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SP-100 TEST SITE 

Carl M. Cox, Michael K. Mahaffey, and William C. Miller 
Westinghouse Hanford Company 

P.O. Box 1970 
Richland, WA 99352 

(509) 376-3177 

ABSTRACT 

Preparatory activities are well under way at Hanford to convert the 309 

Containment Building and its associated service wing to a 2.5 Mwt nuclear test 

facility for the SP-100 Ground Engineering System (GES) test. Preliminary 

design is complete, encompassing facility modifications, a secondary heat 

transport system, a large vacuum system to enclose the high temperature 

reactor, a test assembly cell and handling system, control and data processing 

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 75% complete. The facility has been cleared of obstructing 

equipment from its earlier reactor test. Current activities are focusing on 

definitive design and preparation of the Preliminary Safety Analysis Report 

(PSAR) aimed at procurement and construction approvals and schedules to achieve 

reactor criticality by January 1992. 

INTRODUCTION 

The SP-100 Test Site is the preferred facility for demonstrating the 

performance of a full-scale, prototypic space nuclear reactor, with flight 

shield and control system, constituting the SP-100 Nuclear Assembly Test (NAT). 
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The NAT program is a joint endeavor of GE and the Westinghouse Hanford Company 

(WHC) under the auspices of the SP-100 Project Office. GE, the System 

Developer, will design the SP-100 space power system, fabricate the prototype 

reactor system, and define the test program. WHC, the Site Operator, will 

design the test facility and site systems to meet the program requirements, 

modify the existing facility, construct the necessary new systems, and perform 

the test program. The major support systems provided at the Test Site include 

a large vacuum system to simulate the space environment, heat rejection systems 

to dispose of the reactor heat, and the facility control system. Kaiser 

Engineers Hanford, the on-site Hanford architect/engineer and construction 

contractor, will share the facility design responsibilities with WHC and will 

manage all site construction activities. In addition, Los Alamos National 

Laboratory will provide the reactor fuel for the test program. 

This paper describes the Test Site design and summarizes work performed during 

the two year period since Hanford was selected as the preferred site. There 

have been significant design evolutions since the earlier descriptions provided 

by Cox et al. (1986) and Miller et al. (1987). 

DESCRIPTION 

The Test Site for the SP-100 GES NAT is located at the Hanford 309 Building 

complex (Figure 1). This facility consists of a reactor containment vessel, 

exhaust stack, a control and service building, and a maintenance and mockup 

wing. Designs were developed to accommodate testing of the SP-100 nuclear 

assembly in this facility consistent with current government regulations. Site 
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systems are designed for a two year operational lifetime, but will be evaluated 

for stretch capability up to seven years. 

The NAT provided by GE, as shown in Figure 2, will consist of a lithium cooled 

reactor (Kruger et al. 1987), flight shield, reactivity control mechanisms, and 

a single loop primary heat transport system, including a regenerative and an 

intermediate heat exchanger. Reactor heat will be transferred from the primary 

lithium to a sodium cooled secondary heat transport system provided by the Test 

Site. 

The test assembly will be mounted in a stainless steel vacuum vessel furnished 

by the Test Site. The 3 m maximum diameter by 7.6 m tall vacuum vessel will be 

cooled to simulate heat loss in space. The NAT and vacuum vessel will be 

installed in a new reactor cell and upper test assembly cell constructed inside 

the existing containment vessel (Figure 3). The lower half of the test 

assembly, including the reactor, flight shield, and control elements will be 

located below the existing 1.5 m thick concrete operating deck. The upper half 

of the test assembly will be located above the containment vessel operating 

deck, shielded from the reactor by the flight shield and additional facility 

shielding. The primary heat transport system, an electric heater for hot 

functional testing prior to nuclear operation, the primary lithium-to-secondary 

sodium heat exchanger, and other test equipment will be positioned in the upper 

part of the test assembly. 

Figure 4 depicts an artist's conception of the facility following its 

modification for the SP-100 NAT. The new reactor test cell and upper test 

3 



assembly cell will be constructed with 1.2 to 1.5 m thick, high density 

concrete walls to provide the radiation shielding necessary for manned access 

to the adjacent equipment and operating areas. The vacuum system, vacuum 

vessel cooling system, and other Site support equipment will be located in the 

below-grade equipment cells within the containment vessel. Secondary heat 

transport equipment will be installed in a new structure adjacent to the 

containment vessel. The facility control room will be located on the ground 

floor of the Control and Service Building, while an auxiliary shutdown station, 

the plant protection system, and the safety power system will be located in the 

basement of that building. 

The reactor vessel and primary heat transport system provided by GE will be 

constructed of a niobium alloy to contain the high temperature (approximately 

1350 K) lithium coolant required for efficient thermoelectric conversion in the 

space based power system. Niobium reacts readily with oxygen and other gases 

at elevated temperatures and, therefore, can be operated at these temperatures 

only when isolated in an ultrahigh vacuum environment. The Test Site vacuum 

system will provide the pumping system necessary to evacuate the vacuum vessel 

to produce this protective environment. Vacuum pumping will be performed by a 

three stage pumping system, with cryogenic and ion pumps producing the 

1.3 X 10" Pa operating vacuum required by the reactor system. In the event of 

a vacuum vessel leak, the vessel will be flooded with helium to prevent 

detrimental niobium reactions with air. 

The single loop secondary heat transport system will dissipate the 2.5 MW of 

reactor heat to the atmosphere using sodium coolant circulated through an air 
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cooled heat exchanger. This 900 K, all stainless steel sodium loop, will 

provide sufficient natural circulation for reactor decay heat removal in the 

event of a power outage or equipment failure. Auxiliary liquid metal systems 

will supply and purify the primary lithium and secondary sodium coolants, while 

an impurity monitoring and analysis system will monitor impurity levels in the 

coolants and their inert cover gas systems. The guard vessel cooling system 

will provide for redundant residual heat removal in the event of a failure of 

the main heat transport system. 

The test assembly handling system will provide the equipment to install, 

maintain, remove and dismantle the NAT (Shen et al. 1987). Remote equipment, 

including master/slave manipulators, shielded viewing windows, and special 

tools and fixtures will be the key elements of this system. Use of standard 

equipment and proven technology is emphasized in the design to minimize 

technical risk without overly compromising operating flexibility. 

The facility control, data acquisition and handling, and plant protection 

systems will provide the hardware and software to control the Test Site 

equipment, to collect and store operating data, and to perform automatic plant 

protection in the event of operating anomalies (Carlson 1987). A separate 

reactor control system will be provided by GE to control reactor operations. 

This system will interface directly with the facility control system. The Test 

Site facility control system will be a microprocessor based, distributed 

control system. The plant protection system will be an independent safety 

shutdown system which will be provided jointly by GE and WHC. 
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Additional electrical power capacity will be supplied to the Test Site from a 

new substation to support both normal and emergency power needs. Upgrades will 

be performed to the building electrical power distribution system, including 

the addition of uninterruptible and safety class (IE) battery systems. 

Modifications will be made to the control and service building to accommodate 

the operational and equipment requirements imposed by the SP-100 reactor test. 

A new structure will be constructed outside the containment vessel to support 

the secondary heat transport system's dump heat exchanger and other auxiliary 

equipment. Upgrades and additions will be made to the other facility systems, 

including: building communications; facility security; service systems which 

supply chilled water, compressed air, and other necessary fluids; hazardous and 

radioactive waste systems; heating and ventilating; fire protection; 

containment; and radiation monitoring. 

Design activities have progressed through the stages of conceptual and 

preliminary design, and formal design reviews resulted in an approved 

preliminary design in early November 1987. Definitive design is now under way, 

focusing on those systems requiring early procurements or construction. Key 

remaining design uncertainties include: 

The time, temperature, and gas purity constraints on the vacuum vessel 

inert gas flooding system provided to protect the reactor vessel and 

primary heat transport system in the event of a vacuum system leak, and 
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The degree of purification cleanup required on the secondary sodium 

heat transport system to protect the Nb-lZr intermediate heat exchanger 

from oxygen contamination from the stainless steel piping. 

ENVIRONMENTAL AND SAFETY EVALUATIONS 

Safety in the performance of the NAT is the top priority in the design, 

construction, and operation of the Test Site. Protection of the public, the 

environment, and operating personnel is being provided by a comprehensive 

program to: (1) identify hazards early in the design process and eliminate 

them; (2) perform safety analyses to analyze and document residual risks; and 

(3) perform independent safety assessments to assure compliance with the U. S. 

Department of Energy (DOE) safety criteria. Both preliminary and final safety 

analysis reports will be generated. Test Site activities are being conducted 

to a quality assurance program meeting the requirements of ANSI NQA-1. 

A preliminary evaluation of the hazards and impacts for the Test Site 

determined that the environmental impacts would be minimal and that the planned 

program was consistent with the prior use of the facility and the area. As an 

engineering development test of an energy system prototype with minimal 

environmental impacts, an Environmental Assessment (EA) was prepared as the 

appropriate level of National Environmental Policy Act document. 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 extremely 
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unlikely, hypothetical at-power accident which caused the loss of integrity of 

fuel pin cladding, primary coolant boundary, and vacuum vessel 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. 

Conservative, rather than realistic, meteorology was used. The consequence for 

this event was very minimal. The maximum individual off-site whole body dose 

was calculated to be 1.3 REM for this bounding scenario. In practice, the risk 

to the public can be further reduced by evacuation. The environmental impacts 

of routine events were all considerably less. 

The safety evaluation for the Test Site is a two step process. The first step 

is the preparation and review of a PSAR. The PSAR, to be issued for approval 

in early 1989, 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. This report will contain the analyses which provide the bases for 

authorization of reactor operations. It is planned to submit this report for 

approval in the latter portion of 1990. 

EQUIPMENT REFURBISHMENT 

The secondary heat transport system is comprised of mostly existing reactor 

grade liquid metal components located at Hanford. Included are a number of 

electromagnetic pumps, tanks, valves, and other components from the Fast Flux 
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Test Facility (FFTF) closed loop systems, such as the sodium-to-air heat 

exchanger. 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. American Society of 

Mechanical Engineers nuclear code qualified disassembly, assembly and storage 

areas were established to maintain the proper pedigree of these critical 

components. The program of removal from FFTF, and inspection and refurbishment 

where necessary, is approximately three quarters complete. 

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 shield windows 

and master/slave manipulators. The availability of other existing equipment 

will continue to be actively pursued. 

SITE PREPARATIONS 

Hanford's 309 Building, was originally used in the 1960s for the 70 Mw 

Plutonium Recycle Test Reactor (PRTR). Until selected for the current 

application, the facility has been in constant use with active machine shops, 

including a "clean shop" installed in the containment building, a computer 

facility, a computer maintenance shop, and personnel offices for several 

functions. Four activities were conducted to remove obstructing equipment from 
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the earlier applications and prepare for facility modifications and new 

construction. These included relocation of the machine shops, relocation of a 

computer facility, and two extensive "cleanout" jobs, containment building 

cleanout, and ex-containment cleanout. 

Containment Building Cleanout 

At the conclusion of the program for the PRTR, the facility was decommissioned 

and partially decontaminated. To provide for the SP-100 GES equipment, 

additional obstructing equipment and supporting structures that were located in 

the containment shell and heavily shielded cell support areas were removed and, 

as necessary, decontaminated and disposed of. 

The major containment building cleanout activities took place in the three 

below-grade shielded cells. These cells contained instrumentation, 

compressors, pumps, ion exchange columns, tanks, heat exchangers, 

interconnecting piping, a support structure, and mezzanines. The total 

material removed contained 1,000 m^ of contaminated waste, including 190 m^ of 

asbestos, a 37 tonne steam generator, and several large concrete shield blocks 

weighing up to 32 tonnes. As a result of careful planning and work control, 

this 28,000 man-hour activity was concluded with no Occupational Safety and 

Health Act (OSHA) recordable accidents and no personnel radioactive 

contamination. 
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Ex-Containment Cleanout 

The ex-containment cleanout activities removed equipment and materials that 

were interfering with locations planned for SP-100 use from the PRTR support 

areas. These included removal of steam lines, service piping, tanks and other 

mechanical equipment; electrical wiring, equipment and an electrical 

containment penetration; a wall which previously shielded the PRTR steam 

generator; and some wire cages and concrete shield walls. 

Overall the ex-containment cleanout involved the disposal of 30 m^ of low level 

radioactive waste and 200 m-̂  of non-contaminated waste including 20 m^ of 

asbestos. As with the containment cleanout, the 10,000 man hours of excontain-

ment work was completed without an OSHA recordable accident or radioactive 

contamination of personnel. 

PLANS 

During 1988 the Test Site will complete about half of the definitive designs, 

refurbishment of surplus liquid metal equipment, the PSAR, and will initiate 

procurements. Figure 5 provides a summary schedule, aimed at January 1992 

reactor criticality and September 1992 completion of the test program. 

SUMMARY 

Westinghouse Hanford Company has moved rapidly, since selection of the Hanford 

309 Building in November 1985, as the preferred test site, to prepare a 
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facility to test the prototypic SP-100 nuclear reactor, flight shield, and 

control system. Test Site preliminary design has been completed and approved; 

the facility has been cleared of obstructing equipment from its earlier reactor 

test; three quarters of the surplus liquid metal equipment for the secondary 

heat transport system has been refurbished; and definitive design and 

preliminary safety analysis activities are under way. Detailed interfaces have 

been developed with GE, the reactor supplier, and a realistic work plan is in 

place to achieve reactor criticality by January 1992. 
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