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The initial startup of a first-of-a-kind innovative nuclear power 

plant can be very challenging. Hopefully, the experiences from 
starting up and testing of the Fort St Vrain HTGR can be of  
value to the designers and operators of the HTR-PM.



Fort St. Vrain Flow Diagram



Design Characteristics
Thermal Power 842 MWt
Net. Elec. Power 330 MWe
Power Density 6.3 MW/m3

Core Out Temp. 775°C
Helium Pressure 4.8 MPa

Main/Reheat Steam Temp. 538/538°C.
Total Elec. Generated ~ 5.5 billion kwh

Reactor Type Hexagonal Block
Fuel TRISO HEU – Th Carbide

Vessel PCRV



Fort St. Vrain Testing Program
This program allowed for commissioning of the plant on a 

“License by Test” basis from initial fuelling to full power.
• Preliminary Operating Tests (Non-Nuclear Testing)

– Formal program to assure that system operation was in 
accordance with design requirements

– Hot Flow Test used the compressive heat generated by driving 
the circulators with feedwater to raise PCRV helium 
temperatures. This allowed us to check out primary system 
performance without the need for nuclear heat.

AEC approved initial fuelling and low power tests to 2% power
• Core Physics and Selected System Operation Tests

– Tests were limited to a maximum of 2% power and included 
initial fuel loading, criticality, rod worth measurements, 
shutdown margin, pressure & temperature coefficients, etc.



Fort St. Vrain Testing Program (continued)
• Rise to Power Tests

This testing program consisted of eighty separate test sequences, 
each to be performed on a stand-alone basis. Each test 
incorporated specifically defined conditions including steady 
state or transient power operation.

Authorization from the US NRC was required in order to 
proceed to the next (higher ) power level. Plant performance 
via testing was used to justify safety and projected plant 
operation to the next power level. US NRC hold/release points 
were at 2%, 5%, 30% and 70% power

Please note that significantly more test details are 
provided in the actual paper.



Temperature Defect vs. Fuel temperature
No Xenon, Beginning of Initial Cycle



Typical Chemical Impurities Observed 
during the Rise to Power Test Program

Chemical Impurities in ppmv at 
67% power and 688°C Core 
outlet temperature               

Hydrogen 5.0 
Oxygen/Argon 0.0
Nitrogen 3.8
Methane 0.52
Carbon Monoxide 5.4
Carbon Dioxide 1.7
Water 0.5

Operational Aspects for the 
helium purification system

• Normal flow rate was 15% 
of the primary coolant 
helium inventory per hour

• Outgasing of impurities, 
particularily oxidants, after 
a refueling or minor water 
ingress would take ~ 2 
weeks in order to stay 
within Technical 
Specification limits.



Core Fluctuations

Control Room Indications
• Core outlet temperature swings caused 

steam generator module changes > 100ºC.
• Prompt changes (of up to 8% power 

primarily on detector #6) occurred on  ~ 10 
minute cycle

Diagnostic testing/analysis
• ~ 3 years required to analyze and test using 

special instrumentation and modeling. 
Cause/Correction of Fluctuations 
• Fuel Column movements due to periodic 

changes in helium bypass/cross-flow 
coupled with thermal forces on individual 
fuel columns caused the fluctuations.

• Corrected by placement of special locking 
devices at top of core. 



Full Power Parameters
November 7, 1981

Parameter Design Actual
Reactor Power 842 MWt 842 MWt

Gross Elec. Pwr. 342 MWe 324 MWe
Helium Pressure 4.8 Mpa 4.8 Mpa
Core Inlet Temp. 395°C 387°C
Core Out Temp. 775°C 767°C

Helium Flow 442 kg/s 490 kg/s
M/RH Steam Temp. 538/538°C 533/524°C

Feedwater Flow 292 kg/s 296 kg/s



Helium Flow vs. Thermal Power
Higher than design helium flow was required 

throughout operation. 1) Heat losses due to the close 
proximity of the main steam subheaders to the PCRV 
penetration interspaces 2) Helium bypassing the core 
through T/C penetrations into the core outlet plenum



Circulating Activity & Inferred Average 
Fuel Temperature vs. Thermal Power

• Primary coolant activity at 
100% power was measured 
at 439 Ci vs. a design value 
of 30,900 Ci and an expected 
value of 2,630 Ci. 

• Radiological cleanliness of 
the primary coolant helium 
was primarily due to 
excellent fission product 
retention within the coated 
fuel particles 



Plant Radiological Cleanliness

Radiological Consequences of FSV operation were exceptionally 
low. These included:

 Personnel Exposures consistently two orders of magnitude 
below average US LWR values *

 A cumulative total of ~ 180 m³ of low level solid waste 
generated *

 Except for tritium (via the circulator bearing water system 
moisture ingress into the primary coolant helium), noble gas 
airborne and liquid effluent releases were consistently an 
order of magnitude below US LWR levels *

* All values given are for the 15 years FSV operation through 1988.

This radiological cleanliness is attributed to the core and primary system 
design with the incorporation of the TRISO coated fuel particles, use of 
helium as the inert primary coolant and the PCRV with double sealed 
pressurized penetrations.



Lessons Learned

Although the HTR-PM and FSV incorporate significant differences 
in their designs, there are lessons to be learned that are applicable 
to both plants. This is especially important for key systems that 
incorporate first-of-a-kind equipment. Basically, these lessons are 
just an application of common sense. 

 Complexity Breeds Unavailability. Incorporate system/components that 
are ruggedly simple in design with a history of reliable operation and minimal 
maintenance. 

 Assure Strong Expertise and Funding for this First HTR-PM. Quite 
likely, the successful startup and operation of this plant will require a level of 
support considerably greater than a typical nuclear plant.

 Be Very Attentive to the Design Aspects of first-of-a-kind 
Components in the Class 1, Safety-Related Portions of the Plant. For 
example;  a generic metallurgical failure could easily lead to a very long plant 
shutdown in order to redesign the failed component, re-license, manufacture, 
install and test prior to plant resuming plant operation.



Lessons Learned
• Where Possible, Test all Key Systems/Components Prior to 

Installation using Actual Plant Configuration & Operating 
Characteristics This will help assure operational capability prior to 
application of nuclear heat. 

• Never Attempt to Start an Innovative Nuclear Power Plant 
Without First Having the Proper Regulatory Guides and Criteria 
in Place. FSV was licensed as a Research Facility. There was no Standard 
Review Plan or Regulatory Guides in place for the NRC (or PSC) to utilize 
in regulating this HTGR.

• Do Not Be Reluctant to Incorporate a Generous Over-Build 
Capability into Systems/Components. It is significantly easier to design  
extra margin into the original compressors, pumps and motors than to be 
required to backfit into larger units after plant start-up. 

• Assure All Safety Documents Reflect the Actual Capability of the 
Plant to Respond to Accidents Described in the Safety Analysis.
FSV was limited to 82% power during the final two years of operation.



Final Observations
I have been very fortunate to have chosen the HTGR as my 

technical profession. This advanced nuclear power source has 
repeatedly demonstrated its capability to provide:

 Exceptional Radiological Cleanliness
 Outstanding Safety Features  in Obtaining Very High Core 

Temperatures
 Cycle Efficiencies Approaching the Highest in the Industry
 Generation of High Quality Steam for a Multitude of Process 

Heat Applications
I  wish to thank Tsinghua University’s INET and the consortium 

of designers, builders and the operating utility for their 
hospitality and support in hosting this outstanding gathering of 
HTGR professionals. 


