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ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

The OECD is a unique forum where the governments of 34 democracies work together to address the economic, social
and environmental challenges of globalisation. The OECD is also at the forefront of efforts to understand and to help
governments respond to new developments and concerns, such as corporate governance, the information economy and the
challenges of an ageing population. The Organisation provides a setting where governments can compare policy
experiences, seek answers to common problems, identify good practice and work to co-ordinate domestic and international
policies.

The OECD member countries are: Australia, Austria, Belgium, Canada, Chile, the Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Luxembourg, Mexico, the Netherlands,
New Zealand, Norway, Poland, Portugal, the Republic of Korea, the Slovak Republic, Slovenia, Spain, Sweden,
Switzerland, Turkey, the United Kingdom and the United States. The European Commission takes part in the work of the
OECD.

OECD Publishing disseminates widely the results of the Organisation’s statistics gathering and research on economic,
social and environmental issues, as well as the conventions, guidelines and standards agreed by its members.

This work is published on the responsibility of the OECD Secretary-General.
The opinions expressed and arguments employed herein do not necessarily reflect the official
views of the Organisation or of the governments of its member countries.

NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency (NEA) was established on 1 February 1958. Current NEA membership consists of
31 countries: Australia, Austria, Belgium, Canada, the Czech Republic, Denmark, Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Netherlands, Norway, Poland, Portugal, the Republic of
Korea, the Russian Federation, the Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom
and the United States. The European Commission also takes part in the work of the Agency.

The mission of the NEA is:

— to assist its member countries in maintaining and further developing, through international co-operation, the
scientific, technological and legal bases required for a safe, environmentally friendly and economical use of
nuclear energy for peaceful purposes, as well as

— to provide authoritative assessments and to forge common understandings on key issues, as input to government
decisions on nuclear energy policy and to broader OECD policy analyses in areas such as energy and sustainable
development.

Specific areas of competence of the NEA include the safety and regulation of nuclear activities, radioactive waste
management, radiological protection, nuclear science, economic and technical analyses of the nuclear fuel cycle, nuclear law
and liability, and public information.

The NEA Data Bank provides nuclear data and computer program services for participating countries. In these and
related tasks, the NEA works in close collaboration with the International Atomic Energy Agency in Vienna, with which it
has a Co-operation Agreement, as well as with other international organisations in the nuclear field.
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THE COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS

“The Committee on the Safety of Nuclear Installations (CSNI) shall be responsible for the activities of
the Agency that support maintaining and advancing the scientific and technical knowledge base of the
safety of nuclear installations, with the aim of implementing the NEA Strategic Plan for 2011-2016 and the
Joint CSNI/CNRA Strategic Plan and Mandates for 2011-2016 in its field of competence.

The Committee shall constitute a forum for the exchange of technical information and for collaboration
between organisations, which can contribute, from their respective backgrounds in research, development
and engineering, to its activities. It shall have regard to the exchange of information between member
countries and safety R&D programmes of various sizes in order to keep all member countries involved in
and abreast of developments in technical safety matters.

The Committee shall review the state of knowledge on important topics of nuclear safety science and
techniques and of safety assessments, and ensure that operating experience is appropriately accounted for
in its activities. It shall initiate and conduct programmes identified by these reviews and assessments in
order to overcome discrepancies, develop improvements and reach consensus on technical issues of
common interest. It shall promote the co-ordination of work in different member countries that serve to
maintain and enhance competence in nuclear safety matters, including the establishment of joint
undertakings, and shall assist in the feedback of the results to participating organisations. The Committee
shall ensure that valuable end-products of the technical reviews and analyses are produced and available to
members in a timely manner.

The Committee shall focus primarily on the safety aspects of existing power reactors, other nuclear
installations and the construction of new power reactors; it shall also consider the safety implications of
scientific and technical developments of future reactor designs.

The Committee shall organise its own activities. Furthermore, it shall examine any other matters
referred to it by the Steering Committee. It may sponsor specialist meetings and technical working groups
to further its objectives. In implementing its programme the Committee shall establish co-operative
mechanisms with the Committee on Nuclear Regulatory Activities in order to work with that Committee
on matters of common interest, avoiding unnecessary duplications.

The Committee shall also co-operate with the Committee on Radiation Protection and Public Health,
the Radioactive Waste Management Committee, the Committee for Technical and Economic Studies on
Nuclear Energy Development and the Fuel Cycle and the Nuclear Science Committee on matters of
common interest.”
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APPENDIX A - TERMINOLOGY IN CONJUNCTION WITH THE ECCS BLOCKAGE ISSUE

Asbestos Containing (no longer on the market):

Insulation with any measurable quantity of asbestos is considered asbestos-containing and is a hazardous
material. The asbestos content can vary from near zero percent to near 100 percent. One common form is
calcium silicate reinforced with asbestos fibers. Another common form is a corrugated asbestos paper.
Note that while asbestos-containing insulation has not been produced in North America since about 1972,
considerable quantities were installed in nuclear containments constructed prior to that time.

As-Fabricated Fibrous Material:

Fibrous materials in their original configuration and form. For insulation blankets, this term indicates the
insulation material only (without the cloth covering). For preparation of test samples, representative larger
pieces are uniformly cut by mechanical means (i.e., knife, scissors).

Binder: A chemical, typically organic, added to insulation during manufacture to hold the material in a
desired shape and impart specific properties such as resilience, compressive strength, and parting strength.

Calcium Silicate:

Insulation composed principally of hydrous calcium silicate and which usually contains reinforcing fibers
(See Appendix C for additional details). These reinforcing fibers can be fiberglass, nylon, rayon, pulp, or
asbestos.

Ceramic Fiber Felt:
Insulation composed principally of ceramic fiber yarn sewn into insulation felts without the use of binders

Chemical Effects: A group of phenomena that results in the formation of precipitates by chemical
reactions between chemical species (precipitants) in the post-LOCA sump water and which can interact
with a debris bed in a different manner than that of the materials from which the chemical reactants
originated.

Chemical Kinetics:

Study of the rates of chemical processes. Chemical kinetics includes investigations of how experimental
conditions influence the speed of a chemical reaction and yield information about the reaction's mechanism
and transition states, as well as the construction of mathematical models that can describe the
characteristics of a chemical reaction. Chemical kinetics deals with the experimental determination of
reaction rates from which rate laws and rate constants are derived. Relatively simple rate laws exist for
zero-order reactions, first-order reactions, and second-order reactions, and can be derived for others. The
main factors that influence the reaction rate include: the physical state of the reactants, the concentrations
of the reactants, the temperature at which the reaction occurs, and the presence of catalysts.

Chemical Species:

Atoms, molecules, molecular fragments, ions, etc., being subjected to a chemical process or to a
measurement. Generally, a chemical species can be defined as an ensemble of chemically identical
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molecular entities that can explore the same set of molecular energy levels on a characteristic or delineated
time scale.

Coatings (paint):

A coating is a covering that is applied to the surface of an object, usually referred to as the substrate. In
many cases coatings are applied to improve surface properties of the substrate, such as appearance,
adhesion, wetability, corrosion resistance, wear resistance, decontamination, and scratch resistance.

Conventional Insulation:

A term generally applied to a homogeneous insulation material (such as fiberglass, mineral wool, calcium
silicate, cellular glass, etc.). This insulation material is often covered with sheet metal jacketing attached
with wires, bands, screws or heavy fabric.

Debris Traps:

Methods that capture debris upstream or downstream of the strainers. The captured debris caused by the
break (primary or secondary) can be of all type (particulates, fibers, coatings, etc.). Their shape and mean
density are key parameters for determining their potential for capture. In the US, the term for upstream
traps is debris interceptor. One strainer design (Enercon) uses debris by-pass eliminators

Downstream Debris Source Term:

Downstream debris source term is the potential total amount of debris postulated to pass through the
screens of the sumps.

Downstream Effects: A term used to denote all phenomena that apply to components after the
water/debris mixture has passed through the sump strainer.

Ex-vessel Effects: The aspect of downstream effects that deals with the effects of debris that has passed
through the strainer on components like pumps, valves, heat exchangers and nozzles.

Fiberglass Fabric (also Fiberglass Cloth):

A woven fabric made of glass fibers.

Fiberglass Insulation:

A homogeneous thermally-insulating material manufactured specifically from spun glass fibers.
Fibrous Debris:

Fibrous materials which have become displaced from their intended service application. Debris may be
generated through a number of mechanisms including high-energy jet impingement, damage during outage
activities or deterioration of materials with time. For Fibrous Insulation Blankets, generated debris may
include the insulation and/or the covering fabric cloth.

Fibrous Insulation:

Thermal insulation composed principally of fibers manufactured from rock, slag, glass or ceramic
materials, with or without binders. Includes such materials as fiberglass, mineral wool, ceramic fiber and
ceramic wool.

Fibrous Insulation Pillow, Fibrous Insulation Mattress, Fibrous Insulation Blanket:

A non-homogeneous thermal insulation assembly consisting of, at a minimum, a homogenous fibrous
insulation material, a fabric enclosure or case, and having some attachment mechanism. These blankets
are typically flexible in nature and are designed for repeated removal and reinstallation.
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Fines of Fibrous Insulation:

Fibrous materials broken into very small random shapes by tearing such as would result from a high-
pressure steam or water pipe break. For preparation of test samples, the tearing is accomplished by special
mechanical means (such as fluid/steam jets, mechanical shredders, etc.). The general definition of size is
the fiber diameter in one direction and up to 100 times that diameter in the length direction. These could
be single fiber, or a piece of a single fiber.

Flowrate through Strainers:

The flowrate through the strainers gives key information on the ability of the strainers to behave as
decanters or filters. This parameter given as a unit is used to evaluate the debris transport.

Glass Fiber Felt
Insulation composed principally of glass fiber yarns needled into insulation felts without the use of binders.

Glass Wool (UK) or Fiberglass Insulation (US) is an insulating material made from fibres of glass
(fiberglass), arranged into a texture similar to wool. Glass wool is produced in rolls or in slabs, with
different thermal and mechanical properties. After the fusion of a mixture of natural sand and recycled
glass at 1,450 °C, the glass that is produced is converted into fibers. It is typically produced by being
forced through a fine mesh by centripetal force, cooling on contact with the air. The cohesion and
mechanical strength of the product is obtained by the presence of a binder that “cements” the fibers
together. Ideally, a drop of bonder is placed at each fiber intersection. This fiber mat is then heated to
around 200 °C to polymerize the resin and is calendered to give it strength and stability. The final stage
involves cutting the wool and packing it in rolls or panels under very high pressure before palletizing the
finished product in order to facilitate transport and storage.

In-vessel Effects: The aspect of downstream effects that focuses mainly on the blockage of fuel assemblies
by debris that has passed through the strainers.

Isover: Glass Mineral Wool and Stone Mineral Wool - inert vitreous silicate mineral wool bonded with a
thermosetting resin, which has been urea extended. Contains up to 0.7% mineral oil. Melting point is
above 600 °C and the material is insoluble (<0.lmg/L). Finished product is chemically inert in dry
conditions at 20 °C. Used primarily in Europe.

Latent Debris

Latent debris is defined as unintended dirt, dust, paint chips, fibers, and pieces of paper (shredded or
intact), plastic, tape, or adhesive labels, and fines or shards of thermal insulation, fireproof barrier, or other
materials that are already present in the containment prior to a postulated break in a high-energy line inside
containment. Potential origins for this material include activities performed during outages and foreign
particulates brought into containment during outages.

Metal Reflective Insulation (MRI) (also Reflective Metal Insulation (RMI)):

A non-homogeneous thermal insulation assembly consisting of, at a minimum, spaced metal foils, either
flat or shaped into various profiles, contained within a sheet metal panel or cassette, and having some
attachment mechanism. The foils and sheet metal are typically stainless steel, although aluminum has been
used in some applications. These panels or cassettes are typically rigid in nature and can be designed for
repeated removal and reinstallation.

Microporous Insulation: Material in the form of compacted powder or fibers with an average
interconnecting pore size comparable to or below the mean free path of air molecules at standard
atmospheric pressure, and which may contain opacifiers to reduce transmission of radiant heat.
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Mineral Wool or Rock Wool Insulation:

A homogeneous thermal insulation manufactured specifically from rock or metal slag products, with or
without binders, and which usually has a shot, or non-fibrous content, of up to 30% by weight.

Particulates:

Insoluble individual materials (non-fibrous) that have the potential to adhere to, or be collected by, fibrous
debris, thereby causing a change to the known properties of the fibrous debris bed (i.e., density, sink rate,
etc.). As individual particles, particulates are generally very small, especially if they originate from fibrous
insulation material or from corrosion products; however, they can be much larger if they originate from
paint or concrete. Typical examples of particulates encountered in BWR drywells and suppression pools
include corrosion products from piping or metal structures (i.e., rust), welding by-products (i.e., weld slag),
grinding by-products (i.e., metal chips and composite grinding wheel debris), general dust and dirt,
concrete chips or dust, paint chips and non-fibrous insulations (i.e., calcium silicate which produces a
chalk-like power debris). "Particulates" refers to the individual insoluble materials. (See the definition of
"sludge," which refers to a composite of materials).

Precipitant: A chemical agent that causes the formation of a precipitate. In the context of ECCS strainer
blockage, precipitant refers to a chemical species released into solution by corrosion or dissolution of
containment materials that has the potential to form a precipitate.

Precipitate: A solid formed in solution as the result of a chemical reaction between dissolved species in
the solution. Precipitates can form when two soluble species react in solution to form one or more
insoluble products, or when the solution conditions change (e.g, pH or temperature) and reduce the
solubility of a salt.

Settlement Phenomena:

Settlement phenomena can be observed when the flowrate in the pool is much lower than the debris
sinking capacity flowrate. The settlement phenomenon increases with the temperature of the medium.
Local turbulence and eddy curents may reduce the tendency for settlement

Shreds of Fibrous Debris:

Fibrous materials, broken into small random shapes by tearing, such as would result from a high-pressure
steam or water pipe break. A shred would have random irregularly shaped surfaces, none of which will be
in their original manufactured condition. A shred will be larger than a fine and is usually smaller than a
fragment, although that is not necessarily always the case. For preparation of test samples, the tearing is
accomplished either by hand or by mechanical means.

Sludge:

Suppression pool sludge consists predominately of corrosion products from carbon steel piping systems
which connect to the suppression pool and from unpainted carbon steel surfaces within the pool.

Strainer Mesh:

Strainer mesh is related to the size and spacing of the holes in the strainer surface. It is a key parameter
determining the strainers ability to retain debris. As a corollary, the strainer mesh plays an important role
in determining the extent of downstream effects.

Temperature-Conditioned Fibrous Insulation:

A term used in testing of fibrous insulation materials to indicate that the insulation has been pre-exposed to
its intended service temperature conditions on a hot plate, hot pipe, or oven. Note that the term
"preconditioning" is a broader term which may involve a combination of temperature pre-exposure as well
as other methods of simulating aging conditions (i.e., radiation exposure, mechanical compression, etc.).

10
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Temperature Effects:

The rates of most chemical reactions increase with a rise in temperature. Raising the temperature increases
the fraction of molecules having very high kinetic energies. These are the ones most likely to react when
they collide. The higher the temperature, the larger the fraction of molecules that can provide the
activation energy needed for reaction. Note that the frequency of two-particle collisions in gases is
proportional to the square root of the kelvin temperature. Precipitation of the dissolved chemicals typically
occurs when the temperature drops.

Totally Encapsulated Insulation (Also Cassette-Type Insulation):

A non-homogenous thermal insulation assembly consisting of, at a minimum, one or more homogeneous
insulation materials, contained within a sheet metal panel or cassette, and having some attachment
mechanism. The sheet metal is typically stainless steel, although aluminum and galvanized metals have
been used in some applications. These panels or cassettes are typically rigid in nature and can be designed
for repeated removal and reinstallation. The seams can be either welded, or riveted.

Upstream Debris Source Term:

The upstream debris source term is the potential total amount of debris postulated to reach the screens of
the sumps

Whole Blanket (also Whole Pillow, Whole Mattress):

Synonymous with "Fibrous Insulation Blanket," but used to describe the material in debris form. Indicates
that the entire assembly is dislodged (or tested) without cutting or tearing of the fabric covering or
insulation.

Zone of Influence (ZOI)

The zone of influence represents the zone where a given high-energy line break will generate debris that
may be transported to the sump. The size of the ZOI can be defined in terms of pipe diameters and is
determined based on the pressure contained by the piping and the destruction pressure of the insulation
surrounding the break site.

11
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APPENDIX B - HISTORICAL BACKGROUND

B.l Incidents Concerning Debris Generation

The containment pool collects reactor coolant and containment spray solutions (where applicable) after a
LOCA. The sump serves as the water source to support long-term recirculation for residual heat removal,
emergency core cooling, and containment atmosphere cleanup. This water source, the related pump inlets,
and the piping between the source and inlets are important safety components. The performance of ECCS
and CSS strainers in currently operating BWRs and PWRs was recognized many years ago as a regulatory
and safety issue and has received a significant amount of regulatory oversight as a result. The primary
concern is the potential for debris generated by a jet of high-pressure coolant during a LOCA to clog the
strainer and obstruct core cooling.

A primary system leak challenges the integrity of the reactor coolant system (RCS) pressure boundary
which is essential to supporting the defense-in-depth concept. The safety significance of a leak depends on
its location, rate and duration. The location of a leak may be such that the leak disables or degrades a
safety system and contributes to an increased likelihood of core damage. In most, if not all member
countries the Limiting Conditions of Operation do not permit continued operation with an identified RCS
pressure boundary leak

This appendix reviews the historical background and some of the more significant RCS leaks and reported
incidents concerning debris generation that have occurred.

B.1.1 Barsebick Incident

One of the more significant operating events in the nuclear power industry in regards to LOCA debris
generation happened at Barsebéck Unit 2 in Sweden on July 28, 1992. Barsebick Unit 2 is a BWR/Mark
2. The reactor was in a startup procedure after the annual refueling outage and the reactor power was
below 2% of nominal when a rupture disc at the outlet of a safety relief valve (SRV) inadvertently opened.
The cause of the erroneous opening was a leaking pilot valve. The pilot valve had been examined and
tested during the outage, and it had been incorrectly assembled. The leaking pilot valve caused the main
SRV to open and the reactor pressure acted directly on the rupture disc when the reactor pressure reached
the setpoint of the rupture disc, which was about 3.0 MPa (435 psi). The disc failed and steam blew
directly into the drywell. The containment was isolated and the drywell was pressurized so that the
blowdown pipes cleared.

Both the CVSS and the ECCS were automatically started. Initially, the pressure in the reactor vessel was
higher than the head of the ECCS pumps, and actual injection of ECCS water started when the reactor
pressure reached about 2.2 MPa. The operators quickly turned off the ECCS injection. Both trains of the

13
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CVSS were allowed to continue in order to control the pressure in the drywell. After a while, the operators
tried to reduce the flow in order to avoid ground faults in electrical equipment and to reduce debris
transportation to the wetwell pool.

The steam jet caused mineral wool insulation to be dislodged from the piping located close to the SRV.
The operators observed, via video cameras in containment, that insulation material was flying in the
containment atmosphere.

During cleanup after the incident, the amount of dislodged insulation material was estimated to be 200 kg
(440 Ibm), of which approximately 100 kg (220 1bm) had been flushed down to the condensation pool by
the steam flow and by the water flow from the CVSS. The amount was estimated on the basis of the
amount of material that had to be replaced and the number of bags carried out during cleanup.

Differential pressure measurements had been installed to monitor the pressure drop over the strainers of the
CVSS and the NPSH. The operators noticed a high pressure drop alarm after 1 hour. The operators gave
priority to other problems and let the pumps continue to run. After about 2 hours, one of the pumps
cavitated. Earlier analyses had shown that clogging of strainers and loss of NPSH, if occurring at all,
would take place after more than 10 hours; however this occurred 1 hour into the incident.

A preliminary analysis (Ref. B.l) showed that the strainers could clog in less than half an hour in case of a
large-break LOCA. The criterion for operator intervention in an accident is that no critical manual
functions should be needed within 30 minutes and the Swedish Nuclear Power Inspectorate (SKI) decided
to revoke operating permission for the five oldest BWRs, which had strainers of small area, until the
strainer issue was resolved.

B.1.1.1 Timeline of Events
The incident began at 05.39 on 28 July, 1992.

Incident Time Minutes

+0 0539 A containment isolation signal was received at a reactor pressure of 3.0 MPa. CVSS
immediately starts.

+1 0540 Valve 314V12 indicates open. Steam blowdown from the valve is verified by a video
camera.

+5 0544 Valves V48-51 in the pressure relief system are opened to relieve the pressure on valve

V12. The pressure history indicates that these valves never opened.
+6 0545 The ECCS injection starts 2.2 MPa in the reactor vessel.

+7 0546 The ECCS pumps were stopped due to an alarm of high level in the reactor vessel. The
ECCS flow is terminated by the operators to avoid topfilling of the reactor vessel and
water in the steam lines.

+12 0551 The pressure in the containment decreases and the valves to the CVSS are closed. The
intention is to minimize ground faults and the transport of insulation material to the
suppression pool.

+14 0553 The isolation valves to the CVSS open due to increasing pressure in the drywell. The
pressure in the reactor vessel is 1.5 MPa.

+25 0604 The water spray through CVSS circuit 1 is interrupted and the isolation valves are
closed. Instead, circuit 1 is used to cool down the suppression pool. The steam
blowdown through valve VI2 has stopped.

+67 0646 The water spray through CVSS circuit 2 is interrupted and the isolation valves are

14
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closed. Instead, circuit 2 is used to cool down the suppression pool.
+69 0648 Decay heat cooling circuit is started for cooling the reactor.

+69.5 0648.3 High differential pressure (20 kPa') is indicated over CVSS intake strainer for pump
P3. Nothing unusual is noticed for the flow of the pumps PI and P3. Instead of
backflushing, the connection of the decay heat removal system is prioritized.

Incident Time Minutes

+73 0652 High differential pressure (20 kPa) is indicated over CVSS intake strainer for pump PI.
Nothing unusual is noticed for the flow of the pumps PI and P3. Instead of
backflushing, the connection of the decay heat removal system is prioritized.

+ 81 0700 Change of shift

+111 0730 Preparation is made for the backflushing operation of the intake strainers for pumps PI
and P3 in the CVSS.

+117 0736 Pumps PI and P3 for the CVSS are stopped because of oscillations in the pump engine
currents and the water flow caused by clogging of the intake strainers.

+148 0807 Backflushing operation of the strainers accomplished.

+158 0817 Pump P3 in the CVSS circuit is restarted after the backflushing operation. A minor
leak in the shaft packing is detected.

+249 0948  Cold shutdown is reached.

B.1.2 Details of the Incident

Data reported in this appendix are based on reports that were presented after the incident. The experiments
discussed are basically experiments done after the incident.

B.1.2.1 Debris Generation
B.1.2.1.1 Amount of Debris

An exact amount of material that was dislodged during the incident is not available due to inaccurate
measurements. About 200 kg (440 1bm) dry insulation was installed to replace the insulation blown away
from the adjacent piping. The judgment is that 180-200 kg (397-440 1bm) was dislodged from the leaking
valve (Ref. B.2).

Two references describe the extent of the area with dislodgement of material. According to Reference B.3,
the insulation was completely removed at a distance of approximately 1.5 m (5 ft) on each side of the
valve. Insulation was partly removed up to 2.5 m (8 ft) on each side of the valve. It was judged that about
25% of the dislodged material had been blown upward and was fixed to structures above the valve
location.

B1.2.1.2 Analysis of Amount of Dislodged Material

Attempts were made to compare the incident data with the conceptual cone model (Ref. B.4). The cone
model is applicable to pressures between 15 MPa and 8 MPa and the incident occurred at 3 MPa. The
geometry near the valve was not typical since the geometry assumed for the cone model is basically a pipe
rupture. The different regions used by the cone model are difficult to identify after a break.

' The control room personnel had instructions to backflush the strainers in order to clean them if the differential
pressure exceeded 20 kPa

15
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The analysis estimated that total disintegration should occur up to 3 L/D at 3.0 MPa pressure. The affected
zone in Barsebdck was larger than that, which indicates that the cone model in its current form is less
applicable for a steam blowdown. Dislodgement experiments using steam also indicate that the current
cone model is less applicable in such situations.

B1.2.1.3 Other Information about the Debris Generation

The steam temperature in the reactor vessel was approximately 200 °C (392 °F) at 3 MPa pressure, the
pressure in the reactor tank decreased at a rate of 0.12 MPa/min until 10 minutes into the incident.
Recordings from the incident show that the steam flow was about 38 kg/s (84 lbm/s) at the beginning of the
incident. The flow decreased to 33 kg/s (73 Ibm/s) after 10 minutes. Data were only sampled during the
first 10 minutes in the incident.

Valves V48-51 in system 314 (steam relief system) should have opened after about 4 minutes in order to
relieve the V12 leaking. This did not seem to work and all steam passed through the valve V12 as long as
the sampling of data continued (Ref. B.5).

A control room technician using a video camera observed flying debris which was fixed against a point 10-
15 m (33-50 ft) from the leaking valve V12. It was impossible to see where the debris landed and how it
was transported down to the suppression pool since steam made the view foggy. The size of the debris was
difficult to see, but some parts were large enough to be observed by the video camera.

B.1.2.2 Drywell Transport
B.1.2.2.1 Amount of Insulation Material Transported to the Suppression Pool

The amount of insulation material that was transported to the suppression pool is uncertain. The first
judgment from the incident was that 200 kg (440 Ibm) of wet insulation was transported to the suppression
pool. This assumption was calculated from the collected debris which amounted to 10 bags of
approximately 20 kg (44 1bm). Analyses after the incident indicate that approximately 100 kg (22 Ibm) of
dry insulation was transported to the condensation pool. According to Reference B.7, the density of wet
insulation could vary between 100 kg/m’ and 1000 kg/m’ (6.24-62.4 lbn/ft’) depending on the water
content of the insulation.

The insulation material was transported to the wetwell in two phases. An engineering judgment was made
that 30% was transported in the steam and 70% was transported with water from the CVSS.

The distribution of the insulation which was left in the drywell was approximately:

. 50% on the beamwork. This amount was largely concentrated within three areas: at the drywell
floor, near the outer containment wall, and on and near the gratings over the blowdown pipes

. 20% on the wall next to the stripped pipe and on the components around the safety valve
. 10% on the wall opposite to the stripped pipe

. 12% on the walls above the grating located over the safety valve

. 8% on the grating located over the safety valve

n

The insulation which was left in the drywell appeared "spread on.
transport the remaining insulation by the CVSS water.

The judgment was that it was hard to

B.1.2.2.2 Analyses and Experiments

Experiments were performed in order to enhance understanding of the transport phenomena so that
technical solutions could be identified which could prevent insulation from reaching the suppression pool.
The experiments were conducted on steam transport and spray transportation.
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Steam blow experiments were carried out in a scaled facility (Ref. B.7) at Karlshamn in order to study the
transportation by steam. The experiments indicated that a very small fraction of the insulation (about 3%)
in a steamline break would reach the wetwell pool. For a large-break LOCA in the main circulation line,
the amount was estimated to be about 8%. The recommendation was that 10% could be used for safety
calculations. These experiments were carried out in a small-scale facility and failed to explain the
observation at Barsebéck.

A full-scale test which addressed transport by spray was performed in the Oskarshamn-2 containment,
which is similar to the Barsebidck containment. 200 kg (440 Ibm) of new and old mineral wool insulation
was placed in a sector of the drywell and the spray system was started. Only 11 kg flushed down to the
wetwell. In the experiments, frames were installed around the gratings over the blowdown pipe inlets to
collect debris. Such frames were not installed in Barsebéck at the time of the incident. The experiments
indicate that much less material would be transported down to the wetwell pool than was observed in
Barsebick.

Differential pressures over the strainer were measured during the experiment; the pressure increased about
2 kPa before the backflushing of the strainers. The backflushing operation worked well. The mixer was
not operated during the test. The insulation material was initially located in the same quadrant of the
drywell as the strainers.

According to Reference B.8, large amounts of the insulation remained at the same location where it was
initially placed in drywell. The old insulation mixed with water appeared like mud. The mud had
compacted against the frames. The frames did stop insulation from reaching the suppression pool, but the
effect could not be quantified. There were no experiments without frames.

B.1.2.2.3 Discussion

The uncertain judgment that 100 kg (220 1bm) of insulation was transported to the suppression pool was
based on the number of bags of wet insulation collected and the amount of insulation that was replaced.
Experiments carried out to support the observations in Barseback showed that much less material would be
transported. These experiments thus failed to support Barsebiack observations.

B.1.2.3 Suppression Pool Transport

There is not much information about the suppression pool transport from the Barsebéck incident. The
cleanup in the drywell after the incident showed that much of the insulation debris stayed in the 0°-90°
quadrant, in which the leaking valve V12 was also located. The insulation transported to the suppression
pool had probably gone through the blowdown pipes in this quadrant. The strainers that were clogged
were located in the 180°-270° quadrant, the diametrically opposite quadrant (Ref. B.6). With this
assumption, the insulation debris must have been transported between 11 and 22 m (36 and 72 ft) in the
suppression pool.

The observation made during cleanup was that the insulation was evenly spread over the suppression pool
floor. This was observed a significant time after the incident.

A mixer had been installed to mix the water to avoid temperature stratification in the suppression pool.
The mixer was in operation during the incident (mixer systems such as this are not installed in BWRs in all
countries). The mixer had a mass flow of 1-1.4 m’/s (35-49 ft'/s). Measurements close to the mixer outlet
showed that the water velocity was about 3 m/s (9.8 ft/s) (Ref. B.9). The mixer was located such that the
water stream was directed from the strainers against the opposite wall (Ref. B6). Table B.1 lists the results
of measurements of water speed at different elevations in the suction area of the mixer close to the
strainers. The measurements were taken about 4 m (13 ft) from the mixer (Ref. B.10).
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Table B.l: Water Velocities in the Suction Area of the Mixer

Height from bottom Velocity Velocity
m(ft) cm/s in./s
1(3) 6-7 2428
309) 8-10 3.2-39
4(13) 4-5 1.6-2.0

The mixer was located 4.5 m (14.8 ft) from the suppression pool wall (Ref. B.9) and approximately 2.5 m
(8.2 ft) over the bottom.

The judgment is that the mixer was effective in maintaining the condensation pool homogeneous, and
probably also helped to keep insulation debris suspended and thereby accessible for strainer clogging. It is
also probable that the mixer significantly contributed to the relocation of insulation debris to the strainers
at the opposite side of the containment.

An experiment was performed to investigate possible effects of the water flow from the blowdown pipes
on the flow in the suppression pool. The blowdown pipes have a diameter of 600 mm and the distance
between the pipe outlet and the suppression pool bottom is 3.3 m (10.8 ft). Flows of 60, 50, and 40 kg/s
(132, 110, and 88 Ibm/s) were injected in a blowdown pipe and the water velocities at different elevations
in the suppression pool were measured. It was determined that the influence of the flow in the blowdown
pipes on suppression pool velocities was very small. The flow range tested was 10 times larger than the
expected flow during the washdown.

Insulation debris was probably transported to the wetwell through the blowdown pipes near the failed
valve. The valve location was diametrically opposite to the strainer location. It is probable that the mixer
helped distribute the debris evenly over the suppression pool. The blowdown pipes were barely cleared in
the incident and the flow in these pipes was probably insufficient to provide mixing. In the case of a large-
break LOCA, it is believed that the violent flow through the blowdown pipes, and possibly other
phenomena like "chugging," would significantly contribute to the mixing. The fact that both strainers were
clogged at approximately the same time is also an indication that the debris probably was evenly
distributed in the pool.

The data from the incident indicates that insulation debris stays suspended in the water for a significant
time. Considering the measured velocities set up by the mixer and the distance to the most probable
injection location, the settling velocities of the debris must be much lower than 1 cm/s in order to reach the
strainers. Tests showed that larger clumps of debris would sink faster than this, a fact which indicates that
finer fractions of the debris actually caused the strainer blockages. This is in accordance with other tests
performed. The debris on the strainers was not characterized after the Barsebick incident.

The CVSS spray continued for about 25 minutes into the transient. The pressure drop over the strainers
continued to increase after this incident. This is qualitatively in accordance with tests performed on
strainer clogging and supports the hypothesis that the pressure drop is influenced by the small particles and
compaction of the bed.

B.1.24 Strainer Pressure Drop

B.1.24.1 Information from Incident
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Data are not available on the actual form of the debris on the strainers. The recorded data are summarized
in Table B.2. Registered data are the times when the 2 mvp alarm® sounded and when the pump P3
presumably cavitated. The strainer has a pressure drop of 0.4 mvp (Ref. B.I 1), which should be subtracted
from the values in the table in order to get the correct bed pressure drop over the debris bed.

Table B.2 Observations at Barsebiack

Wetwell . R
Tem 2 mvp (20 °C, 68 |3.4 mvp (20 °C, 68 Difference in Time | Pressure Drop
Pumps p o o L. Between Both Increase After
F) Alarm F) Cavitation
(°C) Alarms Alarm
CVSS P3 35 69.5 min 117 min 47.5 min 1.4 mvp
CVSS PI 35 73 min Not applicable Not applicable Not applicable

The pressure drop increase was 1.6 mvp after 69.5 minutes.
B.1.2.4.2 Analyses and Experiments after the Incident

A full-scale test was performed in the suppression pool after the Barsebéck incident (Ref B.6). An amount
of 2 m® (71 ft’) of mostly old mineral wool was injected into the suppression pool. The insulation had been
disintegrated before the experiment and wetted for 18 hours. In the first experiment, the insulation was
injected from a vent pipe between 1 and 1.5 m (3.3 and 4.9 ft) from the strainer C2. At every injection, 3-5
bags of insulation debris were introduced. The debris started to sink and moved against the strainer. The
differential pressure reached 2 mvp after 80 minutes, which is close to the Barsebédck observations. The
mixer was not in operation during the experiment.

B.1.2.4.3 Discussion

In Sweden the sump clogging incident in Barsebédck was a surprise and five NPPs were closed while
remedies were considered. Analyses done in the mid-seventies in Sweden showed that the earliest
clogging of the strainers was expected after 10 hours. At that time, safety assessment analyses indicated
that the probability of core damage was influenced by operator failure to recognize clogging. Therefore,
differential pressure measurements were introduced to alert the operators so that they could backflush the
strainers (Ref. B.12). The high-pressure drop alarm came after 1 hour into the incident, which is a factor
10 times faster than earlier assumptions.

Although the full impact of the mixer was not fully determined, the experiments at Barsebéck confirmed
the observation made during the incident that earlier clogging is possible. It was confirmed that erroneous
conclusions were drawn from the experiments in the seventies and that the clogging was not just a human
factor problem.

No general regulatory requirements or technical guides concerning strainer clogging were issued after the
incident, and regulatory decisions were made for each individual reactor. These decisions implied that the
backflush capabilities with associated instrumentation should be tested and controlled for appropriate
function, installation of very large strainers to fulfill the original requirement of 10 hours, supply of clean
water from external sources for at least one hour after a LOCA, and exchange of mineral wool with glass
fiber insulation of more defined properties. The solutions chosen should be “robust” which implied that
they should not easily be challenged, for instance, by new experience or assumptions; a requirement which

> 1 mvp=10kPa
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implied very large conservatisms. The closed power plants could be taken into operation about 6 months
after the closure.

B.1.2.5 Related Issues of Potential Safety Concern

Samples were taken near the pumps downstream of the strainers. These samples were collected on the
same day as the incident. The first inspection showed no traces of insulation debris. Additional samples
were taken the day after the incident when the circuits were emptied. The results of the analysis are
summarized in Table B.3.

Table B.3: Results of Analyses of Samples Taken near the Pumps

Pump Debris in pump

ECCS P2 No fibrous debris visible

ECCS P2 Suction side No fibrous debris visible

ECCS PI Traces of fibrous debris

CVSS PI Distinct traces of fibrous insulation

Both ECCS circuits were examined in order to investigate if fibrous insulation had reached the core after
the incident.

During the incident, a shaft packing in CVSS P3 was damaged and the pump started to leak. The pump is
a double-suction axial pump that has the shaft packing mounted on the suction side. The pump failure was
caused by low suction pressure in Barsebidck (Ref. B.13). The pump probably cavitated. Other
hypotheses, such as debris in the pump or breakdown of the water film between the axis and the packing,
could not be supported.

B.1.3  Description of Plant Layout
This section describes the role played by plant geometries in the Barsebéck incident.
B.1.3.1 Barsebeck Plant Layout

Barsebédck is a BWR with external pumps of ABB-Atom design. The reactor has a nominal power of 1800
MWth. The containment is of Mark-II design, and 95 blowdown pipes with a diameter of 600 mm lead
from the drywell floor vertically into the condensation pool. The submergence depth is 3 m and the
nominal pool depth is 6.3 m. The pool contains 1924 m’ of water.

The reactor has an ECCS for spray cooling of the core and a CVSS for control of drywell pressure in the
case of a LOCA, and washdown of radioactive materials. The systems take water from the condensation
pool through the strainers. The CVSS can also be connected to cool the condensation pool.

B.1.3.2 System 314, Pressure Relief, and Function
B.1.3.2.1 General

The V1-V13 valves are the safety relief valves (system 314). The design of the V1-V13 valves is shown in
Figure B.l. These valves are controlled by the combined V62-V74 release and pilot valves, also called the
servo valves. The interaction between the servo valves and the main valves can be tested at reactor
pressures of less than 15 bar. The test is carried out using the V136-V148 test unit. The hydrogen gas and
moisture that can leak out of the main and servo valves are flushed down to the system 316 wetwell with
the help of nitrogen gas. To prevent these gases from being discharged into the drywell, the main valve is
equipped with a rupture disc.
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B.1.3.2.2 Function at High Reactor Pressure

The main valve (1) (Figure B.I) has a free-moving stem with a seat, a valve guide, and a control guide.
The valve guide has a larger diameter than the seat. The control guide is smaller. The valve guide moves
along with the control guide in separate cylinders. For pressure equalization, there is a throttled connection
(3) between the area above the valve guide and the body of the valve housing. When the valve (1) is
closed, the reactor pressure forces the upper parts of the seat and the guides to close, and forces the valve
guide's lower part to open.

If the pressure in the main steam line (4) rises above 85 bar, this pressure will affect the stem of the release
valve (6) over the impulse line (5). The stem (6) lifts and the pressure rises in the chamber (12). The
control valve opens due to the rapid pressure increase in (12) and when this occurs, the guides (7) and (8)
are raised. The guide (8) opens the outlet below, releasing the steam in the chamber (9) of the main valve.

The pressure on the upper part of the valve and the control guides decreases and the force on the bottom
part of the valve guide exceeds the force on the upper part, pressing the stem upward and opening the main
valve. When the pressure of the steam line reaches the failure pressure of the rupture disc of the main
valve (designed to burst at 30 bar), the disc ruptures and steam is released into the containment drywell.
When the steam pressure drops, the valve closes.

B1.3.2.3 Function Testing of the Main Valve

Function of the V1-V13 main valves is tested at a reactor pressure of 11-15 bar. The test involves
checking the opening and closing of the valve. In order to open the main valve, the V136-V 148 test unit is
activated, causing the guide in this unit to raise the stems (7) and (8) of the control valve. The process is
now the same as at high reactor pressure.
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Figure B1: System 314 Pressure Relief Valve
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Figure B2: System 314 Pressure Relief System

VI2, which is the valve that failed, is placed (level 117.67 m) approximately 6 m (26 feet) over the drywell
floor (level 111.5 m) and there is one grating between the valve and the drywell floor.
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B.1.3.3 System 322, Containment Vessel Spraying System (CVSS)
B.1.3.3.1 Functions of the System

The system cools the condensation pool during relief blowdowns, and sprays the drywell in the event of a
pipe break. The system should also supply the ECCS (system 323) with water if there is a malfunction in
the ECCS. The system also has a number of additional functions which are of minor importance (Figure
B.3).

B.1.3.3.2 Technical Description

The CVSS consists of two parallel and separate circuits and has three pumps. One pump started half an
hour into an accident and was not started during the Barsebéck incident. The pumps are of centrifugal type
with a flow of 100 kg/s and a pump pressure head of 0.8 MPa. The containment spray consists of two
spargers; each sparger consists of 120 nozzles with an estimated maximal flow of 1.7 kg/s. The spargers
are placed 5.5 m (level 116.4 m) and 11.5 m (level 122.9 m) above the drywell floor (Figure B.4).

The water for backflushing three strainers in the CVSS was taken from the ECCS flow when the incident
occurred. This could be done because of the assumption that it would take at least 10 hours before the
strainers clog. A 10-hour delay in clogging would allow the operators to remove the debris from the
strainers with the ECCS water. Such an activity takes 5-10 minutes and is not allowed during the first hour
in case of a LOCA from full reactor power.

B.1.3.4 System 323, Emergency Core Cooling System
B.1.34.1 Function of the System

The ECCS cools the reactor core with water from the condensation pool if the core is uncovered. This
system was only operated for 1 minute during the Barsebéck incident. The ECCS was manually stopped to
keep the reactor vessel from overflowing (Figure B.5).

B.1.3.4.2 Technical Description

The ECCS consists of two parallel and separate circuits and has two pumps of centrifugal type with an
estimated flow of 170 kg/s and a pump pressure head of 1.8 MPa. It starts to spray the core when the
reactor pressure is lower than 1.8 MPa and reaches the maximum flow at 1.0 MPa.

B.1.3.S System 316 Suppression Pool

The suppression pool is of a cylindrical type with a radius of 22 m. It contains approximately 1924 m® of
water during normal operation.

There are 95 vent pipes with a radius of 600 mm each which connect the drywell with the wetwell. The
vent pipes submerge 3 m down in the water in the suppression pool. The vent pipes are mounted flush
with the drywell floor and are covered with gratings.
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Figure B3: System 322, Containment Vessel Spraying System (CVSS).
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Figure B4: The Containment with Break Location.
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B.1.3.6 Strainers

The suction for the ECCS and CVSS in the suppression pool is equipped with a strainer. The strainer was
of a cylindrical type with an effective strainer area of approximately 1 m’ at the time of the Barsebéick
incident. The holes had a diameter of 4 mm with an 8-mm distance between the center of the holes, which
gives a 0.79 hole area fraction of the total strainer area.

The pipe which is connected to all three strainers in Figure B6 provided the strainers in the CVSS with
backflushing water from ECCS. The CI and C3 strainers were clogged during the Barseback incident; they
are installed approximately 3.5 m above the suppression pool bottom.

B.1.3.7 Other Information

The maximal pressure in drywell was 1.3 bar and the temperature was 90 °C (194 °F) in the incident
(Ref.B.14). The actual steam blast damaged cables and the protective housings of two of the containment
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video cameras. Ground faults occurred in electrical equipment and instrumentation in the containment.
The most probable cause of this was the spraying of the containment.
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Figure B6: System 322, the CVSS Strainers in the Barsebiick Plant.

B.2 Event at Grundremmingen I (KRB-1), 1977 (Germany)

Another LOCA event with a large quantity of debris generation occurred at the Grundremmingen I plant in
Germany in 1977. This nuclear power plant was a dual-cycle BWR with a primary and a secondary
circuit. The high-pressure part of the turbine was driven by steam from the primary circuit, that is, steam
generated directly in the reactor pressure vessel (RPV). The low-pressure part of the turbine was driven by
secondary steam, generated in steam generators heated by the recirculation water of the primary circuit.
The event in January 1977 started with disturbances in the grid. A transient was initiated, during which all
14 SRVs of the primary circuit opened at pressures between 8.5 MPa and 8.9 MPa. Due to a problem with
feedwater control, the RPV was overfilled and the SRVs vented water. They had not been designed for
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this, and one valve was torn off.

The SRVs were located inside the containment at the pipe attached to the main steam line from the RPV to
the high-pressure turbine. The valves relieved directly into the containment atmosphere where the ensuing
fluid jet impacted nearby insulated pipe. The insulation of pipes in the compartment of the pressure relief
valves consisted of glass fiber reinforced with wire mesh and jacketed with sheet-zinc. According to
reports written after the incident, the insulation in the affected compartment was torn off the pipes to the
"greatest possible extent" [Ref. B.16].

After the incident, approximately 450 m’ (16,000 ft*) of water was found in the sump, of which slightly
more than half originated from the primary circuit, with the remainder delivered by the containment spray
system. This water transported a substantial quantity of insulation debris into the control drive mechanism
compartment directly below the SRVs. The floor was covered with flocks of insulation material. No large
pieces of the insulation were transported there. A thick layer of fiberglass insulation debris was found at
strainers installed in front of ducts leading from this compartment into the sump. Because recirculation
from the sump was not required for this event, the layer of insulation debris had no further consequences.
Therefore, it is not known whether ECCS recirculation flow from the sump would have been possible. No
details regarding the insulation debris quantities generated or transported were made available.

B.3 Operational Experience with Fibrous and Particulate Debris

1. Grand Gulf Nuclear Station (U.S. BWR-6/Mark III) experienced problems with RHR suction strainer
blockage. On March 18, 1988 and again on July 2, 1989, the RHR "A" pump before-start suction
pressure fell below the in-service inspection (ISI) acceptance criteria of 17.2 kPa gauge (2.5 psig).
The licensee determined that the low suction pressure was caused by a clogged strainer that takes
suction from the suppression pool. The licensee developed more stringent suppression pool
cleanliness requirements and more restrictive pump suction pressure limits to ensure that the
strainers are cleaned when pump after-start pressures reach the new limits. After an initial cleaning
including hydrolazing the walls and floor, the licensee also established a requirement for vacuum
cleaning the suppression pool at the end of every refueling outage (Ref B.17).

2. In March 1988, Susquehanna Unit 2 (US BWR-4/Mark 2) reported that drywell insulation had
deteriorated and that the aluminum foil coating of the insulation could fail and block strainers in the
ECCS during a LOCA. During a refueling outage, the drywell was inspected. Extensive
delamination of the aluminum foil coating on the surface of the fiberglass insulation used on valve
bodies and pipe hangers as well as in other areas that are awkward or difficult to insulate, was
observed. The aluminum foil covering was 0.025 mm (1-mil) thick, bonded to the outer covering of
a fiberglass cloth. An upper-bound estimate was that 464 square meters (5000 square feet) of this
insulation is used in more than 300 different locations within the drywell. The estimate was that 50
percent of the insulation has undergone some degradation. Although the exact cause of the
degradation of the foil covering on the insulation at Susquehanna was not known, the causes may
include temperature, humidity, and the effects of radiation on the neoprene-type adhesive used in the
bonding process (Ref B.18).

3. Two events at Perry (U.S. BWR-6/Mark III) demonstrated that strainer plugging can occur during
normal operations with particulate as well as fibrous material. A description of this experience
follows: In May 1992, during a refueling outage, Perry performed an inspection of the suppression
pool using an underwater video camera mounted on a robotic submarine. Debris was found on the
suppression pool floor and on residual heat removal (RHR) A and B suction strainers. The debris
consisted of general maintenance-type material and a coating of what appeared to be fine dirt that
covered most of the surface of the strainers and the pool floor. As a corrective action, the
suppression pool was vacuumed and the strainers were cleaned during a mid-cycle outage in January
1993. After cleaning the suppression pool and strainers, it became evident that the strainers were
deformed. The strainers were replaced with identical spares in February 1993, prior to startup from
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the mid-cycle outage. A review of the historical data on RHR A and B pump suction pressure and
strainer differential pressure revealed no significant trend in pump suction pressure or the rate of
strainer fouling.

The second event occurred at Perry in March 1993, during which several SRVs were manually lifted
and RHR was then used for suppression pool cooling. The licensee inspected the strainers to assess
their condition after use and found that the RHR "B" strainer was again coated with debris. A test
was run on the RHR "B" pump with the strainer in the as-found condition to determine pump
operability. The test was terminated after 10 hours when pump suction pressure dropped from an
initial reading of 44.1 kPa gauge [6.4 psig] to 0 kPa gauge [0.0 psig]. A second test that used
improved suction pressure instrumentation was run on the same loop with similar results (pump
suction pressure dropped to 0 kPa gauge [0.0 psig] after 18 hours). The licensee continued to run
that pump for an additional 8 hours during the second test, and observed no further decrease in pump
suction pressure. Also, in both tests, no change in system flow rates or pump motor amperage was
observed. The debris found on the strainer was analyzed and found to consist mostly of fibers from
air filter material hat had been inadvertently introduced into the suppression pool, and corrosion
products that had been filtered from the pool by the fibers adhering to the surface of the strainer.
(Ref B.17)

4. On September 11, 1995, Limerick Unit 1 (US BWR/4 Mark 2) plant was being operated at 100 percent
power when control room personnel observed alarms and other indications that one SRV ("M") was
open. Emergency procedures were implemented. Attempts to close the valve were unsuccessful and
within 2 minutes a manual reactor scram was initiated. The main steam isolation valves were closed
to reduce the cooldown rate of the reactor vessel. The maximum cooldown rate during the event
was 69 °C/hr [156 °F/hr]. Before the SRV opened, the licensee was running the "A" loop of
suppression pool cooling to remove heat being released into the pool by leaking SRVs. Shortly after
the manual scram, and with the SRV still open, the "B" loop of suppression pool cooling was started.
Operators continued working to close the SRV and slow the cooldown of the reactor vessel.
Approximately 30 minutes later, fluctuating motor current and flow were observed on the Unit 1 "A"
suppression pool cooling loop. Cavitation was believed to be the cause and the loop was secured.
After checking out the pump, the "A" pump was restarted, but at a reduced flowrate of 8 kL/m [2000
gpm]. No problems were observed so the flow rate was gradually increased to 32 kL/m [8500 gpm)].
No problems were observed so the licensee continued to operate the pump at a constant flow. A
pressure gauge located on the pump suction was observed to have a gradually lower reading, which
was believed to be indicative of an increased pressure drop across the pump suction strainer located
in the suppression pool. After about 30 minutes of additional operation, the suction pressure
remained constant. The rest of the reactor shutdown was routine and there were no further
complications. After a plant cooldown following the blowdown event, a diver was sent into the Unit
1 suppression pool to observe the condition of the strainers and general pool cleanliness. Each
strainer was a "T" arrangement with two truncated cones fabricated from perforated plate; the entire
cone surface is covered by a 304.8 mm (12 inch) x 304 mm (12inch) 316 L stainless steel wire mesh.
The suction strainer in the "A" loop of suppression pool cooling was found to be covered with a thin
"mat" of material consisting of fibers and sludge. The "B" strainer had a similar covering, but to a
lesser extent. These were the two loops that had been used for suppression pool cooling necessitated
by the leaking SRVs. The other strainers in the pool were covered with a dusting of sludge. Debris
was subsequently brushed off the surface of the strainers, and the suppression pool floor and water
were cleaned by use of a temporary filtration system. It is believed that, during operation of the
suppression pool cooling system, the strainer filtered out fibers that were in the pool water. The
resulting "mat" of fibers improved the filtering action of the strainers thereby collecting sludge and
other material on the surface of the strainer. About 635 kg [1400 1b] of debris was removed from the
pool of Unit 1. A similar amount of material had previously been removed from the Unit 2 pool.
Analysis showed that the sludge was primarily iron oxides and the fibers were of a polymeric nature.
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The source of the fibers has not been positively identified, but it was determined that the fibers were
not inherent with the suppression pool. There was no trace of either fiberglass or asbestos fibers.
(Ref B.19)

5. On August 23, 1992, while the H. B. Robinson Nuclear Plant (US PWR 3-loop) was in mode 4, hot
shutdown, plant personnel were performing an operations surveillance test of the ‘B’ train safety
injection (SI) pump. This test found that the recirculation flow was 20 percent lower than it had
been when it was last measured 6 weeks earlier. The next day a re-test found zero recirculation
flow. The licensee also tested the ‘A’ SI pump and found the recirculation flow was 10 percent
lower than when it was last measured. The licensee declared both pumps inoperable and took the
unit to cold shutdown. On August 25, 1992, the licensee opened the ‘B’ SI pump recirculation line
and removed a single piece of white plastic, about the size of a nickel (21 mm), from the inline
orifice. Previously, on July 8, 1992, the licensee had declared the ‘B’ SI pump inoperable after a
quarterly in-service inspection surveillance test found that it was producing a recirculation flow of
11.4 Liters (3 gallons) per minute, rather than the required 132.5 Liters (35 gallons) per minute. On
July 9, 1992, the licensee shut down the plant to determine the cause of the low flow. The licensee
removed the recirculation line for the B SI pump and found that debris was obstructing the inline
orifice (Ref B.20).

6. There are several other examples of debris found in Safety Injection Systems, or blockage of suction
strainers reported in NUREG/CR-6808 Chapter 9 (Ref B.21). These examples cover both BWRs
and PWRs. A listing of generic communications that describe other ECCS suction strainer concerns
for both BWRs and PWRs is available on the NRC web site http://www.nrc.gov/reading-rm/doc-
collections/#gen.
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