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1. Effective Date 10/11/2021 
Professional Engineer’s Stamp 

 
 
 

Not required per LWP-10010, Sec.4.1, 
para. cc 

 
 

2. Does this TEV involve a 
Safety SSC? No 

3. Safety SSC Determination 
Document ID NA 

4. SSC ID NA 

5. Project No. ---- 

6. Engineering Job (EJ) No. NA 

7. Building TRA-1626 

8. Site Area ATR Complex 
9. Objective / Purpose 

 
The purpose of this TEV is to document assembly and functional testing of a device which is 
designed to allow advanced sensors to be temporarily placed at the periphery of the NRAD 
reactor.  While in this location, the operational characteristics of the sensors can be evaluated 
while they are exposed to a neutron flux.  This device (or “rig”) consists of a cartridge heater 
surrounded by six guide tubes, which are in turn surrounded by insulation and an aluminum dry 
tube.  The heater allows for the sensors to be tested while at elevated temperature.   
 
The assembly and functional testing was performed in building TRA-1626, the Test Train 
Assembly Facility (TTAF).   
 

10. If revision, please state the reason and list sections and/or page being affected. 
 
Rev. 1  a. Added missing sheets to Appendix B showing measured depths of guide tubes and 

corresponding locations of sensors (page B4 and B5).  b. Added Appendix G, which shows the 
as-run location of the sensors (for irradiation conducted 8/25/2021).   

   
11. Conclusion  
 
The testing documented herein was to verify the test rig functions as intended, prior to transferring it 
to the NRAD reactor.  The functional testing performed at TTAF confirmed the following attributes: 

1. The dry tube does not leak. 
2. The central heater in the test rig can raise the temperature in the sensor guide tubes to at 

least 800oC. 
3. The sensors being tested have a sensitive region of 90 mm or less.  The temperature 

variation along this 90 mm length was less than 25oC with the center of this region at 800oC. 
4. The surface temperature of the dry tube at the elevation corresponding to core mid-plane was 

less than 10oC above the bulk water temperature during the test period.      
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SCOPE AND BRIEF DESCRIPTION 

The instruments to be tested in NRAD are primarily Self Powered Neutron Detectors (SPNDs) and 
miniature fission chambers.  While these sensors can be configured to detect both fast and thermal 
neutrons, the testing in NRAD is expected to focus on thermal neutron flux measurements.  SPNDs and 
fission chambers have been used extensively in commercial power plants, but their application in 
Material Test Reactors (MTRs) has been much more limited.  New SPNDs and fission chambers are 
being designed specifically for use in MTR tests and for use in advanced reactor designs.  One 
challenge of these new applications for neutron sensors is much higher operating temperatures 
compared to commercial light water reactors.  The vast majority of SPNDs and fission chamber designs 
are for operating temperatures of 400oC and less, while MTR tests and advanced reactor designs need 
sensors capable of working reliably at 800oC or higher.   

The testing documented herein was to verify the test rig functions as intended, prior to transferring it to 
the NRAD reactor.  The objectives of the functional testing were as follows: 

1. Verify the dry tube does not leak. 

2. Verify the central heater in the test rig can raise the temperature in the sensor guide tubes to at 
least 800oC. 

3. The sensors being tested have a sensitive region of 90 mm or less.  Verify that the temperature 
variation along this 90 mm length is no more than 25oC with the center of this region at 800oC. 

4. Record the surface temperature of the dry tube at the elevation corresponding to core mid-plane 
and verify that it rises no more than 10oC above the water temperature during the test period.  
This is to ensure that there is no chance of boiling NRAD coolant during operation.   

Appendices to this TEV document configuration and assembly details of the test rig.   

TEST RESULTS AND OBSERVATIONS 

The results of the test objectives are presented in Table 1 below.   

Table 1.  Test Results 
No. Objective Result Re.   
1 Tube doesn’t leak This was listed as a specific step 

WR 21-128 (which fabricated the 
dry tube) with QA verification.  
And the step was signed as “Sat”. 

WR 21-128 

2 Temperature of 800oC can be 
achieved 

In final test run (Test #4), a 
temperature of 800oC was 
achieved and maintained for >30 
minutes 

App. A, Test #4 

3 Temperature variation <25oC While at 800oC the ∆T was 17oC  App. A, Test #4 
4 ∆T between surface of dry tube 

and water 
The ∆T was 0.9oC App. A, Test #4 
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Other observations were as follows: 

5. For the first run, a temperature of 900oC was achieved, however after about 10 minutes of 
operation the heater failed open. 

6. A digital temperature control unit was integrated into the system and during runs 2 and 3 the 
GFI breaker tripped after heating the test above 500oC.  It was determined that the abrupt on-off 
nature of the digital controller, coupled with reduced coil to sheath resistance due to elevated 
temperature, induced a brief leakage of current to ground, which tripped the GFI.  When the 
heater was powered directly from a Variac (with manual voltage adjustments to achieve target 
temperature), a steady temperature of 800oC was achievable.   

7. The coil resistance of the heater was measured as 14.9 ohm.  The voltage required to maintain 
a temperature of 800oC was 53 V.  Therefore the max heater output was (53V)^2/14.9 ohm = 
189 W. 

ASSUMPTIONS 

None. 
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Figure 2.  Guide tubes floor plate tie-wired to bottom of assembly
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Figure 7. Completed assembly in testing tank 
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Quantities of Elements in Core Region 

 

See supplementary information attached to this TEV on EDMS.   
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Documentation of Materials Used in Core Region 

 
Note that this green-tag should have specified sketch AJP-03-2021 which was for the entire assembly.   
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Note that this page and the following six are 
for the heater used in the assembly.   
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Cert for sensor guide tubes 
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Receiving report for “prop tubes” above, material cert below. 
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Receiving report for flux wire holder tubes above, material cert below. 
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Dry Tube Assembly Sketches 
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Heater Power Supply 

  

VARIAC Power Supply 
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NRAD Heated Test – Sensors and Cabling Summary (As-Run 8/25/2021) 

Instr. 
No. Sensor Description 

Probe 
diameter 

(mm) 

Probe 
length 
(mm) Cable diameter (mm) 

Mating 
connector(s) at 

end of soft cable 
Bundle hole 

position 

1 
Thermocouple, Type K  

(3 points) 1.6 90 1.6 TC plugs (3 ea) 1 
2 RML Dosimetry (NRAD-1) 1.0 ~30 NA NA 2 
3 INL (Rh) SPND 2.5 95 2.5 2 ea BNC male 5 
4 RML Dosimetry (NRAD-2) 1.0 ~30 NA NA 5 
5 INL (Rh) SPND 2 95 2.0 2 ea BNC male 6 

Tubes, 6.4 mm OD x 5.5 mm ID, 316SST, 6X 

High performance insulation 

Center cartridge heater 

Water 

Aluminum dry tube, 2 inch OD x .095 inch wall 


