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Abstract – Helium is the primary coolant in HTR-PM. If vapor get into the helium 
in primary coolant circuit  because of some special reasons, such as the broken of 
steam-generator tube, chemical reaction will take effect between the graphite in 
reactor core and vapor in primary coolant circuit, and the safety of the reactor 
operation will be influenced. So the humidity of the helium in primary coolant 
circuit is one key parameter of HTR-PM to be monitored in-line. Once the humidity 
is too high, trigger signal of turning off the reactor must be issued. The hygrometry 
system of HTR-PM is consisting of filter, cooler, hygrometry sensor, flow meter, and 
some valves and tube. Helium with temperature of 250℃ is lead into the hygrometry 
system from the outlet of the main helium blower. After measuring, the helium is re-
injected back to the primary circuit. No helium loses in this processing, and no other 
pump is needed. Key factors and calculations in design on hygrometry system of 
HTR-PM are described. A sample instrument has been made. Results of experiments 
proves that this hygrometry system is suitable for monitoring the humidity of the 
primary coolant of HTR-PM. 

 
I. INTRODUCTION 

 
For module high-temperature gas-cooled reactor 

(HTGR), water ingress to the primary circuit of 
reactor is an important and particular accident, and 
may cause serious result [1]. In this accident 
situation, steam can erode the structural graphite and 
break its wholeness, then the safety of reactor will be 
influenced [2]. Broken of steam-generator tubes is 
the main reason to cause the water ingress accident. 
High humidity of the primary circuit will cause the 
power and temperature of reactor goes up because of 
the positive reactivity introduced by steam, and on 
the other hand, water-gas will be generated by the 
chemical reaction between steam and graphite. Both 
these two factor may cause the pressure of primary 
circuit exceeding the limit to open the safety valve, 
and the coolant being released into environment. So 
the humidity signal is a key parameter for reactor 
safety. Referring to the designing of primary circuit 
hygrometer system of HTR-10, class-1E hygrometer 
system is developed to monitor the humidity of 
primary circuit inline, the 4~20mA signal is imported 

into reactor protect system. Qualification tests are 
carried out to make sure the availability of the 
system. 
II. DESCRIPTION OF HYGROMETRY SYSTEM 

 
As shown in fig.1, the hygrometer system is set in 

the room for primary circuit process instruments. 
Helium is lead out from the outlet of helium 
circulator. After go through a penetration and two 
electric valves, the helium get into the hygrometer 
system. After measuring, the helium is injected back 
to the inlet of helium circulator, through another one 
penetration and two electric valves. The humidity 
level of the helium is transferred into 4~20mA 
current signal since ppmv as the unit. This 4~20mA 
current signal is received by Reactor-protect system 
as a protection signal. 

Easidew Pro I.S. hygrometer sensor, made by 
Mechelle Instrument Corporation in UK, is used to 
transfer the humidity level into current signal. This 
sensor’s precision is ±1 dew point temperature, 
supply power can be 12~28 volt DC, output signal is 
4~20mA linear current, and max working pressure 
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up to 45MPa. The unit of output signal can be set as 
dew point temperature, ppmv, ppmw, etc. Then this 
sensor is suitable for measuring the helium humidity 
level.  

 
Fig. 1: Installation of Hygrometer System. 

 
The power forcing helium flow ahead is only 

derived from the differential pressure of the helium 
circulator, no other pumps are employed. This design 
can improve the reliability of the hygrometer system. 
Max temperature hygrometer sensor working in is 
only 70℃, while the helium lead out from the helium 
circulator has 250℃ temperature, so the helium must 
be cooled before the hygrometer sensor. At the same 
time, any dust carried by the helium may jam the 
protection tube or deposit on the sensor surface and 
then influence the measuring, so helium must be 
filtered. Filters, cooler and adjusting valves are 
contained by the hygrometer system. 

 
III. HYGROMETRY SYSTEM DESIGNING 
 
The flow diagram is shown in fig.2. The system 

is constituted by  a water-helium cooler, a air-helium 
cooler, two filters with different filtering ability, a 
rotor flow meter, a sampling block, a hygrometer 
sensor, a thermometer, and some valves and tubes. 

 

 
Fig.2 Flow Diagram of Hygrometer System 

 
In order to make sure that the helium at the sensor 
has appropriate temperature at any time, the cooler 
must be designed and test elaborately. Two stage 
cooler are designed in the system to provide efficient 
and reliable cooling ability. Water-helium cooler is 
designed to cool the helium from 250℃ to about 
40 ℃ . This cooler is a simple sleeve type heat 
exchanger, equipment cooling water is used as 

coolant. But because the equipment cooling water 
service is not a safety class system, another safety 
class air-helium cooler is set to supply enough 
cooling ability when equipment cooling water 
service fail. This air-helium cooler is a fin type heat 
exchanger with a fan blowing air through the tube 
bundle, and can cool the helium from 250℃ to about 

60℃ independently. 
Two stage filter has 75um and 5um filtering ability 
respectively. Then it can take effect for long time. 
The rotor flowmeter and thermometer are only used 
at debugging stage. 
316L Stainless steel is selected as the material which 
contact the helium in the system. 316L can improve 
response speed and accuracy of the hygrometer 
system, because it has low absorption rate for water 
steam, according to the previous research result [3]. 
 

IV. ANALYSIS FOR RESPONSE TIME 
 

Response time is a key parameter which must 
meet requirements in designing the hygrometer 
system. Longer response time means larger quantity 
water will get into primary circuit in water ingress 
accident, and means go against the reactor safety. 

The threshold value of the humidity level is set to 
800 ppmv in HTR-PM. Once reactor protect system 
finds the humidity signal exceeding this threshold 
value, it will trig the reactor protecting action. In 
water ingress accident, humidity level changes as a 
phase step variation, with the range up to thousands 
ppmv. Then the response time can be defined as the 
time difference, which is from sampling point has a 
humidity level step change to the hygrometer 
sensor’s output go up to 800ppmv. This response 
time contains two parts. The first part is the flowing 
time for helium carrying water steam from sampling 
point to hygrometer sensor. The second part is the 
response time for hygrometer sensor’s output rising 
to 800ppmv. Total response time is the addition of 
these two parts. Now these two parts will be 
discussed separately. 

High flow rate in sampling tube can reduce the 
first part of the response time. But as the manual of 
Easidew Pro I.S. sensor [4] shown, the flow rate 
where the sensor be installed is limited to less than 
10m/s. If flow rate exceed this limit, the sensor’s life 
will reduce, and measuring accuracy of sensor will 
decline, because the water absorption property will 
change bad. Total length of the sampling tube is 
about 20m. Considering the change of sampling tube 
inside diameter, from 8mm to 3mm, the first part 
response time is estimated about 7 seconds. 

As other hygrometer sensors, Easidew Pro I.S. 
sensor has a long-time response process. The step 
response curve is shown in fig.3. It can be regarded 
as a negative exponential function, whose 95% 
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response time is about 5 minutes. In water ingress 
accident, the humidity level of sampling point 
changes very rapidly. This process can be treated as 
a step up change input for hygrometer sensor, the 
amplitude is estimated as 10000ppmv. Then the 
calculated result of the second part of response time 
is about 8.3s. 

 
Fig.3 Typical Response Process Curve of Easidew Pro I.S. Sensor 
So the total response time is about 15.3s, and it 

can meet the reactor protection request. 
 

V. AUTHENTICATION TEST FOR 
HYGROMETRY SYSTEM 

 
The primary circuit humidity is reactor protection 

parameter, so the hygrometer system is required to 
be class 1E instrument. Except general 
authentication test for normal electrical equipment, 
special tests required by nuclear safety regulation 
must be proceeded. The hygrometer system is 
classified as below: 

Safety grade: 1E (K3 type); 
Quality guarantee grade: QA1; 
Anti-earthquake class: I; 
Quality qualification grade: C type. 
Except anti-earthquake test which required by 

class 1E (C type) quality qualification, such as EMC 
test, compression resistance test, helium leakage 
detecting test is proceeded. So this hygrometer 
system is a class 1E instrument and can be used to 
measuring primary circuit humidity level. 

 
VI. CONCLUSION 

 
This designing scheme of hygrometer system 

introduced here, its safe reliability, measuring 
accuracy and response time can meet the 
requirements of primary circuit humidity level 
monitoring for HTR-PM. The hygrometer system 
can output accurate and reliable signal to reactor 
protect system promptly. 
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