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ABSTRACT 

Activities are under way at Hanford to convert the 309 containment building and 
its associated service wing to a nuclear test facility for the Ground 
Engineering System (GES) test. Conceptual design is about 80% complete, 
encompassing facility modifications, a secondary heat transport system, a large 
vacuum system, a test article cell and handling system, control and data 
handling systems, and safety and auxiliary systems. The design makes extensive 
use of existing equipment to minimize technical risk and cost. Refurbishment 
of this equipment is 25% complete. Cleanout of some 1000 m-̂  of equipment from 
the earlier reactor test in the facility is 85% complete. An Environmental 
Assessment was prepared and revised to incorporate Department of Energy (DOE) 
comments. It is now in the DOE approval chain, where a Finding of No 
Significant Impact is expected. During the next year, definitive design will 
be well advanced, long-lead procurements will be initiated, construction 
planning will be completed, an operator training plan will be prepared, and the 
site (preliminary) safety analysis report will be drafted. 

INTRODUCTION 

In November 1985, Hanford was selected by the DOE as the preferred site for a 
full-scale test of the integrated nuclear subsystem for SP-100. The Hanford 
Engineering Development Laboratory, operated by Westinghouse Hanford Company 
(WHC), was assigned as the lead contractor for the Test Site. The nuclear 
subsystem, which includes the reactor, its primary heat transport system, and a 
prototype flight shield, will be provided by the System Developer, the General 
Electric Company (GE). The nuclear fuel will be provided by Los Alamos 
National Laboratory. In addition to reactor operations, Test Site 
responsibilities include preparation of the facility plus design, procurement, 
and installation of a vacuum chamber to house the reactor, a secondary heat 
transport system to dispose of the reactor heat, a facility control system, and 
post-test examinations to the extent required. At the conclusion of the test 
program, the Test Site provides for waste disposal and facility 
decommissioning. The Test Site also prepares appropriate environmental and 
safety evaluations. 

This paper summarizes work performed during the past year and describes plans 
to achieve criticality in September 1990. (Subsequent to preparation of this 
paper, but prior to the Symposium, the schedule for dry criticality was changed 
to November 1990.) 



DESIGN 

Ground testing of the SP-100 nuclear subsystem presents significant design 
challenges to achieve prototypic test conditions while assuring safe conduct of 
the test program. These challenges are being met through the use of state-of-
the-art technologies and equipment, plus the application of redundant 
components and dedicated safety systems. Existing components and facilities 
are being used extensively in the design of the Test Site to minimize both 
technical risk and cost. 

In the past year a series of design trade studies was performed, and the Test 
Site is now nearing the completion of conceptual design. The draft Conceptual 
Design Report and a baseline Test Site cost estimate will be issued in March 
1987. Selected definitive design tasks are currently under way to support 
long-lead procurements, with the majority of definitive design expected to 
begin in June 1987 and be completed in August 1988. 

Facility and Test Article Design 

The Test Site for the SP-100 GES Nuclear Assembly Test will be located in the 
Hanford 309 Building. This facility, originally constructed in the 1960s for 
the 70-MW Plutonium Recycle Test Reactor, consists of a reactor containment 
vessel, a service building, and an office wing, as depicted in Figure 1. 
Conceptual designs were developed to accommodate testing of the SP-100 Nuclear 
Assembly in this facility consistent with current government regulations for 
personnel and nuclear safety. 

VACUUM SYSTEM 

FIGURE 1. SP-100 GES Test Site. 



The Nuclear Assembly Test article is being designed and constructed by GE and 
will be mounted in a vacuum vessel furnished by the Test Site. The vacuum 
vessel will be installed in a new test cell constructed both within and above 
one of the existing below-grade equipment cells (A Cell), as shown in Figure 2. 
The lower half of the test article, including the reactor, flight shield, 
control drums, and control rod drives, will be located below the existing 1.5-
meter-thick concrete operating deck. The upper half of the test article will 
be located above the containment vessel operating deck, shielded from the 
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FIGURE 2. Test Article Cell and Handling System. 



reactor by the flight shield and additional facility shielding. This portion 
of the test article will contain a non-prototypic primary heat transport 
system, an electric heater for hot functional testing prior to nuclear 
operation, the primary lithium-to-secondary sodium heat exchanger(s), and other 
test support equipment. Trade studies performed early in the Test Site program 
found that shielding with this approach could prevent extensive activation of 
the secondary coolant, and, therefore, would negate the need for a tertiary 
heat transport system. 

The reactor test cell will include 1.2- to 1.8-meter-thick, high-density 
concrete walls to provide the radiation shielding necessary for manned access 
in the adjacent equipment and operating areas. Vacuum, heat transport, and 
other Site support equipment will be located in the below-grade equipment cells 
within the containment vessel, in the basement of the service building, and 
exterior to the containment vessel. 

Test Site System Designs 

To achieve the desired primary coolant temperature (approximately 1350 K), a 
niobium alloy (Nb-l%Zr) will be used in the construction of the reactor vessel 
and primary heat transport system. Niobium is attacked by reactive gas species 
at elevated temperatures, and, therefore, can only be tested safely at these 
temperatures when isolated in an ultra-high vacuum environment. The Test Site 
Vacuum System, shown schematically in Figure 3, will provide the vacuum chamber 
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FIGURE 3. Test Site Vacuum System. 



and pumping system to produce this protective environment. During the 
development of the Site conceptual design, the vacuum vessel size was increased 
to 3 m maximum diameter by 7.6 m tall to accommodate the larger test article 
configuration planned by GE. Vacuum pumping will be performed bv a three-stage 
pumping system, with cryogenic pumps providing the 1.3 x 10"° Pa (1 x 10'^ 
torr) vacuum. Alternate cryo-pump duct geometries and pump designs continue to 
be assessed to eliminate radiation damage limitations associated with 
conventional cryo-pumps. 

The Secondary Heat Transport System is designed to dissipate the 8 MW of 
reactor heat to the atmosphere using sodium coolant circulated through two air 
blast heat exchangers. Either of these two 900 K stainless steel sodium loops 
will provide sufficient natural circulation for reactor decay heat removal in 
the event of a power outage or equipment failure. Separate liquid metal heat 
transport systems will provide emergency core cooling and cooling of the guard 
vessel surrounding the reactor vessel. 

The Test Article Handling System, also shown in Figure 2, will provide the 
means to install, maintain, remove and dismantle the nuclear assembly test 
article. A series of design studies was performed on this system by both WHC 
and GE before selecting a design which could accommodate the larger test 
article as well as substantially improve upon the capabilities of the original 
Site proposal concept. Remote equipment, including master-slave manipulators, 
shielded viewing windows, and special tools and fixtures, are the key elements 
of this "Hybrid" design. Use of standard equipment and proven technology is 
emphasized to minimize technical risk without overly compromising operating 
flexibility. 

The Facility Control Systems will provide the equipment to control the Test 
Site equipment, collect and store operating data, and perform automatic plant 
protection in the event of operating anomalies. The control and data 
acquisition system will be a microprocessor-based, distributed control system 
using touch screen cathode ray tubes (CRTs) as the primary operator interface. 
The plant protection system will be an independent safety shutdown system. 

EQUIPMENT REFURBISHMENT 

The Secondary Heat Transport System is based on the use of mostly existing 
reactor grade liquid metal components located at Hanford. Included are a 
number of pumps, tanks, valves, and other components from the Fast Flux Test 
Facility (FFTF) Closed Loop Systems, such as the two sodium-to-air heat 
exchangers shown in Figure 4. These items have a book value in excess of $5M. 
Although most of this equipment has never been used and is in excellent 
condition, there has been some weathering of components stored outside. The 
program of removal from FFTF, and inspection and refurbishment where necessary, 
is approximately one quarter complete. 

One of the two FFTF Closed Loop Modules, containing a number of electro
magnetic (EM) pumps, valves, tanks, and other liquid metal components, was 
removed from the FFTF and relocated to a high-bay facility in the Hanford 300 
Area (see Figure 5). American Society of Mechanical Engineers (ASME) nuclear 
code-qualified disassembly, assembly and storage areas were established in this 
facility to maintain the proper pedigree of these critical components. All 
components to be used by the Test Site were removed from the module. 
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FIGURE 4. FFTF Closed Loop Dump Heat Exchangers. 
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FIGURE 5. FFTF Closed Loop Module after Removal from FFTF. 



In addition, a number of other liquid metal components were removed from one of 
the FFTF secondary Closed Loop System equipment cells. An EM pump, several 
liquid metal valves, and a sodium cold trap were removed, along with piping and 
equipment support hardware and seismic snubbers. These items were transported 
to a second qualified storage area established in one of the existing 
fabrication shops in the Hanford 300 Area. Documentation to remove the 
remainder of the FFTF secondary Closed Loop equipment to be used at the Site is 
nearing completion, and preparation of the documents to inspect and refurbish 
the removed equipment has begun. 

The addition of separate liquid metal cooling systems for emergency core 
cooling and guard vessel cooling in the current GE test article design added 
substantially to the number of liquid metal components needed at the Test Site. 
With the Test Site requirements becoming better defined, the availability of 
other existing equipment for use in all the Site systems has been actively 
pursued. Several additional components have been identified for Site use, 
including sodium impurity meters and samplers, a sodium fill system, sodium 
pipe containment penetrations and mixing components, additional liquid metal 
and inert gas valves, trace heat system power controllers, and (potentially) 
shield windows and master-slave manipulators. The availability of other 
existing equipment will continue to be actively pursued. 

SITE CLEANOUT 

At the conclusion of the program for the Plutonium Recycle Test Reactor, the 
facility was decommissioned and partially decontaminated. To provide for the 
SP-100 GES equipment, additional existing equipment and supporting connections 
that were located in the containment shell and heavily shielded cell support 
areas are being removed and, in some cases, decontaminated and disposed of. 
Support areas for SP-100 are being developed by modifying an existing 
maintenance shop and relocating a computer function to another facility from 
the building's former control room. 

The major containment building cleanout activities take place in the three 
below-grade shielded cells. These cells contain instrumentation, compressors, 
pumps, ion exchange columns, tanks, heat exchangers, interconnecting piping, a 
support structure, and mezzanines. An estimated 1000 m^ of waste will be 
disposed of to burial. This work is about 85 percent complete. 

Planning and preparation for the cleanout of the 309 Building containment 
started in January 1986. Site preparation management and overall planning were 
done by WHC. The work removal sequence and actual site cleanout work is being 
performed by J. A. Jones, the onsite construction services contractor. Also 
involved are United Nuclear, Inc. decontamination and decommissioning 
personnel, and Rockwell Hanford Operations, the waste management contractor. 

A major emphasis of the cleanout planning and preparation program was to ensure 
review and appropriate resolution of potential safety aspects of the removal 
process prior to starting work. Consequently, a series of safety prerequisites 
were established. A Safety Readiness Review Board was appointed to provide a 
preliminary review of the status of each safety prerequisite and assure 



appropriate resolution before release of the facility for cleanup activities. 
The areas covered included • Fire protection, •Asbestos protection, .Emergency 
preparedness, • Radiological safety, •Waste management, .Industrial safety, and 
•Access control. The Readiness Review was completed and final release for 
containment cleanout given on July 29, 1986. 

After the safety review clearance, the construction contractor proceeded with 
removal of equipment and material. Major cleanup activities began with removal 
of asbestos followed by the removal of equipment and material from C Cell. 
Figure 6 shows a before and after aspect of one part of C Cell. All removal 
work required approved Radiation Work Procedures and Safe Work Procedure (SWP) 
clothing (two pairs of coveralls). Fresh air masks were required for all 
burning or cutting procedures. Assault masks were required for asbestos 
removal and other work. 

FIGURE 6. View of C Cell in 309 Containment Building. 

During the cleanout, radiation levels generally ranged between 2 and 20 mrem/h 
with the highest readings being 200 mrem/h for some components. Contamination 
levels were low, averaging over a general area about 20,000 dpm of Beta and 
Gamma contamination and 1,000 dpm of Alpha. Higher levels were encountered in 
specific isolated places. 

Hazardous, radioactive, and mixed wastes were generated, characterized, 
packaged, and disposed of on the Hanford Site in accordance with standard 
procedures. All radioactive waste was low level. The hazardous and mixed 
waste included asbestos, lead, mercury, and oil. 



Removal of equipment from A and B Cells required intensive daily planning 
because of the large variations of types, size, and complexity of equipment as 
well as for the use of different construction crafts. Figure 7 provides a view 
of B Cell before and after removal of some of the equipment. 

FIGURE 7. View of B Cell in 309 Containment Building. 

The removal of the main heat exchanger (steam drum) and the shield blocks over 
the exchanger was the most complex aspect of the cleanup activities to date. 
Detailed, step-by-step removal procedures; special lifting fixtures; and 
special crane inspections, maintenance, testing and waivers were required and 
completed before allowing lifting of any of the shield blocks or the steam 
drum. A special test to determine weight and center of gravity was made. The 
test determined that the steam drum should be cut into at least two parts to 
reduce the weight to acceptable crane limits. Figure 8 shows removal of a 
steam drum block. The heat exchanger was successfully removed in December. 
Completion of the cleanup activities is forecast for February 1987. 

ENVIRONMENTAL EVALUATION 

A preliminary evaluation of the hazards and impacts for the Test Site was 
completed in June 1986. The evaluation determined that the environmental 
impacts would be minimal and that the planned program was consistent with the 



FIGURE 8. View of Cover Blocks over Steam Generator. 



prior use of the facility and area. Based on the minimal impacts, an 
Environmental Assessment (EA) was prepared rather than an Environmental Impact 
Statement. 

A draft of the EA, completed in September 1985, was reviewed by project 
participants and the Office of NEPA Project Assistance in DOE/HQ. A revised 
draft responding to review comments was completed in November 1986 and has been 
submitted to DOE for NEPA action. A decision of a "FONSI" (Finding of No 
Significant Impact) is anticipated. 

The EA included a hazards analysis, which assessed potential impacts related to 
industrial, nuclear, and toxicological hazards. Principal hazards included 
fission products, activation products, and liquid sodium. 

The bounding event for consideration of environmental impacts was taken to be 
an at-power accident which caused the loss of core integrity and the release of 
the core fission product inventory and coolant alkali metals to containment. 
The oxidation of the liquid metals was used as the driving force for 
containment pressure. Containment was assumed to perform its design function. 
A conservative, rather than realistic, meteorology was used. 

The consequence for this event was very minimal. The incremental impact from 
this accident to the environment was calculated as 0.02 to 0.2 additional 
cancer fatality. In practice, the risk to the public can be further reduced by 
evacuation. The environmental impacts of routine events were all considerably 
less. 

SAFETY EVALUATION ( 

The safety evaluation for the Test Site is a two-step process. The first step 
is the preparation and review of a Preliminary Safety Analysis Report (PSAR). 
The PSAR will adhere to the NRC Regulatory Guide for safety analysis reports 
and will be reviewed both at WHC by an independent safety organization and by 
appropriate DOE agencies. The PSAR will serve as the basis for approval of the 
design and construction of safety-related facility equipment. 

The second step will be the preparation and approval of a Final Safety Analysis 
Report (FSAR). This report will contain the analyses which provide the bases 
for authorization of reactor operations. It is planned to submit this report 
for internal review in the latter portion of 1989. 

The safety analysis reports will be subject to independent safety reviews by 
WHC, GE, the SP-100 Project Office, and DOE. 

PLANS 

Figure 9 contains a summary schedule of the major activities for the GES Test 
Site. The critical path flows through conceptual design, definitive design, 
construction, equipment installation, and acceptance testing. These activities 
overlap, creating a success-oriented schedule. This will require particularly 
close coordination among construction, system installation, and acceptance 
testing. Defining the vacuum vessel requirements in a timely fashion and 
procurement is only one of a number of major long lead procurement activities. 
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PRELIMARY GES TEST SITE SCHEDULE 
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FIGURE 9. Preliminary GES Test Site Schedule. 

Start-up testing activities include receiving the reactor, loading reactor 
fuel, installing the reactor in the cell, and connecting secondary cooling 
piping and electrical instrumentation to the test article, followed by leak 
testing of all systems, including a containment vessel integrated leak rate 
test. Timely completion of these activities will be crucial in achieving a dry 
reactor critical test by September 30, 1990. 

The remaining start-up testing will include non-nuclear hot functional testing, 
and wet critical and initial power ascent testing. It is anticipated that 
start-up testing will be followed by full-power testing for six months. The 
six-month full-power testing is targeted to start in January 1991 and be 
conducted through July 1991 in accordance with the Baseline Project Schedule. 

In summary, the Test Site Critical Path schedule is achievable but does not 
contain any contingencies. With overlapping interface activities, work arounds 
in the event of schedule delays will be difficult and challenging. 
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