20th Annual Conference of the Canadian Nuclear Society
Montreal, Quebec, Canada / May 30 - June 2, 1999

EFFECTIVENESS OF THE HIGH CAPACITY BLOWDOWN
FOR STEAM GENERATOR SLUDGE REMOVAL

S.J.Baik, D.M.Chung., T.S.Ro
Korea Power Engineering Company, Inc.
150 Dukjin, Yusong, Taejon, Korea 305-353
Tel: +82-42-868-8958, Fax:+82-42-861-4859, Email:sjbaik@ns.kopec.co.kr

The steam generator blowdown system is designed to remove the impurities to prevent the steam

generator from degradation by the accumulation and buildup of corrosion products.

Two-dimensional

transient analysis has been performed to simulate the accumulation process of the impurities on the steam

generator tubesheet and to investigate the effectiveness of the blowdown on removing the solid particles of

various sizes. The solid-water two phase flow has been analyzed with the computational fluid dynamic

code, FLUENT. The results show the development of the accumulation and the amount of the sludge

on the tubesheet with respect to particle size and blowdown flowrate. The high capacity blowdown is

estimated as an effective method for removing the bigger particles. The data from this study will

provide useful information for the design and operation of the high capacity blowdown system.

1. INTRODUCTION

The stcam gencrator(SG) of the Korca Standard
Nuclear Plant (KSNP) is an inverted U-tube type
recirculating unit with an integral cconomizer and
two blowdown lincs whose flow capacity is as high
10% (MSR[1]. As
shown in Figurc 1, thc cconomizer is a scmi-

as maximum steaming rate
cylindrical scction of the tube bundle above the
tubesheet on the cold leg side. A vertical divider
plate separates the cconomizer from the adjacent
hot side evaporator region. Feedwater is introduced
into the cconomizer region and heated to near
saturation conditions bcfore joining the cold side
downcomer water and fluid from the hot side
¢vaporator.

Onc of the primary causcs of SG  degradation,
which may cventually lead to tube plugging, is the
accumulation and buildup of corrosion products
transported to the SGI2]. Impurities and corrosion
cnter the SG o through the feedwater
system and thesc contaminants producce sludge,

products

which can deposit in crevices, on tube surfaces and
on the tubesheet. Aggressive impurities from the

condenser  cooling  water  lcakage may  causc

scrious damage to the SG. Soluble impuritics can

also concentrate as a result of the boiling process

with a potential for tube degradation.

The SG bottom  blowdown
capability to adcquatcly blow down the SG under

system  provides a
hot opcrating conditions to minimize the buildup of
sludge on the tubesheet, to control the chemistry
the of
recirculating  flow.  On-line

to reduce concentration
the

corrosion  product

condition and
impuritics  in

removal 1s accomplished by
blowdown of the bulk sccondary fluid through the
blowdown ducts located at the center of the
tubesheet (sce Figure 1). Continuous normal blow-

down ratc is maintained between 0.2 and 196 MSR.

The operating experiences[3] show that, with the
1% MSR, the
particles whosc sizes vary between 0.6 and 8

normal blowdown ratc less than

can be removed. Fluid removed from the hot side
of the tubce bundle by
blowdown contains recirculated liquid that has been
by
boiling and insoluble corrosion products. Studies|3]

the continuous normal

concentrated in soluble corrosion  products
incoming particle sizes from
As parts of these

particles reside in the recirculating flow

have shown that

feedwater are 1 to 3 .

without
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being removed by the normal bottom blowdown
system, they agglomerate and recach the sizes of 8
to 24 pm or larger. Thercfore, a higher blowdown
flow ratc may bec required to remove agglomcerated
particles in order to prevent sticking them to the
tubesheet surface.

It
blowdown flowrate that is to cffectively remove

is difficult for the designer to determine a

sludge piled on the tubesheet because of the
kinds of the
the high capacity blowdown flow

unknown and  sizes particles.
Conventionally,
ratc has been determined based on the maximum
capability that the system could provide without
causing significant opecrating transient, i.c., SG level
transicnt. In KSNP, the high capacity blowdown
system 1s designed to provide a blowdown flowrate
of about 10% MSR. The objective of the high
capacity blowdown is to periodically incrcasc the
blowdown flowrate to incrcasc the flow velocity
and to cnhance the sweeping of deposited sludge
from the tubeshect. However, the operation of high
capacity blowdown system is so complicated and
requires so many precautionary actions to be taken

by the plant operators.

of

removing sludge piled on the tubesheet in terms of

Since the high capacity blowdown capability
sludge size is not well understood, the unknown
capability of the system makes it difficult to
the of the
Thercfore, the relationship between the blowdown

determine cffectiveness system.
flowratc and thc removable particle size will be
the

feedwater systems designers as well as the plant

uscful  information for main stcam and
operators. The objective of this study is to predict
the cffectiveness  of the SG - blowdown to  the
removal of the sludge by analyzing the behavior of
the iron-oxide (FesOs, specific gravity 5.2) particles
of wvarious sizes with the aid of the computational

method.

2. ANALYSIS

2.1 Analysis Model and Governing Equations
Figure 1 shows the SG lower part and the blowdown
system ncar the tubesheet. The blowdown system
consists of a separate collection duct and nozzle for

both  hot cold
cconomizer divider plate.

the
Each lecg of the system

and sides  separated by
is made up of a 3x6 inch hook shaped duct located
on the sccondary side of the tubeshect below the
divider plate. On cach side, suction is taken
through holes in a scction of duct which cxtends
180 degrees around the support cylinder at the
center of the tube bundle and cexits through a 3
inch drilled passageway in the tubesheet and 6 inch

blowdown nozzle.

The analysis model using the axisymmetric condition
is shown in Figurc 2, which represents the lower part
of the SG necar the tubesheet.  The grid of 85x73
(radial x axial) is employed after the adequacy of the
grid has been reviewed (Figure 3). The analysis model
includes two side walls, the bottom of the tube sheet,
onc inlet and two outlets: onc inlet from the
downcomer, onc outlet to the upper cvaporating rcgion
and the other outlet at the bottom to the blowdown

system.

The velocity of 7.17 m/s with a uniform velocity
profile is given at the inlet. The inlet velocity is
adjusted to compensate for the tube volume which is
The inlet

modeled by porous media assumption.

width is 0.03 m.

The outlet 1
boundary

is a main cxit where the Neumann
condition is specified for the dependent
variables.  The blowdown flow rate is given as a
boundary condition at the outlet 2, and varics from
0% to 20% MSR (9.0m/s).

0.035 m diameter arc modeled as 0.01 m wide slit.

The blowdown holes of

Also, the saturated water at 289 °C is assumed cven
though the water is heated up and begin to cvaporate
ncar the outlet 1.

2-dimensional

The for the

axisymmetric unsteady state include the conservation

governing  cquations

of mass and momentum of the water and the
particles. Time increment is sct at 0.01 scconds. In the
momentum equation, the tube bundle is modeled as a
porous medium. The k-¢e turbulence model has been
used in the analysis. The analysis has been
performed with the computational fluid dynamics code,

FLUENT with SIMPLE algorithm([4].
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2.2 Porous medium modecl
The flow region which has the bundle of tubes of 3/4
inch diamecter and 1 inch pitch is modcled by the
porous media.  The porous media model is nothing
morc than an added momentum sink in the governing
momentum cquation.

Momentum arc  solved

cquations in the porous

medium, augmented by a general momentum sink:

Ly Cy(E oV IV

B 2

where A and Cy; arc empirical paramcters of the
permeability  In cach  component  direction and  the

incrtial resistance factor, respectively. In laminar flows
through porous media, the pressure drop is typically
At high flow
velocities, the constant Cp provides a correction for

proportional to velocity and Cq is zero.

inertial losses in the porous medium.

In this analysis climinating the permeability term and
using the inertial loss term alonc yield a simplified
form of the porous media cquation with Co of 20 and
Cy of 86 which arc obtained to get a similar pressurc
and velocity distribution to the ATHOS calculation|[3].
ATHOS of the Thermal-Hydraulics Of

Steam Generators) is a three-dimensional, two-phase,

(Analysis

stecady state and transient code for thermal-hydraulic

analysis of recirculating U-tube SG.

2.3 Fluid-solid multiphase model

After a steady state solution of a single phasce of
water 1s obtained, the water-solid multiphase model is
of
The multiphase flow is described with the

introduced  with  additional — scts conscrvation
cquations.
concept of phasic volume fractions which represent the
The of

conscrvation of mass and momentum is satisfied by

spacc  occupicd by cach phasc. law
The volume fraction of cach
In this
analysis the flow bchavior of a water-solid mixture is

described.

cach phasc individually.
phasc is calculated from a continuity cquation.

The FLUENT code wusecs the fluid-solid exchange
cocfficient derived by Syamlal and O’brian [4,5] with
the of
fraction Reylonds

corrclations  hetween terminal  velocitics

particles,  volume and relative

number. Drag cocfficient derived by Dalla Valle [6] is

"1

usced. The fluid-solid exchange coefficient Ke in the
momentum cquations for the fluid and solid has the

form
3as ar o Re;, — —
=T 4R d Ci( o N ug— usl
where @ is the volume fraction, ves is the terminal

velocity, d is the solid diamcter, Cq4 is the drag
cocfficient, Res is the relative Reynolds number based
and the
subscript f and s arc for the fluid and solid phasc,

on the relative velocity, u is velocity,

respectively.

The analyses have been performed for the particle
sizes of 1pm, 10m, 30mm and 50um. Once the steady
statc flow ficld of water is obtained, the particles of
cach size are injected with water through the inlet 1.
To accclerate the accumulation process the volume

fraction of the particle at inlet is assumed 10%.

3. RESULTS AND DISCUSSIONS

3.1 Results

Figurc 4 shows the stream line with 10% MSR
blowdown at t=10 s. A small rccirculating flow ncar
the inlet is found and the strcam line to the

blowdown cxit is also depicted. In the upper region
beyond z=0.8m, the radial velocity is ncarly zero and
the water flows in parallel with the z-axis. With 0 %
MSRR blowdown, a small recirculating zone ncar the
exit  exists and the sludge be

blowdown can

accumulated in this region.

Figure 5 shows the concentration distribution of the
various particle sizes at t=10s with the normal
blowdown flowrate of 19% MSR. The particles of 1gm
flow with water and do not accumulate much at the
bottom.  The bigger the particles become, the more
the particles accumulate on the bottom of the tube
Since the particles larger than 50 un arc hardly
the

blowdown may not be very cffective for the removal

sheet.
able to flow with water necar the tubeshect,

of such particles.

Figure 6 represents the accumulation development of
the particles of 50 m with the blowdown flowrate of
10 % MSR. The particles get to the blowdown cxit at

about 2.3 scconds, and the accumulated sludge
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increases with time.

Figure 7 shows the accumulation of the particles of 10
As  the
the amount of the

m  with various blowdown flowrates.

blowdown flowratc increascs,
accumulated sludge decreases.  The normal blowdown
flowrate of 1% MSR (Figure 5 b) is shown to be
insufficient for the removal of 10 mm  particles.
Therefore, the high capacity blowdown is nccessary
for the sludge removal of greater than 10im particles
which arc not likely to be removed by the normal

blowdown.

Figure 8 shows the radial velocity distributions at z=
001 m necar the tubesheet with various blowdown
flowrates. The radial velocity decreases gradually and
increases again as it approaches the blowdown exit.
The location of the minimum velocity moves outward
as the blowdown flowrate increases.  Since the sludge

is likely to accumulate at the arca where the velocity

is small, the inner portion of the tube bundle,
0.3-04 m away from the blowdown cxit, is
expected  to be  the  place  where  sludge

accumulations arc the heaviest.  The velocity necar
the blowdown exit incrcases with the increase of the
blowdown flowrate, but the blowdown flowrate has an
cffect on the radial velocity distribution within about
05 m the
distribution beyond this region is not affected by the
The ATHOS datal3] on the

figurc is the radial velocity at the higher clevation of

from bhlowdown  ¢xit. The  velocity

blowdown flowrate.

z=0.Im which is the first node from the bottom of the
SG, and duc to the limited grid size the local velocity
described  with
The difference may come from the

ncar the bottom can not be well
ATHOS code.

cvaporation which accclerates the fluid.

Figure 9 represents the sludge mass of various sizes
of particles accumulated on the tubesheet with respect
to the blowdown flowratc. The maximum volume
fraction for the solid phasc is limited to a valuc of 0.6
for mono dispersed spheres in the calculation. The
control volume whose particle volume fraction is
larger than 0.5 is assumed to have the accumulated
sludge with its concentration. Since the small particles
up to 10um casily flow with water, only small amount

of sludge accumulates on the tubesheet regardless of

the blowdown flowrate.  The accumulation of the
bigger particles of 30um and 50gm is large and reduces
with the increase of the blowdown flowrate resulting
in, for cxample, 1,245kg with 1% MSR, and 68bkg
with 10% MSR for 50mm particles, which demonstrates
that the high capacity blowdown is an cffective
mcthod of removing the bigger size particles on the

tubesheet.

3.2 Discussions

SG blowdown particle size varics from plant to
The range of
of the
sludge weight was attributed, was obscrved at

plant and with blowdown rates.
particle sizes to which more than 90%
Millstone II plant to be about 0.6pum, and Mainc
Yankee plant to be about 6.3um. Data from Fort
Calhoun and Calvert ClLff plants for the specific
blowdown rates indicated that 90% of the sludge
weight was from particle sizes from 1.15 to 2.15um,
and 84-8um with the blowdown rates of 0.3-1.0%
MSR and 0.08-0.75% MSR, respectively.[3] These
0.6-8ym
of the sludge

data indicatc that the particle sizes of
rangc represent more than  90%
weight in the SG blowdown line during normal
blowdown of less than 1% MSR. Hence, the high
capacity blowdown is nceded for removing the

particles larger than 8 gm.

The drag force cxerted on the particle is mainly
the the
projection arca, but the particle mass increases with

proportional  to velocity  squared  times

the cubic of the diameter. Once the particle is grown
to the which the
blowdown, it sticks to the tubesheet surface. The

size cannot he removed by
sludge which is not removed by the blowdown
system, can also be removed from the tubesheet by
lancing machine during the outage. The cquipment
is placed inside the SG and sprays high pressure
(172 bar) water into the tube bundle through the
lancs between tubes. A suction device removes

the sludge/water slurry.

Table 1 shows the sludge lancing experiences[8].
MSR and a
high capacity blowdown of 10 % MSR for scveral
the sludge of 50-100kg
about 1.5 inch thickness on the tubesheet has been

Even with normal blowdown of 1%

minutes cvery  week, n
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regularly removed by lancing during the outage
period at Palo Verde plants. But, in other plants
blowdown,
It is

cvident that the periodic high capacity blowdown

which did not perform high capacity
much morc sludge was removed by lancing.

reduces the sludge accumulation on the tubeshect.

In KSNP, the high capacity blowdown flowrate is
8.3% MSR at the hot side and 16.7%6 MSR at cold
side. Another analysis shows that the blowdown of
83% MSR for 2 minutes causes the excursion of
the SG 15%

within the controllable range.

water level  about narrow rangc

As the blowdown rate increascs, the removable

size also incrcascs
in the SG.
should be used to remove particles with normal

particle preventing  sludge

buildup Thercfore, a proper filter
and high capacity blowdown flow rate. When the
blowdown flowrate is to be changed, it should be
determined based on the operating experience data
of the sludge amount and the sizes of the particles
recmoved by the blowdown system and the sludge
Also, the sludge

capability data from this analysis can be used for the

lancing, respectively. removal
cvaluation and prediction of the cffectivencss of the

SG blowdown in conjunction with the operating data.

4. CONCLUSION

A computational analysis has becen  performed  to

simulate the accumulation process of the iron oxide

particles in the SG and to investigate the cffectiveness

of the blowdown on removing the particles of various

sizes.  From the results of this study, it is concluded:

. The normal blowdown of 1% MSR is not sufficient
for removing the particles bigger than 10 g,

. The high capacity blowdown is an cffective means
to remove the particles bigger than 10 g,

. The high capacity blowdown of 10% MSR reduces
the sludge accumulation approximately by half,

. The high

determined from the operational data of the sludge

capacity blowdown flowrate can be

removed,

. Proper filters should be used for the normal and
high capacity blowdown depending the removed
particle sizes.

NOMENCLATURE

C Particle Volume Fraction

Cai, Gy Inertial resistance factor in 1 and j direction
Ti Radius of the inner support wall, 0.45 m

Ty Radius of the outer wall, 1.87m

T, Z Cylindrical coordinate

o viscosity

0 density
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(a) 0% Blowdown (h) 10% Blowdown
Figure 1 Steam Generator Blowdown System
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(a) 1 sccond

(c) 5 scconds

(d) 10 scconds

Figure 6 Development of Volume Fraction of 50um
Particles with 10% blowdown (Cpin=0.01,
sz\x:O.6, AC:0019>
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Figure 7 Volume Fraction of 10 n Particles at t=10s
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Figure 9 Sludge Accumulation on Tubesheet (£=10s)

Table 1 Sludge Lancing Experience [8]

Date Utility/Plant Sludge, kg
/95 SCE/San Onofre 2 719
4/95 MY AP/Maine Yankee 2,09
8/95 SCE/San Onofre 3 469
10/95 FPL/St. Lucie 2 679
11/95 APS/Palo Verde 3 100
3/96 FPL/Turkey Point 4 369
4/96 APS/Palo Verde 2 67
10/96 CECO/Zion 2 138
10/96 APS/Palo Verde 1 98
1/97 SCE/San Onofre 2 4,728
3/97 FPL/Turkey Point 3 334
3/97 APS/Palo Verde 3 93
/97 FPL/St. Lucie 2 383
4/97 Entergy/Waterford 3 164
/97 Entergy/Arkansas 2 165
6/97 SCE/San Onofre 3 7,340
9/97 FPL/Turkey Point 4 327
/97 APS/Palo Verde 2 50




