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EXECUTIVE SUMMARY 

This document outlines the irradiation of concrete specimens in the Gamma Irradiation Facility in the 

High Flux Isotope Reactor (HFIR) at Oak Ridge National Laboratory (ORNL). Two gamma irradiation 

runs were performed in July of 2017 on 18 reference mortar bar specimens, 26 reference cement paste bar 

specimens, and 28 reference cement paste tab specimens to determine the dose and temperature response 

of the specimens in the gamma irradiation environment. Specimens from the first two gamma irradiations 

were surveyed and released to Vanderbilt University. The temperature and dose information obtained 

informs the test parameters of the final two gamma irradiations of nano-modified concrete planned for 

FY 2018. 
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1. INTRODUCTION 

1.1 BACKGROUND  

In 2016, Vanderbilt University principal investigator Dr. Florence Sanchez and graduate student 

Yonathan Reches successfully proposed to study the gamma radiation microstructural and mechanical 

response of dry state concrete under a Nuclear Science User Facility (NSUF) access call. By studying the 

effect of gamma irradiation on nano-modified concretes, Dr. Sanchez hopes to fill gaps in the 

fundamental understanding of the phyisco-chemical processes and contribute to the Office of Nuclear 

Energy (NE) research goal to deploy radiation-resistant materials that extend service life and performance 

of used nuclear fuel (UNF) dry storage systems. 

This award provided funded access to Oak Ridge National Laboratory (ORNL) staff engineers and 

operations to develop the appropriate experimental design, write the safety documentation, and ultimately 

perform the experiment in the High Flux Isotope Reactor (HFIR) using irradiation baskets filled with 

control and nano-modified concrete samples. The samples, after survey and release from HFIR, will be 

characterized at Vanderbilt University and US Army Engineer Research and Development Center. This 

report documents the preparations, irradiation experiments, and release of specimens back to Vanderbilt 

in successful completion of a PICS Milestone M3UF-17OR0207182 – “Complete Gamma Irradiation of 

Two Holders and Release Specimens to VU.” 

1.1.1 HFIR Gamma Irradiation Facility 

To expose test specimens to a total dose of 40 MGy in less than 1 month, Dr. Sanchez proposed using the 

HFIR Gamma Irradiation Facility, which accommodates gamma dose rates up to 1.8E+08 Rad/hr. This 

facility is a stainless-steel chamber designed for insertion into spent fuel elements located in the HFIR 

pool (Figure 1). Instrumentation required for the experiment is provided through an “umbilical,” 

providing inert gas in the chamber and temperature monitoring using multiple thermocouples along the 

vertical axis of the experiment canister. 

 

Figure 1. HFIR Gamma Irradiation Facility. (Stock Photo: 

https://neutrons.ornl.gov/hfir/gamma-irradiation.) 

https://neutrons.ornl.gov/hfir/gamma-irradiation
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2. IRRADIATION 

2.1 SAFETY DOCUMENTATION AND APPROVALS 

Prior to scheduling the experiment, Vanderbilt provided the elemental analysis documentation of all test 

specimens, design drawings of the canister, and related purchase history of all parts and specimen 

supplies. HFIR Quality Assurance also performed XRF (X-ray fluorescence) measurements, as shown in 

Figure 2, on all parts of the custom canister, confirming that 300-series stainless steel was used 

throughout.  HFIR engineers developed the Experimental Authorization Bases Document (EABD) and 

Unreviewed Safety Question Determination (USQD) Document, giving approval to proceed with the 

experiment, as provided in Appendix A and B, respectively.   

 

Figure 2. XRF Measurement of custom canister by HFIR QA. 

2.2 ASSEMBLY OF THE IRRADIATION CANISTER 

For the irradiation planned in July 2017, Yonathan Reches provided 26 reference cement paste and 18 

reference mortar bar specimens (Figure 3) and 28 reference cement paste tab specimens (Figure 4). The 

custom-designed irradiation canister (Figure 5) was configured with six Omega type K thermocouples for 

temperature measurement (Figure 6) and six Far West Technology, Inc. radiachromic dosimeters 

(Figure 7). 



 

3 

 

Figure 3. Reference cement paste and reference mortar block specimens. 

 

Figure 4. Reference cement paste tab specimens. 

 

Figure 5. Custom-designed irradiation canister. 
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Figure 6. Omega type K thermocouple. 

 

Figure 7. Far West Technology Inc. radiachromic dosimeter. 

The bar specimens were loaded into the inner chamber of the canister (Figure 8), and the tab specimens 

loaded into the outer peripheral chambers (Figure 9). Figure 10 shows the top of the canister after all the 

specimens were loaded. The thermocouples were inserted through the holes in the canister (Table 1) to 

measure the temperature at predefined points and held in place with wire (Figure 11). Five radiachromic 

dosimeters were placed on the outside of the canister at heights of 1.5, 3.3, 11, 15, and 20.5 in. from the 

bottom. One dosimeter was placed inside of the top samples in the canister. The entire assembled canister 

was placed into a holder. Figure 12 shows graduate student Yonathan Reches standing in the HFIR 

Reactor Bay Area with the assembled canister.  
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Figure 8. Bar specimens were loaded into the inner chamber of the canister. 

 

Figure 9. Tab specimens were loaded into the outer peripheral chambers of the canister. 
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Figure 10. View of the top of the canister after all specimens were loaded. 

 

Figure 11. A thermocouple was inserted into specimen assembly through a hole in the canister. 

Table 1. Location of thermocouples 

Thermocouple Number Location 

1 Bottom Inside 

2 Middle Inside 

3 Middle Outside 

4 Top Inside 

5 Top Middle 

6 Top Outside 
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Figure 12. Graduate student Yonathan Reches in the HFIR Reactor Bay Area with his nano-modified 

concrete experiment ready for insertion into the gamma facility. 

2.3 FIRST IRRADIATION 

The assembled canister was taken out of the holder to load into the HFIR spent fuel irradiation chamber, 

as shown in Figure 13. The top sections of the irradiation chamber were then assembled, and the 

thermocouples and flow gas tube were connected to the umbilical cord that runs to the control area. This 

assembly procedure is shown in Figure 14. 

 

Figure 13. The canister was loaded into the HFIR spent fuel irradiation chamber. 
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Figure 14. The assembly of the HFIR spent fuel irradiation chamber. 

Once the HFIR spent fuel irradiation chamber was fully assembled, the chamber was pressurized with 

nitrogen flow gas and leak tests were performed, after which the irradiation chamber was lowered down 

into the HFIR spent fuel element 473, as shown in Figure 15. 

 

Figure 15. The irradiation chamber was lowered down into the spent fuel element. 
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For the first irradiation, with the intended dose of 10 MRad, the chamber was lowered into the spent fuel 

element 473 at 16:12 07/19/2017 and was removed at 16:43 07/19/2017 for a total irradiation time of 

31 minutes. The temperatures were monitored in the control area and relayed to the experiment team in 

the reactor bay by radio.  During the first irradiation run, one thermocouple failed and another delivered 

suspicious values. After removing the irradiation chamber from the spent fuel assembly, it was 

determined that the first thermocouple was faulty and the second thermocouple had an external short. 

2.4 SECOND IRRADIATION 

Dosimetry from the first irradiation was removed and the faulty thermocouple was replaced prior to 

loading the canister into the irradiation chamber. Once the top sections were loaded, the thermocouples 

were tested, confirming that five were functioning and one had an external short. After pressurizing the 

chamber and performing the gas flow leak checks, the irradiation chamber was lowered into spent fuel 

element 473. 

The second irradiation began at approximately 18:40 07/19/2017. The irradiation chamber was removed 

from the spent fuel element at 02:30 07/26/2017 for a total irradiation time of 6 days, 7 hours, and 50 

minutes (received an approximate dose of 2.49 x 109 Rad). The irradiation chamber was pulled out of the 

pool, placed poolside (Figure 16), and after an appropriate cooling period, was depressurized, opened, and 

the canister extracted (Figure 17). The thermocouples were removed (Figure 18), and the canister was 

taken by a radiological control technician to check for activity and contamination. The radiological 

technician determined the samples to be free of radioactivity and contamination, and a green tag, as 

shown in Figure 19, was issued so that the samples could be removed from ORNL and taken back to 

Vanderbilt by Reches.  

 

Figure 16. The irradiation chamber was removed from the pool and placed poolside. 
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Figure 17. The canister was removed from the irradiation chamber. 

 

Figure 18. The thermocouples were removed from the canister. 
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Figure 19. A green tag was issued so that the 

samples could be taken back to Vanderbilt for 

analysis. 

3. RESULTS 

3.1 FIRST IRRADIATION RESULTS 

During the first irradiation, temperatures were monitored by a technician and radioed into the HFIR bay 

for recording. The temperatures after 13 minutes of irradiation are shown in Table 2. It was determined 

that the temperature had not reached the maximum temperature by the end of the run as temperatures 

continued to climb until the end of the 31 minute irradiation. 

Table 2. Temperatures from the first run after 13 minutes of irradiation 

Temperature 1 Temperature 2 Temperature 3 Temperature 4 Temperature 5 Temperature 6 

NA 39.0 ºC* 141.8 ºC 89.2 ºC 86.6 ºC 84.7 ºC 

* It was determined after the run that Temperature 2 was faulty. 

 

After the radiachromic dosimeters were removed, they were opened and inserted into the radiachromic 

reader for dosimetry measurement (Figure 20). The measured dose can be seen in Table 3. 
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Figure 20. Far West Technology Inc. Radiachromic Reader for dosimetry measurements. 

Table 3. Dosimetry information from the first run 

Dosimeter 
Distance from bottom of 

canister 

Radial location Dose 

(MRad) 

Average dose rate 

(R/hr) 

1 20.5 in Approximately centered 4.44 8.59106 

2 20.5 in Exterior of canister 8.69 1.68107 

3 15 in Exterior of canister 4.18 8.09106 

4 9.25 in (fuel centerline) Exterior of canister 2.38 4.60106 

5 5.5 in Exterior of canister 10.83 2.10107 

6 1.5 in Exterior of canister 16.05 3.11107 

 

The dosimetry showed higher doses were received at the top and bottom and lower dose were received in 

the centerline, where the highest dose was expected. These unexpected results will require further 

analysis. 

3.2 SECOND IRRADIATION RESULTS 

Figure 21 shows the temperatures for the second run as a function of time and a trend of a rapid increase 

in temperature in the first hours of irradiation followed by a stabilization and then a slow decrease in 

temperature over a much longer time frame. The maximum temperature found at the centerline was 

recorded as 354.6ºC, with the temperatures decreasing away from the center. 
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Figure 21. Temperature as a function of time for the second run. 

4. CONCLUSION AND PATH FORWARD 

The dosimetry and temperature data from these preliminary irradiations will aid in determining the 

conditions for the final two irradiations.  The proposed work calls for two unique temperatures at the 

same total dose.  To achieve the two temperatures the third irradiation containing the highest pedigree 

nano-modified samples will be performed using a spent fuel element with a similar decay as the first two 

runs already performed.  After irradiation, the holder will be removed, new specimens loaded and the 

lower temperature for the final irradiation will be achieved by using an older fuel element over a longer 

period.  The higher temperature run will be performed on a spent fuel element with a decay time of 

approximately 15 days, and the samples will be irradiated for approximately 17 days before removal from 

the spent fuel bundle. After reviewing the temperatures from the 17-day irradiation, two options will be 

available: (1) perform the final irradiation using the same spent fuel element after approximately 32 days 

of total decay or (2) move to a spent fuel element with a much longer decay time as there is a direct 

correlation between the decay time and the irradiation temperature. 

Each irradiation will proceed according to the following procedure: 

1) A dose run with no samples to find the dose profile of the spent fuel element before the 4000 MRad 

2) A dose run with samples to find the dose profile of the spent fuel element with the loaded irradiation 

chamber before the 4000 MRad 

3) The full 4000 MRad irradiation with the samples 
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4) A dose run with no samples to find the dose profile of the spent fuel element at the end of the 

4000 MRad irradiation  

These steps will be performed for both the high-temperature and the cool-temperature runs. 
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