlet orifices in the upper part

of the flow shroud into the tube bundle.

The sodium then passes over the tube bundle thereby giving-up

its heat to the water/steam within the tubing and leaves the

unit through the lower outlet nozzle.

The indivudual heat transfer circuits are manufactured from

several tube lengths which are butt welded together, while

each heat transfer circuit is of approximately equal length to

enhance flow stability.

The tubes are supported by clamping the tubes to vertical

hanger bars. No movement between the tube support and the

tubes is anticipated during thermal expansion, within the

tube bundle, while the tubes entering, and leaving the

bundle pass through perforated plates in the upper location

and concentric rings in the lower location of the bundle by

means of clamping devices around each tube as shown in

figure 10b.

These clamping devices move with the tubes, while sliding

in the perforated plates to prevent wear on the tubes at

these locations. The vertical thermal expansion between the

bundle and the vessel is absorbed in the connection pieces

between the bundle exit and the vessel exit.

Thermal sleeves are utilized between the tubes and the globe

of the sodium vessel as shown in figure 10-a, to reduce the

thermal stresses caused by the temperature difference between

the tube and sodium vessel wall.

Safety aspects

To allow for fast leak detection of the heat transfer area's

outside the main sodium stream, such as in the globes, by-pass

flows are created which continuously vent these locations,

thereby preventing accumulation of hydrogen and corrosion

products. These by-pass flows will join the main sodium stream

at different locations, so that in the case of a small leak

the hydrogen or oxigen will be detected by monitoring the

sodium flow exiting the unit through the main outlet nozzle.

Large sodium/water reaction tests have been conducted to assure

safe sodium pressure boundaries in case of multiple tube

failures. For this purpose sodium/water reaction relief nozzles

have been provided at the location of the sodium, inlet and

outlet plenum.

Material selection

The basic material for the evaporator and superheater is the

low alloy ferritic steel simular as for the straight tube steam-

generator (2iCr-lMo) stabilized with Niobium, to eliminate the

carbon transport problem. A substantial amount of favourable

experience of this material led to its selection, thereby

minimizing the occurence of chloride stress-corrosion phenomena,

so often experienced for this type of service. For the butt

welded connection between tube lengths, double wall X-ray, and

ultrasonic examination techniques are applied to assure the

highest possible integrity of the sodium-water pressure

boundary.

Each tube will be volumetrically examined by ultrasonic

methods and visual surface inspection techniques,

In service inspection maintenance and repair

No inservice inspection is being anticipated other than

monitoring for water to air, sodium to air and water to

sodium leaks. Component shut-down criteria are being es-

tablished to prevent propagation of damage in case of a

small leak. As discussed before, stagnant sodium volumes

are minimized to allow for fast leak detection. Periodic

inspections may be accomplished by removing locally the
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insulation and trace-heating to inspect the thermal sleeves

of the water tube connections or other critical welds from

the outside, at any time. The usual high water quality

will be required to prevent deposit of impurities, at the

heat transfer surface. At this time no cleaning maintenance

is anticipated, provided that the water quality is con-

tinuously monitored and kept within the specified limits.

In case of a tube leakage within the sodium boundary, pro-

visions have been made to allow for tube plugging.

Leakage of the tubes on the outside of the component will

be repaired by welding or replacement of the defective

parts.

Tabel 1 Operating data

Tabel 2 Design data

Straight tube steamgenerator
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Description

Number of units per loop

Power per unit

Sodium flow rate

Water/steam flow rate

Sodium inlet temperature

Sodium outlet temperature

-

Mwt

kg/sec

kg/sec

°c
°C

Water/steam inlet temperature °C

Steam outlet temperature

Steam/water inlet pressure bar

Steam/water outlet pressure bar

Sodium side pressure loss bar

Evaporator

3

55.4

362.5

40.5

455

355

253

357

184.4

181.8

1.2

Superheater

3

30.1

362.5

38.46

520

455

357

500

176.8

166.7

1.0
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Description

Heat transfer area

Number of tubes

Tube OD/wall thickness

Tube length

Overall hight

Overall diameter

Diameter water inlet/outlet

nozzle OD/wall

Diameter sodium inlet/

outlet nozzle

Weight empty

m2

-

mm

m

m

mm

mm

mm

kg

Evaporator

220.8

211

17.2/2.0

17.6

21.3

950

153.5/14

324/324

14100

Superheater

167.2

211

17.2/2.9

13.3

17.

950

159/24

324/324

13200

tabel 3

Description

Design data

Helical coil steamgenerator

Evaporator

Heat transfer area m 263.8 199.9

Number of tubes - 77 77

Tube OD/wall thickness mm 26.9/2.9 26.9/4.5

Tube length m 40.5 30.7

Overall hight m 12.0 10.15

Overall diameter cm 140 140

Diameter water inlet/outlet

nozzle OD/wall mm 156/13 173/21.5

Diameter sodium inlet/outlet

nozzle OD mm 324/324 324/324

Weight empty 23.500 21.000
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A.6, Some Engineering Aspects of the
Steam Generator System for the

United States
1
 LMFBR Demonstra-

tion Plant

P. E. Tippets United Statee

INTRODUCTION
The United States' Liquid Metal Fast Breeder Reactor Plant is to be

located on the Clinch River near Oak Ridge, Tennessee, and is called the
Clinch River Breeder Reactor Plant (CRBRP). Engineering of the CRBRP is
proceeding with the goal of having the plant completed and delivering 350 MWe
to the Tennessee Valley Authority power grid in the early 1980s.

The steam generator systems are major elements of the intermediate heat
transport system (IHTS), which extends between the intermediate heat
exchangers (IHX) on the sodium-side to the piping connections to the turbine
system on the steam/water side. In the organization of work among the three
participating reactor manufacturers for the CRBRP project (Atomics Inter-
national, General Electric, and Westinghouse), the IHTS, including the steam
generator systems, is under General Electric's scope of responsibility.

MAIN SYSTEM DESCRIPTION
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The IHTS utilizes three parallel sodium loops to transfer heat from
corresponding IHXs in the primary heat transport system through 24-inch
(%600 mm) diameter stainless steel piping to the steam generator systems.
There are three independent and identical steam generator systems, one in
each of the IHTS sodium loops (Figure 1); and each of these systems is
housed with the major components of the associated IHTS loop in a separate
cell of a "hardened" steam generator building (Figure 2). The steam generator
systems accept flowing sodium at 936°F (503°C), cool it to 651°F (343°C), and
in the process convert feedwater at 450°F (232°C) from the turbine system to
superheated steam which is delivered to the turbine throttle at 900°F/1450 psig
(482°C/99.7 atm). Each system is designed to transfer approximately 325 MWt
at full power, with a load following range from 40 to 100 percent of full power.

The three steam generator systems each contain one steam drum and one
water recirculation pump. At full power conditions, water is pumped from
the steam drum at a recirculation ratio of 2:1 to the two evaporators, in
which it is boiled to a two-phase mixture (50% by weight steam flow), and is
then returned to the steam drum for separation of saturated steam which goes
from the drum to the superheater. A portion of the saturated liquid water
is drained continuously from the drum to the feedwater treatment system,
for return to the drum as part of the feedwater flow after full-flow
demineralization treatment.

Sufficient elevation difference between the IHX and the evaporators is
provided to ensure adequate natural circulation head for reactor decay heat
removal using any one of the three steam generator systems. An auxiliary
heat removal system is connected to the steam drum in each of the steam
generator systems for the purpose of removing reactor decay heat during
shutdown.

ABSTRACT

This paper describes the main design features of the steam generator system
for the Clinch River Breeder Reactor Plant and the engineering approach being
employed for some of the critical elements of this system, including in
particular the sodium-steam/water boundary, the efforts to have this boundary
be of highest integrity, and the system features to safely accommodate any
failure of the boundary.

Prepared for presentation at the International Atomic Energy Agency

Study Group Meeting on "Steam Generators for LMFBRs", at INTERATOM

in Bensberg, Federal Republic of Germany, October 14-17, 1974.

EVAPORATOR/SUPERHEATER COMPONENTS

The evaporators and superheaters (Figure 3) are installed in a vertical
position and are shell and tube heat exchangers, with fixed tube sheets and
with a 90° bend in the shell and tube bundle ("hockey stick" configuration)
to provide for differential thermal expansion between the tubes and between
the tube bundle and the shell. Sodium flow is vertically downward, parallel
with the tubes, on the shell side from the sodium inlet nozzle near the top
of the active straight section, counter-current to the steam/water flow
upward inside the tubes. The evaporators and superheaters are essentially
identical in construction. There are 757 tubes, 5/8-inch (15.9 mm) OD with
0.109-inch (2.8 mm) minimum wall thickness, in each unit. There are only
two welds in each tube, one at each end for joining to the tube sheet; and
these will be full-penetration butt welds to machined bosses on the tube
sheets, and will be fully radiographed.
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