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Safety demonstration tests using the HTTR are in progress to verify the inherent safety features
and to improve the safety design and evaluation technologies for HTGRs, as well as to contribute
to not only the commercial HTGRs but also the research and development for the VHTR one of
the Generation IV reactors.

This paper describes the reactivity insertion test and coolant flow reduction test by trip of gas
circulator and partial flow loss of coolant planned in 2004 with detaile'd test method, procedure and
results of pre-test analysis. From the analytical results, it was found that the negative reactivity

feedback effect of the core brings the reactor power safely to a stable level without a reactor scram.

Keywords:  Safety Demonstration, Inherent Safety, Gas Circulator Trip, Accident Simulation,
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1. Introduction

Safety demonstration tests using the HTTR® (High Temperature Engineering Test Reactor) are
in progress in order to verify the inherent safety features and to improve the safety design and
evaluation technologies for HTGRs (High Temperature Gas-cooled Reactors). The HTTR, which is
the first HTGR in Japan with thermal power of 30MW and 950°C maximum reactor outlet coolant
temperature, was constructed at the Oarai Research Establishment of JAERI (Japan Atomic
Energy Research Institute) for the purpose of establishing and improving technologies of HTGRs
as well as nuclear heat utilization. The HTTR attained its first criticality in November 1998. The
tise-to-power tests were started in September 1999 and at the fourth phase of the tests, the HTTR
reached its full power of 30MW with reactor outlet coolant temperature of 850°C in December
2001, In March 2002, JAERI received a certificate of the pre-operation test, which is an
operation permit of the HTTR at the rated operation mode (operation at a reactor outlet coolant
temperature of 850°C), from the government. In 2004 it is planned to operate in high temperature
operation mode® with a reactor outlet coolant temperature of 950°C.

In safety demonstration tests using the HTTR, anticipated operational occurrences (AOOs) and
accidents will be simulated mostly without scrams, though most of the postulated AOOs and
accidents for the HTTR safety evaluation initiate scrams. The safety demonstration tests are
conducted to demonstrate inherent safety features of the HT'GRs as well as to obtain the core and
plant transient data for validation of safety analysis codes and for establishment of safety design
and evaluation technologies of the HTGRs.

This paper describes the plan of reactivity insertion test, coolant flow reduction test by tripping
two out of three gas circulators, and partial flow loss of coolant test planned during the RS-5
reactor cycle in February and March 2004 with detailed test method, test conditions, and pre-test
analysis. In this reactor cycle, coolant flow reduction test by tripping one gas circulator will be also
conducted and its detailed test method, etc. were already described previous issue® concerning the
safety demonstration test. In these tests, reactivity insertion test, one and two out of three gas
circulators trip test, and partial flow loss of coolant test will be performed with the reactor power at
60%.
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2. Summary of HTTR and Schedule of Safety Demonstration Test

2.1 Outline of HTTR

The main specification of the HTTR is shown in Table 2.1 and the vertical cross section of the
HTTR reactor is shown in Fig, 2.1. .

The reactor consists of a reactor pressure vessel, fuel elements, replaceable and permanent
reflector blocks, core restraint mechanism, control-rods, etc. Thirty columns of fuel blocks and
seven columns of control-rod guide blocks form the reactor core, called the fuel region, which is
surrounded by replaceable reflector blocks and large-scale permanent reflector blocks. The fuel
element of the HTTR is a pin-in-block type. Enrichment of U-235 is 3 to 10 (average 6) wt%.
Sixteen pairs of control-rods in the fuel and replaceable reflector regions of the core control
reactivity of the HTTR. A control-rod drive mechanism drives each pair of control-rods using an
AC motor. At a reactor scram, electromagnetic clutches of the control-rod drive mechanisms are
separated, and the control-rods fall into holes in the control-rod guide blocks by the force of
gravity at a constant speed, shutting down the reactor safely.

As shown in Fig. 2.2, the cooling system of the HTTR consists of a main cooling system
operating at normal operation; and an auxiliary cooling system and a vessel cooling system, the
engineered safety features, operating after a reactor scram to remove residual heat from the core.
The main cooling system, which consists of a primary cooling system, a secondary helium cooling
system, and a pressurised water cooling system, removes heat generated in the core and dissipates it
to the atmosphere by a pressurised water air cooler. The primary cooling system consists of an
intermediate heat exchanger (THX), a primary pressurised water cooler (PPWC), a primary
concentric hot gas duct, etc. Primary coolant of helium gas from the reactor at 950°C maximum
flows inside the inner pipe of the primary concentric hot gas duct to the IHX and PPWC. The
primary helium is cooled to about 400°C by the IHX and PPWC and returns to the reactor flowing
through the annulus between the inner and outer pipes of the primary concentric hot gas duct. The
HTTR has two operation modes. One is the single loaded operation mode using the PPWC for the
primary heat exchange, and the other is the parallel loaded operation mode using the PPWC and
IHX. In single loaded operation mode the PPWC removes 30MW of heat and in parallel loaded
operation mode the PPWC and THX remove 20MW and 10MW,, respectively. The auxiliary cooling
system, consisting of an auxiliary helium cooling system, an auxiliary water cooling system, a
concentric hot gas duct, etc. is in stand-by during normal operation and starts up to remove residual
heat after a reactor scram. The vessel cooling system cools the biological concrete shield
surrounding the reactor pressure vessel at normal operation, and removes decay heat from the core
by natural convection and radiation outside the reactor pressure vessel under ‘accident without

forced cooling’ conditions such as a rupture of the primary concentric hot gas duct, when neither
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the main cooling system nor the auxiliary cooling system can cool the core effectively.

The reactor power is controlled by the reactor power control system and reactor-outlet coolant-
temperature control system. These control systems are cascade-connected: the latter control system
ranks higher to give demand to the reactor power control system. The signals from each channel of
the power-range monitoring system are transferred to three controllers using microprocessors. In
the event of a deviation between the process-value and set-value, a pair of control-rods is
automatically inserted or withdrawn at the speed from 1 to 10 mm/s according to the deviation.
The relative position of 13 pairs of control-rods, except for three pairs of control-rods used only
for a reactor scram, are controlled within 20 mm of one another by the control-rod pattern
interlock to prevent any abnormal power distribution. The plant control system keeps plant
parameters such as the coolant temperature of the reactor inlet, flow rate of the primary coolant,
pressure of the primary coolant, and differential pressure between the primary cooling system, and
pressurised water cooling system operating constantly according to the power level. The schematic

diagram of the plant control system is shown in Fig, 2.3.

2.2 Schedule of Safety Demonstration Test

The safety demonstration tests are divided into two phases, the first phase (phase I) and second
phase (phase II). In the phase I safety demonstration tests, AOO simulation tests including the tests
of anticipated transient without scram are conducted. The phase I safety demonstration tests
consist of:

[1] Reactivity insertion tests by means of a pair of control-rods withdrawal (SR),

[2] Coolant flow reduction tests by tripping of gas circulator(s) (S1C and S2C), and

[3] Partial flow loss of coolant test (SF).

The phase I tests have already been licenced and are to be conducted from the fiscal year 2002 to
2005. Phase I test items and schedule are summarised in Table 2.2 and Table 2.3, respectively.

The initial reactivity insertion test (SR-0) had started in the fiscal year 2002 at the reactor power
of 30% (YIMW) as the safety demonstration pre-test. The reactivity insertion test (SR-1) was also
conducted at the reactor power at 50% (15MW) during the first duration of HTTR operation for
the safety demonstration tests in the fiscal year 2002. The coolant flow reduction test by tripping of
one out of three gas circulator (S1C-1) was started at the reactor power of 30% (IMW) during the
first duration. The coolant flow reduction test by tripping of two out of three gas circulators
(82C-1) was performed during the second duration in the fiscal year 2003. The safety
demonstration tests will be conducted step by step with increasing the reactor power. The safety
demonstration tests performed previously are summarised in Table 2.4.

The phase II tests, which are more severe than the phase I tests, will be performed after

confirming safety features of the HTTR by the phase I tests and obtaining new licences. The phase



JAERI-Tech 2004-014

1T tests include:

[4] Loss of forced cooling test by trip of all the three gas circulators (S3C) and

[5] All-blackout test by stopping of the vessel cooling system (SV).

Also a reactivity insertion test (larger than the phase I test), loss of heat removal test by stop of

secondary cooling system, depressurisation test, etc(®. are the candidates for the phase II tests.

Table 2.1 Major specification of HTTR
Item Specification
Thermal power 30 MW
Coolant Helium gas

Reactor outlet coolant temperature

Reactor inlet coolant temperature
Primary coolant pressure

Primary coolant flow rate

Core structures
Core height
Core diameter
Power density
Fuel
Enrichment

Fuel element type

Pressure vessel

Number of main cooling loop

850 °C (Rated operation mode)
950 °C (High temperature test operation mode)

395 °C
4.0 MPa

12.4kg/s (Rated operation mode)
10.2kg/s (High temperature test operation mode)

Graphite

29m

23m

2.5 MW/m3

Low entiched UO:
3~10wt% (avg 6 wt%)
Prismatic block

Steel (2°1/4Cr — 1Mo)

1
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Table 2.2 Items of phase I safety demonstration test

Test item Test conditions Data to be obtained
* Rated operation mode Transient data
* Single loaded operation mode * Reactor power
Reactivity * Reactor power : 30%~80% * Reactivity
insertion test * Central pair of control-rods are withdrawn * Primary coolant
- Control-rod . temperatures

withdrawal test

Control-rods withdrawal rate : 1 or 5 mm/s
Control-rods withdrawal distance : 50mm (max.)

Control-rods positions will be maintained except
the operating one.

* Temperatures of
reactor internals,
etc.

Coolant flow
reduction test

- Partial loss of
coolant flow test

Rated operation mode
Single loaded operation mode
Reactor power : 30%~100%

Parameters : change of primary coolant flow rate
and rate of change

All of the control systems are operating.

Transient data

* Reactor power

* Reactivity

* Primary coolant
temperatures

* Primary coolant
flow rate, etc.

Coolant flow
reduction test

- Gas circulators
trip test

Rated operation mode
Single loaded operation mode
Reactor power : 30%~100%

Gas circulators to be stopped : one or two out of
three at the primary pressurised water cooler

Each control-rod power supply is intercepted.

Transient data

* Reactor power

* Reactivity

* Primary coolant
temperatures

* Primary coolant
flow rate

* Temperature of
reactor internals,
reactor pressure
vessel, etc.

Rated operation mode

Single loaded operation mode

Operation at reactor outlet temperature of 850°C

Operation using primary pressurised water cooler for primary heat exchange
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Table 2.3 Schedule of Safety Demonstration Tests

Fiscal Year 2002 2003 2004 2005 2006
Duration of HTTR Pre-test Refueling
Operation for Safety E I T

Demonstration Tests

L

— I
=

Safety Case ———>

Safety
Demonstration Tests

Phase | Tests

SR: Reactivity Insertion
Test i

SF: Partial Flow Loss
of Coolant Test

S1C: 1 Gas Circulator
Trip Test

S2C: 2 Gas Circulators
Trip Test

Phase Il Tests

83C: 3 Gas Circulators
Trip Test

SV: Vessel Cooling
System Stop Test

i
i
)
T
]
i
]

1
)
i

’
i

SR-0:30% ! i| /

{ i | SR-2: 60% SR-3:80% | SR-4: 50%
SR-1: 50%| !

i| | SF1: 60% SF-2: 80%

o || SF-3: 100%
S$1C-1:30% | $2C-1: 30% i S1C-3: 80% | S1C-4: 100%

S$1C-2: 60%>
S2C-2: 60%,

S$2C-3: 80% | S2C-4: 100%

S1C-5: 30%

S3C-1, SV-1
will start after
obtaining new
licences.
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Table 2.4 Safety demonstration tests performed previously using the HTTR

Reactor References
Code Duration Item pc:)wer Condition Plan  Results
(%)
Reactivity insertion test .
SR-0  24-30 June 2002 by means of a pair of 30 SL°:C’ d“;:tﬁ;gr};wal %
control-rods withdrawal P
Reactivity insertion test .
SR-1  10-11 March 2003 by means of 2 pait of 50 Low and high ®) ©)
control-rods withdrawal speed withdrawal
Coolant flow reduction One out of three
S1C-1 14 March 2003 test by tripping of gas 30 . } (8) (10
circulator gas circulator trip
Coolant flow reduction Two out of three
S2C-2 11 August 2003 test by tripping of gas 30 . . ©) (11)
circulator gas circulators trip

SR:  Safety Demonstration Test, Reactivity Insertion Test

S1C: Safety Demonstration Test, 1 Gas Circulator Trip Test
S2C: Safety Demonstration Test, 2 Gas Circulators Trip Test
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Fig. 2.1 Vertical cross section of HTTR reactor
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3. Reactivity Insertion Test by Control-rod Withdrawal (SR-2)

3.1 Test Program

The reactivity insertion test (SR-2:Safety demonstration test, Reactivity insertion test -2) performing
without operating the reactor power control system demonstrates that the rapid increase of reactor
powert caused in such a case of the rupture of the stand-pipe simulating by a centre pair of control-rods
withdrawal does not initiate a severe accident due to the inherent safety features which are the negative
reactivity feedback effect of the cote and the slow temperature transient in HTGRs. The peak power
value, decreasing power speed, efc. obtained during the reactivity insertion test will be utlised for the
development and validation of analytical models, reactivity coefficients, temperature coefficients, etc. by

using their best-estimated values.

3.2 Test Condition

'The test conditions of the SR-2 are as follows:

- Operation mode Rated operation mode, Single loaded operation mode
- Initial reactor power 60% (18MW) |

- Reactor outlet coolant température Below 850°C

- Control-rod to be operated Centre pair of control-rods

- Withdrawal speed 1mm/s, 5 mm/s

- Reactivity insertion rate 1.7x10-5 Ak/k/s, 5.0x10-5 Ak/k/s

- Withdrawal length 20mm, 30mm, 40mm

- Reactivity to be inserted 2.2x104 Ak/k, 3.3x10-4 Ak/k, 4.4x10-4 Ak/k

The test case of the SR-2 are shown in Table 3.1.

3.3 Measurement Items
Steady state and transient behaviours of the reactor and plant are measured by a plant computer,

reactivity measurement instrumentation, TETRIS (High Temperature Engineering Test Reactor
Emergency Response Information System), etc. The main items to be measured during the SR-2 are as
follows:

- Reactor power (Power range monitoring)

- Reactivity

- Control-rod position

- Inlet temperature of the core

- Coolant temperature at the hot plenum

- Permanent reflector block temperature

- Plenum block temperature
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3.4 Test Procedure
(1) Operation Restriction

During the safety demonstration test using the HTTR, there are some operational restrictions from its
safety cases. The initial condition of the safety demonstration test, the reactor power and the reactor
outlet coolant temperature are must below the value of 80% (24MW) and 850°C, respectively. Also,
during the tests, the reactor power, inlet and outlet coolant temperatures, pressure, etc. will be kept
within the normal operation conditions.

To set the plant parameters propetly during the tests, the operation-mode selector is equipped to the
HTTR system. Table 3.2 shows the function of the operation-mode selection equipment with not only
the reactivity insertion test but the coolant flow reduction test by tripping of gas circulator and partial
loss of coolant flow.

When the reactor power is between 30% and 80%, it is permitted to turn on the ‘operation mode (iii)’
shown in Table 3.2 to set the initial reactor power from 30% to 80% by the operation-mode selection
equipment. After turning on the ‘operation mode (iii)’, the movement of the control-rods (15 pairs)
except the centre pair of control-rods is prevented to avoid the miss-operation of control-rod
withdrawal. Also, the pattern-interlock set-value of the centre pair of control-rods is changed from
20mm to 50mm to permit the withdrawal operation for the test. The pattern-interlock set-value at the
abnormal conditions 1s not changed by the ‘operation mode (i11)’, so the maximum withdrawal distance

of the centre pair of control-rods is hmited to 50mm.

(2) Test procedure
The test procedure of the reactivity insertion test is shown in Fig. 3.1. The ‘operation mode (i)’ is
selected after confirming the initial conditions. In the reactivity insertion test, the centre pair of
control-rods is withdrawn and the neutron flux, reactor outlet temperature, primary circuit flow rate,
pressure, etc. are measured. After the test, the reactor power is adjusted to the initial value and then the

‘operation mode (ii1)’ is turned off.

3.5 Pre-test Analysis
(1) Analytical Conditions
Pre-test analysis of the reactivity insertion test was conducted using the core and plant dynamics
analysis code ACCORD?’ developed by JAERI(2. The characteristics of the code are:
(a) Plant behaviour can be analysed for over several thousand seconds after an event occurrence
by modelling the heat capacity of the core,
(b) In-core and plant dynamics of any plant system can be analysed by rearranging packages

which simulate plant system components one by one, and
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() Thermal hydraulics can be analysed for each component from fluid flow calculation for
helium and pressurised water systems.
The inserted reactivity and the reactivity coefficients of fuel temperature and moderator temperature

used for the analysis are the following values:

- Inserted reactivity (Withdrawal length) 2.2x10-4 Ak/k (20mm)
3.3x10# Ak/k (30mm)
4.4x10- Ak/k (40mm)

- Reactwity coefficient of fuel temperature -4.0x10-5 Ak/k/°C

- Reactivity coefficient of moderator temperature  -2.8X105 Ak/k/°C

(2) Analytical Results

The transients of the reactor power at the reactivity insertion test with the reactor power at 60%
(18MW) are shown in Fig.3.2.

The positive reactivity is inserted by the centre pair of control-rods withdrawal. Since the reactor
power control system is cut off and the movement of the control-rods except the centre pair is
prevented dunng the test, the reactor power is increased to about 64%-68% within about 30 seconds
depending on the withdrawal rate and distance. However, the reactor power is diminished to a stable
level of 61%-62% by the negative reactivity feedback effect caused by the temperature increase of the

core. The maximum powers and final steady-state powers of the pre-test analysis are shows in Table 3.3.

Table 3.1 Test case of control-rod withdrawal test

Expected Expected
Control rod Control rod
Test Initial thdrawal inserted reactivity
case power withdrawa withdrawal
rate reactivity insertion rate
distance
(Ak/k) (Ak/k/s)
18MWL20 : 20 mm 2.2x104
18MWL30 1 mm/s 30 mm 3.3x10+# 1.7x105
18MWLA40 60% 40 mm 4.4x10+4
18MWH20 (18 MW) 20 mm 2.2x104
18MWH30 5 mm/s 30 mm 3.3x104 5.0x10-3
18MWH40 40 mm 4.4x104
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Table 3.2 Function of operation-mode selection equipment

, . A .. . .. . . . Mode
Test item [urning on conditions  Turning off conditions Functions after turning on nlumbcr
(1) Rated operation The difference (1) Change of the pattern-interlock (i1)
Reactivity modc between the set-value sct-value of the centre
et . . of the reactor power control-rod
insertion test @) Single loaded P
. control system and the X
_ Control-rod operation mode (2) Withdrawal of the control-rods
-ONtrot-ro measurement value of (15 pairs) except the centre
vithdrawal test (3) Reactor power the reactor power isin con:)ro] rod i prcvmtcd
_ s prevented.
30% — 80% the regulated value. p
Coolant flow . . . ..
. 1) Rated operation None At the 850°C operation, the il
reduction test P P
mode set-value of primary coolant
- Partial loss of . flow rate cannot change to the
(2) Single loaded 8
coolant flow . value below the set-value of
opcration mode
test reactor scram.
(1) Rated opcration The difference (1)  Withdrawal of the control-rod (1)

Coolant flow
reduction test

mode

(2) Single operation

between the set-value
of the reactor power
control system and the

@

(16 pairs) is prevented.

The sct-values of the scram of

- Gas mode measurement value of “primary coolant flow rate of
circulators trip the reactor power is in P])W(' low i corc“dlffcrcntlal
rest the regulated valuc. pressure low” and “reactor
) outlet coolant temperature
high” are changed.
Table 3.3 Calculation results
Initial Control-rod Control-rod Maximum Final steady-state
Case ower withdrawal withdrawal ower owe}r/
P rate distance p P
18MWL20 20mm 64% 61%
18MWIL30 1 mm/s 30mm 66% 62%
18MWL40 60% 40mm 67% 62%
18MWH20 (18 MW) 20mm 64% 61%
18MWH30 5 mm/s 30mm 66% 62%
18MWH40 40mm 68% 62%
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Turn on the control rod withdrawal test mode

v
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Measurement of neutron flux, reactor outlet temperature,
primary circuit flow rate, pressure, etc.
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Adjustment of reactor power to initial value
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Turn off the control rod withdrawal test mode

!

End

Fig. 3.1 Test procedure of reactivity insertion test by control-rod withdrawal
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Fig. 3.2 Calculation result of transient of reactor power at reactivity insertion test by

control-rod withdrawal
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4. Coolant Flow Reduction Test by Trip of Gas Circulator (S2C-2)

4.1 Test Program

The coolant flow reduction test by tripping gas circulators (S2C-2; Safety demonstration test of
Two out of three gas circulators trip test -2) demonstrates that the negative reactivity feedback
effect of the core brings the reactor power safely to a stable level without a reactor scram, and that

the temperature transient of the reactor core is slow in a rapid decrease of the coolant flow rate.

4.2 Test Condition

The test conditions of the S2C-2 are shown in Table 4.1. In the tests, the primary coolant flow
rate 1s reduced by running down two out of three gas circulators without operating the reactor
power control system. For the test, some scram levels are changed automatically by the operation
mode selector and the plant condition will be an anticipated transient without scram condition (cf.

following 4.4). At the end of this test, the reactor is shut down by a manual scram.

4.3 Measurement Items

Steady state and transient behaviours of the reactor and plant are measured by a plant computer,
reactivity measurement instrumentation, TETRIS, etc. The main items to be measured in the gas
circulator trip tests ate as follows:

- Reactor Power (Power range monitoring)

- Reactivity

- Reactor core differential pressure

- Coolant flow rate

- Inlet temperature of the core

- Coolant temperature at hot plenum

- Permanent reflector block temperature

- Plenum block temperature

4.4 Test Procedure
(1) Initial Test Condition

When the primary coolant flow-rate decreases by tripping of gas circulators, reactor scram could
be caused by the shutdown signal: “primary coolant flow rate of PPWC is low’ or ‘core differential
pressure is low’. Also reactor scram could be ca‘used by the shutdown signal: ‘reactor outlet coolant
temperature 1s high’ by the increasing of reactor outlet coolant temperature due to the stop of gas
circulators. To avoid the possibility of a reactor scram by the above three shutdown signals, the

scram signal values will be changed automatically by synchronising of the operation-mode selection
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equipment as well as preventing wrong operation by an operator.

To maintain the control-rods positions during the tests, the selection equipment of the
operation-mode is regulated such that the control system of the reactor power is 2 manual mode.
The function of the selection equipment of the operation-mode is shown in Table 3.2. After
turning on the ‘operation-mode (i)’ shown in Table 3.2, the each control-rod power supply is
intercepted. Then, the gas circulator trip test can be conducted as an anticipated transient without

scram.

(2) Test Procedure

The test procedure of the gas circulator trip test is shown in Fig. 4.1. The test mode is selected
after the confirmation of initial conditions. In the two gas circulators trip test, the gas circulators A
and C at the PPWC are stopped. After measuring the neutron flux, reactor outlet coolant
temperature, primary circuit flow rate, pressure, etc. for about four hours, the reactor is shut down

by a manual scram.

4.5 Pre-test Analysis
(1) Analytical Conditions
Pre-test analysis of the gas circulator trip test was conducted using the ACCORD code. The
reactivity coefficients of the fuel temperature and moderator temperature used for the analysis are
the following values:
Two out of three gas circulators trip test with the reactor power at 60%
- Reactivity coefficient of fuel temperature -4.0X105 Ak/k/ °C
- Reactivity coefficient of moderator temperature -2.8%103Ak/k/ °C
The reactor kinetics parameters of the effective delayed neutron fraction and prompt neutron
lifetime used for the analysis are the following values:
- Effective delayed neutron fraction 6.5x103
- Prompt neutron lifetime 9.4X104s
The decrease flow-rate characteristics of the primary helium gas circulators are the measured
data of the previous two gas circulators trip test with the reactor power at 30% obtained in August
2003.

(2) Analytical Results

The transients of the reactor power and primary coolant flow rate at the two gas circulator trip
test with the reactor power at 60% (18MW) are shown in Fig. 4.2.

The flow rate of the primary circuit decreases within 10 seconds after tripping two out of three gas

circulators. The reactor power is diminished by the negative reactivity feedback effect due to the increase
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of reactor core temperature caused by decreasing of rapid and large change of the coolant flow. After
several hours have elapsed, the reactor power reaches to a stable condition. Since the remaining gas
circulator operates continuously with its flow rate control devices, the flow rate becomes 33% of initial

flow rate at tripping of two gas circulators and the reactor power is finally reached to about 23%.

Table 4.1 Test Condition of coolant flow reduction test by trip of gas circulators

Two gas circulator trip test

Operation mode Rated operation mode, Single loaded operation mode
Initial Reactor power 60% (18MW)
Reactor outlet temperature Below 850°C (Initial)

Below 950°C (Duting the test)

HGC to be stopped Two
HGC for PPWC No. A and C
HGC. Ilelium Gas Circulator
PPWC Primary Pressurised Water Cooler
Rated operation mode Operation at reactor outlet coolant temperature of 850°C

Single loaded operation mode  Operation using primary pressurised water cooler for primary heat exchange
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Fig.4.1 Test procedute of coolant flow reduction test by trip of gas circulators
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Fig. 4.2 Calculated result of transients of reactor power and primary coolant flow rate during

coolant flow reduction test by tripping of two out of three gas circulators
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5. Coolant Flow Reduction Test by Partial Flow Loss of Coolant (SF-1)

5.1 Test Program

The coolant flow reduction test by partial flow loss of coolant (SF-1: Safety demonstration test,
coolant flow reduction test by partial flow loss of coolant -1) demonstrates that the both of
negative reactivity feedback effect of the core and the reactor power control system brings the
reactor power safely to a stable level without a reactor scram, and that the temperature transient of

the reactor core is slow in a decrease of the coolant flow rate.

5.2 Test Condition
The test conditions of the SF-1 are as follows:
- Operation mode Rated operation mode, Single loaded operation mode
- Initial reactor power 60% (18MW)

- Set-value of primary coolant flow rate  15.07t/h (Initial), 14.77t/h (During the test)

5.3 Measurement Items

Steady state and transient behaviours of the reactor and plant are measured by a plant computer,
reactivity measurement instrumentation, TETRIS, etc. The main items to be measured during the
SF-1 are as follows:

- Reactor power (Power range monitoring)

- Reactivity

- Reactor core differential pressure

- Coolant flow rate

- Inlet temperature of the core

- Coolant temperature at hot plenum

- Permanent reflector block temperature

- Plenum block temperature

5.4 Test Procedure

The test procedure of the coolant flow reduction test by partial flow loss of coolant is shown in
Fig. 5.1. The test mode is selected after confirmation of initial conditions. The set-value of primary
coolant flow rate is changed from 15.07t/h to 14.77t/h (diminution of 2%). After measuring the
neutron flux, reactor outlet coolant temperature, primary circuit flow rate, pressure, etc. for about
four hours, the primary coolant flow rate is increased by changing the set-value from 14.77t/h to

15.07t/h. The test mode selection equipment is turned off and returned to an initial condition.
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5.5 Pre-test Analysis

The transients of the reactor power and primary coolant flow rate at the coolant flow reduction
test by partial flow loss of coolant with the reactor power at 60% (18MW) calculated by the
ACCORD code are shown in Fig, 5.2. The temperature of the core increased due to the diminution
of the flow rate of the primary circuit after changing the flow-rate set-value from 15.07t/h to
14.77t/h. The reactor power reaches to the stable level of 60% by a reactor power control system,
though the reactor power decreased about 0.3% due to the negative reactivity feedback effect of

the core.

Start

{

Confirmation of initial conditions

{

Turn on the partial flow loss of coolant test mode

!

Change of set-value of primary coolant flow rate
from 15.07t/h to 14.77t/h (diminution of 2%)

'

Measurement of neutron flux, reactor outlet temperature,
primary circuit flow rate, pressure, etc.

'

Change of set-value of primary coolant flow rate
from 14.77¢/h to 15.07t/h

'

Turn off the partial flow loss of coolant test mode

|

End

Fig 5.1 Test procedure of coolant flow reduction test by partial flow loss of coolant
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6. Concluding Remarks

The reactivity insertion test by means of a pair of control-rod withdrawal, coolant flow reduction
tests by tripping two out of three gas circulators, and partial flow loss of coolant test with the
reactor power at 60% ate planned in February and March 2004. Their test method, procedure and
results of pre-test analysis are described in this report. From the analytical results of the steady
state and transient behaviours of the reactor and plant of the HTTR, it was found that the negative
reactivity feedback effect of the core brings the reactor power safely to a stable level without a

reactor scram, and that the temperature transient of the reactor core is slow.
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