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1. SCOPE 

1.1 Introduction 
The aim of this document is to provide a brief review of the test specifications that 

were developed as part of both the Reactor Outlet Temperature (ROT) of 950°C [1-1] and 
the ROT of 750°C-800°C [1-2] Technology Development Roadmapping (TDRM) reports 
with the focus on applicability thereof in a Heat Transport Small Scale Testing (HTSST) 
capability. Most of the 950°C TDRM test specifications were originally used as input for 
the Component Test Facility (CTF – now known as the Component Test Capability 
(CTC)) Preconceptual design [1-3] and were accordingly allocated to certain envisaged 
test facilities. However, this document will briefly revisit all specifications (both 950°C 
and 750°C-800°C Development Paths) to determine which could be included in the scope 
of an HTSST. 

 
The need for a Heat Transport Small Scale Test (HTSST) surfaced from the CTC 

Preconceptual Design that addressed the CTC Mission Need. The HTSST loop will be 
used to facilitate High Temperature Reactor (HTR) heat transfer technology development 
as a forerunner to larger-scale heat transfer testing loops. 

 
The HTSST can generally be defined as the capability of a conglomerate of test 

loops and setups that will enable TRL advancement of Next Generation Nuclear Plant 
(NGNP) heat transfer components. The capability will entail functions that are identified 
in the test specifications from the TDRM process and are typically NGNP 
environmentally related such as high temperature and pressure in a helium environment.   

 
The capability would include both static and flow test setups or loops. The static 

test setups will be similar to materials or metallurgical laboratory configurations in 
which, for example, a number of material specimens (or coupons) can be tested, 
including corrosion and fatigue testing. 

 
Different Small-Scale Development Tests (SSDTs) are proposed to operate within 

the HTSST, i.e. static testing with NGNP representative environments without helium 
mass flow and testing where helium mass flow is required within the same NGNP 
representative environments. At writing, static tests will be handled by equipment 
equivalent to the proposed SSDT1 and SSDT2 whereas loop tests will be handled by 
equipment equivalent to the proposed SSDT3 [1-3]. All SSDTs make out modularized 
systems of the HTSST as schematically presented in Figure 1. 
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Figure 1: Schematic showing envisaged growth path of HTSST 

 

1.2 Document Overview 
The core of this document mainly comprises tables in which both the 950°C [1-1] 

and the 750°C-800°C [1-2] TDRM test specifications have been evaluated with regards to 
the applicability thereof in an HTSST. In addition to this review, pie charts are given 
which illustrate HTSST testability of each of the Systems, Structures and Components 
(SSCs). A brief overview of the schedule-related issues pertaining to such a testing 
capability follows, while the final conclusion provides some general advantages and 
disadvantages associated with such a capability. 

 

2. TEST SPECIFICATIONS REVIEW 

2.1 Background 
 
The TDRM process that was conducted by the Westinghouse Electric Company 

(WEC) NGNP team for a ROT of 950 ºC [1-6] resulted in the identification of numerous 
critical Systems, Structures and Components (SSCs) and their current Technology 
Readiness Levels (TRLs). In a follow-up step, similar identification of critical Systems, 



NGNP-TDI-GEN-RPT-G-00022 
Revision 0 

TRL Advancement through the use of Heat 
Transport Small Scale Testing (HTSST) 

 

 

NGNP-TDI-GEN-RPT-G-00022_Rev0 9/16/2009 

8 of 27 

Structures and Components (SSCs) and their current Technology Readiness Levels 
(TRLs) regarding the 750°C – 800°C NGNP ROT were determined. The SSCs together 
with their TRL rating are summarized in Table 1. 

 
Table 1: SCC current TRL rating 

SSC 
950°C ROT NGNP 

TRL 
750°C – 800°C ROT 

NGNP TRL 

PHTS Circulator 6 6 

IHXA Metallic 2 Not Required 

IHXA Ceramic 2 Not Required 

IHXB (950°C) 3 Not Required 

IHX (750°C – 800°C) Not Required 3 

HTS Piping 4 4 

SHTS Flow Mixing Chamber 6 Not Required 

Hydrogen Production System (Hybrid Sulfur) 2 Not Required 

Power Conversion System Steam Generator 6 6 

Fuel Elements 6 7 

Core Structure Ceramics (Graphite) 6 6 

Reserve Shutdown System 6 6 

Reactivity Control System 6 6 

Core Conditioning System 6 6 

Reactor Cavity Cooling System 6 6 

Fuel Handling and Storage System 6 5 

 
From these exercises, it was found that the heat transfer components, with specific 

focus on the Intermediate Heat Exchangers (IHXs) and Heat Transport System (HTS) 
Piping, had the lowest TRL ratings. These low TRL ratings (2 - 4) were mainly 
associated with material properties- and behavior-types of tests.  These types of tests are 
generally accepted to be either laboratory scale or very small scale tests, as indicated in 
Table 3 to Table 12, where applicable. Some of these low TRL advancement tests could 
still be incorporated into the scope of an HTSST. 

Heat exchanging element tests would see the advancement of the TRLs (up to 
Level 4) with subsequent IHX modules (made up from several HX elements) to be tested 
thereafter. Testing of the IHX modules in a small scale heat transport test-loop would 
advance the TRL rating to 6. 
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2.2 Review of HTS Test Specifications 
In order to establish a scope for the high temperature HTSST, a review of all test 

specifications from both the 750°C – 800°C and 950°C TRL advancement evaluations 
has been conducted. The results are given in Table 3 to Table 12, which are organized by 
SSC.  For each test, the tables provide an indication of whether it is appropriate to include 
the test as part of the scope of the proposed HTSST.  The columns’ headings of these 
tables are extracted from the Statement of Work (SOW) [1-4] and are defined in Table 2. 

 
Table 2: Description of Headings of Table 3 through Table 12 

Table column heading Description 

Component Critical System, Structure or Component (SSC). 

Test Description 
Description of the test as identified during the Technology Development 
Roadmapping (TDRM) exercise. 

Test Specification or DDN 
Number 

The specific test number that was assigned to the tests during the TDRM 
exercise. 

TRL Goal 
The technology readiness level (TRL) at which the SSC will be after the 
tests (in the previous column) have been completed. 

750ºC / 950ºC 
Applicability of the test specifications to the different reactor outlet 
temperature configurations. 

Environment 
Indicates whether the test must be performed in a helium, air or other 
environment.  

Static / Flowing 
Indicates whether the tests must be performed in a static environment 
where no flow of process gas is required or otherwise.  

Approx. Physical Size 
Indicates the approximate physical size of the test setup where possible 
and applicable. 

Approx. Thermal Size 
Indicates the approximate thermal size of the test setup where possible 
and applicable. The thermal heat duty of an HTSST loop is required to be 
less than 2 MW. 

Process Conditions 
Indicates what typical temperatures, pressures and flow rates should be 
for performing the test where applicable and possible. 

HTSST 
Indicates whether the test is suitable to be performed in the HTSST or 
not. 

LAB 

Indicates whether the test is suitable to be performed in a laboratory-type 
setup within the HTSST or in dedicated laboratories (i.e. metallurgical 
laboratories) outside of the HTSST environment. These would be 
typically static type tests. 

Comments / Limitations 
Comments on the decisions that were taken in determining the contents 
of the previous table columns. 
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2.3 PIE Charts Representing HTSST Applicability 
 
The PIE charts given below represent Table 3 through to Table 12 in graphical 

form where applicable. Each graph has the following information, which is deduced from 
aforementioned tables. 

 
• Number of Test Specifications as per TDRM Reports; 
• Number of Test Specifications identified for HTSST Loop Testing; 
• Number of Test Specifications identified for Laboratory Testing; 
• Number of Test Specifications not suited for both HTSST and Laboratory. 
• Number of Test Specifications applicable to both HTSST and Laboratory; 

 
In the case of Circulator- and Mixing Chamber Test Specifications no HTSST is 

foreseen. Concerning the Hydrogen Production Plant Alternative Study, more 
information is necessary to determine possible HTSST applicability. 

At writing, all the identified “Other” tests (see Table 12) form part of the testing 
scope for HTSST. 

 

HTSST Relevancy: IHXA Metallic Test Specifications
August 2009

Irrelevant for HTSST

53%

Relevant for HTSST

47%

Number of Test Specifications as per TDRM Reports:
Number of Test Specifications identified for HTSST Loop Testing:
Number of Test Specifications identified for Laboratory Testing:
Number of Test Specifications not suited for both HTSST and Laboratory:
Test Specifications applicable to both HTSST and Laboratory:

19
9
9
6
WEC-TS-IHXA-004; WEC-TS-IHXA-006; 
WEC-TS-IHXA-012 and WEC-TS-IHXA-015

 
Figure 2: HTSST Relevancy for IHXA Metallic Test Specifications 
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HTSST Relevancy: IHXA Ceramic Test Specifications
August 2009

Irrelevant for HTSST

62%

Relevant for HTSST

38%

Number of Test Specifications as per TDRM Reports:
Number of Test Specifications identified for HTSST Loop Testing:
Number of Test Specifications identified for Laboratory Testing:
Number of Test Specifications not suited for both HTSST and Laboratory:
Test Specifications applicable to both HTSST and Laboratory:

18
6
5
8
WEC-TS-IHXA-024; WEC-TS-IHXA-030 and 
WEC-TS-IHXA-033

 
Figure 3: HTSST Relevancy for IHXA Ceramic Test Specifications 

 

HTSST Relevancy: IHXB and IHX Test Specifications
August 2009

Irrelevant for HTSST

53%

Relevant for HTSST

47%

Number of Test Specifications as per TDRM Reports:
Number of Test Specifications identified for HTSST Loop Testing:
Number of Test Specifications identified for Laboratory Testing:
Number of Test Specifications not suited for both HTSST and Laboratory:
Test Specifications applicable to both HTSST and Laboratory:

19
9
8
7
WEC-TS-IHXB-005; WEC-TS-IHXB-007; 
WEC-TS-IHXB-012 and WEC-TS-IHXB-015
WEC-TS-IHX-005; WEC-TS-IHX-007; WEC-
TS-IHX-012 and WEC-TS-IHX-015

 
Figure 4: HTSST Relevancy for IHXB (950°C) and IHX (750°C) Test Specifications 



NGNP-TDI-GEN-RPT-G-00022 
Revision 0 

TRL Advancement through the use of Heat  
Transport Small Scale Testing (HTSST) 

 

 

NGNP-TDI-GEN-RPT-G-00022_Rev0 9/16/2009 

23 of 27 

HTSST Relevancy: HTS Piping Test Specifications
August 2009

Irrelevant for HTSST

67%

Relevant for HTSST

33%

Number of Test Specifications as per TDRM Reports:
Number of Test Specifications identified for HTSST Loop Testing:
Number of Test Specifications identified for Laboratory Testing:
Number of Test Specifications not suited for both HTSST and Laboratory:
Test Specifications applicable to both HTSST and Laboratory:

12
4
4
8
WEC-TS-PIP-006_1; WEC-TS-PIP-006_2; 
WEC-TS-PIP-006_3 and WEC-TS-PIP-007
WEC-TS-PIP750-005_1; WEC-TS-PIP750-
005_2; WEC-TS-PIP750-005_3 and WEC-TS-
PIP750-006

 
Figure 5: HTSST Relevancy for HTS Piping Test Specifications 

 

HTSST Relevancy: Steam Generator DDNs
August 2009

Irrelevant for HTSST

80%

Relevant for HTSST

20%

Number of Design Data Needs as per TDRM Reports:
Number of Design Data Needs identified for HTSST Loop Testing:
Number of Design Data Needs identified for Laboratory Testing:
Number of Design Data Needs not suited for both HTSST and Laboratory:
Design Data Needs applicable to both HTSST and Laboratory:

5
1
0
4
None

 
Figure 6: HTSST Relevancy for Steam Generator DDNs 
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HTSST Relevancy: PHTS Backflow Prevention Valve
August 2009

Relevant for HTSST

50%
Irrelevant for HTSST

50%

Number of Anticipated Test Specifications (TSs):
Number of Anticipated TSs identified for HTSST Loop Testing:
Number of Anticipated TSs identified for Laboratory Testing:
Number of Anticipated TSs not suited for both HTSST and Laboratory:
Anticipated Test Specifications applicable to both HTSST and Laboratory:

2
1
0
1
None

 
Figure 7: HTSST Relevancy for PHTS Backflow Prevention Valve Test 

Specifications (TBD) 
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3. SUMMARY AND CONLCUSION 
Test specifications from both the 950°C and 750° - 800°C TDRM reports have 

been reviewed in order to determine which of these would be suitable for inclusion into 
the scope of an HTSST facility. 

 
The result of the review of these tests can be summarized as follows: 
 
• No full-scale NGNP circulator tests can be performed within an HTSST 

facility with the physical specifications as applied. 
• A large number of IHX tests are anticipated for HTSST with specific focus on 

TRL advancement from 4 to 5 with regards to Heat Exchanger Element tests. 
TRL advancement of IHX tests of levels 2 to 4 within the HTSST capability 
would also be possible pending design considerations. 

• Integrated compact heat exchanger module testing (~ 1.2MW), representing a 
TRL advancement from 5-6, could also be included for HTSST. 

• Multi-module heat transfer is foreseen to be tested within an HTSST 
capability. Test loops within the HTSST could be reconfigured i.e. combined 
for larger mass flow. 

• A third of all the HTS Piping tests are considered for HTSST. 
• No Mixing Chamber tests are anticipated for HTSST. 
• The applicability of the HTSST in the development of the Hydrogen 

Production systems and components could not be determined. This is because 
no detail test specifications currently exist for this system and components and 
sizing of representative testable units have yet to be developed. 

• Considering the Steam Generator’s Design Data Needs, only the “Helical 
Bundle and Transition Region Heat Transfer Test” is anticipated for HTSST. 

• Confirmatory testing on the PHTS Backflow Prevention Valve remains viable 
for HTSST. The two anticipated test specifications for this aforementioned 
valve yet needs to be determined. 

• Additional aspects that could be included relevant for HTSST are specific 
tests associated with blower development. 

The Engineering, Commissioning and Construction (ECC) phase of an HTSST 
facility is assumed to approximately span 30 months. It is approximately 60 percent of 
the period anticipated to complete the proposed larger-sized TDL and has the possibility 
of being ready for testing at the end of 2012.  

This reduction in schedule, together with the fact that such a facility could already 
assist with major advancements in heat transfer components, seems to dictate the 
necessity of such a high temperature HTSST facility. A further list of possible advantages 
as well disadvantages of an HTSST is also presented hereafter: 

 
Advantages 
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• Such a test loop could be optimized for advancing a maximum number of 
TRLs at minimum cost. This would, however, be an iterative process between 
establishing the requirements and determining a feasible, cost effective 
concept. 

• The short development period associated with an HTSST ECC phase could 
have this test loop completed by end of 2012 assuming an ECC start-up date 
during the first quarter of 2010. With this being a definite advantage, it should 
be noted that the Unit Under Test (UUT) would also need to be ready at this 
point in time. 

• Such a facility could perform a vital part in the development and growth path 
towards a much larger, but necessary, test loop, such as the TDL. 

 
Disadvantages and constraints of such a facility include the following: 
 
• Such a test capability would only provide partial TRL advancement and would 

not be proficient for performing all required tests.  
• The relatively short development time would require that all tests prior to TRL 

4 have been completed with the results being made available where it might 
influence the design of the proposed facility. 
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