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ABSTRACT 

Tsing Hua Open Pool Reaction (THOR) is the first nuclear 

reactor to become operational in Taiwan. It reached its first 

critical on April 13, 1961. Until now, THOR has been operated 

successfully for 27 years. The major missions of THOR include 

radioisotope production, neutron activation analysis, nuclear 

science and engineering researches, education, and personnel 

training. 

The THOR was originally loaded with HEU MTR-type fuels. 

A gradual fuel replacing program using LEU TRIGA fuel to re

place MTR started in 1977. By 1987, THOR was loaded with all 

TRIGA fuels. 

This paper gives a brief history of THOR, its current 

status, the core conversion work, some selected research topics, 

and its improvement plan. 
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Introduction 

Three of the six research reactors in Taiwan are located 

at National Tsing Hua University (NTHU). They are, namely, 

the 1 MW Tsing Hua Open Pool Reactor (THOR), the 10 kW Tsing 

Hua Argonaut Reactor (THAR), and the zero-power Tsing Hua Mo

bil Educational Reactor (THMER). The specifications and per

formances of THOR, THAR, and THMER are listed in Table 1. 

This paper deals with operational experiences and utilizations 

of THOR only. 

THOR is the first nuclear reactor to become operational 

in Taiwan, ROC. It was originally designed by General Electric 

Co. (USA), was constructed in 1958 by the faculty members of 

NTHU, and went critical for the first time on April 13, 1961. 

THOR is an one megawatt (nominal), light water moderated and 

cooled thermal reactor. The irradiation facilities include a 

thermal column, 6 beam ports, 2 through ports, 11 irradiation 

tubes and 2 pneumatic tube irradiation system. The highest 

13 2 neutron glux reaches 1.6 x 10 n/cm -sec. 

Services and Utilization 

Isotope production is one of the major missions of THOR. 

Twenty-seven kinds of radioisotopes have been produced since 

1961 in THOR. Up to now, more than 350 curies of radioisotopes 

were produced to partially meet demands from users including 

hospitals, research institutions, universities, and industries. 
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Irradiation and activation analysis using THOR have been 
9 _ c 

well developed in the past two decades . Techniques of In

strumental Neutron Activation Analysis (INAA), Radiochemical 

Neutron Activation Analysis (RNAA), and Prompt Gramma-ray 

Activation Analysis (PGAA) have all been developed using THOR 

neutrons« The above techniques have been used in the analysis 

of (1) semiconductor materials ; to determine ppb level of 

trace elements in Si, GaAs, etc., (2) biological materials: 

to determine trace elements such as Cd, Hg, As, Mo, Se, Co, 

Zn, Cu, etc. in various samples, and (3) environmental materials 

: to determine trace (toxic) elements such as Cd, Hg, and Pb in 

various environmental and food samples. 

1 
Conversion to TRIGA core 

The THOR was originally loaded with MTR plate-type HEU 

(93% enrichment) fuels. Later on, considering the availabili

ties, the MTR fuels were gradually replaced by the TRIGA rod-

type LEU (20% enrichment) fuels. As a result, from 1977 to 

1987, the THOR had been operated on a mixed MTR/TRIGA core. 

Finally, in August 1987, all the remaining 33 MTR fuel 

assemblies were removed at one time and the core was loaded 

using all (four-rod cluster) TRIGA fuels. Figures 1 and 2 

show respectively the THOR core configurations before and after 

the core convertion in August 1987. 

The power was calibrated by calorimetric procedure. The 
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experiments were performed in the high-power pool. The low-

power pool was seperated by the high-power pool using an in-

solated gate during the experiment (Fig. 3). Up to 15 thermal 

couples were used for coolant temperature measuremtn. The 

changes of water temperature with time were recorded and the 

reactor power was determined using the equation P=mC dT/dt 

where m is the water mass and C the specific heat. To increase 

the accuracy of this power calibration, two submergible pumps 

were used for better heat transfer. Furthermore, the coolant 

in the high-power pool was divided into 4 layers (layer I to 

IV, Fig. 3) and reactor power was calculated based on the aver

age temperature slope (dT/dt) and the water mass of each layer. 

Table 2 illustrates the data obtained in one of the experiments. 

Some On-going Research Topics 

1. Fuel burnup determination by iterative approach 

Due to the lack of detailed operational history, it is ex

tremely difficult to determine the THOR fuel burnup values by 

calculations alone. Experimentally, it is most common to use 
-| n / T O T 

the Cs to Cs activity ratio to determine the burnup value. 

In addition to using the long half-lived Cs/ Cs ratio, 

another method using the short half-lived La is also deve

loped at NTHU. The La activity was accumulated through re-

irradiation of the spent fuel using THOR neutrons . 

A computer program was first written to calculate the ac-

1-58 



1 Q/ i o "7 

cumulation and decay of Cs, Cs and fuel burnup as well, 

based on the assumption of ~ 40 hr./week operational history 

of THOR with an initial guess of neutron flux. After the first 

iteration, the calculated Cs/ Cs ratio is compared with 

the measured value and the magnitude of neutron flux is modi

fied accordingly for a next iteration« The iteration process 

goes on until the calculated Cs/ Cs values converge to 

the measured values. The burnup values are thus determined in 

the final iteration. 

Another computer program was written to calculate the 
1 / C\ 0 *5 ̂  

La activity based on an initial guess of U density and 

the measured neutron flux (at the time of fuel re-irradiation 

in THOR). Similar iteration procedure is used until a conver-
235 

ged value of U density (and thus the burnup value) is re
ached. 

Four group cross sections generated through WIMS/CITATION 

code package were used in the above burnup calculations. 

Figures 4 and 5 show the burnup values, of two of the THOR 

spent MTR fuel, estimated based on 34Cs/ Cs ratio and La 

activity, respectively. The agreement between the two methods 

is quite good. The most distinct advantage of this method is 

that the information on detailed operation is not necessary. 

Especially when La is used.no operation history is needed. 

2. THOR automatic power-regulating system 

The THOR power regulation is controlled by a servo blade 

connected to a two-phase servo shunt motor with tacho meter. 

The up-and down-movement of the servo blade and its moving 
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speed are determined by the difference between the (fission 

chamber) detected power and the pre-set (required) power. This 

power-regulating system can successfully handle the narrow-range 

power change and the Xe build-up. While in the wide-range power 

change, the phenomena of overshooting and undershooting have 

been observed (Fig. 6). 

To solve the problem of overshooting and undershooting, a 

microcomputer based power-regulating system is designed . The 

new system is controlled based on the comparison between an 

"available time" Ta and a "required time" Tr. The on-line test 

of the new system shows good control of power regulation (Fig.7). 

It is also found that if wide range power regulation is to be 

applied, the current THOR servo blade has to be replaced by a 

blade with higher reactivity worth in order to compensate for 

the negative temperature reactivity feed back. The soft-ware 

flow chart and hard-ware block diagram are shown in Figs. 8 and 

9 respectively. 

3. THOR neutron life-time and sub-criticality measurement 

This work is to use autoregressive moving average model 

(ARMA) to identify THOR neutron-noise transfer function. This 

can further be used in the measurements of neutron life-time 
g 

and sub-criticality . Based on ARMA method, the THOR neutron 

life-time was found to be ~94 ^sec (Table 3), while the re

actor is in critical state. When the reactor was operaterated 

in sub-critical states A and B (Table 4), the sub-criticality 

was estimated using stable-period method,source-multiplication 

method, and neutron noise-analysis method, respectively. The 
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results are listed in Table 5. Studies are still going on for 

the improvement of the application of this noise-analysis tech 

nique. 

Scheduled System Improvement 

1. A third pneumatic tube is to be added into THOR in year 1988. 

2. An additional vertical irradiation tube is to be added into 

THOR core center in year 1988. 

3. A GA designed microprocessor based reactor control system 

is to be installed at THOR in year 1989. 
O C T 

4. A ^JiCf neutron-source-driven subcritical assembly using 

TRIGA LEU fuels is to be installed in year 1989. 

5. Conversion of the THOR thermal column into a deep-penetra

tion shielding-experiment assembly is scheduled in year 

1989-1990. 

6. A power pulsing mechanism is planned to add into THOR in 

year 1990. 

7. THOR power upgrates to 3MW/5MW in year 1991. 
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A-D : vertical tube 

ure 1. THOR core configuration before core conversion 
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Figure 2. THOR core configuration after core conversion 
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I i 1 t 

x : thermal couple 

Figure 3. Layout of THOR power-calibration instrument arrangement 
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Figure 4. 
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Figure 5. THOR F1-24 fuel axial burnup distribution 
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Figure 6. THOR power regulating curve 
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Figure 7. THOR power regulating curve using new system 
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Figure 9, Hard-ware block diagram of THOR new servo control system 



Table 1 

Specification and performances of THOR, THAR, and THMER 

Reactor 

Construction began 

First criticality 

Thermal output 

Maximum £^ 

(nth/cm
2-s) 

Nuclear fuel 

Type 

Core dimension 

Neutron Moderator 

Neutron reflector 

Reactor shielding 

Irradiation 

Facility 

Reactor codent 

Typical operation 

Full power operation 

Cumulative operation 

Major 

Activity 

Reactor designer 

THOR"" 

1958 MAY 

1961 APR. 

1,000 kW 

1.6 x 1013 

(at 1,000 kW) 

20%235U-Rods(TRIGA) 

90%ZOJU-Plates(MTR) 

18" x 15" x 24" 

Lighter water 

Graphite 

H£0 + Concrete 

tube x 11 

beam port x 7 

Thermal column x 1 

H20 

50 hours/week 

1800 hours/year 

1600 MW^Day 

Education 

Training 

Research 

Service 

GE (USA) 

THAR 

1973 OCT. 

1974 APR. 

10 kW 

5 x 1011 

20%235U-Plate 

24MD x 24" 

Light water 

Graphite 

Concrete 

tube x 2 

beam port x 1 

H20 

30 hours/week 

80 hours/year* 

30 kW-Day 

Education 

Training 

ANL (USA) 

THMER 

1973 APR. 

1975 NOV. 

0.1 W 

5 x 106 

20%235U-Disks 

9.4"D x 11" 

Polyethylene 

Graphite 

Pb + H3BO3 

beam port x 4 

n/a 

Upon request 

40 hours/year 

50 W-Day 

Education 

Training 

Research 

NTHU (ROC) 

"At reduced power level of 0.1 kW 
- 1 -

"Before conversion to all TRIGA core 
-1. 

"Since Aug., 1987, TH0R often operates at 1200kW. 
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Table 2 
THOR power calibration data at nominal power 300 kW 

(based on fission chamber #1) 

H2O volume 

47642 

15581 

3936 

8192 

75651 

before core conversion 

temp, slope 

(°C/sec) 

0.07034 

0.04327 

0.05385 

0.03641 

power 

(kW) 

234.58 

47.19 

14.84 

20.88 

317.49 

after core conversion 

temp, slope 

(°C/sec) 

0.07584 

0.059 

0.06966 

0.06966 

power 

(kW) 

252.9 

64.35 

19.19 

39.95 

376.39* 

Power indication on control panel were modified accordingly, 
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Table 3 

Effective neutron life time determined by noise analysis 

reactor 

condition 

critical 

critical 

data 

length 

1024 

4096 

blvarlate 

neutron lifetime 

95.1 usEC 

93.6 usEC 

univariate 

neutron lifetime 

93.5 usEC 

96.5 usEC 

Table 4 

Critical and subcritical states for experiments 

Blade 

# 1 • 

# 2 

# 3 

servo 

Critical 

14.28 

14.28 

14.28 

20.00 

State A 

14.28 

14.28 

14.28 

16.00 

State B 

14.28 

14.28 

14.28 

12.00 

Table 5 
Subcriticality measured by three methods 

method 

stable period 

source multiplication 

noise analysis 

state A 

-0.2040 dollar 

-0.1444 dollar 

-0.1937 dollar 

state B 

-0.5018 dollar 

-0.3756 dollar 

-0.4205 dollar 
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