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LEGAL DISCLAIMER 
This report was prepared as an account of work sponsored by 
an agency of the United States Government. Neither the United 
States Government nor any agency thereof, nor any of their 
employees, nor any of their contracton, subcontractors or their 
employees, makes any warranty. express or implied, or 
assumes any legal liability or responsibility for the accuracy, 
completeness, or any third party's use or the results of such use 
of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privatelyowned rights. 
Reference herein to any specific commercial product, process. 
or service by trade name, trademark, manufacturer, or 
otherwise, does not necessarily mnsbtute! or imply its 
endorsement, recommendation, or faming by the United 
Slates Government or any agency thereof or its contracton or 
subcontractors. The views and opinions of authors expressed 
herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 

This document Is avallable to the U.S. Department of Energy 
and its contractors, in paper from the Ofice of Scientific and 
Technical Information (OSTI). It is available for sale to the 
public from the National Technical lnformatlon Service (NTIS). 

' 

This repwt has been reproduced from lho best available copy. 
Available in paper copy. 

Printed in the United Slates of America 
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CLOSURE OF THE FAST FLUX TEST FACILITY: CURRENT STATUS AND FUTURE PLANS 

C. P. LesperancelFluor Hanford S. V. DoeblerlFluor Hanford T. M. BurkelFluor Hanford 

ABSTRACT 

The Fast Flux Test Facility (FFTF) was a 400 MWt 
sodium-cooled fast reactor situated on the U.S. Department of 
Energy's (DOE) Hanford Site in the southeastern portion of 
Washington State. DOE issued the final order to shut down the 
facility in 2001, when it was concluded that there was no longer 
a need for FFTF. Deactivation activities are in progress to 
remove or stabilize major hazards and deactivate systems to 
achieve end points documented in the project baseline. The 
reactor has been defueled, and approximately 97% of the fuel 
has been removed from the facility. Approximately 97% of the 
sodium has been drained from the plant's systems and placed 
into an on-site Sodium Storage Facility. The residual sodium 
will be kept frozen under a blanket of inert gas until it is 
removed later as part of the facility's decontamination and 
decommissioning (D&D). Plant systems have been shut down 
and placed in a low-risk state to minimize requirements for 
surveillance and maintenance. D&D work cannot begin until 
an Environmental Impact Statement has been prepared to 
evaluate various end state options and to provide a basis for 
selecting one of the options. The Environmental Impact 
Statement is expected to be issued in 2009. 

INTRODUCTION 

The Fast Flux Test Facility (FFTF) was a 400MWt 
sodium-cooled fast reactor designed and constructed in the 
1970s (Fig. 1). The original purpose of the facility was to 
develop and test advanced fuels and materials for the Liquid 
Metal Fast Breeder Reactor Program and serve as a prototype 
facility for future Liquid Metal Fast Breeder Reactor Program 
facilities; however, other missions were subsequently pursued. 
Early in the design phase of FFTF, the decision was made to 

not include a capability for producing electrical power because 
the intent was to use the facility solely for research. 

Figure 1. The Fast Flux Test Facility was built in 
part to support the US .  fast-breeder- 
reactor program. 

Initial criticality was achieved on February 9, 1980; full 
power, on December 21, 1980. Following an additional year of 
extensive acceptance testing, FFTF operated safely and 
successfully from 1982 to 1992, providing the nuclear industry 
with significant advances in fuel and material performance, 
medical-isotope production, as well as testing of passive and 
active safety systems. In 1992, the decision was made to shut 
down FFTF due to the lack of any suite of missions that would 
justify the annual operating budget of -$88M/year. The initial 
philosophy was to close the facility in three stages: 

Deactivation - removalktabilization of hazards to 
allow long-term storage 
Surveillance and maintenance - long-term, minimal- 
effort maintenance of the facility in a safe and 
compliant manner 

1 
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Decontamination and decommissioning - final 
disposition of the facility. 

From 1993 to 1995, FFTF was aggressively deactivated by 
removing all fuel from the reactor core and shutting down 
many of the operating systems. In the same time frame, a set of 
deactivation milestones was negotiated with the Washington 
State Department of Ecology and the U.S. Environmental 
Protection Agency. In 1995, the deactivation was placed in 
stasis while a number of studies were performed to evaluate the 
viability of restarting FFTF. However, in 2001, the permanent 
deactivation of FFTF was reinitiated based on the evaluation of 
a Programmatic Environmental lmpact Statement performed by 
the US. Department of Energy (DOE). That deactivation is 
proceeding at this time. DOE is currently preparing a Tank 
Closure and Waste Management Decommissioning 
Environmental Impact Statement that will include an evaluation 
of a range of final disposition options for FFTF. This paper 
discusses the major deactivation activities that have either been 
completed or are ongoing, as well as future plant closure 
actions. 

Fuel OMoad 

Defieling the reactor vessel to the Interim Decay Storage 
and the Fuel Storage Facility was completed on April 19, 1995. 
The reactor vessel contained 199 locations in the reactor core 
and 57 locations in three in-vessel storage modules adjacent to 
the core. Fuel in the reactor core and in-vessel storage modules 
was replaced with irradiated and unimdiated non-fueled core 
components (e.g., reflectors and control rods). Two central 
core locations were left vacant to provide access to facilitate 
draining the reactor vessel. Immersion heaters were inserted in 
two of the three Fuel Transfer Ports in In-Vessel Storage to 
provide redundant sources for heating the sodium in the 
primary system a b  the sodium in the secondary system was 
drained. An instrument (sodium temperature and level) 
assembly was installed in the third Fuel Transfer Port 

In March 2006, all the fuel assemblies were removed from 
the Fuel Storage Facility and the Interim Decay Storage 
vessels. The sodium-wetted fuel assemblies were transferred, 
one at a time, to the Interim Examination and Maintenance Cell 
for washing utilizing the Closed Loop Ex-Vessel Handling 
Machine and the Bottom Loading Transfer Cask. The Bottom 
Loading Transfer Cask is capable of moving between the Fuel 
Storage Facility, the Cask Loading Station, and the 
Containment Building. The Closed Loop Ex-Vessel Handling 
Machine is restricted to operations inside the Containment 
Building. The Bottom Loading Transfer Cask transferred the 
fuel from the sodium-filed fuel storage vessel to a transfer 
location where the Closed Loop Ex-Vessel Handling Machine 
then transferred the fuel assembly to the Interim Examination 
and Maintenance Cell. The Closed Loop Ex-Vessel Handling 
Machine also directly transferred fuel assemblies in sodium 
filled core component pots from the Interim Decay Storage 
vessel into the Interim Examination and Maintenance Cell. The 
fuel was washed, one assembly at a time, in the Interim 

Examination and Maintenance Cell Sodium Removal System, 
dried, and placed in a clean core component container. The 
core component container can accommodate seven fuel 
assemblies, six Ident-69 pin containers, or a maximum 
combination of five Ident-G9s and two fuel assemblies. The 
core component container provides the necessary capability for 
current fuel handling and future retrieval operations on the 
Hanford Site. The Solid Waste Cask was then used to transfer 
the core component containers from the Interim Examination 
and Maintenance Cell to the Cask Loading Station in the 
Reactor Service Building for placement into Interim Storage 
Casks. The Interim Storage Cask was inerted, sealed and leak 
checked, then transferred to an approved location for interim 
storage. The rate at which fuel can be transferred to the Interim 
Examination and Maintenance Cell, washed, dried and 
transferred to the Interim Storage Cask is limited, in part, by the 
time it takes to wash the fueled components. Approximately 
ten working days were required to complete a cycle of washing 
and transferring seven fueled components to an Interim Storage 
Cask. 

Offloading, processing, and storing the fuel was a tediow, 
carefully executed, and prescriptive process. When FFTF was 
placed into a stand-by condition in 1992, the project was 
limited in what activities it could pursue. The staff reviewed all 
aspects of the fuel offload process, identified several potential 
improvements and began implementing them. During this 
period, the 20-year-old computer control system for the in-core 
refireling machines was replaced due to the unavailability of 
spare parts and the frequent failure of the system. As a result of 
this improvement, the reactor was defueled six months ahead of 
schedule with no failures of the computer controls. Based on 
the success of this control system replacement, the computer 
control systems for the Closed Loop Ex-Vessel Handling 
Machine, Bottom Loading Transfer Cask, Solid Waste Cask, 
and the Sodium Removal System were also replaced. These 
systems performed exceptionally well. A second improvement 
resulted in placing an ion-exchange system on the Sodium 
Removal System with an easily changed pre-filter. This 
installation allowed wash water to be reused and avoided 
generating more than GS0,OOO liters (IS0,OOO gallons) of low- 
level liquid waste. The improvement enhanced the As Low As 
Reasonably Achievable safety program - total dose associated 
with pre-filter change out was approximately 10 person-&em. 

Liquid Metal Disposition 

The liquid metal inventory at FFTF consisted of 
approximately 955,000 liters (253,000 gallons) of sodium and 
3,300 liters (872 gallons) of NaK (sodium-potassium alloy). It 
was originally distributed in seven different system as shown 
in Table I. 

2 
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Table I 
FFTF Liquid Metal Inventory 

Secondary Heat Transport 
System (3 loops) 

Primary Heat Transport 
System and Reactor Vessel 

Interim Decay Storage 
Vessel 

Fuel Storage Vessel 

Primary Cold Trap Cooling 
System 

Interim Decay Storage 
Vessel Cooling System 

~ 

252,000 liters 
(67,000 gallons) 
(sodium) 

518,000 liters 
(137,000 gallons) 
(sodium) 

68,000 liters 
(18,000 gallons) 
(sodium) 

117,000 liters 
(31,000 gallons) 
(sodium) 

1,470 liters 
(388 gallons) (NaK) 

390 liters 
( 104 gallons) (NaK) 

All of the sodium systems became radioactively 
contaminated to some extent: contaminants are primarily 
sodium-22, cesium-I37 and tritium. The three NaK systems 
were not radioactively contaminated. 

In general, disposition of the liquid metal systems requires 
three major activities: 

Draining the systems to the maximum extent practical 
with interim storage of the bulk inventory in a sodium 
storage facility. 
Temporarily retaining the residuals in the systems 
under an inert gas blanket, followed by eventual 
cleaning. 

e 

Dispositioning the bulk inventory. 

Each of these activities is discussed below. 

System Drains 
The original desim of FFTF allowed for limited drain 

capability, ienerally -for maintenance purposes only. For 
example, there is a drain tank for secondary sodium that is 
sized to contain the inventory from only one of the three loops. 
Similarly, the primary sodium drain tank is sized to contain 
only one of the three primary loops (less than 20 percent of the 
entire primary sodium inventory). The Fuel Storage Facility 
design did not include any drain capability. It was, therefore, 
necessary to construct a sodium storage facility capable of 
holding the entire plant inventory. Construction of the Sodium 
Storage Facility was completed in 1996. It contains four large 
tanks originally fabricated for the Clinch River Breeder Reactor 

Project. 
transfer of the liquid metal from FEW. 

It is connected to FFTF’s systems to allow direct 

The secondary sodium loops were drained in 2003. The 
drain process was straightforward due to the relatively simple 
layout of the loops. However, it was necessary to cut into the 
piping near the tops of the Intermediate Heat Exchangers to 
install “dip tubes” to drain the Intermediate Heat Exchangers. 
The secondary loops are currently being maintained with a 
blanket of argon gas over the frozen sodium residuals. 

The three NaK loops were drained during the summer of 
2004. Due to the unique hazards associated with NaK @quid at 
ambient temperature and potential to form sensitive 
compounds), it was desirable to minimize the presence of 
residual NaK. For the two loops located inside the containment 
building (the primary cold trap and Interim Decay Storage 
vessel cooling loops), this was accomplished by flushing the 
loops with sodium. This approach required installing new 
cross-connect lines between the sodium and NaK systems. 
After the systems were flushed with sodium, they were drained 
to the maximum extent practical, leaving sodium rather than 
NaK residuals behind (again, frozen under an argon blanket). 

There was no practical way to flush the Fuel Storage 
Facility NaK loop with sodium. Therefore, the NaK was 
drained to the maximum extent practical (approximately 
1,320liters [350 gallons] of NaK were transferred into the 
117,000 liters [31,000 gallons] of sodium). It is estimated that 
approximately 120 liters (32 gallons) of non-drainable NaK 
remained in the system. The residual NaK was reacted, and 
then the system was cleaned using a superheated steam process. 

The three primary heat-transport loops, associated 
auxiliary loops, and the upper portion of the reactor vessel were 
drained in the summedfall of 2004. Although these 
components could be drained using the originally installed 
system, it was a time-consuming and challenging process due 
to the complex layout of the piping. The originally installed 
drain system did not allow the reactor vessel to be completely 
drained. Several options for completing the reactor vessel drain 
were evaluated; none were simple. The option selected was to 
drill a 1.9-centimeter (0.75-inch) hole through the core support 
structure to allow a “dip tube” to be inserted through a test port 
in the reactor head all the way into the lower plenum of the 
reactor vessel (Fig. 2). The access hole was established by 
drilling through a 7.5 centimeter (3.0-inch) thick stainless steel 
plate located under sodium, at a slight angle, approximately 
17meters (56feet) below the reactor operating deck. The 
capability was developed and demonstrated via an extensive 
three-phase test program that culminated in a prototypic full- 
scale test using the actual hardware used in the reactor. 

3 
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Figure 2. The access hole was established by drilling 
through the core support structure located 
under sodium. 

The difference in elevation between the bottom of the 
reactor vessel and the Sodium Storage Facility tanks is 
approximately 30 meters (98.4 feet). To avoid the need to 
apply high pressure to the reactor vessel to perform the sodium 
transfer, a specially designed fluidic pump was inserted into the 
reactor vessel. The core support structure drilling, pump 
insertion and sodium transfer were completed in June 2005. An 
inert cover gas blanket is being maintained in the reactor vessel 
and the primary system. 

The drain of the Fuel Storage Facility vessel was 
completed in September 2005. A system was constructed to 
allow a series of vacuudpressure transfers from the vessel to 
the Sodium Storage Facility. 

The drain of the Interim Decay Storage vessel and 
processing loops was completed in September 2006. The 
draining of the Interim Decay Storage vessel was performed in 
stages to accommodate the removal of the fuel assemblies, and 
the plunging and removal of the 108 core component pots from 
Interim Decay Storage. The plunging was performed using the 
Closed Loop Ex-Vessel Handling Machine and a plunger 
connected to the Closed Loop Ex-Vessel Handling Machine 
grapple. The plunging was performed to reduce the amount of 
sodium remaining in the core component pots from 45 liters 
(1 1.8 gallons) to 14 liters (3.7 gallons). An inert cover gas 
blanket is being maintained in the Interim Decay Storage vessel 
and processing loops. 

A final sodium-drain activity is planned during 2007. 
Approximately 2,650 liters (700 gallons) were retained in nine 
large valves located in the primary piping. Dip tubes (Fig. 3) 
will be installed in the valves to allow the sodium to be drained 
and transferred to the Sodium Storage Facility. 

> -  I 
Figure 3. Dip tubes (Fig. 3) will be installed in the valves 

to allow the sodium to be drained from the 
bottom portion and transferred to the Sodium 
Storage Facility. 

Disposition of Residual Sodium 
The liquid-metal systems were drained to the maximum 

extent practical. However, the seven plant cold traps are being 
intentionally left full (considered to be a safer condition for 
storage and later disposition). The residual sodium 
(-24,000 liters, -35% associated with the cold traps) will be 
retained under an inert gas blanket until the residual is removed 
later in the project. The process selected for removing residual 
sodium is the superheated steam process. The superheated 
steam process was used to remove residual sodium at FERMI-I 
and has been used at Hanford to successfully clean a mockup of 
FFTF’s reactor vessel and the Fuel Storage Facility NaK 
cooling system and has a number of advantages over other 
available processes. Design of the major equipment required to 
implement this process has been completed but activities for 
removing residual sodium have been deferred for several years 
(until the final D&D phase of the project). 

Bulk Sodium Disposition 
In addition to the 955,000 liters (253,000 gallons) of 

sodium from FFTF, there are 129,000 liters (34,000 gallons) of 
sodium from the Hallam reactor and 26,000 liters 
(7,000 gallons) of sodium from the Sodium Reactor Experiment 
stored at the Hanford Site. Disposition of all of this 
contaminated sodium is planned as part of this project. Current 
plans call for converting the sodium to 50 percent sodium 
hydroxide solution for use by the DOE’S Office of River 
Protection at Hanford either for controlling the chemistry in 
tanks for storing high-level radioactive waste or for pre-treating 
the high-level waste before it is vitrified in the Waste 
Treatment Plant. This process has several benefits: 

Uses proven technology 
Minimizes waste volume and cost associated with 
closing FFTF 

4 
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Allows the sodium to be managed as product rather 
than waste. 

It is currently planned that a new conversion facility will 
be constructed at Hanford (probably adjacent to the 
FFTF/Sodium Storage Facility). However, this approach will 
be evaluated further as part of the Tank Closure and Waste 
Management Decommissioning Environmental Impact 
Statement. 

System Deactivation 

An end-point process was used during system deactivation 
planning to identify system end-points and activities needed to 
achieve the end-points. The Fast F l u  Test Facility 
Deactivation End Point Criteria, FFTF-25070, was issued in 
August 2005. The document had two major objectives: 

Identify work to be completed to declare FFTF 
deactivated and that major hazards have been either 
removed or stabilized. 
Identify the regulated units and or hazardous 
substances proposed to remain at the facility 
following the completion of deactivation. 

The schedule for deactivating plant systems relates the 
shutdown of systems to the completion of key activities. 
Examples of these activities include defueling the reactor, 
draining sodium from the secondary and primary systems, 
draining sodium from fuel-storage vessels, and completing fuel 
handling and hot cell operations. Significant systems have 
been partially or fully deactivated 

Emergency diesel generators 
Class-1E electrical distribution 
Inert gas sampling and processing 
Radiation monitoring 
Reactor plant controls 
Neutron flux monitoring 
Reactor protection system 
Containment isolation system 
Fire detection and alarm 
Heating and ventilation 
Sodium sampling and processing. 

Surveillance and maintenance resource requirements have 
declined as unneeded systems have been secured and 
deactivated. After sodium was drained from the secondary 
system, approximately 80 percent of a large fire detection and 
alarm system, consisting of 561 addressable field devices and 
57 chimes, was deactivated. Many flow/supervision switches, 
alarm chimes, pull stations and 404 smoke detectors were 
removed from service. As property values have been zeroed 
and as permitted by the Fire Hazard Analysis, four of the five 
halon systems have been deactivated and the halon containers 
removed from the facility. Forty-one of 45 area radiation 
monitors, 34 of 35 process radiation monitoring instruments, 

and all seven continuous effluent and seven heating, 
ventilation, and air conditioning radiation instruments have 
been deactivated. The number of preventive maintenance 
activities has declined as performance frequencies for operating 
equipment have either been extended or eliminated. 

At the beginning of the deactivation period, 19 high- 
voltage transformers with oil containing polychlorinated 
biphenyls were either in service or installed for future use. Ten 
of the transformers have been removed from the facility, with 
the rest scheduled to be removed (Fig. 4). One transformer will 
be replaced with a new dry transformer to supply loads required 
during the surveillance and maintenance period. 

1 

Figure 4. Ten PCB transformers will be removed from the 
facility over the next two years. 

Two Class-1E 125 VDC battery banks have been 
deactivated allowing 120 lead calcium battery cells to be 
removed. The remaining active Class-1E electrical loads have 
been cross-connected with the non-1E 125 VDC distribution 
system. Near-term activities will install a DC power supply to 
assume all remaining DC bus loads. This power supply will 
allow all remaining hazardous materials to be removed from the 
125 VDC system. 

Six liquid rheostats that were used to vary the speed of the 
Main Heat Transport System pumps have been deactivated and 
drained of approximately 20,400 liters (5,400 gallons) of 
sodium carbonate electrolyte solution. 

Building Deactivation 

The Fuel Storage Facility was identified as a building that 
could be put into an interim shutdown condition. There were 
no further activities scheduled for the facility for a least a 
decade and significant savings could be realized if it were 
placed into a condition requiring minimal surveillance and 
maintenance. 
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All bulk combustible material was removed from the 
building with the exception of the residual frozen sodium 
remaining in sealed ASME-coded piping and tanks and storage 
boxes containing the core component pots from the Interim 
Decay Storage. 

To preclude any source of ignition, electrical power to the 
facility was disconnected external to the building, but can be 
re-energized for illumination during required surveillance tours. 

The inert gas blanket system for the sodium-,containing 
equipment was modified to be controlled and monitored from 
outside of the building. A low- and high-pressure alarm was 
added to provide a trouble alarm to an active fire panel to 
provide notification of a loss of containment of the pressure 
boundary. 

Sprinkler and sanitary water supplies were disconnected 
from the external fire water loop and the piping inside Fuel 
Storage Facility was drained to prevent damage from Freezing. 
The facility's fire alarm and detection system was deactivated. 
Connections to the plant's sanitary sewer system were removed 
and plugged. 

Yearly inspections will be conducted under controlled 
conditions to verify that flammable and hazardous material has 
not accumulated in the facility and that there have been no 
adverse changes inside the building. 

Plant Decommissioning 

DOE'S Richland Operations Ofice has commissioned an 
independent third-party to prepare an FFTF Decommissioning 
Environmental Impact Statement as required by the National 
Environmental Policy Act. The Environmental Impact 
Statement will address the "No Action" alternative as required 
by law. The No Action alternative would complete the 
deactivation approved by a 1995 Environmental Assessment for 
which the fuel and bulk sodium would be removed and the 
facility placed into a long-term surveillance and maintenance 
condition. There are also two other alternatives: entombment 
and removal. The initial active alternative, Entombment, would 
continue on from deactivation to remove sodium residuals. The 
reactor vessel and containment vessel void spaces would be 
grouted and an engineered barrier would be constructed over 
the below-grade portion of the containment vessel. All above- 
grade structures would be demolished and removed. The 
second active alternative, Removal, would m o v e  the reactor 
vessel and associated hazards from the containment vessel. 
The below-grade portion of the containment vessel would be 
backfilled or grouted, and the surface contoured and re- 
vegetated. DOE expects to issue a Record of Decision by 2009. 

Decommissioning activities will take the facility from 
deactivated system end points to the final end state. Significant 
activities during the initial decommissioning phase include the 
following: 
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Disposition residual sodium left in plant systems 
Complete facility characterization to define hazards 
Implement material disposition planning to assure 
proper handling of property for release and performing 
the low-cost disposition of all materials 
Transfer deactivated buildings or spaces to 
decommissioning project control 
Conduct radiological release surveys on materials, 
equipment, and waste 
Develop standard operating procedures to provide 

. consistent instructions for performing common types 
of field work, such as dismantlement, component 
removal, and demolition. 

SUM MARY 

Following ten years of highly successful and safe operation 
and another ten years of plant standby while potential future 
missions were studied, the closure of FFTF is now proceeding. 
At this time, all of the fuel has been removed from the reactor 
vessel and 97% of the fuel has been washed and placed into 
Interim Storage Casks. Approximately 97% of the liquid metal 
has been drained from the plant's systems into the Sodium 
Storage Facility constructed as part of the plant closure activity. 
Non-essential systems have been and continue to be shut down 
as their use is no longer required to support facility operations. 
An Environmental Impact Statement is in progress and a 
Record of Decision on the final end state for the facility is 
expected to be issued in 2009. Following this decision, fmal 
decommissioning can begin. The final decommissioning will 
include disposition of both the bulk and residual sodium and 
the plant's structures. Options being considered for final 
facility disposition range from no action to entombment. The 
duration of the final disposition activities will depend on the 
alternative selected and the funding provided. 
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