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ABSTRACT 

The Rotating Target Neutron Source (RTNS-II) facility produces 
14-MeV neutrons for materials damage studies. Initial operation for 
irradiations, which occurred in 1979, began with a neutron source 
strength of 1013 n/s utilizing one of the accelerator-based neutron 
sources. Details are given on improvements which have resulted in both 
increased neutron production and neutron source strength and improved 
control and monitoring. 

*Work performed under the auspices of the U.S. Department of Energy and 
Japan (Monbusho) by Lawrence Livermore National Laboratory under contract 
number W-7405-ENG-48. 
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1. Introduction 

The RTNS-II facility was constructed by Lawrence Livermore National 
Laboratory for the the Office of Fusion Energy in the Department of 
Energy (DOE). The purpose of the facility is to provide an intense 
source of 14-MeV neutrons for radiation damage studies. 

EHUS-II began producing 14-MeV fusion neutrons in 1979. Initial 
operation achieved a neutron source strength of lO 1^ n/s. During the 
first four years of operation, neutron production was accomplished using 
only one of two accelerator-based neutron sources. A status report on 
the facility as of 1980 is given in ref. 1. In 1982, the government of 
Japan, through the Ministry of Education, Culture, and Science (Monbusho), 
joined in the support and utilization of the RTNS-II facility. As a 
result of this increased support, the second neutron source was activated 
and began irradiations in July 1983. In addition, the operation schedule 
has been expanded from 10 shifts every five days to approximately 20 
shifts every five days. 

Improvements to the accelerator and target systems have been made 
which have resulted in increased neutron production and source strength. 
Certain other improvements have been made to increase reliability of 
high-risk components and to improve control and monitoring of various 
neutron source functions. These improvements are detailed in the 
following sections. 
2. Accelerators 

2.1. High Voltage Power Supplies 
Eich neutron source at RTMS-II uses a 4C0-keV Cockroft-walton type 

high voltage power supply with a current cap? v J.ity of 300 mA DC. Thwe 
units were manufactured by Emile Haefely Co. of Basel Switzerland. 
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These power supplies have the capability of being upgraded to 500 m& 
current capability. The only changes made to the high voltage power 
supplies have been to the diode strings and the corona shielding. The 
diode strings were modified by Haefely to eliminate external capacitance 
grading bars. Additional corona shielding was designed and built to 
grade electric fields near the diode strings. We now also have the 
capability of producing the individual diode sections at RINS-II. The 
diode strings and the surge resistor are monitored weekly as part of the 
start-up routine for each neutron source. Figure 1 shows a view of one 
neutron source with the old diode strings and a view of the same neutron 
source with additional corona shielding and new diode strings. 

2.2. Beam Transport System 
The only major change made to the beam transport system has been 

to replace the original double-walled, water-jacketed, stainless steel beam 
pipe with externally cooled copper beam pipe. This was done to increase 
reliability in the event of stray beam hitting the beam pipe. 

Two other modifications are nearing completion and will be installed 
as the irradiation schedule allows. The first of these is the installation 
of new pumping plenums and turbomolecular pumps near the rotating target 
system to provide increased pumping speed and improved pump reliability. 
Pumping will be provided by two nominally 2000- liters-per-second pumps 
instead of the 1000-liters-per-second pumps presently in use. 

The second modification, nearly ready for installation, is a new 
acceleration tube. The new acceleration tube has been designed [2] with 
more massive and complete internal shielding for the ceramic sections. 
In addition, the tube ceramics are now convoluted on the interior surface 
as well as the exterior surface to provide better spark resistance. The 



-4-

new acceleration tube is also constructed using O-ring joints instead of 
the combination of brazed and O-ring joints used in the present tube. A 
comparison between the old and new accelerator tubes are shown in fig. 2. 
It should be noted that the accelerator tube for the first neutron source 
has accelerated a total of approximately 6.3 x 10 5 mA-hr of D + beam 
through July 1984 (corresponding to approximately 1.4 x 1 0 2 5 deuterons). 
3. Target systems 

For initial operation, RTNS-II used a rotating, 23-cm diameter, 
titanium-tritide target. Each target contained on the order of 
4.4 x 10 7 M 6q of tritium and had a surface area of approximately 300 cm 2. 
Both neutron sources now use 50-cn> diameter targets with a nominal 
tritium content of 2.2 x 10 8 M Bq and a surface area of 1500 cm 2. The 
50-cm targets have both increased linear velocity through the beam spot 
and improved cooling, resulting in longer lifetimes in excess of the ratio 
of the titanium-tritide areas. Details of target performance have been 
given elsewhere [33. It can be noted, however, that a recent 50-cm target 
exhibited a lifetime nearly an order of magnitude longer than an 
"average" 23-cm target (the total number of incident deuterons being 
9 x 1 0 2 3 and 1 x 1 0 2 3 , respectively). 

Work is also in progress on improved target substrates. Present 
methods for the manufacture of target substrates have been described in 
the literature [4,5]. More recent work is concerned with an attempt to 
find high strength copper alloys for use in the electroforming process. 

Coating of target substrates with evaporated titanium and loading 
with tritium was previously done by Oak Ridge National laboratory (ORNL) 
[6]. Recently, this process has been done at the Tritium Facility at 
i m . While the targets produced are comparable in performance, the 
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transportation of loaded radioactive targets has obviously become less 
complicated. 
4. ion Source 

In addition to the use of 50-cm targets, improvements in ion source 
performance have had a major effect in improving neutron source strength 
and production. As previously mentioned, initial operation achieved a 
neutron source of lO 1^ n/s with approximately 45 mA of beam. This was 
done using the MATS-III ion source [7]. Characterization of the HATS-III 
sources in use at KTNS-II is given in a paper submitted to this 
conference [8]. 

The primary improvements to the MATS-III ion sources which have 
increased the total beam current available on target, have come from 
increased arc power, increased extraction voltage, and extraction 
electrode gapping. Arc current and extraction voltage capabilities have 
been extended to 50 A and 35 kV, respectively. A complete description of 
improvements to the MATS-III ion source is given in ref. 8, as noted 
above. 

In table, 1 we give present and initial operating characteristics of 
the RPNS-II neutron sources. To make further ion source improvements, an 
ion source test facility is planned at KTNS-II in space made available by 
moving the Materials Testing Laboratory to a newly constructed building. 
The ion source facility will be set up to duplicate the ion source 
arrangement used in the high voltage terminal of the neutron sources. 
5. Control and Monitoring 

Two major improvements have been made in the control and monitoring 
systems for the neutron sources. The first is the target control system 
which has been changed to run under LSI-11 computer control. Target 
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rotation speed and speed limits as well as target scan limits are set and 
monitored by the LSI-11. In addition, a fast target scan mode 
facilitates experiment set up and helps to limit radiation exposure to 
personnel. 

The ETNS-II facility provides a time-history record of neutron 
production during irradiations used for correcting for decay when 
determining neutron fluence from dosimeter activation. This data had been 
obtained previously using a Hewlett-Packard 9825 desktop computer system. 
This data acquisition system has been replaced with a 151-11 CAMAC-based 
system. This offers the possibility of using the full range of CAMAC 
modules for monitoring and control. It, in general, allows easier 
communication with other computers for off-line data reduction.and 
archival storage. 
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Table 1, 
Operating Characteristics of the RHJS-II Neutron Sources 

Source !«"•> Sojir£fi_BHa) 

Maximum Energy 400 keV 360 keV 
Nominal Energy 370 keV 350 keV 
Maximum Beam Current 130 mA 120 mA 
Maximum Neutron Source 
Strength 3.3 x 10 3 n/s — 
Initial Operation 
Beam Current 45 mA 80 mA 
Source Strength 1 x 1 0 1 3 n/s 2 x 1 0 1 3 n/s 

(1) Source m in operation from 1/1/79 
Source EM in operation 6/15/83 
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Figure Captions 
Fig. 1 Top: A view of the Cockroft-Walton section of the high voltage 

power supply showing the old style diode strings. Bottom: A 
view of the Cockroft-Walton section showing the new diode strings 
and corona shielding. 

Fig. 2 Top: A section of the acceleration tuba used presently in the 
neutron sources. Botto*>: A section of the acceleration tube 
under construction. This shows the more massive internal 
shielding. 



FIGURE 1. Top: A view of the Cockroft-Walton section of the high voltage power 
supply showing the old style diode str ings. 

Bottont. A view of the Cockroft-Walton section showing the new diode 
S t M l p 4wd cor- shielding. 


