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ABSTRACT

This section introduced the CANDU concept of containment. A
review of containment definition, purpose, design and analysis is given.
Containment practice together with examples of postulated accidents and
thermohydraulic phenomena occurring within the containment system are
described. This is followed by a brief description of how the containment

response to a loss of coolant accident is simulated mathematically.
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16.2 CONTAINMENT

l16.2.1 Background
l6.2.1.1 Containment Definition

A wide variety of radicactive materials are generated within a
reactor during the course of its operation. Most of these are formed within
the fuel. Some are generated in the moderator, coolant, and other reactor
parts. A major function of reactor system design is to prevent these materials,
or radiation from them, from harming reactor systems, operating personnel, the

public, or the general environment.

This "containment” function is achieved in CANDU reactors in

several stages.

a) The fuel is a ceramic material which is formed into small fuel
pellets. This material contains most of the radioactive materials during

normal operation of the reactor.

b) The fuel pellets are enclosed within zircaloy tubes which

contain any material which evolves from the pellets.

c) A number of these tubes are, in turn, assembled into the fuel
bundles which are placed inside the primary coolant system pressure tubes.
This closed system provides yet another container for the radioactive

materials of the fuel and the primary coolant itself.

d) Radioactive materials (primarily tritium) within the moderator

are contained by that closed system.
e) The reactor assembly is finally surrounded by a massive

structure of steel, concrete and water to absorb the radiation from the

materials of the reactor.
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£) The entire reactor assembly is enclosed within a final structure,
the containment. This structure, during the course of normal day-to-day
operation serves to control minor releases of radioactive materials from the
reactor assembly. Its primary purpose is to contain the larger amounts of
radicactive materials which might be released should the reactor components

ever fail.
We finally define the containment, herein as the structure

and the supporting systems which provide the final barrier to limit the release

of radioactive material to the environment to easily tolerable levels.

16.2.1.2 Review of Containment Designs and Analysis

16.2.1.2.1 Containment Concepts

Containment system designs have generally evolved on the
basis that they must be able to contain all of the steam and/or water
discharged following a reactor system piping failure. The volume and mass
of radiocactive material which might be released is negligible in comparison.
The primary element of most containment systems is the leak-tight building
which covers and encloses the reactor systems, Piping or ventilation
systems which might convey radioactive materials and penetrate the
containment boundary are closed shortly after an abnormal condition is
detected. Sub-systems to help reduce the pressure in the building may also
feature in the design. Containment design types which have achieved enough

prominence to acguire a name include:

a) Pressure Containment - Figure 16.2.1

A structure is provided to contain all of the energy contained in
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the steam and water released by failure of the primary coolant system. If
the containment atmosphere is sub-atmospheric during reactor operation leakage
may be into containment for some time following an accident. The leak-free

period can extend for months.

b) Pressure - Suppression Containment - Figure 16.2.2

This type of containment depends on condensation of the vapor
released by a loss of coolant to help reduce the design pressure of the
containment. One common variation of this category is designed to pass the
steam released into a pool of water where it is condensed. Another condenses

the steam on ice.

c) Pressure-Release Containment -~ Figure 16.2.3a,b

This type of containment allows the venting of some or all of
the released steam to the outside atmosphere. Radicactive materials are
contained by closing the vents before significant amounts are released into
the atmosphere and/or filtering and scrubbing radioactive materials from the

steam before it is released.

d) Multiple Containment Figure 16.2.4a,b

Two {(or more) containment systems, in series, may be provided.
Since each can contain most of the fission products released into it, a very
high degree of containment can be achieved. The containment shown in Figure
16.2.4b could, in theory, eliminate the release of radioactive materials as
leakage is pumped from the secondary containment back into the primary
containment. The multiple reactor containment systems designed and built in
Canada are also sometimes called multiple containment. The concept is quite

different. Figure 16.2.6 illustrates the Canadian concept of a single

containment shared by several reactors.

More history and details on variants of containment are given

in Reference (1).
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16.2.1.2.2 CANDU Containment Systems

CANDU containment systems have evolved in a manner similar to
containment practice elsewhere. Some unique features have developed from

the Canadian experience.

The first CANDU power reactor, Nuclear Power Demonstration,
NPD at Rolphton, Ontario, is fitted with a pressure release containment.
The next generation of CANDU reactors, Douglas Point and Gentilly-1, are
fitted with a variant of pressure suppression containment (Figure 16.2.5)
which condenses the discharged steam by a gravity fed water spray or
"dousing" system. The dousing water is supplied from a storage tank located
near the roof of the containment building. Subsequent single reactor CANDU

designs have followed the same philosophy.

A decision to build four reactors at Pickering near Toronto
has lead to the development of a unigque containment concept. The four
reactors of the original station are houséd in buildings which are connected
by large ducts to form a single containment system (Figure 16.2.6) shared by
all four reactors. The large volume of the four buildings is able to
accommodate a given discharge with a considerably smaller building pressure
increase than that which would be experienced by a single building. The
containment system inciudes a large volume building which is nérmally kept
at nearly full vacuum. It is normally isolated from the remainder of the
system by a number of large pressure relief valves. These valves are opened
directly by rising pressure following loss of coolant in any one of the
reactors and allow the escaping steam to vent into the vacuum building. The
rising pressure in the vacuum building, in turn, forces a high flow of
dousing water in the vacuum building to condense the inflowing steam. A
very important feature of this containment system is the overall sub-
atmospheric pressure of the system which ensues a few minutes after accident
initiation. This ensures zero leakage to the environment for a few days
after the accident. The Pickering installation has been expanded so that
eight reactors now share a single vacuum building and containment system.
The multiple reactor containment concept has subsequently been applied to

three additional four reactor comp.exes (Bruce A, Bruce B and Darlington).
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16.2.2 Containment Analysis Practice

16.2.2.1 Goals

The primary purpose of containment analysis is to establish
that any reactor failures which lead to a release of radiocactive material

pose an acceptable level of risk to the environment.

A detailed discussion of the risks posed by, and accepted for,
power plant operation and the general philosophy of accident analysis has
already been given in Chapter (3). The design and regulatory process
outlined there leads to a requirement that the containment system response
to a large number and variety of postulated system failures be considered.
The estimated dose, which is a function of the quantity, type, and dispersion
of released radiocactive material, for the various events can then be
compared with the established dose target for the probability of occurrence

category within which the event falls.

16.2.2.2 Postulated Accidents

16.2.2.2.1 Regulatory and Design Guidelines

The Canadian safety approach recognizes that the hazard
people will accept is dependent on the frequency of the event which puts
them at risk. Consequently the basic safety criteria regulations specify
a permissible radiation dose to a member of the public resulting from three

types of plant conditions, which are listed in order of decreasing

probability:
i) normal operation
ii) following the failure of one of the process systems, and
iii) following the failure of one of the process systems coupled

with the unavailability of one of the special safety systems

incorporated to cater for the process system failure.
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The latter two conditions are referred to as the single and
dual failure conditions. Different radiation dose guidelines for each
condition are specified, with a higher dose level permitted for the dual

failure because of its lower frequency of occurrence.

Not all postulated accident scenarios fall neatly into the
single/dual failure concept outlined. This risk concept can be logically
extended in order. to cater for low probability situations. Chapter 3

discusses regulatory and safety rhilosophy in greater detail.

16.2.2.2.2 Examples

Postulated single failure events which figure heavily in
containment design include primary and secondary piping failures of various
sizes., Large pipe breaks can discharge steam at a high rate and thus usually

define the maximum pressure for which containment must be designed.

Dual failure events requiring containment analysis include
pPiping failures combined with safety system failures such as loss of the
emergency coolant system or piping failures combined with containment failures
in the dousing sub-system, the ventilation isolation sub-system valves, or

airlock door seals.

16.2.2.3‘ Phenomenology of Containment Thermohydraulic Analysis

16.2.2.3.1 Behaviour of Radiocactive Materials

Although this lecture is primarily devoted to thermohydraulic
phenomena the behaviour of radiocactive materials needs to be kept in mind as

a guide to the modelling of thermohydraulic Phenomena.

A very large number of nuclides (several hundred) could
conceivably be released to the containment following certain types of
accidents. Each could be present in many different chemical forms.
Fortunately, only a small number need to be considered in routine containment

analysis.



Many of them will decay very rapidly (half lives a fraction
of a second). Their containment is not of great interest as they would

disappear before they could spread very far in the environment.

Iodines and noble gases generally receive the most attention
in containment analysis. They are present in sufficient quantities and have
characteristics such that they create the bulk of the predicted risk to the
public. The noble gases, since they do not condensate at normal conditions
and are non-reactive will remain in the atmosphere and can potentially leak
through the containment walls. The "hydraulics" of their leakage is thus

quite important.

Iodine 131 with a half life of 8 days, can be contained long
enough to allow the material to decay to negligible quantities (e.g., Iodine-131,
released to the TMI containment about 4 years ago, is by now reduced by a
factor of % 1040. There is stgong evidence that it was mostly contained within
water in the containment. Its containment thus reduces to keeping the water
within the structure. Some iodine, as a result of its reactive nature,
evidently combines with materials in containment to form gases which may
remain in the containment atmosphere. A substantial fraction of these can be

removed by filters. Some may leak through the walls. .

A great deal of knowledge with respect to the exact nature of
the chemical and physical behaviour of radiocactive materials is not necessary.
Estimates of activity release into the containment for the postulated
accidents can be deliberatly set on the high side. The containment system
is designed subsequently to accommodate the overestimate. Additional
information on the behaviour of radioactive materials is actively sought by
the nuclear industry. This knowledge is expected to lead to lower cost

containment systems.

16.2.2.3.2 Thermohydraulic Phenomena

A large number of thermohydraulic phenomena are important to
the design and safety analysis of containment. These are revealed as we
follow the steam discharged from a broken pipe through typical CANDU

containment systems.
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_ During the early part of a typical postulated discharge of
coolant high pressure and temperature steam will be discharged to the low
pressure air atmosphere of the containment. The high pressure water will tend
to be mixed with the containment building atmosphere by the jet of steam. The
containment atmosphere pressure will begin to rise as a result of this
addition of mass and energy. The air/steam/water mixture is displaced from

the reactor vault raising the pressure throughout the containment atmosphere.

In the case of the Douglas Point single unit containment the
displaced steam is passed through a tunnel-like opening which is fitted with
& dousing spray fed from an overhead tank. The flow of water is thus ensured
by the supremely reliable system known as gravity. The flow velocity of
steam is measured. The flow of water is proportionally controlled by valves
to condense the steam flow. This dousing design, which directs the steam
and dousing water into intimate contact, is quite effective in suppressing
the rise in pressure following loss of coolant. The design pressure is quite

low (v 240 kPa (6 psig)) as a result.

The dousing system of the CANDU standard 600 MWe single units

is somewhat simpler.

The rising pressure in the building is measured. When it
reaches an upper building "setpoint", two dousing systems which are supplied
with water from an overhead tank and controlled by valves are turned on.
Should the water condense sufficient steam to drop the building pressure
below a lower "setpoint” the valves are closed to conserve dousing water.
The water is sprayed from high in the building to cover most of the building
volume. The pressure in the containment of the reactors may remain somewhat
above atmospheric following a loss of coolant. There is thus some potential
for leakage from the building. The contaimment is, as a result, designed to
& high standard of leak tightness. The design target leak rate is 0.1%/day
at design pressure. Containment analysis is based on 0.5%/day at design
pressure. Should we imagine all the leakage concentrated in a single
orifice this is equivalent to an opening about 6 mm in diameter. Leakage

rates of 0.15%/day have been achieved in practice.
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The response of the multiple reactor containment system is
somewhat more complex and presents additional interesting opportunities for
thermohydraulic modelling of wave propagation, dynamic valve response, and

dousing water flows.

The increasing pressure in the ducts generates hydraulic
forces which act to open the relief valves allowing a discharge into the
vacuum building. The resultant rising pressure in the vacuum building, in
turn, generates hydraulic forces on the fluid surfaces of the water in the
dousing system. This causes the water to flow from the dousing system in a
spray which condenses the incoming steam to maintain a relatively low
(general sub-atmospheric) pressure therein for a few days. The entire
system is quite simple and reliable since the rising pressure is all that
is needed to actuate the valves and dousing spray. Figure 16.2.7 shows the

main features of this system.

The discharge of steam continues at a decreasing rate in all
the reactor systems discussed. The emergency coolant systems establish an
alternate source of cooling. The water spilled into containment is cooled
and circulated back through the reactor core to remove decay heat for an

indefinite period of time.

Throughout this period the building air coolers have also
been acting to remove energy from containment and reject it to the outside
atmosphere. Cool surfaces within the building serve to temporarily store
energy absorbed from the hot steam and reduce somewhat the maximum pressure,

experienced by the containment envelope.

The remaining section is devoted to a discussion of the

mathematical simulation of some of these important containment phenomena.

16.2.3 Mathematical Simulation of CANDU Containment Response
Following A Postulated Loss of Coolant Accident (LOCA)

16.2.3.1 Event Sequence

Following a loss of coolant accident (in which steam or two-
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phasé water escapes from a pipe rupture into containment) the ;breakroom"
pressure begins to rise. If the pressure rise is sufficient a pressure sensor
opens valves connecting the dousing tank (located in the roof of the reactor
building) to the sprayheaders (for single unit stations - Fig. 16.2.8)
causing water from the dousing tank to flow through the sprayheaders and
finally through the spray nozzles. The escaping spray of relatively cold
water from the surrounding relatively hot fluid (coolant) during its descent
to the bottom of the reactor building. This dousing spray, as it is commonly
referred to, acts as an energy heat sink and thus as a pressure suppression
mechanism. This pressure suppression dousing system must be designed so that
the design pressure of the whole containment structure is not exceeded for

the largest anticipated break.

Multiple reactor stations such as Bruce and Pickering are
equipped with a separate vacuum building in which the dousing tank is located
(Fig. 16.2.17). Following a pipe rupture in a reactor building the increase
in pressure causes the resulting mixture of air + water (vapour + droplets)
to move down the pressure relief duct into the manifold (the region of
containment in which the pressure relief valves are located) and the other
reactor buildings. When the pressure in the manifold is sufficient to 1lift
the valve pistons the pressure relief valves will be opened permitting the
fluid to flow into the vacuum building (which is initially at a pressure
substantially below atmospheric (i.e. ~ 10 kPa). The air and steam mixture
entering the vacuum building causes the vacuum building pressure to rise thus
forcing water in the dousing tank to flow up the riser pipes, over the weir,
down the downcomer ducts and finally through the sprayplates in the spravheaders
(Fig. 16.2.18). For illustrative purposes Figures 16.2.10 and 16.2.11 show a
typical short term pressure transient in the breakroom and vacuum building
respectively for a multiple reactor containment. Figure 16.2.12 shows how the

containment pressure transient develops over a period of several days.

16.2.3.2 Physical Phenomena

A steam discharge from a pipe in containment initiates a fluid
flow transient throughout containment. In addition to the dousing heat sink

mechanism previously described, there exist other potential heat sinks
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within containment. These include coolers, the containment walls and internal
structures within the containment such as stairways, railings, piping components,
etc. These heat sinks become the prime heat sink in the case of small breaks

in which the pressure rise is insufficient to activate the dousing heat sink

mechanism and/or following the completion of dousing.

In order to predict pressure and temperature transients
within containment as well as the amount of radioactive material which may
escape to the environment, we must set up an integrated mathematical model

which adequately describes the many physical response processes involved.

This involves setting up individual mathematical models for

the fluid dynamics of the system as well as a fission transport model.

Having set up the individual models we must then resort to a
numerical method which will provide use with a reasonably accurate solution
of the differential equations describing the physical system.

\

The code PRESCON2 is the latest of several computer models
that have been developed at AECL for containment analysis. We will now
proceed with a brief description of the individual mathematical models
contained within the code followed by a description of the numerical

algorithm employed.

16.2.3.3 Mathematical Models

1) Global Fluid Flow Modelling

The partial differential equations governing the flow of the
steam-air mixture are those of mass, energy and momentum conservation for
one-dimensional compressible isentropic flow. Spatial discretization of
these basic equations leads to the commonly called node-link structure in
which the physical geometry being considered is represented by a network
consisting of a set of nodes connected by links. A typical non-critical

link (a link which has an initial and a terminal node) is shown below
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Non-critical Links (k, k-1)

Link k is assigned node i as its initial node {(upstream node)
and node i + 1 as its terminal node (downstream node). This assignment
defines the direction of positive flow in the link as being from node i to
node i + 1. Link k is also referred to as a downstream link of node i and

as an upstream link of node i + 1.

Figure 16.2.13 shows a particular partitioning of a four

station containment structure into a node-link network.

Associated with each nocde in the network is a total mass,
total air mass and a total mixture energy equation reflecting conservation of

these quantities within the node.

These equations (discretized forms of the governing partial

differential equations) take the following forms.

dTMi -
at Ken Sk i T O (1
where
TMi = total mass (air + water) in node i (kg)
Sk = Sign of link connection (+1 for a downstream link, -1 for an
upstream link)
' Wk = link flow rate (kg/sec)

ken = sum over all links connected to node i
Q = total mass addition/removal rate within node i (i.e., any

other source/sink term in addition to the link flow rate)
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Air Mass Conservation

i AM
= s, {=)w + 2
dt z: k \™ k QAM (2)
ken d :
where

AMi = air mass in node i (kg)

AM , R .

(Eﬁ) = air mass fraction of donor node connected to node 1i
d via link k

QAM = air mass addition/removal rate within node i (i.e.,

any other source/sink term in addition to the link

flow rate).

Energy Conservation:

dET. 2 .
i= Y v
+ = W+
dat ke Sk(h 2 )d k Q (3)
where ETi = total energy (internal + kinetic) in node i
h = specific enthalpy of donor node connected to node i via
. T + PV
link k = <§——————> P = pressure, V = volume
™
d
2
\Y - . .
E—- = kinetic energy per unit mass of donor node
Q = heat generation/removal rate in node i

Associated with each link k in the network is a spatial finite difference

form of the one-dimensional momentum equation.

This equation may be written in general form as

aw

— = ¥ , P, . ce

dt k Fir Fiagr Piogr Wer Wy Bpg o) 4
where wk = mass flow rate kg/sec

P = Pressure
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Equations (1) - (4) are coupled through the pressure P which is usually
given by an eguation of state of the form

P, =P, . T™,, BM,, W , W
5 i (BT, TM., AM., W, ) (5)

X k=1°""
Assuming that there are N nodes and K links in the network, the set of
equations (1) - (4) for all nodes and links constitute a set of 3N+K
ordinary differential equations with known initial conditions TMi(o), AMi(o),

ETi (0) and W, (o).

k
. Denoting the RHS of equation (1) - (4) by fli + Qlf f2i + in,
£ + i £ i=1,... =1,...
34 Q3i and f4k respectively for i=1, N, k=1, K
where
£ = £ W.,ean .= . feae eee eee
1T Frp MpreeeW) Eop = o, (TM L TMAM, L AN, W L)
f3i = f3i (TMl...TMN, ETl"'ETN’ Pl...PN, wl"'WK) f4k = f4k(Pl..PN,Wl...WK)
one can express the set of equations (1) - (4) in vector form as
= .
Y =F() +0Q (6)
where s 7
= ET. ... cae
Y (TMl..,TMN, AM, .. AM ?l BTy s Wyeo W)

LS | L
=
It
h
th
L=}

. -

= (91700 Qpr Q- Qor Q04000

o

T
C ... 0)

- _-.—). . .
T denoting the transpose, where 0 is a column vector representing various
source/sink mass/energy terms within the system such as coolers, heat sources,

breakflow addition, heat transfer to walls and internal structures, etc.

A first order semi-implicit integration scheme is used to
advance the time dependent system of equations (6), the source/sink terms

being treated in an explicit fashion (i.e., explicit coupling with the basic
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flow equations). Further discussion of the choice of numerical methods used

will be given in a later section.

16.2.3.4 Sub-System Modelling

In addition to the basic fluid flow there are many other
components of containment whose overall effect on containment pressure and
temperature following a LOCA must be taken into account. Examples of these
components are coolers, pressure relief valves, the dousing pressure
suppression mechanism etc. As space does not permit a detailed description
of how these sub-components of containment are modelled mathematically only

a brief description will be given here.

i) Pressure Relief Valves (Multi-Unit Stations)

The pressure relief valves connect the vacuum building to the
remainder of containment, providing the flow path for the escaping steam into
the vacuum building. A schematic of the relief systems is shown in Figure
16.2.14. Figure 16.2.15 depicts a typical pressure relief valve and Figure

16.2.16 is a schematic of a Bruce Pressure Relief Valve in the closed position.

During normal operation of the station, the valve is held
closed by the piston weight and the downward force exerted on the lower
diaphragm by the pressure differential between the lift chamber and the vacuum
duct. When the manifold pressure rises following a LOCA the lift chamber
pressure also rises because of pressure equalizing the flow through the piston
orifices. When the pressure differential acting on the piston and the upper
diaphragm overcomes the piston weight and the forces exerted by the lower
diaphragm, the piston begins to lift and allows the steam-air mixture to flow
from the manifold into the vacuum building via the vacuum duct. The valve
piston dynamics are calculated by solving simultaneously, with a Runge-Kutta
integration, a set of differential equations for mass contents in the piston
and lift chambers and for the piston motion. The calculated fractional
opening of the valve at any time is then used together with the pressure
ratio across the valve to give the mass flow rate through the valve (an

experimental correlation is used which includes choking effects). This mass
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flow rate is then used to evaluate the mass/energy/source/sink terms in

equations (1)-(3) for the manifold and the vacuum building. : ~

ii) Dousing Spray System

Description of the Water Spray System(Single Unit Containment)

As mentioned previously, in single unit stations such as
Douglas Point, Gentilly-2 and Point Lepreau, the dousing tank is located
near the roof of the reactor building. If steam is released to the containment,
the positive pressure created by the steam activates the dousing valves and
initiates dousing at a preset value. The spray is produced by nozzles set in a
system of headers, suitably arranged in the upper portion of the reactor
building. Steam condenses in the reactor spray and this quickly reduces the
pressure. The dousing stops when the pressure drops below another preset
value. This cycle is repeated until the pressure in the RB (reactor building)

has stabilized or the water in the dousing tank has been exhausted.

The mathematical model of the spray system is fairly simple.
The dousing flow rate builds up to a maximum after an initial delay (due to
valve opening and flow acceleration) and then decreases slowly as the water
level in the tank drops. When the containment Pressure has dropped below
the present minimum value, the valves start to close. The flow rate drops
sharply until the valves are completely shut and the spray stops. This
cycle is repeated each time the RB pressure exceeds the valve opening
Pressure. Fig. 16.2.9. shows the dousing spray rate as a function of time.
There is a separate model for calculating the amount of energy picked up by
the dousing spray. The energy absorption rate is treated as a sink term in

the energy equation in the nodes in which spraying takes place.

Description of the Water Spray System (Multiple Containment)

If as a result of a loss of coolant accident, the internal

pressure of the reactor building (RB) should rise, the steam-air mixture from
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the RB should be transferred through the pressure relief system, into the
vacuum building (VB). The VB is a cylindrical reinforced concrete structure,

housing a water spray system or dousing system (Figures 16.2.17 - 16.2.19).

The steam-air mixture which enters the VB increases the
pressure and activates the dousing system. The water spray from the dousing
system condenses the incoming steam and also cools the air in the VB. The
spray system therefore reduces the rate of pressure rise and the maximum
pPressure in the VB following a LOCA. This in turn increases the VB's

effectiveness as a containment pressure suppression device.

The spray system includes the emergency water storage tank,
the pressure actuated water displacement system, inlet or suction pipes
(riser ducts), a weir, vacuum chamber, central passage and a distribution
of sprayheaders. The vacuum chamber (VC) is mounted centrally in the roof
of the VB and is isolated from the VB main vacuum space by the water seals
formed by the submerged riser ducts and the lower water seal. During
normal operation the pressure in the VC is usually maintained equal to the
VB pressure by separate vacuum pumps. The central passage is a vertical
concrete duct which carries the water from the weir to the lower water seal
and then to the spray headers (Figure 16.2.18). To assure a water seal
between the main volume and the VC at all times, a small recirculating

system continuously discharges a small quantity of water into the seal.

Description of the Dousing Process (Multiple Reactor Containment)

The flow of the steam air mixture into the vacuum building
raises the VB pressure. The water seals prevent this pressure from
communicating with the upper vacuum chambers. Under the influence of the
pressure difference thus created, water is accelerated up the riser pipes.
Air which enters through the spray nozzles pushes some of the lower seal
water up the central passage. The water from the riser ducts reaches the
weir first since its source is at a higher elevation, and flows downward into

the central passage to meet the rising lower seal water. When sufficient water
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has fallen onto the lower seal water in the central passage, the water flow

reverses and starts downward in the central passage.

Spraying then commences and will continue as long as sufficient
Pressure is available to cause the water to flow over the weir. When the VB
main volume pressure falls to such an extent that it balances the lowered
water storage tank level and the upper chamber vacuum pressure, dousing will

stop.

The mathematical model of the spray system calculates water
spray system flows, velocities, water level changes and the total quantity of
water sprayed. There is a separate model for calculating the amount of
energy picked up by the dousing spray; this energy absorption rate is treated

as a sink term in the energy equation for the vacuum building.
iii) Coolers

Considerable theoretical and experimental work has been
directed towards modelling the containment cooclers. These studies support
the cooler model used in the PRESCONZ2 code. The model estimates cooler
capacity as a function of atmosphere and cooling water temperatures and is
multiplied by an empirical factor to account for the fact that the containment
atmosphere is a steam-air mixture. Coolers act as an energy sink and are
included as an energy sink term in equation (3) in the node in which they are

located.

iv) Heat Sources

There are many sources of heating and cooling inside the
containment e.g., lights, motors, the hot operating reactor, cooling water

bipes, etc. which are constantly adding or removing heat. The net heat
added/removed by these sources in each node is modelled in the O term in the

energy egquation (3).
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v) Wall and Internal Structures Heat Conduction

The containment walls and the internal structures are energy
sources/sinks within containment. The walls consist of a thick layer of
concrete. Some CANDU containment systems are fitted with a partial steel
liner. The classical unsteady one-dimensional heat conduction equation is
used to calculate the temperature transient and hence energy distribution
within the wall. The rate of heat transfer between the containment walls
and the surrounding containment atmosphere is calculated using the standard

expression

Q@ = hA (Tw - TC)

where h = heat transfer coefficient based on correlations of

relevant experimental data.

A = surface area of wall
Tw = wall surface temperature
Tc = nodal temperature

This term is included as a source/sink term in the energy equation for

each node.

vi) Leakage and/or Impairments in Containment

There will be a transfer of mass and associated energy between
the containment and the external atmosphere due to either ordinary building
leakage or an impairment such as a postulated leaky airlock seal. Models are
employed in the code for modelling various types of fluid flow through these
paths. They are treated as part of the source/sink terms in the mass and

energy equations for the particular node in which the impairment is located.

19.3.5 Numerical Methods

In order to advance the solution of the spatially cdiscretized

flow equations (together with their various source/sink terms) we must choose
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an appropriate numerical algorithm for the solution of the set of ordinary
differential equations modelling the system. In selecting a numerical
algorithm both economic and stability considerations must be taken into

account.

There are two basic numerical methods from which to choose,
these being explicit and implicit techniques. Explicit methods, although
much easier to program, invariably suffer from the drawback that there is a
stability criterion associated with them limiting the time step which may be
used to bbtain a stable solution. 1In certain problems the running costs of

a code employing such a method can become prohibitive.

Implicit techniques on the other hand are usually unconditionally
stable for physical systems thereby permitting the use of a much larger time
step while still maintaining a reasonable degree of accuracy. On a cost per
time step basis explicit techniques are economically superior to implicit
techniques since the latter schemes invariably involve the inversion of a
matrix at each time step. Provided that the transient is not too rapidly
varying as a function of time (as in containment problems) implicit techniques
are economically superior overall due to the fact that the time step which may
be used is sometimes orders of magnitude larger than the maximum explicit time

step permitted.

In the PRESCONZ code a semi-implicit numerical algorithm is
used to advance the solution of the time dependent flow eguations. It is
semi-explicit due to the fact that the source/sink terms are treated in an
explicit-fashion. The program time step is automatically adjusted based on
prescribed user tolerances on the change in state variables (i.e., pressure,

energy, mass) over a time step.

16.2.3.6 Code Verification

Code verification against analytic solutions (where possible)

and experimental results forms an important part of overall code development.
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Wherever possible mathematical models comprising the code should be verified

on an individual basis in order that an assessment of the particular model

can be made. If possible the integrated code should be verified against an
experiment which encompasses all sub-models comprising the code. This is
required for global verification. There exists a host of compressible flow
experiments, model containment experiments, etc. against which the code may

be benchmarked. Some of the benchmark problems against which PRESCON2 has

been verified will be presented here. These include a shock tube simulation,

a model containment blowdown simulation, a semi-analytic numerical heat
transfer problem, and a simulation carried out at the Sheridan Park Engineering

Laboratory.

Shock Tube Simulation: In order to make a direct comparison of the ability

of the code to model a strong pressure wave, the code was applied to a
standard shock tube problem(z). The shock tube consisted of a high pressure
region initially at 2 atm and a low pressure region at 1 atm in a duct
separated by a diaphragm which was ruptured at time t=0. The physical
geometry, node structure and initial conditions used are shown in Figure

16.2.20.

Figures 16.2.21 and 16.2.22 show the temporal development of
pressure in node 14 (located in the low pressure region) corresponding to the
experimental results and code prediction respectively. Figures 16.2.23 and 16.2.24
show the corresponding results for the temporal development of pressure in node 20.
The smoothed prediction of the discontinuous pressure rise is dque to numerical
diffusion (characteristic of implicit methods). A better approximation to the
step rise in pressure could be obtained by using a finer mode structure. This
Phenomena is not of great interest to contaimment modelling. The approximation
to wave modelling indicated is satisfactory for the purpose of evaluating the
consequences of relief valve opening delay due to the time required to

bropagate a pressure wave down the long duct connecting reactor vaults to the

vacuum building.
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Model Containment Blowdown Simulation: PRESCON2 has been benchmarked against

the OECD-CSNI containment analysis standard problem No. 2. The model test
facility consists of a high pressure coolant system and a model containment
divided into several compartments (Figures 16.2.25 and 16.2.26). The test
runs were perforﬁed by discharging a two-phase mixture into the containment

for a period of 50 s. Some of the PRESCON2 code predictions(3)

are given in
Figures 16.2.27 - 16.2.32 together with the experimental results (the solid

dark curves represent the code predictions).

CSNI Numerical Benchmark Problem - Heat Transfer to Walls: This semi-analytic

problem was proposed by A.R. Edwards as a means of studying the convergence of
the numerical solution when the mesh size in the wall is refined. To a lesser
extent, the problem provided a good check on coding in the relevant sub-routines
such as the water property routine. This problem was a one node model with the
wall temperature prescribed as a function of time. This allowed an analytic
solution of the heat conduction equation into a semi-infinite solid (a valid
approximation for small times). Specification of a fixed heat transfer
coefficient at the wall permitted containment temperature as a function of time
to be determined and hence discharge rates used as input to the code could be
calculated. Figures 16.2.33 - 16.2.35 show the comparison of the PRESCON2 code
predictions with the semi-analytic results for containment pressure, temperature
and wall surface temperature respectively. The code predictions are in

excellent agreement with the analytic results.

Long Duct Test: This experimental test facility was set up at the Sheridan

Park Engineering Laboratory in order to compare code predictions with
experimental blowdowns of air in a long duct. Figure 16.2.36 illustrates the
transient rig geometry. In general the test rig consists of a 7.67 m3 pressure
reservoir supplying up to 790 kPa air through a flow nozzle and quick opening
butterfly valve to a 1.5 m3 Pressure vessel. Ducts of 15 cm diameter and
lengths up to 90 m were connected to this first pressure vessel and a series

of increasingly compiex downstream priping arrangements was constructed by the
addition of a second pressure vessel, elbows, tees and branch ducts.

Basically four layouts were considered in the experimental program. Some code
predictions for Layodé #l, Figure 16.2.37 are presented here. Figure 16.2.38

shows the code predictions and experimental results for a reservoir pressure

of 275 kpa. Figure 16.2.39 shows corresponding results for the Pressure Vessel.
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16.2.3.7 Summary and Closure

In this short lecture we have given an overview of the
function of containment together with a brief description of how the complex
containment system is modelled mathematically (basic fluid flow and
coupled sub models). Selected comparisons of code predictions with

experimental results are shown.
References

1) Cottrell, W.B. and A.W. Sauolainen, Editors, U.S. Reactor Containment
Technology, Oak Ridge National Laboratory, ORNL-NSIC-5, UC-80-~-TID-4500
1965 August.

2) P.W. Huber, C.E. Fitton, F. Delpino, "Experimental Investigation of
Moving Pressure Disturbances and Shock Waves and Correlation with
One Dimensional Unsteady Flow Theory", National Advisory Committee for

Aeronautics, Technical Note 193 (1949).

3) W.M. Collins, "PRESCON2 Simulation of the OECD/CSNI Containment Analysis
Standard Problem No. 2, Proceedings of the 8th Simulation Symposium on
Reactor Dynamics and Plant Control, University of Toronto, March 17, 18,

1981.

16-68



/CONTMNMENT SHELL

(/ \ ——— TO TURBINE
é

STEAM
GENERATOR ¥

CONTAINMENT
ISOLATION
VALVES

B REACTOR
i PRESSURE |

VESSEL
FROM TURBINE

ATMOSPHERIC CR
SUB-ATMOSPHERIC

FIGURE 16.2.1. PRESSURE CONTAINMENT

g TO TURBINE
VENT PIPE
& o ISOLATION
3 VALVES
/—‘-\
w.
C 1 REACTOR
g PRESSURE
2 ! VESSEL
SUPPRESSION
CHAMBER L\—/
/ -+ FROM TURBINE
REACTOR DRY WELL

FIGURE 16.2.2. PRESSURE SUPPRESSION CONTAINMENT

16-69



CONTAINER IS USUALLY OF

LOW PRESSURE CAPABILITY
LY ‘ TO TURBINE
Mo B obs SBo obs
INTERNAL SPRAY:

STEAM

GENERATOR -(::)J

CONTAINMENT
tSOLATION
VALVES

REACTOR
VESSEL

POST RELIEF
ISOLATION DOOR

L—=— FROM TURBINE

RELIEF
OuCT \

BURSTABLE J
DIAPHRAGM

FIGURE 16.2.3a PRESSURE RELEASE (RELIEF) CONTAINMENT

r“/sncx

RECIRCULATING  §
FISSION- PRODUCT §
REMOVAL SYSTEM

r—— TO TURBINE

STEAM GENERATOR &

SUPERMEATER
\:.-?m_

ISOLATION
VALVES

REACTOR
VESSEL

-{-3—=— FROM TURBINE

BLOWER OPTIONAL
DEPENDING ON

BLOWER
BUILDING PRESSURE -—)

DESIRED RELATIVE

FIGURE 16.2.3b PRESSURE RELEASE (VENTING) CONTAINMENT

16-70



o STACK

REACTOR BUILDING

r—=— TO TURBINE

MONITOR

BLOWER

HIGH PRESSURE CONTAINMENT

KVSTEAM GENE

f—\

REACTOR
VESSEL

G

SUPERHEATER

R

-1 SOLATION
VALVES

J‘N— —{——f—=— FROM TURBINE

H

!

PUMP

‘Q{\._,,/

THIS VOLUME KEPT

AT A SLIGHT NEGATIVE PﬂESSUﬁEj

FIGURE 16.2.4a

— STACK

=

!

MONITOR

GAS METER

TFELTER’

OUTER MEMBRANE

Z__PERVIOUS MATERIAL

REACTOR

%
VESSEL %

§ GAS METER,

-‘@“%_f_%’

INNER MEMBRANE

STEAM GENERATOR
& SUPLRHEATER

MULTIPLE CONTAINMENT (BASIC APPLICATION)

e TO TURBINE

CONTAINMENT

ISOLATION
VALVES

GLOWhR

FIGURE 16.2.4b

FROM TURBINE

le-71

MULTIPLE CONTAINMENT (ADVANCED CONCEPT)



BLOWER

FIGURE d6.2.5

FILTER

—DQ—-

ISOLATION
VALVE

DOUSING SPRAY

STEAM
GENERATOR

CALANDRIA

- TO TURBINES

PRESSURE RELIEF %
VALVES

VACUUM
BUILDING
(SPRAY)

DUCTING

MANIFOLD

FROM TURBINES

CANDU SINGLE UNIT PRESSURE SUPPRESSION

CALANDRIA CALANDRIA CALANDRIA CALANDRIA

FIGURE 16.2.6.

16-72

CANDU MULTIPLE UNIT




JILVIWIHOS WALSAS LNIWNIVANOD WANOVA  "L°C°9T TnoIg

NOILISOd G3SO010 31VOIaNI SINIT G3.LL0a
NOILISOd N3dO NI NMOHS.

-

ONIdTINEG HOL1OV3Y

ONITTNG WNNDVYA

FHNLGN
WYIHIS-HIV

INTVA
433 IHNSSTd 40 A0
*Q3LVALLOY 4738 G

Adid DNITOOD NI
NYIHY AAZISAHLCHAH

\ \

\ \ ..

M ,,_rte__fF,_w )

10 O O O O O
i
{11
' WILSAS DNISNOQ
I NNV *Q3LVNLOV 4138
Al swmisnoa

16~73



Y

e SNGLEERATY)
=) [} N/

‘g ...ll\,’

N

IRE

D

Ry —owr = 207 HA

1 v..,,v. lllﬂ“4-....~
e % S

¥ WA\ )
N\ \ /4 .
X \) gw&« T

b
v
\

T
\MM@I

AT HGas =N

[ 3 >
i ,A.

2| =

, .
W
, 3
4 wall) \ i
. “ i h A L4
(N : N ;)
. o ¥ Y
. 3 - : v ]
. ” ] . A _.\
. B D v, i
¢ . M ] X \,
N . /s » > 7
L 2 | \ ‘ &
+ r Ay 4 g
. . 1 b ] ; 4 )
y o LR
§ . ’ i ) A A\
A 3 - ¥ 3 N ik y \ A\ \TT
LW : _
If -4 A s A A\

B

o
@]
o]
0w
¥ ¥ Z
[SRTE- S
[oN el
N
ww g
[& 2N & R w
2 Z W Z
wra4a4n <«
O z2zZ 4 o«
4 Lwuw Q
= Z Kk | s
RENNA
== o
LI le)
VOE=Z g o«
wowwwZ [L) o
Z2Z22Z2Z7 [eXe]
ITITO = e
voouox a4«
449490l X
MMMMDOENN
— N
VOVUYUHO-wuw
NNNNICWGG
c=== 0
TR R ==
LLLLSL$AA
Wwwww O Dy w
200D zZ249dcC -
wiuww>a v
N T D O~ 000

— o ——— o e — —

4 MODERATOR HEAT EXCHANGER

5 FEEDER CABINETS

6 REACTOR FACE

7 REACTOR
9 HEAT TRA!.SPORT SYSTEM PUMP

8 REACTIVITY MECHANISM
10 FUELLING MACHINE BRIDGE

3 MODERATOR PUMP

1

DOUSING WATER TANK
2 DOUSING WATER VALVES

RN

600 MW REACTOR BUILDING CUTAWAY

FIGURE 16.2.8,

16-74



JWIL SA 31VH AvHdS

T6°C9T HANDIJA

N3dO Ol 1HVLS SIATWVA

SiHVLS ONISNCA h

)

2 (039) Inn

7 ampg
i .
N v,
R
P

dIVY MO1A
WOWIXYW

31VE AVHCS

088 /b3

16-75



140

135

130

125

120

PRESSURE KPA

115

110 s

105 - —

A ] | | ] ! ] 1 |

0 1 2 3 4 .5 6 7 8 9 10
Time Seconds

Fig. 16.2.10. Typical Reactor Building Pressure Transient For Multiple
Reactor Containment

100

110 | T T T T T T
100

80
70

60

50

40

PRESSURIT KPA

30

20

10
0 ! i ! 1 | 1 ] | |

0 1 2 3 4 5 6 7 8 2 10
Fig. 16.2.11. Time Seconds
Typical Vacuum Building Pressure Transient for

Multiple Reactor Containment
16-76




LNATSNVAL HINSSHId INIWNIVENOD WJHL ONOT “C1°Z°9T b1g
(SAYd) EWIL
0T 0T 0T 01 0T 0T
o - z- - - -
S z S z S z S ¢ € s 7 v s 7 s
| i | } | ] | ] | 1 | | i | |

01

ITNeA A030ES] JUSPTIOOY UT SINsSsSaid

N

poleT3TUr uotivalfur
210D Adusbasuy HUTIETNOATONY

poTasg
otasydsourieqnsg

potiad
sansgsxdivap

ey AR D OIS SN

ot

iigisaﬂgs‘ﬂeaséaaﬁaﬁ D WD v oYY BB GAD AW

sINsseld Diiogdsouny

s3xe3lg bursnod

SO U N (S (NN U SN WU I NUSNN (RUNY MU W DU N W

¥ v ¥

09

0L

08

06

00T

01T

Yd¥ JINsSsEdd

16-77



UOTIRTOWTS NOJDSHd UT POsS) 8ANJIONIFS UTTI~-SPOoN TedtdAL *€1°2°91 °b1a

16-78

T#8u
hHn € HOY ROy Wiooy X3 ug
07 ] 6! 57> 8l Li

4 | £
or| .mw .—d‘ Sty N
&_.Tm_ :T_.m.m_oTN_J :Luo- m+m+ﬁ @.Tmﬁtgmm..a A
.«H c.w )
52 4
L d {
ox| n.«
he A4
4 i
el c‘
¢l SHUTT MOT3J oOu aie
Q04 INY N 1 Of 3 BZ'OT’'EC SYUTT :330N
2
92
ONIGTNG WANDUA




VACUUM
BUILDING

PRESSURE RELIEF VALVE

VENT TO AMBIENT
PRESSURE

DIAGRAMATIC REPRESENTATION OF NORMAL OPERATION

REACTOR
BUILDING

VACUUM PIPE (‘U’ TUBE)

FLOWPATH WITH VALVES OPEN

Fig. 16.2.14.

Schematic of the Relief Systems

16-79




IATIVA 4317138 UNSSIUd GT°2°9T TINDIA

3d1d WANIVYA 3
K. 4. .
IAIWVA YV : \ - . .
~ o ! . : : o
T NOHDINNOI A4 o
- R . IAIVA T N
WOVYEH4VIOQ
#IMON
ONISY) b

WOL108 ¥ NOIL1D3S 310M
WINOD JuNSSING

ONISYD
¥IMON

S .«3" NOISId

.. -“Hu ,v i . .r- R ~ \ '
4 ¥ y ; .. i : '~ o N
i & L3 487} ONIY
v RS AN 2 bevoib il g o0

R TN

dw,\ NS l m\

ONIWNOD
1DINNODSIO
ADINO

ONISYD
4N

ONI ¥34WNY
widdn

INIOf
NOISNVJXI 12NQ IN3A

16-80



(035072) 3ATVA 331138 JYNSSIYd

{aunssand
J1¥3HISOWLY)

sinus —-OAL:uL\

WOVIEHIVIO ¥I3MO0I

4
WOVIEHIYIQ ¥34dN

1200 WANDVA

{3ansSIud ONIGTINE WANDVA)

BISWVHI 1410

Y 40 JILWWIHIS

T~

*9T1°C 91 FdNOIA

L¥v3S IMVA

T~ ~oisie

YIAWVYHD NOILSId

ONIY ¥IdNNE =

—

_

31213180 NOISId¢

{3unss3%d G104INVYWI]

3214140

120Q LIN3IA

ONISYD 401

le-81



INTERNAL STRUCTURE

EMERGENCY WATER STORAGE TANK
DISTRIBUTION AND SPRAY HEADERS
VACUUM PIPE

VALVE MANIFOLD

PRESSURE RELIEF VALVE

PRESSURE RELIEF DUCT

MONORAI. AND HOIST

NS WN -

10
11
12
13
14
15
16

)

PERSONNEL AIRLOCK
EQUIPMENT AIRLOCK
SERVICE TUNNEL
CATCH BASIN
ROOF/WALL SEAL
BASEMENT

SUCTION PIPES

DIFFUSING SCREENS

FIG. 16.2.17. CUTAWAY VIEW OF VACUUM BUILDING AND VALVE MANIFOLD

16-82



1.0 p.s.i.a.

1.0 p.s.i.o

) W
Al

=X

RTINS
\\\\\\\ i

A\ \"v\'\\\'._\':\ :\\‘\'\
AR

A

i\ \‘.".'\\ WA\

\"""\«\',
ceih W TE
Ay \\\ At —

OPERATING CONDITION

“-\\ \\ \\

\ .
AWM

\

AR\

MY
AR \ \ N \
\\ \\‘\\\\\\\\ \\\\\\\\ \ .

PRESSURE ACTUATED WATER DISPLACEM‘ENT
PRESSURE ACTUATED WATER DISPLACEMENT

SYSTEM INLET HEADER 42
SYSTEM OUTLEY HEADER 36
DISTRIBUTION AND SPRAY HEADER 30°
5 VACUUM BUILDING ROOF
6 SYTORAGE TANK FLOOR

VACUUM CHAMBER

YACUUM LINE

]

2
3
4
7

\

I

\ N
W

Ve
ARATEEER
W

SRR T\ ~
AT \\\ 5
oy R

x
\

AN
Y

\\\

\

v

1.0 p.sia

NORMAL

!

\

i
\ \\:

¢

AR
\ '\\\\\ \\\“
AN

Y
AR
\\\\ \ ‘\\L

s ————

T
RO |
\\.‘\ A . \\\\\ XY

NORMAL CONDITION

SO

o

‘\0\ \\

]

16-83

FIGURE 16.2.18 VACUUM BUILDING SPRAY SYSTEM



\\\\\\\\\\\\\\\\\\\\\\\\\\%
x TS Errryn § ¥

gio DTﬁ 126;:Q:~ 03 et

R

N\

Y mYlL+ \ - \
Max. Water w{;:‘)\

Level

7
7

Building
Pressure)

0.0.DTM H2

—— —

H5
l & Yl

.0 DTM H8 —,

MARIIAR

Space 2

f X2 NL(veN—

EEE
PIPES H1 \\\\
\\\
\\\
\\\

CENTRAL
PASSAGE

SIS,

§ H L\ 0.0 DTN
Space 1 RE H1
- OOUOOONONNNNNNNNN

7
7

L

a Level in Partially Filled Riser
Duct

b Level in Partially Filled Space
Behind Weir

|
|
777

H5s Q4
. . \ -Y2
¢ Level when Weir Flow Exists :
d Level in Space Downstream S:S; \\\ 0.0 0T
. H5
of weir

UUUUU
SPRAY TUBES

T%
h Level in Spray Header Side of s, Y2 - - 0.0 DTM H6

Lover S0 Y N spece 3

FIG. 16.2.19. MODELLED HEIGHTS, VELOCITIES, FLOWS AND DEFINED SPACES

e Level in Partially Filled
Downcomer Duct (Central Passage)

f Level in Tank

L7772
7777,

g Level when Weir is Drowned

/.
a
W/

16-84



JHNLONYLS JGON ANV AH1IWO3D 38N1 HOOHS0Z°C 9T HNOIJ

WIV T = 0Z — 6 SIOON NI 3UNSS3IHd
WLV 2 = 8 — | S300N NI IHNSSIHJ
WOVHHJVIO
6t 8t 20 9 ] " ct z " (]} 6 8 F3 9 S
mEooow = 300N HOV3 J0 IWNTOA
ZURLS = V34V TYNOILD3SSSOHD
woQT = H19DN3T 4O SIAON 0T
udzog = 1000 30 H1ON3T V101
WOVHHLVIO
NOID3Y NOID3Y

IYNSSIYd MO

: 3YNSSIUd HOIH

4

WOZZT

\

je————uopg ———»

16-85



PRESSURE ATM

PRESSURE ATM

PRESSURE ATM

PRESSURE ATM

i

2.0 y T T T =T T T Y i T
.~ Method of Characteristics
1.5 = o
1.0
.5 i i 1 1 1 i A i
* 1 2 3 ] 3 10 11 12

FIG. 16.3.21.

SHOCK TUBE PRESSURE TRANSIENT

(EXPERIMENTAL)

TIME-MILLISECONDS

2.0 1 ] ]
1.5 L.
1.0
.5 | | | 1 | |
. 1 2 3 4 3 9 i¢ t 12
FIG.16.2.22 SHOCK TUBE PRESSURE TRANSIENT (PRESCON2) TIME-MILLISECONDS
1 L] ] { T T 1] Y T
9 A
L
(]
s i 1 L 1 I 1 ) 3 [}
g L] i 2 3 4 6 ? 8 9 1e 1!
FIG.16.2.23 SHOCK TUBE PRESSURE TRANSIENT (EXPERIMENTAL) TIME-MILLISECONDS
2.9
| | I } |
¥
1.5 |— -
1.0
.s | l | | 1 I | J
] H e J 4 ? ] 9 1¢ 11 12

FIG.16.2.24

SHOCK TUBE PRESSURE TRANSIENT (PRESCONZ2) TIME-MILLISECONDS

16-86



uoyjeandjyjuod gdsvd

(uw ut) Iaj3°weIp = @

23erd ayjyjeq yjya

‘eYp U¥ ww QQOI aoTAdp sanjdna

‘ST CT9T MNOIA

_ _
) Wiz . Wee
0 |° w €6l
qugrg [F=" _ (e€ 9 (fwsom QY 0 —=
b - T = W
0S|I MN B 056¢ @2¥JT3I0
(«WLEY |
. 0sLP 0SL ¢ .
(ewitld G -— .Nm.l.l' w0/ Y
2213JTa0 ad1jrJa0o
« * ®2620°0 °*xew deld .
£ W 0564 os1j71a0 [
€'s (¢ws97) 6 Y
UOO@N"OFJV
40qQYy}="d"] I9568A
\/ aanssaad v:oE:ﬂmulov

16-87



wie w ayen
S2¢
— e e, e ]
I P 4~xf  UISSOIYISIE Bunujjowonssean @ @
L . BUN 1Y 1ISEUNWOL 1S 1ENDH wg—
- IN I Bunugjowonsiagn N
L JOWYILIND)IIMYIN
., X Ny udsoynyIsuy [\
N | oy
SH
! LY LI
‘ Lt I U1 ! Lewe's )
’ .W _ 1 1oueg
—~
)
CRECIICTES 7 —
r——— [
Y att

w
e

w

T

L

V-V 1ogos

10019 puarg | sunisydneg

2dSVD/91Q IuUswIIAadXy UT JUIWUTBIUO) TOPOW

—wY

PUDISQY WHIODE W
008 ¢ Juvidery Jnw

.\ 251 MK BuriaiaBrar dung

(00Lie onom)

ERERTTNE

1010y » ouem)
G-0Q inyas

1°b13

.“ b
. N
- \V,&
. Ll

v
1001 « sucH )
ERF RUTTEN

10805 » *utw)
POEiutoh S

J3-J Wudds

16-88



SHTAOLSIH HINSSHId WIAL IH0HS L2°C°9T ddNDIdg

(235) 3WlL
e 9| $° ~“_ 01 8'0 90

[xYn
ot

e b sdgptiog ey

THBUFSE AP /91 V2
429000 Wk /EL 1/
28600 ar/rl L /vY

¥ o

CD«

1

3YNSS3INd

16-89



¥ 2 z'e

SATYOLSIH AINSSTId WIHL LIOHS 8Z°C° 9T HdNDIA

PO A
v wﬂé«n..‘ﬁ\ﬁ’.&(.\,b\...‘.—.i‘ ‘W lxh

g o ¥ 0 or. . . b U
ey i.w.v{}...,.&abu."»dﬁucbr.“%’! DR S S L e
Mokl .

dawwu<

-~ W oy e

‘l‘l.‘

Culoy m TEHE0 1 WG 2E | /61

9 EAUECO I/ TE | 7R

rd mt\ « __CO@CI—QM\MM—\MWE
i 0L S0/ 60 | 763

LY'SY @ (o762t

L IHES2 WG, 22| /S

N
IR >

oD+

!

il

-
&

ZT F4
(Edeg-01)

T

T
§C

B'Z

i

1

3Y¥NSS3yd

16-90



SHTYOLSTH HAINSSHId WIHL WNITHRW

0 ce

(238) IWIL

6C°C 9T 3dNOHIA

0°9i

02l

BEWEO I B/ TC 1 /6H
1130607140 20€ 1 /¢
T IULSIIL3/ 421 /6
o000 dv /v L /v
Y]

Ly'se

¥3

HE N 0D+«

3¥NSS3yd

(Bdeg-01)

16-91



SATYOLSIH TINLYIIdWAL WAL WNIQAWOE"T 9T :3dNOId

(23S) 3HIL
08y O 4 4 0 op 0° %€ 0°2¢ 082 0 ¥2 0° 02 09! o2l 09 a'v
] 1 | 1 1 | i Lt | [ 1 1 i | | | 1 1 1 i ] 1 I
GGG / o
T TEH AT GYZANA<S N
P2looni sl /el o»
SNCtaviizevdlried 9
[P« N STARSA LERAME] AS I B 4
B K72 RN WA T s
US0uSl P/ o971 O \.m‘
4
b3 @ )
ey % Ty
Y + . < s
LYsy = .
Y e 7 N
\ ’
/ M
/ n!
Y / ¢!
. Ve R
..‘ \\\....:_ .\

JYNIVE3dWil

16-92

1




0°02¢ 0" 0rg
F I L

dUNSSHId LNHWNIYINOD T€°¢°9T1:HdNODId

(33s) 3IHIL

0’095 0' 0By 0" 00v 0° 0cE
] | I} 1 ) | d

i i

0'ove
L

T

BEHCOITIB/ZEN/BH O

¥'E

(Bd+g-01)

3¥NSS34d

16-93



FEANLVITANIL INAWNIYINOD Z€°C°91 1HENOTd

(23S) 3IIL

0’ 00F 0" 02€ 0" ove 0° 091 0°08 (V1]
1 1 1 | | 1 1 1 L A

07096 0088 0' 008 0°02¢L 0" 0¥3 0° 095 0° 0B¥
1 i 1

1 1 l i i L

1

L]
D'E0t 0'EBZ

0°EZE

6-WOSIMIB/ES / o]
S4H081M16/LS /6H ©

N
S
N

3UNLVEIdW3L

16-94



TINSSHId LNAWNIVLNOD €E£°C°9T H¥NOIdA
SANODHUS dIWIL
0’9 G6'S 0°S 6% 0% G'€ 0°¢€ §°'C 0°CT ST 0°1 g 0

R L 00T

- 00c

- 00¢

ooV

~ 009

— 009

OILATENY «x

QALOIATIG e — 0oL

= 008

- 006

¥Yd) HNSSHEId

16-95



0'9 §°G 0°S S°F O0°v G°€ 0°¢€ g'z 0°Zz S'T O°T ¢G°

TINLVIAJWAL INTWNIYVINOD PE°C 9T bta
SANODHS AWIL

0

_

71 1 1 1 1T [ 1 |

OILATUNY ¥
QaLOIaHdd

_

014

033

ov
0S

09

oL

08
06

00T

OTT

oct

OtT

ovT

OST
091

OLT

O HRIOHA NLYIAAWNIL

16-96



TINLVI AAWAL HOVLINS TIVMGE*Z°9T bT1d

SANODHUS HWIL

09 6°9.0°6 6%y 0K G'€E 0°€E G'Z 0°¢C

G°T

0'1 S° 0O

T T T T T

P OILLATYNY *

AALOIARIg ===

!

oo

0] 4

013

0}

0s

09

oL

08

06

00T

OTT

0cT

0tTl

ovT

O HH¥DIJ TINIVHHIWHAL

16-97



AY13WO3O Old LSIL INIISNVHL 9€°¢79T ®RNOIL

)

HIOAH3S3H 3HNSS3Hd

I

13SS3A 3HNSS3Hd ANOD3S

10Na NIV
10NAa HONvyg

13SS3A FHNSS3Hd LSHid
331 NOILISNVHL.

16-98



FHNLONYLS JAON DONIAONOJSIHHOD ANV +# LNOAVT 4O 0_._..<s_mI0w LETCTTOT AMNOIA

8

ollollellollo)lo

lojlo}lo]i0]

ANIT Y
3d0ON O

—
¢ S00° = JIAWNTOA IAON
wGZ'y = HIDNIT IAON
-t D - |
JHIHISOWLY

10na

13SS3A
34NSS3dd

T3SS3A
HIOAHIS3Y

16-99



o]
ead 6Lz = 44 - | ISYI  FUNSSIYd R EREL g€z 9T TuNDId

SAN0J3S 3IWIL
o9 %5 &5 sy &y SC I I T S T [ ‘0

I _ _ | _ _ _ [ _ _ i %€

o1t

144!

8tl

AR

991

081

pel

80¢

zce

9¢c

06¢

9t

8LT

YdA $INSSEdd

16-100



o
edd SLC = Ln_ - | 35V 3¥NSSIYd 13SSIA JUNSSIUd 6€ 77 9T FANDIA

SAN0J3S 3UWIL
o s 05 sv 0y s'€ e s2 o2 81 [ - )

_ _ | [ _ _ _ i | I _

96

€01

O1T

LTT

bt

T€T

8ET

SP1

st

641

991

€LT

18T

Yd4d J2¥Nssddd

l6-101



