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Safety demonstration tests using the HT'TR are to be conducted from the FY2002 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 that is one of the Generation IV reactor candidates. ‘

This paper describes the reactivity insertion test (SR-3), the coolant flow reduction test by
tripping of gas circulators (S1C-3, S2C-3), and the partial flow loss of coolant test (SF-2) planned
in March 2005 with their detailed test method, procedure and results of pre-test analysis. From the
analytical results, it was verified that the negative reactivity feedback effect of the core brings the

reactor power safely to a stable level without a reactor scram.
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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 HIGRs (High Temperature Gas-cooled Reactors). The HTTR, which 1s
the first HT'GR in Japan with thermal power of 30MW and 950°C maximum reactor outlet coolant
temperature, was constructed at the Oaral Research Establishment of JAERI (Japan Atomic

Energy Reseatrch 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
rise-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 April 2004, during the fifth and final phase of the
rise-to-power test, the HTTR reached its maximum reactor outlet coolant temperature of
950°C®©. In June 2004, JAERI received an operation permit for the high temperature test
operation mode.

In safety demonstration tests using the HTTR, anticipated operational occurrences (AOOs) and
accidents will be simulated mostly without reactor 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, the coolant flow reduction test by
tripping one and two out of three gas circulators, and the partial flow loss of coolant test planned
during the RS-6 reactor cycle in February and March 2005 with detailed test method, test conditions,

and pre-test analysis. These tests will be performed with the reactor power at 80%.
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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) wi%.
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 dtives each pair of control-rods using an
AC motor. At a reactor scram, electromagnetic clutches of the control-rod drive mechanisms ate
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 (IHX), 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 paralle]l loaded
operation mode the PPWC and IHX 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-tods 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 intetlock to prevent any abnormal power distribution. The plant control system
keeps plant paraméters 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 FY2002 to
FY2005. 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 FY2002 at the reactor power of 30%
(IMW) as the safety demonstration pre-test. The reactivity insertion tests were conducted from the
reactor power at 50% (15MW) as SR-1 in the FY2002 and from the reactor power at 60% (18MW)
as SR-2 in the FY2003. The coolant flow reduction tests by tripping of one out of three gas
circulators were performed from the reactor power at 30% (9MW) as S1C-1 in the FY2002 and at
60% (18MW) as S1C-2 in the FY2003. The coolant flow reduction tests by tripping of two out of
three gas circulators were performed from the reactor power at 30% as S2C-1 and at 60% as S2C-2
in the FY2003. The partial flow loss of coolant test (SF-1) was performed from the reactor power
at 60% (18MW) in the FY2003.

In this FY2004, the reactivity insertion tests (SR-3), the coolant flow reduction tests by tripping
of gas circulators (S1C-3 and S1C-3) and the partial flow loss of coolant test (SF-2) will be
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conducted from the reactor power at 80% (24MW) and their details are shown in this report.

In the FY2005, the coolant flow reduction tests by tripping of gas circulators (S1C-4 and S1C-4)
and the partial flow loss of coolant test (SF-3) will be conducted from the reactor power at 100%
(30MW). Also the reactivity insertion tests (SR-3) and the coolant flow reduction tests by tripping
of one out of three gas circulators (S1C-5) will be conducted from the reactor power at 30%
(IMW) to confirm the reactor behaviour in the condition after getting up the reactor burn-up. |

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 in the
FY2006 after confirming safety features of the HITR by the phase I tests and obtaining new
licences. The phase II tests include:

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

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

Also a reactivity insertion test (larger than the phase I test), loss of heat removal test by stopping of
secondary cooling system which simulate an abnormal event in the heat utilization system such as

the hydrogen production system, etc®®(#) are the candidates for the phase II tests.
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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)
10.2 kg/s (High temperature test operation mode)

Graphite
29m

.23 m

2.5 MW /m?

Low entiched UO2
3~10 wt% (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 * Control-rods withdrawal rate : 1 or 5 mm/s temperatures

withdrawal test

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 pressute
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
Operation for Safety E E !I____-

Demonstration Tests

<_—__ Safety Case :$

Safety
Demonstration Tests

Phase [ Tests

SR: Reactivity Insertion
Test

SF: Partial Flow Loss
of Coolant Test

S1C: 1 Gas Circulator
Trip Test

S2C: 2 Gas Circulators
Trip Test

Phase Il Tests

S3C: 3 Gas Circulators
Trip Test

SV: Vessel Coaling
System Stop Test

SR-0: 30%

SR-1: 50%

~s
~
~

~~

SR-2: 60%

B Y - s

SR-3: 80%

SR-4:30%

SF-1: 60%

SF-2: 80%

SF-3: 100%

-

§1C-1:30%

S§2C-1: 30%

s1C-2: 60%)'
$2C-2: 60%

$1C-3: 80%
S2C-3: 80%

S1C-4:. 100%
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 HT'TR

Reactor References
Code Duration Ttem Pg}:)er Condition Plan  Results

SR-0 24-30 June 2002 : 30 ®) -

Reactivity insertion test

SR-1 10-11 March 2003 o of a pair of 50 Lowgndﬁliidgh | © (1012
control-tods withdrawal speed withdrawa
SR-2  22-23 February 2004 60 : (13) -
S1C-1 14 March 2003 30 © 149013
Coolant flow reduction One out of three
::eirszuti;,t:ip ping of a gas gas circulator trip
S1C-2 25 February 2004 60 (16) (17)
S2C-1 11 August 2003 30 (16)  (16)(18)
Coolant flow reduction
. Two out of three
test by tripping of gas ) .
circulators : gas circulator trip
S2C-2 5 March 2004 . 60 (13) (17

Coolant flow reduction
SF-1 24 February 2004 test by partial flow . 60
loss of coolant

2% reduction of
coolant flow rate

(13 an

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

SF:  Safety Demonstration Test, Coolant Flow Reduction Test by Partial Flow Loss of Coolant
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Control-rod

; Permanent
/ reflector block
y
Core restraint
mechanism
Replaceable
Fuel block reflector block
uel bloc
Reactor
pressure vessel
Main coolant Core support
outlet pipe “grid

Fig. 2.1 Vertical cross section of HTTR reactor



JAERI-Tech 2005-015

washs Fupjooo [ssaa pue wasks Furpoos remqrxne woyshs Surjo0o urew Sunsisuod swolsks Surjo0d J01ET Jo ureaderp onewaydsg 7790y

$1831 nONINPAI MO[J

JOIEOID $EF ATeIXny ¢ HOY !
F93ueyoxo 18y Lreixny : XHYV |
J01e[MOID $ES ATepUodeg :  HOg !

FI[00D FEM o
pasumnssard Arepuosag : Hmds | OMdS
JOIR[NOI s¥8 ATewisg : O e 4

39[000 J93EM [9SS9A JUIWIUTEIUOD T0JIEBIY

pasunssord Arewnid : Hmdd
FO3UBYIXD JBIY AVIPIWINUT :  XH]

L L
 E— [ —

wWISAs SUI00D [9sSI A

vy

Jue[000 e paddols 9q O, 4 woIshs Sufood urely . wlsAs Sugooo Aremxny
......... 3} - ST T dumd
] m I J91EM
_ m | Lremxoy
_ k L -
| L (£x) £ : i
@ va @m@ 103108y \:._f “ AMU
[00 e —i g _\:_ ; ] “ )
I9Yem PIsTINSSIIJ &) ! _ﬁllnj_ T @D |
“ OMdd 4 U | I9[00D JTE
dumd x3em | |; K DOVi Io3EMm
pasunssaxg | XHI |1 { XHV I Areqrxny
I b |
_ » _
i _
i .
i [
i _
_ |
_

— 1 () —



JAERI-Tech 2005-015

WILLH Jo wasds jonuod jue] ¢'73n]

192|000 Jajem paziunssald Alepuodas @ IMIS ainssald - d JoyenoJio seb Aepuodss : 993
13[009 Ja1em pazunssaid Arewid | OMdd sjel mol4 | 4 Jojenalio seb Auewid @ 09d
Jebueyoxa jesy ajelpaway] - XH | ainjesadwa] | J0)einoud seb Alelixny @ 9oV
191000 Jie XN} UOANSN N Jabueyoxa jeay Aelixny : XHY
Ja1em pazinssald : _ .v@
dwnd
0@.0 io)em pazinssald OMdd @l v@

10joeoy

o

wa)sAs uoneoyund
Aewud

fos

wa)sAs Aiddns pue
abelo)s aH Alewnd

fonuoo mojj
Juej00o Arewid

OMdd

wia)sAs uonedylnd
Aepuodeg

toroy

weyshs Aiddns pue
abelio)s a4 Alepuodes

—®

j0J}u0o ainssaud
[enualajip s
fepuodas/liewid

[0J3U09D
aimeladwa} Jajem
pazunssaid

®--

10JJU0D MO|]
juejc0o Alewud
XHI

[03U0D
alnssaid aH

043U
ainieiadwsal 19)ul
101089y

[oJ3u02 alnssaud i0j0e9Yy

[eljuaiaip Jajem
pazunssaid/lrewtd

puewap |0Ju0D




JAERI-Tech 2005-015

3. Reactivity Insertion Test by Control-rod Withdrawal (SR-3)

3.1 Test Program

The reactivity insertion test (SR-3:Safety demonstration test, Reactivity insertion test -3) petforming
without opetating the reactor power control system demonstrates that the rapid increase of reactor
power 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 core and the slow temperature transient in HTGRs. The peak power
value, decreasing power speed, etc. obtained duting the reactivity insertion test will be utilised 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-3 are as follows:

- Operation mode Rated operation mode, Single loaded operation mode
- Initial reactor power 80% (24MW)

- Reactor outlet coolant temperature Below 850°C

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

- Withdrawal speed 1.5mm/s, 4.5 mm/s

- Reactivity insettion rate 1.7x10-5 Ak/k/s, 5.1x10-5 Ak/k/s

- Withdrawal length 20mm, 30mm, 40mm

- Reactivity to be inserted 2.3x104 Ak/k, 3.4x10- Ak/k, 4.6x10-4 Ak/k

The test case of the SR-3 ate 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-3 are as
follows:

- Reactor power (Power range monitoring)

- Reactivity

- Control-rod position

- Inlet tempei:ature 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

Duting 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 ate 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 (iif)’
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 paits)
except the centre pair of control-rods s 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 is not changed by the ‘operation mode (iii)’, so the maximum withdrawal distance

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

(2) Test Procedure
The test procedure of the reactivity insertion test is shown in Fig, 3.1. The ‘operation mode (iif)’ 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 (iti)’ 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(9. 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 cote,
(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) 2.3x10* Ak/k (20mm)
3.4x10 Ak/k (30mm)
4.6x10* Ak/k (40mm)

- Reactivity coefficient of fuel temperature -4.0X105 Ak/k/°C

- Reactivity coefficient of modetator temperature  -2.1X10- Ak/k/°C

(2) Analytical Results

The transients of the reactor power at the reactivity insertion test with the reactor power at 80%
(24MW) are shown in Fig3.2.

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 during the test, the reactor power is increased to about 85%-91% within about 30 seconds
depending on the withdrawal rate and distance. However, the reactor power is diminished to a stable
level of about 81%-82% 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 hd 1 inserted reactivity
case power withdrawa withdrawal
rate . reactivity insertion rate
distance
(Ak/k) (Ak/k/s)
24MW1.20 20 mm 2.3x10+4
24MWL30 1.5 mm/s 30 mm 3.4x104 1.7x10-5
24AMWLAO  80% 40 mm 4.6x10
24MWH20 (24 MW) 20 mm 2.3%10-4
24MWH30 4.5mm/s 30 mm 3.4x10-4 5.1x105
24MWH40 40 mm 4.6x104
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Table 3.2 Function of operation-mode selection equipment

Test item Turning on conditions  Turning off conditions l‘unctions after turning on Mode
number
(1) Rated operation The difference (1) Change of the pattern-interlock (ti1)
Reactivity mode between the sct-value sct-value of the centre
insertion test R of the reactor power control-rod
(@) Single 1 oaded ) control system and the . £ th .
- Q()ntrol—rod operation mode measurement value of - ) \);/;thd.m‘wa)l 0 tt tcilc)(m\tri)l—‘rods
withdrawal test  (3)  Reactor power the reactor power is in (15 pairy) LXFFP ¢ centie
30% — 80% the regulated valuc. control-rod is prevented.
(,()olm?t flow 1) Rated operation None At the 850°C opcration, the 11
reduction test P P
: mode set-value of primary coolant
- Partial loss of . flow rate cannot change to the
coolant flow @ blnglet;:)adcd de value below the set-value of
test operation mode reactor scram.
1) Rated opcration T'he difference 1)  Withdrawal of the control-rod {
P
Coolant flow mode between the set-value (16 pairs) is prevented.
reduction test (2) Single operation of the reactor power (2) The sct-values of the scram of
control system and the .
. mode . primary coolant flow rate of
- Gas measurement value of PPWC low”. “core differential
circulators trip the reactor power is in - oW ’, cor(_“ ticrentia
test the regulated value. pressure low” and “scactor
outlet coolant temperature
high” arc changed.
Table 3.3 Calculation results
.. Control-rod Control-rod . .
Initial . . Maximum Final steady-state
Case withdrawal withdrawal
power . power power
rate distance
24MW1.20 20mm 85% 81%
24MWL30 1.5 mm/s 30mm 88% 82%
24MWILA0 g0, 40mm 90% 82%
24MWH20 (24 MW) 20mm 85% 81%
24MWH30 4.5 mm/s 30mm 88% 82%
24MWH40 40mm 91% 82%
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Fig. 3.1 Test procedure of reactivity insertion test by control-rod withdrawal

94 | I

S u——
24MWL40 (1mm/s, 40mm)

2‘

24MWH40 (5m‘m/ s, 40mm)
92 S, .T e et

1
90 | ‘
24MWH30 (5mm/s, 30mm)

24MWH20 (5mm/s, 20mm)

IMWL30 (1mm/s, 30mm)

B4 [ e e

82

~ 24MWL20(1mm/s] 20mm)
| |

|

| |
78 | |
-20 0 20 40 60 80 100
Time(s)

Fig. 3.2 Calculation result of transient of reactor power at reactivity insertion test by

control-rod withdrawal

120



JAERI-Tech 2005-015

4. Coolant Flow Reduction Test by Trip of Gas Circulator (S1C-3, S2C-3)

4.1 Test Program

The coolant flow reduction test by tripping gas circulators (S1C-3; Safety demonstration test of
One out of three gas circulators trip test =3, S2C-3; Safety demonstration test of Two out of three
gas circulators trip test -3) 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 S1C-3 and S2C-3 are shown in Table 4.1. In the tests, the primary
coolant flow rate is reduced by running down one or 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 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

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 caused by the shutdown signal: ‘reactor outlet coolant

temperature is high’ by the increasing of reactor outlet coolant temperature due to the stop of gas
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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
equipment as well as preventing wrong operation by an operator.

To maintain the conttol-rods positions during the tests, the selection equipment of the
operation-mode is regulated such that the control system of the reactor power is a 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 one gas circulator trip test, the gas circulator No.
A at the PPWC are stopped. In the two gas circulators trip test, the gas circulators No. A and No. C
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:
One and two out of three gas circulators trip test with the reactor power at 80%
- Reactivity coefficient of fuel temperature -4.0x105 Ak/k/ °C
- Reactivity coefficient of moderator temperature -2.1x105 Ak/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 6.5X10-3
- Prompt neutron lifetime 9.4X104s
The decrease flow-rate characteristics of the primary helium gas circulators are the measured

data of the previous one or two gas circulators trip test with the reactor power at 30%.

(2) Analytical Results
The transients of the reactor power and primary coolant flow rate at the one and two gas
circulator trip test with the reactor power at 80% (24MW) are shown in Fig. 4.2 (one gas circulator

trip test) and Fig. 4.3 (two gas circulator trip test) respectively.
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The flow rate of the primary circuit decreases within 10 seconds after tripping gas circulators. The
reactor power is diminished by the negative reactivity feedback effect due to the increase 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 rates become 66%(one gas circulator trip) and
33%(two gas circulator trip) of the initial values and the reactor powers are finally reached to about

58%{one gas circulator trip) and 31%(two gas circulator trip).

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

One gas circulator trip test Two gas circulator trip test
Operation mode Rated operation mode, single loaded operation mode
Initial Reactor power 80%  (24MW)
Reactor outlet temperatute Below 850°C (Initial)

Below 950°C (During the test)

HGC to be stopped One Two
HGC for PPWC No. A HGC for PPWC No. A and C
HGC Helium 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 procedure of coolant flow reduction test by trip of gas circulators
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5. Coolant Flow Reduction Test by Partial Flow Loss of Coolant (SF-2)

5.1 Test Program

The coolant flow reduction test by partial flow loss of coolant (SF-2: Safety demonstration test,
coolant flow reduction test by partial flow loss of coolant -2) 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 80% (24MW)

- Set-value of primary coolant flow rate  15.07t/h (Initial), 14.77t/h (Duting 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
SFE-1 are as follows:

- Reactor power (Power range monitoring)

- Reactivity -

- Reactor core differential pressure

- Coolant flow rate

- Inlet temperature of the cote

- 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 measuting the
neutron flux, reactor outlet coolant temperature, primary circuit flow rate, pressure, etc. for about
four houts, the primary coolant flow rate is incteased 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 80% (24MW) 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 ptimary 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 80% by a reactor power control system,
though the reactor power decreased about 0.5% due to the negative reactivity feedback effect of

the core.

Start

Y

Confirmation of initial conditions

Y

Turn on the partial flow loss of coolant test mode

Y

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

Y

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

¥

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

V

Turn off the partial flow loss of coolant test mode

L]

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 insettion test by means of a pair of control-rod withdrawal, coolant flow reduction
tests by tripping one and two out of three gas circulators, and partial flow loss of coolant test with
the reactor power at 80% ate planned in February and March 2005. 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.

Acknowledgment

The authors would like to express their appreciation to Messrs. Satoshi Shimakawa and Naoki
Nojiri of JAERI for their efforts to evaluate nuclear parameters such as control rod worth,
temperature coefficient of reactivity, etc. The authors also would like to express their appreciation
to Mr. Shoji Katanishi, Mr. Yoshihiro Komori, Dr. Yoshinari Anoda, Mr. Hideyuki Hayashi, Mr.
Toshio Nakazawa, Mr. Toshihiko Mizushima, Mr. Kozo Kawasaki, Mr. Yukio Tachibana, and Mr.

Tatsuo Iyoku of JAERI for their useful comments and advice.

References

(1) S. Saito, et al: JAERI 1332, “Design of High Temperature Engineering Test Reactor (HTTR)”
(1994).

(2) S. Fujikawa, et al: “Rise-to-Power Test of the HTTR (High Temperature Engineering Test
Reactor),” Niton-Genshiryokn-Gakkai Shi (J. At. Energy Soc. Jpn.), 1[4], 361 (2002), (in Japanese).

(3) S. Nakagawa, et al: JAERI-Tech 2002-069, “Rise-to-power Test in High Temperature
Engineering Test. Reactor — Test Progress and Summary of Test Results up to 30MW of
Reactor Thermal Power —” (2002) (in Japanese). ’

(4) N. Sakaba, et al: JAERI-Tech 2003-043, “Test Plan of the High Temperature Test Operation at
HTTR?” (2003) (in Japanese).

(5) S. Fujikawa, et al: “Achievement of Reactor-Outlet Coolant Temperature of 950°C in HTTR,”
J. Nucl. Sci. Technol., 41[12], 1245 (2004).

(6) K. Takamatsu, et al: JAERI-Tech 2004-063, “Rise-to-power Test in High Temperature

Engineering Test Reactor in the High Temperature Test Operation Mode — Test Progtress and

—25—



JAERI-Tech 2005-015

Summary of Test Results up to 30 MW of Reactor Thermal Power — (2004) (in Japanese).

(7) Y. Tachibana, et al: JAERI-Tech 2002-059, “Safety Demonstration Test Plan of the High
Temperature Engineering Test Reactor (HTTR)” (2002) (in Japanese).

(8) Y. Tachibana, et al: Nuc/ Eng. Des., 224, 179-197 (2003).
(9) S. Nakagawa, et al: JAERI-Tech 2003-049, “Safety Demonstration Test (SR-1/S1C-1) Plan of
HTTR (Contract Research)” (2003) (in Japanese). |
(10)N. Sakaba, et al: Proc. of Mechanical Engineering Congress, 2003 Japan (MECJ-03), 2220
(2003) (in Japanese).

(11) K. Takamatsu, et al: Proc. of AESJ March Meeting, P62, (2003) (in Japanese).

(12)S. Nakagawa, et al: Proc. of ICAPP’04, “Validation of Core Dynamics Analytical Model of
HTGR through Safety Demonstration Test,” 4244 (2004).

(13) N." Sakaba, et al: JAERI-Tech 2004-014, “Safety Demonstration Test (SR-2/S2C-2/SF-1) Plan
using the HTTR (Contract Research)” (2004).

(14)Y. Tachibana, et al: Proc. of GENES4/ANP2003, “Safety Demonstration Test using High
Temperature Engineering Test Reactor (HT'TR),” 1095 (2003).

(15) K. Takamatsu, et al: Proc. of NUTHOS-6, “Temperature Transient Analysis of Gas Circulator
Trip Test Using the HTTR,” N6P220 (2004).

(16)N. Sakaba, et al: JAERI-Tech 2003-074, “Safety Demonstration Test (S1C-2/S2C-1) Plan of
HTTR (Contract Research),” (2003).

(17)N. Sakaba, et al: Proc. of AES] Fall Meeting, 2004 Japan, C52, (2004) (in Japanese).

(18)N. Sakaba, et al: Proc. of GLOBAL 2003, “Safety Demonstration Test Plan of HTTR —
Overall Program and Result of Coolant Flow Reduction Test,” 293 (2003).

(19) T. Takeda, et al: JAERI-Data/Code 96-032, “Development of Analytical Code ACCORD’ for
Incore and Plant Dynamics of High Temperature Gas-cooled Reactor (HTTR)” (1996) (in

Japanese).



PR AR (ST) & Bk

F 1 SIEEAHTE X MY HA; F2 SILOtREn 8L x5 SHEHGE
&7 % W L 5 EZI L5 % RO i
R’ XA = F 1 m 4r, ®, H | min, h, d 10% | = » ¥ E
" Bl¥w s 3 n kg %, N, B L 0% <~ ¥ P
R i5] ®» S Yy v AL L 107 | + 7 T
& W7z v R 7 A b ot 10° | ¥ H G
%j)??ﬁg 7 N Gl K ﬁ?"'ﬁ Nk eV 10(; A el M
W H B|e )% mol ETEREYE | u 10° X = k
Vi Eir v F 3 cd 108 ~ 7 b h
FH Al 57 o T 1 eV=160218%10 ~**J 100 | ¥ A da
it ARFICTY | 1 u=166054x10 kg 0] ¥ | d
107% & » ¥ c
. I 1w =y m
®£3 EHOAHE D OSIHL Y 10| 4 2m "
y aiaa | UOSUHLE F4  SIESLTEENIC 10°¢| + Vi n
it BB RR Ly el HEFE 2 B B 0 e a3l p
54 W Ml~ N v Hz| s %W oo 107" 724k f
o == byl NG mekgst Avyaro-n| A 0 7 b] o oa
. n W8 A A | Pa | N/m? 8 - > b R
LRAEEE MG S 2 — 4] ) | Nem s — ! bar (E)
LK, w7y v bW | s 7 N Gal 1. ®1-5 3 "HEEREAS, W5 10
AR ,BH| 7 - v v C | As ¥ 2 0y = Ci BERER 19854 IITIC L 3, 7L, 1eV
Ay, W\, BULE A BV WA P R B& U1 uoffilt CODATAD 9864 5
& % on ile = 0l g S;X 7 F| rad il & > 7,
S L - L I rem 4121356 5 -
ALY sy R|Y—RArR| S | AV 2 §‘4i‘m’m’ 77 7,‘:' ~77
e gilw = — | Wb | ves 1 A=0.1nm=10 “m —“NHFENTVEDBUBEORLAEDOTT
oM@ m)7 A 7| T | Whm 1 b=100fm?=10"*m? TR 1
~ a ~ N — TRy TN T A de N
L v Fr s / X ~ v U : DH Wb/A 1 bar=0.1MPa=10Pa 3. bar i, JISTRHEADIENEZLHTY
ATy ABE| L AR C T, BIROK2DHFI) —lcpHEATY
N ) . 1 Gal=lcm/s*=10"*m/s* :
b |V — * v Im | cdesr ) o 3,
”ﬁ il O Bl 18719 Ba 4. ECHMEI&IEHTIS bar, barnk X
e Py #lx 2 v a| Bg| s 1R=2.58x10"*C/kg : I ’
N s U TUE BRI, mmHgE&20h 57T
WOl B |7 L 4| Gy | ike Irad=1cGy=10"*Gy —EARTOS
wOR % B|y—<ub| S| Jke 1 rem=IcSv=10"*Sv i :
71| N(=10°dyn) kgf Ibf £} MPa(=10bar)| kgf/cm? atm mmHg(Torr)| 1bf/in?(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062x10° 145.038
9.80665 1 2.20462 J1| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
Hi KL 1Pa-s(N-s/m?)=10P (£7 X)(g/(cm-s)) 1.33322x107* | 1.35951x107% | 1.31579x10"* ] 1.93368x10
BRI 1m?/s=10°St(A } — 27 R)(cm?¥/s) 6.89476x107* | 7.03070x 1072 | 6.80460 X102 51.7149 ]
;_E J(=107 erg) kgf-m kW-h cal(FH &%) Btu ft-1bf eV 1 cal= 4.18605J (& &%)
;3; 1 0101972 | 2.77778x1077| 0.238889 | 9.47813x107% | 0.737562 | 6.24150x10% = 4.184] (2L¥)
i 9.80665 1 2.72407x107|  2.34270 9.29487x107%| 7.23301 612082 %10 - 4.1855] (15%C)
% 3.6X10° 3.67098 x10° 1 8.59999 x10° 3412.13 2.65522x10° | 2.24694 x10% = 4.1868]) (EERLE)
o 418605 0.426858 | 116279x107¢ 1 3.96759x1071|  3.08747 | 2.61272X10°  fruw | PS({LIE /)
. ,
& 1055.06 107.586 | 2.93072x10 252.042 1 778172 | 6.58515%10% _ 75 kgf-m/s
1.35582 0138255 | 3.76616 X107 . ) -3 . 18
16x10 0.323890 | 1.28506x10 1 8.46233%10 - 735.499W
1.60218 X107 | 1.63377 x107%°| 445050 x10-%| 3.82743x10-2°| 151857102 | 118171 x10" ] :
4 Bq Ci % Gy rad ;ﬁ C/kg R B Sv rem
g‘é 1 2.70270x10™" # 1 100 d ] 3876 g 1 100
i
3.7x10 1 0.01 1 2.58x10~ 1 0.01 1

(864F12H26 HBITE)



()
(]

U

EHHEERIC0%BERERRLTVET



