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ABSTRACT

This report documents the thermosyphoning analysis which was performed with the CATHENA
network model of one of the blanket and first wall cooling loops of the SEAFP reactor design.
This thermosyphoning analysis is similar to that reported in CFFTP-G-9355, Volume 4 except
that a much larger decay power transient is used. Also, the pressurizer heaters are turned off
following the loss of electrical power. This analysis is performed to assess the primary heat
transport system behaviour for a complete loss of electrical power event (total loss of flow) and
to estimate the rate of heatup of the in-core components. A description of the important aspects
of the transient thermalhydraulic behaviour including coolant temperatures, circuit and sector
flows, circuit pressure, pressurizer level and steam bleed flow, and first wall and blanket
temperatures is provided.

The results indicate that during the period when decay heat is removed by the steam generator,
via the atmospheric steam discharge valves, a strong natural circulation is established in the
primary circuit. This thermosyphoning flow is sufficiently large to keep the first wall and blanket
well cooled. After the steam generator becomes empty, the decay heat is removed by the
discharge of the primary coolant through the pressurizer steam bleed and liquid relief valves.
The core temperatures remain low until most of the primary circuit inventory is depleted. Once
that happens, the core begins to heatup gradually. During the heatup phase, a significant fraction
of the decay heat is transferred from the core by the natural circulation of superheated steam, to
the rest of the primary heat transport system piping (primarily the feeders and steam generator
tubes where there is a large thermal mass and heat transfer area). The first wall temperature is
expected to reach 1000°C in approximately two days after the initial event. For the decay power



Abstract (continued)

transient analysed in Volume 4, the time for this heatup to occur is close to five days. Despite
the larger decay power, and the conservative nature of the calculation, it is comforting to know
that there is a considerable amount of time, following a total loss of forced circulation, before
significant heatup of the reactor components would occur. A period of two days is certainly long
enough to restore electrical power, or to introduce emergency cooling water into the core to
prevent excessive temperatures.

The simulation was performed with the CATHENA MOD-3.5 computer code which is a general
two-fluid thermalhydraulic code which is suitable for this application. The CATHENA code has
been used for performing safety analysis of CANDU reactors and also for fusion applications.
The CATHENA MOD-3.5 code runs on the HP-UX computer network at AECL CANDU. A
total of 18 days of CPU time was required for the entire simulation.
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1. INTRODUCTION

One of the important safety considerations in the design of a fusion reactor is the primary

heat transport system behaviour following a loss of power to the heat transport pumps. In

particular, the heat transport loop must permit a natural circulation flow, which can remove

the residual heat stored in the segments and any decay heat which is generated after reactor

shutdown. A thermosyphoning analysis was performed using the CATHENA model of one of

the first wall and blanket cooling loops in the SEAFP reactor design which is documented in

References 1 and 2. The nodalization for this model is shown in Figures 1-1 and 1-2 for the

primary circuit and the steam generator secondary side respectively. The main purpose of

this analysis is to assess the primary heat transport system behaviour following a loss of

power to the heat transport pumps for an extended period of time, and to estimate the rate of

heatup of the in-core components.

In general, if electrical power is lost to the heat transport pumps, with the reactor at full

power, the result is a substantial reduction in circuit flow. The reduction in circuit flow, in

turn, causes a rapid decrease in the rate of heat removal by the steam generator and a rapid

increase in the coolant pressure. The reactor is assumed to be tripped when the outlet header

pressure reaches 12.0 MPa (0.5 MPa over the assumed normal value), even though the loss-

of-electrical power itself would induce a reactor trip. Using the later trip adds a measure of

conservatism to the analysis. Following reactor trip, the primary circuit pressure continues to

increase until the power to the coolant becomes less than the rate of heat removal by the

steam generator. The pressure will then decrease substantially as the primary coolant shrinks

and the pressurizer level falls. Soon, the system reaches a new equilibrium as the circuit

pressure becomes nearly constant. A steady thermosyphoning flow is established, driven by

the density head differences between the cold and hot legs. This flow provides adequate

cooling of the segments with the decay heat being transported by the coolant and removed by

the steam generator via steam discharge to the environment.
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If power is not restored to the heat transport pump by the time all the liquid in the steam

generator has boiled off, the primary circuit pressure will increase. The increase in pressure

will trigger the opening of the pressurizer steam bleed and, if necessary, the liquid relief

valves. The decay heat removal mechanism during this stage is the blowdown of the primary

circuit contents. After several hours, the primary circuit inventory will be depleted enough so

that heatup of the in-core components begins. Eventually, the primary circuit will contain

only superheated steam which circulates and transports a large portion of the decay heat to

the heat transport system piping, including the steam generator. However, the remaining

decay heat accumulates and thus a gradual heatup of the in-core components continues. After

several days, the in-core components may reach temperatures close to the melting point of

steel. However, as this calculation has not modelled other heat transfer pathways, such as

radiation heat transfer to the cold cryostat, which becomes important at elevated temperatures,

the results of this study cannot be used to predict the onset of core meiting. In fact, analysis

performed by Andristos (Reference 8), which focuses on the core heatup period and models

radiation heat transfer to the cryostat, indicates that core temperatures will remain well below

the melting point of steel.

The loss-of-electrical power analysis reported in Reference 5 was performed with the decay

power transient given in Reference 4. However, a revised decay power transient was

presented at the SEAFP Workshop W5 (Reference 6). These decay powers (shown in

Table 1-1) are significantly higher than the ones used in the analysis of Reference 5,

particularly for the blanket. Therefore, a reanalysis of the circuit behaviour for the loss-of-

electrical power event is performed with the revised decay power transient to predict the rate

of heatup of the in-core components which was expected to be significantly higher than in the

previous case.

Three other changes to the model are also incorporated in this reanalysis. One of these is the

termination of the pressurizer heater output which occurs following a loss of electrical power.

In the previous analysis (Reference 5), the heaters were assumed to operate when the circuit
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pressure was below the setpoint. This change has a minor effect since the pressurizer heater

would not operate following a loss of electrical power as the system pressure is mostly at or

above the setpoint value.

Another change is the revision of the Li17Pb83 blanket thermal properties. The revised

properties, obtained from Reference 7 are shown in Table 1-2. Both the thermal conductivity

and the heat capacity are smaller than in the previous analysis. The smaller heat capacity

results in a faster rate of heatup of the blanket. The smaller thermal conductivity results in

higher lithium temperatures during steady state operation of the reactor. The cooling tube

temperatures, however, are unchanged as shown in Table 1-2. The revised thermal properties

do not significantly affect the thermalhyraulic behaviour of the primary circuit during the

blowdown phase. Once the circuit is filled with superheated steam, the blanket lithium

temperatures rise faster than they would with the original thermal properties. However, the

timing and rate of first wall heatup are not significantly affected.

The final change affects the steam cooling simulation only. In the previous analysis, the

steam generator secondary side model was removed in order to reduce the time required to

simulate the long steam cooling phase. The absence of a secondary side modei results in a

slightly higher first wall heatup rate since the steam generator itself provides an additional

heat sink for decay heat removal. In the more recent analysis, the steam generator model is

included in order to improve the continuity between the two simulation stages and to account

for this additional heat sink.

2.0 ANALYSIS CASES AND OBJECTIVES

The objective of this thermosyphoning analysis is to assess the primary heat transport system

behaviour following a complete loss of electrical power for an extended period of time, and

to estimate the rate of heatup of the incore components. Following a complete loss of

electrical power, the heat transport pumps run down, and the feedwater flow to the steam
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generator is stopped due to the loss of the feedwater pumps. Also, the steam flow to the

turbine stops due to the turbine trip, which causes the turbine governor valves to close. For

this event, there are three phases, each with a distinct heat removal mechanism:

a) Heat removal by discharge of the steam generator contents through the open

atmospheric steam discharge valves which are assumed to open when the steam drum

pressure exceeds 4.7 MPa. This phase continues until all the liquid has boiled off.

Once this happens, the secondary side no longer provides an adequate sink for heat

removal from the primary side.

b) With the secondary side heat sink gone, heat removal occurs by the discharge of the

primary heat transport coolant through the pressurizer steam bleed valve and the liquid

relief valves. These operate to maintain a steady circuit pressure of 11.5 MPa. The

operation of the liquid relief valves is modelled by a small break (area of 0.5 cm2) in

one of the outlet headers.

c) Once all the liquid has been purged from the primary circuit, gradual heatup of the

system occurs as the flow of superheated steam transports heat from the in-core

components to the out-of-core components (ie., the heat transport piping including the

steam generator tubes and the steam generator shell).

An attempt was made to simulate all three phases of this event with a single run. However,

due to the excessively long time to achieve such a result, the computer run had to be

terminated near the end of phase b. The remaining liquid inventory in the primary circuit

was removed by hand, and a separate run was performed to simulate phase c.
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3.0 SIMULATION RESULTS

3.1 Stage I - Cooling by Steam Generator Blowdown

This stage lasts from the start of the transient to the time when all of the liquid in the steam

generator is gone (approximately 1 hour). The event starts when pump rundown is initiated.

The pump speed following initiation of pump rundown is shown in Figure 3.1-1. The

transient pump rundown data is calculated by the CATHENA code with the assumption that

5% of the frictional torque impeding rotation is non-speed related. The pump is assumed to

stop completely 3.5 minutes after rundown is initiated. This rundown time is judged to be

conservative.

In the simulation, the secondary side flows (feedwater and steam flow to turbine) are assumed

to stop by 50 seconds after pump rundown is initiated. The turbine governor valve is ramped

closed over a 40 second period. Once the turbine governor valve is closed, the steam

generator secondary side pressure increases as heat transfer from the primary side continues.

When the pressure in the steam drum reaches 4.7 MPa, the Atmospheric Steam Discharge

Valves (ASDVs) begin to open. The flow through the ASDVs is at the assumed maximum

(23 kg/s) early in the transient (see Figure 3.1-2) when the rate of heat transfer from the

primary coolant is the greatest. The flow becomes smaller as the rate of heat transfer from

the primary side diminishes (see Figure 3.1-3). Approximately 1 hour after the initial event,

all of the water in the steam generator secondary side has evaporated. The steam generator

inventory as a function of time is shown in Figure 3.1-4. The ASDV flow and the rate of

heat transfer from the primary side then become very small. At this time, the boiler no

longer provides an adequate heat sink for decay heat removal.

The primary circuit pressure during the first phase is shown in Figure 3.1-5. During the first

few seconds following the initiation of pump rundown, the pressure at the pump discharge

and the inlet header decreases as the pump impeller rapidly slows down. However, the effect

of reduced pump head is quickly offset by a rapid increase in pressure in the entire circuit.
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This rapid increase in pressure occurs as a result of a positive heat imbalance which results

from the reduced primary coolant flow through the boiler.

For conservatism, reactor trip is assumed to occur at approximately 12 seconds, on a high

heat transport system pressure signal which is generated by a pressure exceeding 12.0 MPa at

the outlet header. The rapid increase in circuit pressure is soon reversed following reactor

trip as less heat is added to the primary coolant than is being removed by the steam

generator. During the first hour of the transient, with the steam generator providing the heat

sink, the primary circuit pressure drops to about 8.4 MPa and then remains steady as a new

equilibrium is reached. The pressurizer level quickly decreases to about 1.5 metres as shown

in Figure 3.1-6. Much of the pressurizer water flows into the primary circuit to accommodate

the primary coolant shrinkage which follows reactor trip. The reduction in water level in turn

results in the lower primary circuit pressure. Since the pressurizer heater is not operational,

the primary pressure cannot recover to the setpoint of 11.5 MPa until the secondary side heat

sink is depleted. In the previous analysis reported in Reference 5, the pressurizer heater was

assumed to be operational and boosted the circuit pressure to the setpoint before the steam

generator runs dry. Once the secondary side heat sink is exhausted, the primary coolant

swells and the circuit pressure and pressurizer level both increase. When the circuit pressure

exceeds 11.5 MPa, the pressurizer steam bleed valve opens. This marks the beginning of the

second stage of decay heat removal from the system.

The coolant temperature at the inlet and outlet headers is shown in Figure 3.1-7. The

temperature initially increases due to the reduction in flow through the core while the reactor

is at full power. This is a result of the conservative assumption on the timing of reactor trip.

A more realistic assumption (ie., reactor trip at time = 0) would reduce or even eliminate the

peak in temperature and pressure. The outlet header temperature peaks at about 326°C. By

about 50 seconds after the initial event, the coolant temperature in the hot leg begins to

decrease slowly as the heat added by the first wall and blanket is continually being reduced.

The decrease in coolant temperature occurs during the first 30 minutes of the simulation as

some the heat stored in the segments is slowly removed. The outlet header temperature
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decreases to 282°C by 30 minutes after the start of pump rundown. The inlet header

temperature decreases to 261°C after the pump has rundown due to the reduction in flow

through the steam generator which results in a cooler steam generator outlet temperature.

This temperature is close to the secondary side temperature which remains constant during the

first phase.

The transient coolant flow at the heat transport pump and through one of the segments is

shown in Figures 3.1-8 and 3.1-9 respectively. At 30 minutes after pump rundown is initiated

the total circuit flow is 61 kg/s.

The decrease in heat transfer to the secondary side at approximately 60 minutes causes a

perturbation in the thermosyphoning flow as shown in Figure 3.1-8. The flow initially

increases due to a brief increase in the density head difference between the steam generator

inlet and outlet. With the steam generator heat sink greatly reduced, the warmer inflowing

liquid spreads first toward the top of the U-tubes resulting in a temporary increase in the

density head difference. Once the warmer liquid replaces the cooler liquid in the remaining

portion of each U-tube, the density head difference between the steam generator inlet and

outlet is almost eliminated and the total circuit flow is reduced from 60 kg/s before the

perturbation to about 40 kg/s.

The brief increase in flow at 1 hour after the initial event occurs mostly in the blanket core

pass (see Figure 3.1-9) as the resistance to flow there is much lower. However, the flow

there eventually lowers to that of the first wall as the inlet header temperature rises quickly

and the change in temperature across the blanket becomes small. Thus the density head

difference across the blanket becomes small and a smaller flow at the blanket occurs.

3.2 Stage II - Primary Coolant Discharge

The second stage is the period of time when the primary coolant is discharged via the

pressurizer steam bleed and liquid relief valves. It begins when the steam generator runs dry.
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The boil-off of liquid from the primary heat transport system is the heat removal mechanism

during 'Ms phase.

As the decay heat accumulates in the primary coolant after the steam generator secondary side

is empty, its temperature increases as shown in Figure 3.2-1. The resulting swelling causes

the primary pressure and pressurizer level to rise (see Figures 3.2-2 and 3.2-3). As noted

earlier, the steam bleed valve opens when the outlet header pressure exceeds 11.5 MPa. As

the liquid level in the pressurizer approaches the top, the steam bleed flow becomes two

phase and unstable. This behaviour is difficult to simulate by the CATHENA code as the

interaction of liquid and vapour in the steam bleed line results in a very small timestep and

thus an excessively time consuming simulation. To reduce the steam bleed discharge from

the top of the pressurizer, an orifice with an area of 0.5 cm2 is opened at the end of one of

the outlet headers. The discharge of coolant through this orifice mimics the emptying of the

primary circuit via the pressurizer steam bleed and the liquid relief valves.

The orifice is opened at 1.37 hours (5000 seconds) after the initial event. The maximum

discharge flow through the orifice is around 3.9 kg/s (see Figure 3.2-4). Since the coolant

discharge from the orifice is to atmospheric pressure, the circuit pressure quickly decreases to

the saturation pressure (see Figure 3.2-2). The circuit pressure decreases after the orifice is

opened as the coolant discharged through the orifice is replaced by coolant from the

pressurizer. This causes the pressurizer level to fall (see Figure 3.2-3). If the orifice was not

opened, the liquid level would continue to rise steadily until it reaches the top. In the

simulation, the pressurizer level drops for a short period of time after the orifice is opened,

but then increases again as the primary coolant swells. The primary coolant swells due to the

increase in temperature and void fraction. A corresponding increase in pressure occurs.

At approximately 2.3 hours, the circuit pressure reaches 11.5 MPa and a bleed flow from the

top of the pressurizer begins (see Figure 3.2-5). The highest bleed flow occurs when the

pressurizer level is close to the top and the circuit pressure is above 11.5 MPa. With the

level near the top, a larger mass flow can occur as the steam bleed is two phase. The peak in
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bleed flow at 3 hours corresponds to the peak in circuit pressure (see Figure 3.2-2).

The sudden increase in pressurizer level at 2.3 hours (see Figure 3.2-3) results from the

displacement of liquid by steam in the cooling tubes in the core. It is during this time that

the circuit inventory is depleted most rapidly (see Figure 3.2-6).

With the increase in circuit temperature, void appears in the hot leg at approximately 1.5

hours. As noted earlier, the presence of void in the system disrupts the steady

thermosyphoning flow in the circuit. Also, the appearance of void at the break location

reduces the break discharge flow to approximately 2 kg/s (see Figure 3.2-4). The first wall

flow remains in the forward direction for some time thereafter while the blanket flow

becomes very unsteady and tends to be in the reverse direction (see Figures 3.2-7 and 3.2-8).

The density head difference in the first wall is the main driving force for both flows. The

flow in the large circuit piping is near zero.

The orifice discharge flow shows a sharp decrease at 3.1 hours as the void fraction at the

orifice location increases to 1.0. After that time, the rate of inventory depletion is smaller.

The orifice is closed at 5.6 hours in order to prevent the circuit from depressurizing below the

liquid relief valve setpoint and thus over-predicting the rate of primary circuit blowdown.

Once the break is closed, the circuit pressure is soon restored to 11.5 MPa and the only path

for coolant discharge is the pressurizer steam bleed line.

Between 2 and 4 hours, the first wall and blanket flows are unsteady as shown in Figures 3.2-

7 and 3.2-8. Also, local pockets of superheated steam develop in the first wall cooling tubes.

During the periods when there is superheated steam present at any given location in the first

wall tubes, local heatup of the first wall metal occurs. This effect is shown in Figure 3.2-9

which shows the temperature of all of the first wall segments during the first 8 hours. The

temperature is shown for the third of the three pipe components representing the first wall

cooling tubes (closest to the exit). The periods of rapid increase in temperature are when

most of the decay heat is absorbed by the first wall metal. At these times, there is very little
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heat transfer to the superheated steam since the flow is negligible. The periods of rapid

decrease in temperature occur when liquid flows into a region previously occupied by

superheated steam and cools the first wall metal. When the bulk of the liquid is eliminated

from the first wall cooling channels (approximately 4 hours), the flow in the first wall

increases (see Figure 3.2-7) and the increase in temperature is more gradual and smooth.

In the previous analysis, the first wall temperature is predicted to be much more steady during

Stage II. In that analysis, the simulation was terminated before the circuit inventory was

depleted enough for the first wall temperature excursions to occur.

At 7.7 hours, when the simulation is terminated, the only liquid remaining in the circuit is in

tvo of the six blanket segments in the loop. To continue the simulation until all the liquid is

gone would prove to be excessively time consuming. Therefore, to simulate the superheated

steam cooling phase, the last restart file is converted into a new input file and the remaining

liquid removed from the blanket nodes. This change results in a slightly higher rate of first

wall heatup. Also, the pressurizer tank is removed and the steam bleed opening moved to

one of the outlet headers. These changes have a negligible effect on the subsequent

behaviour.

3.3 Stage HI - Superheated Steam Cooling

In this phase, most of the decay heat generated in the first wall is transported to the rest of

the primary heat transport system piping, the steam generator, or absorbed in the coolant.

The predicted first wall temperature at the last node of each segment of a typical sector is

shown in Figure 3.3-1. The temperature of the central outboard segment is predicted to reach

980°C at 50 hours after the initial event. The heatup of the first wall is proportional to the

area under the decay heat curve (ie., the integrated energy). The rate of heatup is reduced by

the natural circulation of superheated steam which transports approximately 80% of the decay

heat from the first wall to the rest of the heat transport piping. A large portion of this heat is

absorbed by the steam generator and steam generator tubes, feeders, and the portion of the
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first wall cooling channels extending down from the distribution headers (behind the blanket).

A small amount is also absorbed by the coolant itself.

Figure 3.3-2 shows the transient first wall heat generation rate and the rate of heat transfer to

the coolant. The difference between the two values is the heat which is absorbed by the first

wall. In reality, some of the first wall decay heat would also be transferred by conduction to

the blanket, as its temperature is lower than that of the first wall. Since this heat transfer path

is not modelled, the predicted first wall temperatures are slightly higher than what would be

expected. The size of this error depends on the difference between first wall and blanket

temperatures.

Natural circulation of superheated steam occurs because all of the first wall heat is applied to

one of the two vertical legs of the first wall cooling channels. This creates a density head

difference between the hot and cold legs which drives the flow. The flow through one of the

sectors and combined flow through all the first wall and all the blanket segments are shown

in Figure 3.3-3. The flow through the first wall gradually decreases as the density head

difference slowly shrinks in response to the diminishing decay heat generation which results

in decreasing heat transfer to the coolant. The flow in the blanket channels is small at first

since there is no heat transfer to the coolant (see Figure 3.3-4). As the blanket segments heat

up, they soon become hot enough add heat to the circulating coolant. With increasing heat

addition to the coolant, the density head difference across the blanket gradually increases and

thus the coolant flows there increase as well. At the end of the simulation, all flows are

decreasing in response to diminishing heat generation.

Figure 3.3-5 shows the temperature of the Li17Pb83 blanket at the last node of each of the

segments of a typical sector. The rate of heatup of the blanket appears to be close to that of

the first wall as shown in Figure 3.3-6. Although the blanket thermal mass is much higher

than that of the first wall, the blanket decay heat is also higher and most of that heat is

retained in the blanket rather than being transferred to the circulating coolant.
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By extrapolating the first wall temperature graph in Figure 3.3-1, it is estimated that the

temperature will reach 1440°C (the melting point of stainless steel) in approximately 3.5 days

after the initial event. This is much smaller than the 7 day period estimated in the analysis of

Reference 5. The higher first wall decay power transient in the more recent analysis gives

the faster heatup rate. This analysis also uses a much higher decay power transient for the

blanket segments which increases the rate of blanket heatup. However, the first wall still

remains the critical component with respect to the overheating concern.

This analysis is considered to provide a more accurate prediction of heatup of the in-core

components, relative to the previous analysis, as the discontinuity between the simulation of

the blowdown phase and the simulation of the steam cooling phase is much smaller. Also,

because the difference between the first wall and blanket temperatures is much smaller in this

analysis, the error introduced by not modelling heat conduction from the first wall to the

blanket is reduced. Also, the additional heat sink provided by the steam generator shell

during the steam cooling phase is modelled in this analysis, unlike the previous analysis

where it is not.

4.0 COMPARISON WITH PREVIOUS ANALYSIS

The most important difference between this analysis and the previous analysis reported in

Reference 5 is the use of larger decay power transients for the first wall and blanket. Figures

4-1 and 4-2 shows the decay power transient used in each analysis for the first wall and

blanket respectively. The larger decay powers used in this analysis result in a faster emptying

of the steam generator (1.0 hour compared to 2.8 hours), and a faster emptying of the primary

circuit.

The predicted or extrapolated first wall temperatures from each analysis are shown in

Figure 4-3 for comparison. In this analysis, the first wall begins to heatup much sooner than

in the previous analysis because the orifice area used for the primary coolant discharge phase
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is ten times larger than in the previous analysis. The larger orifice area, in turn, is required

because of the larger first wall and blanket decay powers. The rate of first wall heatup

during the steam cooling phase is slightly higher in this analysis and reflects the slightly

higher first wall decay power.

The rate of blanket heatup is much higher in this analysis than that in the previous analysis

which used a much smaller blanket decay heat. In the previous analysis (Reference 5), the

water remained in the blanket cooling channels for at least two days. Even in the steam

cooling simulation reported in Reference 5, the heatup of the blanket is negligible. In the

analysis here, most of the water is gone by 8 hours. Also, in the previous analysis, there is

no flow through the blanket channels as the coolant there remains much cooler than the rest

of the circuit. In this analysis, a coolant flow through the blanket develops once all the liquid

has boiled away. In both analyses, most of the heat generated in the blanket remains there

during the steam cooling phase and thus does not contribute significantly to raising the

temperature of the superheated steam and consequently the heatup of the first wall.

The first wall temperature as a function of integrated energy is shown in Figure 4-4 for both

analyses. In the previous analysis, a significantly larger integrated first wall energy is

required for first wall heatup to occur since it is the most important heat source which

empties the secondary and primary circuits. Also, there is some uncertainty in the first wall

temperature assumed at the start of the steam cooling simulation of the previous analysis. In

this analysis, the blanket decay heat contributes much more to the blowdown of the secondary

and primary circuits. Thus the circuit inventory is depleted much faster and first wall heatup

begins at a lower first wall integrated energy. In general, the time when first wall heatup

begins is more a function of total integrated energy rather than first wall integrated energy

only. The sum of the first wall and blanket decay powers determines how fast the primary

circuit empties. However, once the steam cooling phase is underway, the extent of first wall

heatup is mainly dependant on the first wall integrated energy.
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In the previous analysis, the graph is steeper since a larger fraction of the decay heat is

retained in the first wall during the steam cooling simulation of the previous analysis. The

fraction of decay heat retained by the first wall is approximately 26% in the previous analysis

and approximately 20% in this analysis. The difference is due to the absence of the steam

generator secondary side model in the steam cooling simulation of the previous analysis. In

the more recent analysis, this model is included. The steam generator secondary side

components (riser, drum, and downcomer) and the superheated steam inside these volumes

provide an additional heat sink for decay heat removal.

5.0 SUMMARY AND CONCLUSIONS

5.1 SUMMARY OF RESULTS

1. Following an immediate loss of electrical power to the heat transport pumps, adequate

cooling of the in-core components is maintained by natural circulation in the primary

heat transport system. The decay heat is removed by the boil-off of the steam

generator secondary side water to the atmosphere.

2. If electrical power can be restored within one hour, the steam generator can be refilled

and the plant can be restarted without further incident.

3. If electrical power (full or partial) is not restored within one hour, the primary coolant

will begin to discharge through the liquid relief valves. The rate of coolant discharge

is a function of the decay heat to be removed. As long as there is liquid present in

the core, the in-core components will be kept cool. This analysis predicts that it takes

at least two hours for the primary cooling system to lose enough water for heatup of

the first wall to begin.
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4. If electrical power is not restored within approximately five hours, this analysis

predicts that a large portion of the primary heat transport circuit (particularly the first

wall cooling channels) will be filled with superheated steam. During this stage of the

transient, a large fraction of the decay heat will be transferred from the core to the rest

of the heat transport piping by the natural circulation of superheated steam. However,

the reactor core will gradually heatup as this heat transfer mechanism does not remove

all of the decay heat. The rate of heatup of the first wall is predicted to be

approximately 11°C per hour, hence, it would take at least 3.5 days for the first wall

temperature to reach the melting point of steel. These results demonstrate the

effectiveness of the large thermal mass, elevation changes and heat transfer area in the

cooling system in removing decay heat from the core.

5.2 CONCLUSION

The analysis results indicate that the heatup of the core, following a total loss of electrical

power for an extended period of time is slow, and requires at least 3.5 days for the core to

reach temperatures that could jeopardize its structural integrity. On the basis of this analysis,

which is deemed to be conservative as it does not model radiation heat transfer from the core

to the cryostat, it can be concluded that there is sufficient time for operator intervention to

prevent loss of core structural integrity.
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Table 1-1
Revised Transient Decay Power Data (Reference 6)

Time Global Decay Heat for reactor (MW)
First Wall Blanket

1 s 28.8 56.4

20 s 28.2 32.9

40 s 28.1 32.7

1 min 27.9 32.5

5 min 26.5 31.1

30 min 23.3 27.6

1 hr 20.8 24.7

5 hr 9.27 12.0

10 hr 4.77 7.14

5.04

4.47

4.18

1 day

2 days

3 days

2.96

2.63

2.49



Table 1-2
Effect of Revised Blanket Thermal Properties on Initial Temperatures

SEGMENT OPERATING TEMPERATURE (°C) *
Previous Analysis This Analysis
A B C A B C

Central Outboard 316 343 374 315 343 422
Lateral Outboard 314 336 360 314 336 397
Inboard 315 338 361 315 337 399

These temperatures are taken at node 6 of the blanket cooling tubes; A denotes inside wall of cooling
tube; B denotes outside wall of cooling tube; C denotes outer radius of lithium medium in circular
wall model.

Thermal Properties:

Previous Analysis:

Thermal conductivity: 38.0 W/m.K
Volumetric Heat Capacity: 2.1 MJ/m3.K

This Analysis:

Temperature thermal conductivity volumetric heat capacity
(K) (W/m.K) (MJ/m3.K)

508.0 11.7 1.77
623.0 14.2 1.71
1023.0 22.0 1.64
2023.0 41.6 1.58
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