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1 Introduction 
The HTR Steam Generator consists of a primary side with the Reactor Cooling Gas (normaly Helium) and 
the secundary system side (Water Steam). 
The Steam Generator acts as a forced circulated Steam Generator. 
Although a lot of information about the former built SG are available and has to be verified during followed 
investigation of this project. 

2 Summary of Contents 

2.1 Contribution from AREVA  

Based on AREVA past  design studies, the AREVA contribution contains a brief  description of the HTR 
Module primary and secondary circuits. The contribution also summarizes the conduct of operations and the 
a description of the transients  which have been used to design the SG component.  
The different operating conditions accounted for are : 
- Start-up 
- Shut-down 
- Power Operation 
- Reactor scram 
- Residual heat removal 
  
For these cases, information on relative flow rates, temperatures of the primary gas and secondary feed 
water/steam temperature and the associated pressure evolutions and variations are plotted as function of 
time. 
 
In the second part of the AREVA contribution the main heat transfer malfunction events have been 
described.  For each case, a description of the event is discussed and an associated assessment of the 
leading consequences has been provided. 
 
The AREVA contribution has been included in this report in Annex 2.. 
 

2.2 Contribution from ALSTOM 

2.2.1 Introduction 

The focus of this review has been to search for available information about the already built SG, which are in 
operation since years. 
This present report concentrates on the available data about HTR SG, and particularly seeks to consider the 
mechanical and thermal design of a SG. As such it forms part of the Deliverable D44.11 of the ARCHER 
Project “Review of SG operating / transient conditions from previous HTR reactor designs” 
The Steam Generator is designed according to a forced circulated system. The heating surface consists of 
so called helical coiled heat exchanger tubes. The tubes are arranged in concentric assembled Cylinders. 
The primary Gas flows from the bottom part of the SG in parallel flow through the low pressure part and 
afterwards in a cross flow through the high-pressure part. The evaporation takes place on the secondary 
system part of the SG. 

2.2.2 Thermal data’s 

Operating / performance data’s of one SG are: 
 
Thermal Power   128 MW 
Reactor Cooling Gas  Helium 
Gas Temp. Inlet  750 °C 
Gas Temp. Outlet  250 °C 
Gas Pressure  
(Bef. Steam Gen.)  38.5 bara 
Pressure loss (Gas)  0.4 bar 
Massflow Gas   49.25 kg/s 
Live Steam    550 °C, 187 bara 
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Reheater Inlet   365 °C, 55 bara 
Reheater Outlet   535 °C, 49 bara 
Feedwater   152 t/h 
 

2.2.3 Key Requirements 

Key product specific. items: 
 
Pressure Vessel Code:  assuming CODAP 2000 or similar 
Material Choices:  assuming free, i.e. result of concept studies 
Lifetime Steam Generator: assuming ~ 200’000 hours (EOH) except the “hot” parts ~ 100’000 hours  
Plant Operation Type:  assuming Baseload & gradients < 3-4 K / min 
Arrangement and max. Dimensions assuming free, i.e. result of concept study 
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2.2.4 Previous Concept 

1. Main pressure shell 
2. Inner shell 
3. Intermediate superheater steam outlet (535 °C, 49 bar) 
4. Expansion zone 
5. High pressure steam (550 °C, 186 bar) 
6. Support 
7. Intermediate superheater steam inlet (365 °C) 
8. Feedwater inlet (180 °C) 
9. Central pipe 
10. Helium outlet (250 °C) 
11. HP I Bundle 
12. Steam generator shell 
13. HP II Bundle 
14. Intermediate superheater bundle 
15. Helium Inlet (750 °C) 

 

 
Picture 1 SG Arrangement 
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2.2.52.2.52.2.52.2.5 Helix Design Principle    

As a typical example an OTC (Once Through Cooler) from a Combine Cycle power plant can be used 
 
LP OTC bundle 
Total Length:  6300 mm 
Diameter:  2050 mm 
Hex Surface : 675 m2 

Helix design is field proven, robust, compact 
and very flexible in operation 

 
Picture 2 LP OTC tube bundle 

 
Each Helix Cylinder is arranged in a clockwise ore in counter clockwise orientation in order to avoid support 
plate distortion. 

Picture 3 LP OTC tube bundle arrangement 

Picture 4 LP OTC Helix coil arrangement 
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2.2.6 Gradients 

In order to minimize and/or “Distribute” Startup Temperature Gradients a typical example from a MSR 2
nd

 
stage cold startup is taken. 

 
Picture 5 typical gradients 

 



 ARCHER – Review of SG operating / transient conditions from previous HTR reactor designs  

Page 9/14 

2.2.7 Material selection 

Tube-side mechanical design parameters still tentative and therefore material selection on the tube side still 
under investigation. 
The remaining parts (plates, forgings, etc) have to be selected by the required pressure vessel code. But the 
code itself is not sufficient. 
Material selection should be the best compromise between: 

� Design parameters 

� Material properties 

� Code acceptance 

� Manufacturing / 
Welding 

� Lifetime 

� Maintenance / 
Repair 

� References / ERS 

� Customer 
Specification 

� First cost 
 

 
Picture 6 Material properties 
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2.2.8 Lifetime 

Typical values about allowable stress values related to an assigned temperature are taken for Grade 12 
Material. 

 
Picture 7 Material properties Grade 12 

 
Typical creep values related to an assigned temperature are taken for Grade 316Ti Material. 

 
Picture 8 Material properties Grade 316Ti 
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Based on ASME III Div. 1 Subsection NH the following interaction between creep and fatigue is given 

 
Picture 9 Creep fatigue interaction acc ASME 

 
 

3 Conclusion 
The main conclusions arising from these investigations are as follows: 
Design rules are available for SG based on former built HTR SG and from existing Combined Cycle power 
Plants. Design and materials for a SG are further defined by applicable Codes and Standards. 
The temperature limit for the material for the SG is considered to be 750°C. 
The remaining design parameters such as pressure, massflow, delta P are to be confirmed or defined with 
the ongoing process analysis. 
 
The contribution from AREVA is based on the work performed on the Module (see Annex 2) and contains 
information on the relative flow rates, the temperatures of the primary gas and secondary feed 
water/steam and associated pressure variations.  Information is also provided on the main heat transfer 
malfunction events with an assessment of consequences.   
 
 

4 Recommendations 
Concept design of a new SG based on the available data’s is only partially possible. However there is 
sufficient information from actual and older built SG available in order to propose a new SG for latest HTR. 
It is therefore recommended that the available SG operating design data provided by AREVA shall be used 
for the analysis and assessment SG design. 
This situation will be kept under review within the project and may be changed should results from later 
reviews lead in some changes on the specific planned conceptual design. 
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5 Annexes 
 

Annex 1 – Document approval by beneficiaries’ internal QA 

Annex 2  - AREVA contribution on operating/ transient conditions of the HTR Steam Generator. 
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5.2 AREVA contribution on operating/ transient conditions of the HTR 
Steam Generator 




























































































