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ACTIVITY DESCRIPTIONS 
 
A preliminary sequencing of activities is provided below.  The actual timing will be contingent upon 
funding profiles, staff availability, and the progression of the technology maturation process. 
 

 
 
Elements of the technology will be developed that support completing the design in compliance with 
DOE STD 1189-2016.  The activities undertaken by SRNL and described below constitute the pre-
conceptual and conceptual design phases for the aspects of technology being matured.  Consequently, in 
consultation with the Phase 2 contractor, SRNL will develop data and documentation discussed in 
Sections 4.2 (Pre-Conceptual Design Phase) and 4.3 (Conceptual Design Phase) of STD-1189-2016.  In 
general, these phases are described as follows: 
 

• Pre-Conceptual – Develop the Mission Need Statement based on gap analysis. 
• Conceptual – Evaluate alternatives for satisfying the Mission Need Statement to identify the 

preferred alternative for preliminary design. 
 
Preliminary Task:  Approved Test Plan for TRL 6 
 
When project activities begin, a team will be convened to define all requirements that must be met to 
establish achieving TRL 6.  The team should include representatives from SRNL, DOE, and other SRS 
Contractors, as required.  SRNL will develop a comprehensive integrated system test plan to achieve 
development of the technology to TRL 6.  The test plan will receive concurrence from a representative of 
DOE who attests that the TRL 6 requirements are adequately captured.  Activities 1 and 6, outlined later 
in this document, can begin while the test plan is being developed.  Similarly, efforts to transport 
materials from JEN can commence. 
 
Considering the DOE-EM Technology Readiness Assessment (TRA) guide [Rev 1, August 2013], the 
appendices contain objectives that must be met to achieve TRL 5 and TRL 6.  Two objectives related to 
TRL 5 are included in this activity.  The item number from the TRA Appendix F is included in 
parentheses. 
 

TRL 5 Objectives 
- Requirements for technology verification established, to include testing and validation of safety 

functions (5) 
- Test plan documents for engineering-scale tests completed (26) 

 
Activity 1:  Establish Baseline Process Conditions and System Design 
 
This activity matures the technology at the engineering-scale (~140 pebbles/day) to finalize the 
engineering technical baseline.  Engineering-scale reflects the baseline full-scale design in two 
dimensions – height and cross-sectional diameter.  There are two approaches under consideration for the 
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against criticality throughout the disposition process.  The framework for the process exists from prior 
SRS campaigns, but the details must be defined and demonstrated. 
 
The objectives related to TRL 5 and TRL 6 that are addressed in Activity 3 are listed below. 
 

TRL 5 Objectives 
- Laboratory/bench-scale tests, at a minimum, on a limited range of real materials using a 

prototypical system have been completed – results validate design (22) 
- Test results for simulants and real materials are consistent (23) 
- Laboratory/bench to engineering scale scale-up issues are understood, if applicable and resolved, 

to include testing and validation of safety functions (24) 
 

TRL 6 Objectives 
- Test results are consistent for laboratory/bench and engineering-scale experiments, and/or 

prototype testing as applicable (26) 
 
Activity 4:  Irradiated Fuel Kernel Demonstrations 
 
All work to date with vapor-phase digestion to establish fission product behavior is based on simulant 
studies, unirradiated fuel, or irradiated fuel digestion with different chemical systems.  Thus far, the 
simulant studies with vapor digestion have significant overlap with the irradiated fuel digestion studies of 
other chemical systems.  However, there is a high risk associated with designing the off-gas system based 
on simulant studies without any irradiated fuel digestion studies to validate the simulant data. 
 
It is essential that data be obtained with irradiated fuel to support the validity of decisions based on 
studies with simulants and unirradiated fuel.  Critical data will be obtained using irradiated fuel kernels 
that greatly reduce the technical risk if the simulant data and the irradiated fuel data agree.  These studies 
will be bench-scale tests with at least two different fuel kernel types.  JEN must provide irradiated fuel 
kernels to support the completion of this activity.  Preliminary discussions between SRNL and JEN have 
identified that meet the programmatic need. 
 
Using computer modeling, vapor digestion of irradiated fuel kernels will correlate simulant data and 
validate fuel residue and fission product assumptions.  The behaviors of actual and simulated fission 
products will be correlated to satisfy critical design and modeling inputs.  Of particular concern will be 
the absence of data obtained using irradiated fuel pebbles.  Therefore, additional calculations are required 
to apply the data from the digestion of irradiated fuel kernels to the variety of fuel types and irradiation 
levels to obtain confidence that release fractions can be adequately estimated. 
 
The objectives related to TRL 5 and TRL 6 that are addressed in Activity 4 are listed below.  

TRL 5 Objectives 
- Laboratory/bench-scale tests, at a minimum, on a limited range of real materials using a 

prototypical system have been completed – results validate design (22) 
- Test results for simulants and real materials are consistent (23) 

 
TRL 6 Objectives 

- Test results are consistent for laboratory/bench and engineering-scale experiments, and/or 
prototype testing as applicable (26) 
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This activity will demonstrate the ability to remotely unload the pebbles from the casks and inner 
containers.  Allowances will be made from normal and upset conditions.  The pebbles will be transferred 
to a feed hopper, providing methods to detect and mitigate the impact of potentially broken pebbles.  Last, 
the activity will demonstrate the ability to feed intact and broken pebbles to the digesters in a manner that 
does not break containment in the digesters.  The digesters operate under a slight negative pressure. 
 
The objectives related to TRL 5 and TRL 6 that are addressed in Activity 6 are listed below. 
 

TRL 5 Objectives 
- Preliminary design engineering has begun (4) 
- Manufacturing techniques have been defined to the point where largest problems are defined (8) 
- Component integration issues and requirements identified. (11) 
- Requirements definition with performance thresholds and objectives established for final plant 

design. (13) 
 
TRL 6 Objectives 

- Critical manufacturing processes prototyped (15) 
- Engineering feasibility fully demonstrated (17) 
- Process and tooling are mature to support fabrication of components/system (23) 

 
Activity 7 –Periodic Technology Readiness Assessments 
 
This activity will provide for interim and final TRAs.  It will also provide for other performance 
assessments, such as monthly updates and periodic reviews.  Monthly expenditures and activity progress 
updates will be provided to JEN.  The final TRA occurring at the conclusion of Activity 5 will judge 
SRNL performance against the TRL 5 and 6 requirements.  A final technical report will be provided 
which describes the technology maturation level against the TRL 6 requirements.  This report will 
establish whether the technology achieved TRL 6 for the initiation of Phase 2 of the project. 
 

TRL 6 Objectives 
- Final technical report on technology completed, to include compliance with STD 1189-2016; 

report is a summary of technology development activities (22) 
 
Activity 8 – Phase 2 Cost Estimate 
 
This activity provides for a detailed total cost, scope, and schedule estimate for Phase 2 execution.  The 
estimate will be a joint effort of the Savannah River Site M&O contractor (currently Savannah River 
Nuclear Solutions), the Savannah River Site liquid waste processing contractor (currently Savannah River 
Mission Completion), DOE-Savannah River, and SRNL.  The written, formal cost estimate with suitable 
detail will be provided to JEN and DOE for negotiation of a Phase 2 contract. 
 
The objective related to TRL 6 is as follows. 
 

TRL 6 Objectives 
- Performance Baseline (including total project cost, schedule, and scope) has been 

completed (TRL 6, 6) 
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SUMMARY 
 
The maturation of the HTGR technology will require the completion of an array of laboratory-, 
engineering-, and plant-scale activities with non-radioactive, unirradiated, and irradiated material.  
Consequently, successful maturation of the technology is facilitated by a laboratory organization with a 
wide range of capabilities. 
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APPENDIX 1. Correlation of Activities with TRL 5 and 6 Guidelines 
 

 

Appendix F, TRL 5 Guidelines Appendix F, TRL 6 Guidelines
Item Activity to Complete Item Activity to Complete

1 [TRL 6, Item 1] 1 1,2
2 5 2 2,5
3 2 3 Phase 2
4 1,2,5,6 4 1
5 0 5 2,5
6 [TRL 6, Item 11] 6 8
7 [TRL 6, Item 17] 7 2,5
8 6 8 1,2 -> Phase 2
9 [TRL 6, Items 2&5] 9 2
10 [TRL 6, Items 7&9] 10 5
11 6 11 5
12 1 12 1
13 1,2,5,6 13 1,2,5
14 [TRL 6, Item 22] 14 Phase 2
15 [TRL 6, Item 28] 15 6
16 5 16 1
17 [TRL 6, Item 21] 17 2,6
18 2 18 5
19 1 19 1
20 [TRL 6, Items 24&26] 20 1,5
21 1 21 Phase 2
22 3 22 5,7
23 1,3,4 23 6
24 1,3,4 24 1
25 [TRL 6, Items 9&28] 25 2
26 0 26 2,3,4
27 2,5 27 5
28 [TRL 6, Items 20&28] 28 5
29 [TRL 6, Item 29] 29 1




