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The high temperature engineering test reactor (HTTR), the first high temperature
gas-cooled reactor (HTGR) in Japan, achieved the first full power of 30 MW on December
7 in 2001. In the rise-to-power test of the HTTR, simulation tests on loss of off-site electric
power from 15 and 30 MW operations were carried out by manual shutdown of off-site
electric power. Because helium circulators and water pumps coasted down immediately
after the loss of off-site electric power, flow rates of helium and water decreased to the
scram points. To shut down the reactor safely, the subcriticality should be kept by the
insertion of control rods and the auxiliary cooling system should cool the core
continuously avoiding excessive cold shock to core graphite components. About 50 s later
from the loss of off-site electric power, the auxiliary cooling system started up by
supplying electricity from emergency power feeders. Temperature of hot plenum block
among core graphite structures decreased continuously after the startup of the auxiliary
cooling system. This report describes sequences of dynamic compbnents and transient
behaviors of the reactor and its cooling system during the simulation tests from 15 and 30
MW operations.

Keywords: HTGR, HTTR, Rise-to-power Test, Loss of Off-site Electric Power, Simulation,
Evaluation, Experiment, Reactor Scram, Transient Behavior, Auxiliary Cooling System
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1. Introduction

The high temperature gas-cooled reactor (HTGR) is expected very much as one of the
advanced nuclear reactors in the future because it can supply high temperature heat and
thus produce electricity with high thermal efficiency. The HTGR also has inherent safety
characteristics by its large heat capacity and low power density of the core compared with
conventional light water reactors. Accordingly, the temperature change of the HTGR core
is extremely small for the transient variation of the reactor power and for the excessive
performance deterioration of the reactor cooling system. Japan Atomic Energy Research
Institute (JAERI) built a graphite-moderated and helium-gas-cooled reactor, the high
temperature engineering test reactor (HTTR) (). Figures 1.1 and 1.2 show a bird's-eye
view of the reactor pressure vessel and core and the horizontal cross section of the
reactor core, respectively. The major specifications of the HTTR are summarized in Table
1.1. The HTTR is the first HTGR in Japan with reactor outlet coolant gas temperature of
850°C at rated operation and 950°C at high temperature test operation with thermal
power of 30 MW, using pin-in-block type fuel.

Figure 1.3 shows a schematic diagram of the reactor cooling system of the HTTR. The
reactor cooling system consists of the main cooling system, the auxiliary cooling system @
and the vessel cooling system ®). The main cooling system consists of the primary and
secondary helium cooling systems as well as the pressurized water cooling system. The
auxiliary cooling system is in standby during the reactor normal operation, and starts up
automatically to cool the core directly when the reactor scrams in an accident when forced
circulation can cool the core. To shut down the reactor safely, the subcriticality should be
kept by the insertion of control rods and the auxiliary cooling system should cool the core
continuously avoiding excessive cold shock to core graphite components such as fuel
elements (Fig. 1.4). The auxiliary cooling system is mainly composed of a heat exchanger,
helium circulators, concentric hot gas duct, water pumps and air cooler. The vessel
cooling system works to cool the biological concrete shield during the normal operation

and is employed to remove decay heat and residual heat in an accident when forced
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circulation cannot cool the core.

Figure 1.5 shows a bird's-eye view of the control rod system of the HTTR. The
electromagnetic clutch is separated to insert control rods into the reactor core by gravity
when electric current through the clutch is cut off by a reactor scram signal. The clad
material of the control rod is ferritic superalloy Alloy 800H. The maximum allowable
temperature for the control rod to be used repeatedly after scrams is 900°C ©). Accordingly,
in reactor scram cases from operation of the reactor outlet coolant temperature of more than
750°C except a depressurized accident @), the control rods are inserted at the two-steps for
preventing the control rod clad from overcooling.

The rise-to-power test of the HTTR started on September 28 in 1999. JAERI planned to
carry out simulation tests on loss of off-site electric power from 15 and 30 MW in the
rise-to-power test. The thermal power rose up to 20 MW at rated operation in February
2001. The HTTR attained its first full power of 30 MW at rated operation on December 7 in
2001. The simulation test from 15 MW operation (effective full power days: about 20 days)
was conducted on March 1 in 2001. On the contrary, the simulation test from 30 MW
operation (effective full power days: about 120 days) was performed on March 6 in 2002.

In this report, sequences of dynamic components (e.g., main helium circulators) and
transient behaviors of the reactor and its cooling system during the simulation tests from
15 and 30 MW operations are presented. The outline of the major components and
system, other thermal and nuclear data set are described in published report (5) by
JAERI.
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Major specifications of the HTTR

Thermal power

Outlet coolant temperature

Inlet coolant temperature

Flow rate of primary coolant

Primary coolant pressure
Core structure
Equivalent core diameter
Effective core height
Average power density
Fuel

Uranium enrichment
Fuel type

Coolant

Direction of coolant flow
Number of fuel assembly
Number of fuel columns
Plant lifetime

30 MW

850°C (rated operation), 950°C (high
temperature test operation)

395°C

12.4 kg/s (rated operation), 10.2 kg/s (high
temperature test operation)

4 MPa

Graphite

2.3m

29m

2.5 W/cm?

Low-enriched UO:

3-10 wt% (average 6 wt%)

Pin-in-block

Helium gas

Downward flow

150

30

20 years
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Standpipe closure

St— Alternating current motor
R{— Shock absorbing mechanism
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Electromagnetic clutch

Primary upper shield

Control rod

Hopper for reserved = i support cable
shutdown system —il IS Top head dome of
B4C/C pellet reactor pressure vessel

Sleeve

Control rod Neutron absorber

guide tube
Electric plug

Fig. 1.5 Bird's-eye view of control rod system
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2. Outline of Core Components, Reactor Internals and Auxiliary Cooling System

The reactor consists of core components, reactor internals, reactor pressure vessel
and so on. As shown in Fig. 1.4, the prismatic hexagonal fuel graphite block is 580 mm in
height and 360 mm in width across the flats. Tri-isotropic coated fuel particles with
low-enriched UO2 kernel of 6 wt % in average enrichment are dispersed in the graphite
matrix. The active reactor core, 2.9 m in height and 2.3 m in effective diameter, consists of
30 fuel columns and seven control rod graphite block columns, each column being
composed of five blocks. Helium flows downward through each annular gap between the
vertical hole in the hexagonal graphite block and the fuel rod to remove heat by fission
and gamma heating. The reactor internals are composed of graphite and metallic core
support structures as well as shielding blocks as shown in Fig. 2.1. The graphite core
support structures contain hot plenum blocks, permanent reflector blocks, support posts
and core bottom structures.

As shown in Fig. 2.2, the auxiliary heat exchanger is a vertical inverse-U-tube type heat
exchanger, similar to the primary and secondary pressurized water coolers. Helium flows
on the shell side, while pressurized water goes into the heat transfer tubes. Hot helium is
transported from the reactor core to the auxiliary heat exchanger through the auxiliary
concentric hot gas duct (Fig. 2.3). Hot helium from the inlet nozzle flows horizontally
between the baffle plates, and cools the outer surface of the heat transfer tubes. Hot
helium once goes out to the auxiliary helium circulators (Fig. 2.4), and goes back to the
annular path between the inner and outer shells. Pressurized water from the inlet nozzle
flows into the water chamber, and goes upward in the heat transfer tubes. As shown in
Fig. 2.5, air flowing on the shell side through four motor-driven fans of the air cooler for
the auxiliary cooling system cools the outer surface of the heat transfer tubes. Decay heat
of fission products and residual heat of the reactor core are finally dissipated to the heat

sink of atmosphere by the air cooler for the auxiliary cooling system.
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Fig. 2.1 Bird’s-eye view of reactor internals



JAERI-Data/Code
Helium nozzle to
auxiliary helium circulator
&
Helium nozzle to—-—gm
purification system
A

. /
Helium nozzle from
purification system

Thermal insulator

Hot gas duct nozzle
Primary helium
to reactor -

Primary helium
from reactor

e
e

Honeycomb plate

Water inlet nozzle/’

Water from water pump  Water chamber

2002-015

ter shell
/Ou

A\

Helium nozzle from
auxiliary helium circulator
i

|_—Baffle plate

_— Liner

| Heat transfer tube
Inner shell

AN

Thermal shield plate

i =)
J e
e

\ Tubesheet

~Water outlet nozzle

N\

Water pump to air cooler

Fig. 2.2 Bird's-eye view of auxiliary heat exchanger
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Fig. 2.3  Cross-sectional view of auxiliary concentric hot gas duct
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3. Sequences of Dynamic Components during Simulation Tests

Figures 3.1 and 3.2 show sequences of the dynamic components during the simulation
tests from 15 and 30 MW operations, respectively. Although the loss of off-site electric
power is caused by failure of the power transmission line or the HTTR electrical
equipment, the simulation tests were carried out by manual shutdown of off-site electric
power of the HTTR. All the primary and secondary helium circulators as well as the water
pumps for the pressurized water, the auxiliary and the vessel cooling systems coasted
down immediately after the loss of off-site electric power. Accordingly, flow rates of
primary and secondary helium as well as water reduced. 1.6 s later from the loss of
off-site electric power, the reactor scrammed by the reactor protection system, in other
words, the reactor scram breaker was open.

At the simulation test from 15 MW operation, the reactor scram occurred by decreasing
flow rate of primary helium of the intermediate heat exchanger to the scram point of 3.8
kg/s (92 % of the total). At the simulation test from 30 MW operation, the reactor scram
happened by decreasing flow rate of helium of the primary pressurized water cooler to the
scram point of 7.7 kg/s (93 % of the total).

At the simulation test from 15 MW operation, all the control rods were inserted
simultaneously into the reactor core by gravity within the design criterion of 12 s because
the helium inlet temperature of the auxiliary heat exchanger was below 750°C. At the
simulation test from 30 MW operation, the outer nine pairs of the control rods were inserted
into the replaceable reflector region of the core within 12 s at first because the helium inlet
temperature of the auxiliary heat exchanger was 750°C, and 40 min later the other inner
seven pairs fell into the fuel region within 12 s.

About 2 s later from the reactor scram, braking of all the primary and secondary helium
circulators was initiated by flowing electric current from their associated batteries. Figures
3.3 and 3.4 show transient behaviors of the rotations of all the primary and secondary

helium circulators during the simulation tests from 15 and 30 MW operations, respectively.
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Although all the helium circulators for the primary pressurized water cooler are the same
dimensions, each of the helium circulators has its own characteristics of rotation, flow rate
and pressure rise. The braking stop times, when the rotations of the helium circulators
became to zero, were 10 s or less after the open of the reactor scram breaker.

About 50 s later from the loss of off-site electric power, the auxiliary cooling system and
the vessel cooling system started up by supplying electricity from two emergency power
feeders. Figures 3.5 and 3.6 show transient behaviors of the rotation and the flow rate of
the auxiliary helium circulators during the simulation tests from 15 and 30 MW operations,
respectively. About 1 s later from the startup of the auxiliary cooling system, the rotations
of the two auxiliary helium circulators reached about 3000 min-'. This rotation was kept for
about 2 s. After that, the rotations of the two auxiliary helium circulators rose up to about
8500 min-' at the constant rate by the automatic frequency control. About 14 s later from
the startup of the auxiliary cooling system, helium flow rates of the auxiliary helium
circulators (A) and (B) reached about 0.73 kg/s and about 0.75 kg/s respectively at the
simulation test from 15 MW operation, while they achieved about 0.85 kg/s and about
0.89 kg/s at the simulation test from 30 MW operation.

40 min later from the startup of the auxiliary cooling system, one of the two auxiliary
helium circulators stopped to reduce thermal stresses of the core graphite components,
and thus helium flow rates of the auxiliary helium circulator decreased to about 0.78 and
about 0.87 kg/s at the simulation tests from 15 and 30 MW operations, respectively. On
the contrary, all the time after the startup of the auxiliary cooling system, water flow rate

was fixed at about 20.0 kg/s by operating the two water pumps.
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Manual shutdown of off-site electric power of the HTTR

|

Decrease of flow rate of primary and secondary helium as well as water by
coastdown of all primary and secondary helium circulators as well as water
pumps for pressurized water, auxiliary and vessel cooling systems

|
Decrease to 92 % of total primary helium flow rate of intermediate heat exchanger
|
Reactor scram by reactor protection system and start of insertion of all control rods
|
Initiation of braking of all primary and secondary helium circulators

|

Startup of auxiliary cooling system and vessel cooling system by supplying
electricity from two emergency power feeders

|
Stop of one of two auxiliary helium circulators

Fig. 3.1 Sequence of dynamic components during loss of off-site electric power

simulation test from 15 MW operation
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Manual shutdown of off-site electric power of the HTTR

{

Decrease of flow rate of primary and secondary helium as well as water by
coastdown of all primary and secondary helium circulators as well as water
pumps for pressurized water, auxiliary and vessel cooling systems

'
Decrease to 93 % of total helium flow rate of primary pressurized water cooler

¢

Reactor scram by reactor protection system and start of insertion
of outer nine pairs of control rods

|
Initiation of braking of all primary and secondary helium circulators

|

Startup of auxiliary cooling system and vessel cooling system by supplying
electricity from two emergency power feeders

'
Start of insertion of inner seven pairs of control rods

|

Stop of one of two auxiliary helium circulators

Fig. 3.2 Sequence of dynamic components during loss of off-site electric power

simulation test from 30 MW operation
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4, Behaviors of Reactor and its Cooling System at Simulation Tests
4.1 Conditions of Reactor and its Cooling System before Simulation Tests

Conditions of the reactor and its cooling system before the simulation tests are
presented below. The simulation tests from 15 and 30 MW operations are designated as
HTTR-LP(15MW) and HTTR-LP(30MW), respectively. Table 4.1 shows the thermal power,
the reactor inlet and outlet coolant temperatures, the primary coolant pressure and flow
rate as well as the hot plenum block temperature before the simulation tests. Figure 4.1
shows a cross-sectional view of the graphite blocks just below the active reactor core.
Helium flows into the central penetration hole of the hot plenum block. Temperatures of
helium flow into seven hot plenum blocks are measured in each block. Temperature of
helium flow into the center hot plenum block was higher than those into the circumferential
hot plenum blocks. Helium temperatures at the center and the circumferential hot plenum
blocks were 478°C and about 470°C respectively before the simulation test from 15 MW
operation, while 853°C and about 832°C before the simulation test from 30 MW operation.
Temperatures of the hot plenum blocks are measured at representative three points.
Because no significant temperature difference among the hot plenum blocks appeared,
mean temperature among the hot plenum blocks was used for comparing with analytical
results.

Tables 4.2, 4.3, 4.4 and 4.5 show the temperature, pressure and flow rate of the
intermediate heat exchanger, the primary and secondary pressurized water coolers as
well as the air cooler for the pressurized water cooling system before the simulation tests,
respectively. The differential pressure between the primary helium and pressurized water
as well as that between the primary and secondary helium were kept at the fixed values
by the controlling systems. Tables 4.6 and 4.7 show the temperature, pressure and flow
rate of the auxiliary heat exchanger and the air cooler for the auxiliary cooling system
before the simulation tests, respectively. The auxiliary cooling system is in standby during

the reactor normal operation. During the standby, the two auxiliary helium circulators were
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not operated, however, a small amount of helium of 0.031 kg/s from the primary helium
purification system was provided into the auxiliary cooling system to keep the auxiliary
heat exchanger from thermal shock at the startup of the auxiliary cooling system.
Furthermore, water pressure of the auxiliary cooling system was regulated through its
controlling system, and one of the two water pumps for the auxiliary cooling system was
driven. The water flow rate in standby was fixed at 5.6 kg/s.

Pressure ratio of outlet to inlet and invariant power of the helium circulators are
denoted as functions of invariant rotation and invariant flow rate based on similarity law for
fluid machinery. Temperature rise by the helium circulator is evaluated using a
relationship among an invariant power, invariant flow rate and invariant rotation. Power is
estimated by multiplying helium flow rate, specific heat of helium, difference between
helium temperatures at inlet and outlet of the helium circulator. Invariant rotation (N’),

invariant flow rate (G’) and invariant power (Q') are calculated respectively from

N'=N/T, (1)
G'=G-\T /P 2)
0'=0/(F,-T) (3)

where N is the rotation (min-'), Ti is the helium inlet temperature (K), Pi is the helium inlet
pressure (kg/cm? abs), G is the helium flow rate (kg/s), and Q is the power (W).

Figures 4.2 and 4.3 show design performance curves of the helium circulators for the
primary and secondary helium cooling systems and the auxiliary cooling system,
respectively ©). Table 4.8 shows the pressure ratio of outlet to inlet and the invariant
power of the primary and secondary helium circulators before the simulation tests. Table
4.9 shows the typical pressure ratio of outlet to inlet of the auxiliary helium circulators

during the simulation tests.
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4.2 Transient Behaviors of Reactor and its Cooling System during Simulation Tests

Transient behaviors of the reactor and its cooling system during the simulation tests
are described below. Figures 4.4 and 4.5 show transient behaviors of the temperatures of
the hot plenum block, the reactor inlet and outlet coolant during the simulation tests from
15 and 30 MW operations, respectively. The hot plenum block temperature decreased
continuously after the startup of the auxiliary cooling system. The reactor inlet coolant
temperature reduced rapidly by the startup of the auxiliary cooling system about 50 s later
from the loss of off-site electric power. The reactor inlet coolant temperature decreased
suddenly by the stop of one of the two auxiliary helium circulators 40 min later from the
startup of the auxiliary cooling system, and since then it dropped gradually. The reactor
outlet coolant temperature reduced continuously due to the insertion of the control rods
and the startup of the auxiliary cooling system.

Figures 4.6 and 4.7 show transient behaviors of the primary coolant pressure and the
reactor power during the simulation tests from 15 and 30 MW operations, respectively.
The primary coolant pressure decreased gradually with reduction of the coolant
temperature. The reactor power dropped drastically by the insertion of the control rods,
and then the subcriticality of the reactor was maintained.

Figures 4.8 and 4.9 show transient behaviors of the heat removal of the auxiliary heat
exchanger during the simulation tests from 15 and 30 MW operations, respectively. About
50 s later from the loss of off-site electric power the auxiliary cooling system started up,
and subsequently about 10 min later flow rates and temperatures of helium and water
became steady. Then the heat removal of the auxiliary heat exchanger was approximately
1.8 MW at the simulation test from 15 MW operation, while it was approximately 4.0 MW
at the simulation test from 30 MW operation. The heat removal decreased suddenly by
the stop of one of the two auxiliary helium circulators 40 min later from the startup of the

auxiliary cooling system, and since then it dropped gradually.
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Table 4.1 Conditions of reactor before simulation tests

ltems HTTR-LP(15MW) HTTR-LP(30MW)
Thermal power 15MW 30MwW
Reactor inlet coolant temperature 242°C 392°C
Reactor outlet coolant temperature 468°C 828°C
Primary coolant pressure 2.9MPa(abs) 4.0MPa(abs)
Primary coolant flow rate 12.4kg/s 12.4kg/s
Hot plenum block temperature 391°C 677°C

Table 4.2 Conditions of intermediate heat exchanger before simulation tests

ltems HTTR-LP(15MW) HTTR-LP(30MW)

Primary helium inlet temperature 468°C 828°C
Primary helium outlet temperature 235°C 383°C

Primary helium pressure 2.8MPa(abs) 4. 0MPa(abs)
Primary helium flow rate 4.1kg/s 4.1kg/s
Secondary helium inlet temperature 158°C 248°C
Secondary helium outlet temperature 420°C 751°C

Secondary helium pressure 2.9MPa(abs) 4.0MPa(abs)
Secondary helium flow rate 3.6kg/s 3.6kg/s

Table 4.3 Conditions of primary pressurized water cooler before simulation tests

items HTTR-LP(15MW) HTTR-LP(30MW)
Helium inlet temperature 468°C 828°C
Helium outlet temperature 235°C 390°C
Helium pressure 2.8MPa(abs) 4.0MPa(abs)
Helium flow rate 8.2kg/s 8.2kg/s
Water inlet temperature 79°C 120°C
Water outlet temperature 100°C 160°C
Water pressure 2.3MPa(abs) 3.5MPa(abs)
Water flow rate 111kg/s 113kg/s

Table 4.4 Conditions of secondary pressurized water cooler before simulation tests

ltems HTTR-LP(15MW) HTTR-LP(30MW)

Helium inlet temperature 420°C 751°C
Helium outlet temperature 152°C 243°C

Helium pressure 2.9MPa(abs) 4.0MPa(abs)
Helium flow rate 3.6kg/s 3.6kg/s
Water inlet temperature 79°C 120°C
Water outlet temperature 100°C 158°C

Water pressure 2.3MPa(abs) 3.5MPa(abs)
Water flow rate 57kg/s 59kg/s
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Table 45 Conditions of air cooler for pressurized water cooling system before

simulation tests
ltems HTTR-LP(15MW) HTTR-LP(30MW)
Water inlet temperature 100°C 160°C
Water outlet temperature 45°C 66°C
Water pressure 2.2MPa(abs) 3.3MPa(abs)
Water flow rate 65kg/s 76kg/s
Air inlet temperature 7°C 8°C
Air outlet temperature 62°C 88°C
Air pressure 0.1MPa(abs) 0.1MPa(abs)
Air flow rate 270kg/s 370kg/s

Table 4.6 Conditions of auxiliary heat exchanger before simulation tests

ltems HTTR-LP(15MW) HTTR-LP(30MW)
Helium inlet temperature 426°C 754°C
Helium outlet temperature 74°C 97°C
Helium pressure 2.8MPa(abs) 4.0MPa(abs)
Helium flow rate 0.031kg/s 0.031kg/s
Water inlet temperature 59°C 63°C
Water outlet temperature 62°C 71°C
Water pressure 1.3MPa(abs) 2.3MPa(abs)
Water flow rate 5.6kg/s 5.6kg/s

Table 4.7 Conditions of air cooler for auxiliary cooling system before simulation tests

ltems HTTR-LP(15MW) HTTR-LP(30MW)
Water inlet temperature 62°C 71°C
Water outlet temperature 59°C 63°C
Water pressure 0.5MPa(abs) 1.5MPa(abs)
Water flow rate 5.6kg/s 5.7kg/s
Air inlet temperature 7°C 8°C
Air outlet temperature 8°C 9°C
Air pressure 0.1MPa(abs) 0.1MPa(abs)
Air flow rate 41kg/s 118kg/s
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Table 4.8 Pressure ratio of outlet to inlet and invariant power of primary and secondary

helium circulators before simulation tests
ltems HTTR-LP(15MW) HTTR-LP(30MW)
Helium circulator  PPWC IHX SPWC PPWC IHX SPWC

Flow rate 27kgls  4.1kg/s  36kgs  2.7kgls  4.1kgls  3.6kg/s
Inlet temperature ~ 234°C 235°C 153°C 385°C 383°C 243°C
Inlet pressure (abs) 2.8MPa  2.8MPa  29MPa  40MPa 40MPa  4.0MPa
Invariant fiow rate 7760 11700 9010 6220 9320 7070

Rotation 8000min”' 8770min' 8130mint 8160min' 8320min' 7760min-!
394 318 325 341

Invariant rotation 355 389
Pressure ratio 1.0165 1.0159 1.0203 1.0138 1.0114 1.0159
Power 61 194 64 34 220 101
0.1049 0.0326 0.2099 0.1080

Invariant power  0.0938 0.3004
PPWC: Circulator (B) for primary pressurized water cooler, IHX: Circulator for

intermediate heat exchanger, SPWC: Circulator for secondary pressurized water cooler

Table 4.9 Typical pressure ratio of outlet to inlet of auxiliary helium circulators during

simulation tests
ltems HTTR-LP(15MW)
Helium circulator Auxiliary helium circulator (A) Auxiliary helium circulator (B)
Flow rate 0.72kg/s 0.66kg/s 0.79kg/s 0.75kg/s 0.68kg/s
Inlet temperature 128°C 183°C 146°C 130°C 180°C
Inlet pressure (abs) | 2.8MPa 2.8MPa 2.7MPa 2.8MPa 2.8MPa
Invariant flow rate 1850 1800 2080 1920 1860
Rotation 8480min'  8480min'  8480min' | 8480min'  8480min
Invariant rotation 423 397 414 422 398
Pressure ratio 1.0066 1.0060 1.0055 1.0067 1.0061
ltems HTTR-LP(30MW)
Helium circulator Auxiliary helium circulator (A) Auxiliary helium circulator (B)
Flow rate 0.78kg/s 0.73kg/s 0.90kg/s 0.82kg/s 0.75kg/s
Inlet temperature 270°C 282°C 224°C 264°C 277°C
Inlet pressure (abs) | 3.9MPa 3.8MPa 3.8MPa 3.9MPa 3.9MPa
Invariant flow rate 1650 1560 1860 1720 1620
Rotation 8480min'  8480min'  8470min' | 8460min'  8460min’
Invariant rotation 364 360 380 365 361
Pressure ratio 1.0053 1.0050 1.0047 1.0053 1.0050
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Guide tube for thermocouple for measuring
helium temperature in hot plenum block

B; temperature of hot plenum block
H; temperature of helium flowing into hot plenum block

Fig. 4.1 Cross-sectional view of graphite blocks just below active reactor core
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Fig. 4.4 Transient behaviors of temperatures of hot plenum block, reactor inlet and outlet

coolant during loss of off-site electric power simulation test from 15 MW operation
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Fig. 4.5 Transient behaviors of temperatures of hot plenum block, reactor inlet and outlet

coolant during loss of off-site electric power simulation test from 30 MW operation
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Fig. 46 Transient behaviors of primary coolant pressure and reactor power during loss
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Fig. 4.7 Transient behaviors of primary coolant pressure and reactor power during loss

of off-site electric power simulation test from 30 MW operation
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Fig. 4.8 Transient behavior of heat removal of auxiliary heat exchanger during loss of

off-site electric power simulation test from 15 MW operation
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Fig. 49 Transient behavior of heat removal of auxiliary heat exchanger during loss of

off-site electric power simulation test from 30 MW operation
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5. Conclusions
In the rise-to-power test of the HTTR, simulation tests on loss of off-site electric power
from 15 and 30 MW operations were conducted on March 1 in 2001 and on March 6 in

2002, respectively. Through the simulation tests, valuable data were obtained to validate

analytical codes for plant dynamics of the HTGR such as ‘ACCORD’ code (. The

followings are the major results from the simulation tests.

(1) Because helium circulators and water pumps coasted down immediately after the loss
of off-site electric power, flow rates of helium and water decreased to the scram points.
About 50 s later from the loss of off-site electric power, the auxiliary cooling system
and the vessel cooling system started up by supplying electricity from two emergency
power feeders.

(2) At the simulation test from 15 MW operation, all the control rods were inserted
simultaneously into the reactor core by gravity. At the simulation test from 30 MW
operation,' the outer nine pairs of the control rods were inserted into the replaceable
reflector region of the core at first, and 40 min later the other inner seven pairs fell into
the fuel region. The reactor power dropped drastically by the insertion of the control
rods, and then the subcriticality of the reactor was kept.

(3) About 10 min later from the startup of the auxiliary cooling system, flow rates and
temperatures of helium and water of the auxiliary heat exchanger became steady.
Then the heat removal of the auxiliary heat exchanger was approximately 1.8 MW at
the simulation test from 15 MW operation, while it was approximately 4.0 MW at the
simulation test from 30 MW operation. 40 min later from the startup of the auxiliary
cooling system, one of two auxiliary helium circulators stopped. Temperature of hot
plenum block decreased continuously after the startup of the auxiliary cooling system.

SeqUences of the HTTR dynamic components were in accordance with the design. The
information in this paper will be helpful in performing future high temperature test

operation of the HTTR and in upgrading main components of the HTGR.
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