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Safety Measure S 05 ,,Sump Clogging Risk"

JctnMurdni, VUEZa.s. Levice, Slovakia

1. Introduction

An incident that occurred on July 28, 1992 at the Barseback 2 NPP, Sweden, pointed out to
certain undesirable phenomena not having been considered either within scenarios of
anticipated NPP accidents or procedures of their elimination. During the aforementioned
incident after the reactor unit was started up, safety valve occurred to open inadvertently
resulting in steam-water mixture with a pressure of 3 MPa release into the containment. As a
result, heat insulation on technological piping being within the reach of steam-water jet was
damaged. Part of the damaged and dislodged mineral wool insulation (debris with different size
fractions) was transported into the condensation pool and cumulated in the suction baskets of
recirculation pumps. The status of clogging was reached within about 1 hour.

This event can be considered as a presage of the necessity to deal with this problem affecting
the global NPP safety. When considering light water reactors, in case of loss of coolant
accidents the following are the most important safety measures taken in order to cope with the
accident:
• reactor shutdown,
. core cooling and containment integrity preservation,
. reactor cooling with the purpose to prevent fuel cladding melt.

During the reactor and reactor core cooldown in a recirculating regime, the function of
safety cooling systems, particularly emergency core cooling system (ECCS), is endangered by
insulation debris (various size fractions) formed in the initial accident phase and able to be
gradually transported to sump strainers situated above the intake and the intake line of ECCS
pumps (low-pressure pumps, high-pressure pumps, spray pumps). Gradual accumulation of
insulation debris on protective strainers can result in strainer clogging and, consequently, in a
limitation of cooling water supply to the intake line which can endanger the continuity of
cooling water recirculation.

2. Problem specification

Based on the above (Fig 1), for DBA 500 scenario with a double-ended pipe break, several
groups of problems were specified which need to be solved for the Mochovce NPP and
practically can be considered as specification of Safety Measure S 05:

1) To evaluate the effective strainer surface needed to be available in order to assure sufficient
water volumes for a reliable cavitation-free operation of emergency pumps.

2) At the Mochovce 1 & 2 NPP in compliance with the design, heat insulation NEROFIL
made of Eutal glass material is and/or will be used. To cover the insulation, stainless sheet
material is applied. It is necessary to determine the maximum quantity of this material which
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can be dislodged considering the most unfavourable location with, the highest concentration
of insulation applied to the equipment. When evaluating the quantity of insulation material
able to be transported as far as to the sump strainers, it is necessary to consider the existing
impediments (pipelines, anchor brackets) able to catch the insulation debris entrained by the
water flow on the SG compartment floor and/or, if need be, to propose a protection to the
strainers preventing from an unallowable clogging.

3) To compare properties of insulation material NEROFIL (used or assumed to be used at
Units 1 and 2, respectively) and insulation material NOBASIL considered as a potential
replacement of NEROFIL, particularly as to chemical composition and disposition to
thermal degradation as a result of a long-term reactor unit operation.

4) In order to assure proper function of sumps located on the SG compartment floor, to
demonstrate sufficient congestion with water preventing thus emergency pumps from being
shut-down due to protection actuation. To analyse and, if necessary, to develop procedure
for a variant manner of sump congestion with water.
The function of sumps and their reliable operation shall be assured during anticipated DBA
scenarios with operation of only one ECCS subsystem (the other two being unfunctional
due to various reasons). Congestion of sumps in case of the necessity to clean the strainers
will be assured with one system only (without back-up) since redundancy has been already
provided with three independent ECCS subsystems.

5) Strength of the protective structure should be adequate to provision of a proper function of
the sumps. The structure should be able to withstand loads resulting from
• accumulated impurities,
• pressure differences due to clogging,
• stresses induced by seismic events,
• water/steam jets.

6) According to present design, information on operability of the described system in post-
accident conditions is not available to the operators in the main control room. That is why it
is necessary to backfit the emergency systems with a monitoring system informing the
operating staff on the condition of the strainers on the SG compartment floor (pressure
difference on the strainer) in real time.

3. Analytical and experimental works

An extensive experimental programme was implemented with the purpose to investigate
behaviour of insulation debris and other potential impurities on the original-design strainer
structures with regard to the degree of clogging (Ap on the strainer) and time factor (the time
necessary for strainer clogging at the allowable Ap on the strainer). The results obtained were
used as a background for designing new strainers which were later experimentally validated as
a suitable solution. The whole experimental programme was implemented in the following
stages:

3.1 Laboratory programme and experiments on a small-scale recirculation model, the so-
called ,,small-scale loop" (Fig 2)

The objective of laboratory experiments was to verify physical and chemical properties of
insulation fibres, especially as to their disposition to thermal degradation as a result of a long-
term operation and their behaviour in water inventory at various water temperatures.
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The objective of small-scale experiments was to obtain essential information on the
behaviour of insulation samples on the strainer in the process of gradual strainer clogging
(character of Ap increase, permeability of the formed insulation debris layer, ratio of insulation
penetrating through the strainer to that caught by the strainer, impacts of water temperature,
etc). Information gained was used as input data for design of the large-scale recirculation
model (the so-called ,,Iarge-scale loop") discussed hereinafter.

3.2 Verification of steam-water jet dynamic impacts on insulation material (Fig 3)

Main objectives of this experimental programme were as follows:

. to verify the model of qualitative and quantitative disintegration of the insulation material
depending on the distance between the break location and the adjacent insulated equipment
(the so-called L/D ratio - Regulatory Guide 1.82 Revision Nov 1985),

. to obtain samples of insulation debris formed under the impact of steam-water jet for further
experiments to be performed on the so-called ,,large-scale loop".

Before initiating these experiments, it was necessary to simulate thermal degradation of
insulation material induced by a long-term reactor unit operation. As the Mochovce NPP has
not been operated so far, it is impossible to obtain such material by taking samples directly
from the pipelines or the steam generator. Therefore insulation mattresses used for experiments
were first exposed to annealing in a furnace at a temperature close to that of the fluid in the
primary circuit (270°C) for a period of 12 hours unintermittently.

Such ,,thermally treated" insulation mattresses were then applied to the primary circuit pipe
model (scale 1:1) adhering to the approved design of insulation application and in a similar way
the mattresses were applied to a convex plate 2 x 2 m modelling the steam generator part (scale
1:1)-Fig4.

The experimental facility proper consisted of a high-pressure tank with a volume of about
1 m3 used for preparation of fluid with parameters corresponding to those in the primary circuit
(p = 12.5 MPa, T = 315°C). This fluid was released through a rupture disk and a discharge
nozzle 0 100 mm to the pipeline or steam generator model provided with insulation.

After experiment completion, the character of insulation destruction was evaluated in the
range L/D = 3 to 7, and the debris to be used for further experiments (,,large-scale loop") was
sorted depending on the degree of destruction.

It should be pointed out that the whole experimental programme was implemented with two
insulation material types:

. insulation material made of glass fibres (Eutal glass material) known as NEROFEL
manufactured by Vertex Litomysl, Czech Republic (this insulation material is used
according to the design for the Mochovce NPP);

• insulation material made of basalt felt being in the form of formaldehyde resin bonded
mineral wool known as NOBASIL and manufactured by Izomat Nova Bana, Slovak
Republic (this insulation material was previously assumed as an alternate for further
Mochovce NPP units

In total 6 experiments were performed, out of which 3 with NOBASIL and 3 with
NEROFIL. For each insulation type 2 experiments were performed with a primary circuit pipe
model with jet direction once parallelly to the pipe axis and once perpendicularly to the pipe
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axis, and one experiment with a steam generator model with jet direction perpendicularly to the
model.

It is to say that the whole programme was implemented on the experimental facility of
VNIIAES Moscow, GOSNICAES branch in Kashira, Russian Federation.

3.3 Experimental programme on a large-scale recirculation model, the so-called ,,large-
scale loop" (Fig $)

This experimental facility was designed with the purpose of, first, modelling hydraulic
conditions on the SG compartment floor during the recirculating regime of emergency pump
operation and, second, verifying the behaviour of insulation debris on protective strainers using
the samples of insulation debris obtained in previous experiments. With regard to the similarity
of modelling, the facility was designed so that the volume of fluid flowing through the strainers,
i.e. the so-called ,,circulation number", should correspond to the circulation number of the full-
scale equipment (for DBA conditions). By means of manipulations with valves, the quantity of
flowing fluid could be changed and thus flow velocity through the strainers controlled in the
range from 1 to 9 cm/s which is the design value for the original-design strainer structures.

A series of experiments were performed with both insulation materials, i.e. NEROFIL and
NOBASFL, with different coolant flow velocities through the strainers corresponding to design
values (~9 cm/s) up to the velocities having a substantial impact on the degree of clogging.

From the described experimental programme, the following conclusions were drawn
relevant to further works:

a) From the point of view of sump strainer clogging with dislodged insulation debris
(NEROFIL or NOBASIL), the present design of sumps is unsatisfactory since the period
from the initiating event of DBA until the first clogging impairing the proper function of
emergency pumps is very short, well below 1 hour. Consequently, there is a necessity to
install new designed sumps with a much (several times) larger strainer surface enabling to
extend the period until the first strainer clogging while respecting the layout potential within
the containment as well as other accompanying phenomena not having been considered in
the original design (seismic resistance of strainer structures, protection of strainers against
the steam-water jet from high-energy piping running in the vicinity of sumps, etc).

b) The necessity to assure trouble-free operation of emergency pumps requires continuous
monitoring of the status of protective strainers for the operator's sake. Based on this
information, the operator can decide whether to perform actions aimed at cleaning the
strainers (start-up of a standby system, shutdown of the clogged system and/or start-up of
the back-flushing train, if necessary, etc). A the same time, with regard to the significance
of these issues (ranking HI), it is necessary to assure the monitoring with two independent
systems.

c) From analyses and preliminary experiments with enlarged-surface protective strainers it
follows that in spite of extending the period from the initiating event until the first strainer
clogging compared to the present situation, with regard to the necessity of long-term
trouble-free operation of emergency pumps it is necessary to assure removal of the layer
consisting of insulation debris and other impurities from the strainers. Therefore, a reliable
way of clogged strainer cleaning with minimum expenses for its implementation will be
needed.
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4. Basic design of the proposed solution

Conclusions from experiments were taken into consideration when designing a new concept
of sums respecting the requirements stated in the problem specification (item 2).

The new system of sump strainers for each emergency subsystem (3 independent emergency
subsystems in total, each of them containing a low-pressure pump and a high-pressure pump
plus a spray pump and auxiliary equipment) is designed with optimum structural and civil
structure modifications of the existing equipment in the following scope (Figff):

• the existing strainer structures are replaced by a new strainer structure with a total flow-
through area assuring an optimum coolant flow velocity with regard to the rate of strainer
clogging. The new strainer structure assures reduction of flow velocity through the strainer
by a factor of 4 compared to the original design value; (Fig-7)

• with regard to its position the central strainer is provided with a seismically resistant
protective structure preventing the direct impact of the steam-water jet from high-energy
piping running in its vicinity.

• sumps on the SG compartment floor are provided with a redundant monitoring system
informing the operating staff in the main control room on the status of strainers in real time;

. out of the 3 assessed options of clogged strainer cleaning, the most developed option of
strainer self-cleaning is that with switching off the emergency pumps (stopping coolant flow
in the intake line) while meeting the condition that first one of the standby subsystems shall
be started up.

5. Detail design, supply, installation, commissioning

During 1997 individual components in compliance with manufacturing documentation were
manufactured and at present they are being installed at Unit 1. The works are planned to be
performed so that Safety Measure S 05 ,,Sump Clogging Risk" be completed before Units 1
and 2 commissioning.
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Problem specification

1) To determine the effective strainer surface needed to
be available in order to assure sufficient coolant
volumes for a reliable operation of emergency
systems

2) To determine quantity and structure of insulation
material which can be dislodged and can induce
strainer clogging

3) To verify properties of insulation material with
regard to its thermal degradation as a result of a
long-term reactor unit operation

4) To design and erect strainers so to assure sufficient
congestion of emergency pump intake lines in post-
accident regimes

5) To design seismically resistant strainers with a
capability to resist dynamic impacts from adjacent
piping

6) To assure monitoring of the strainer condition in real
time with signals sent to the main control room
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