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Abstract
Ion beams are transferred from the AGS into RHIC in

boxcar fashion as single bunches. The nominal design
assumes 60 bunches per ring but increasing the number of
bunches to gain luminosity is possible, thereby requiring
iujectioti kickers with a shorter rise time. The original
injection system consists of traveling-wave dielectric
loaded kicker ma~ets and a Blumlein pulser with a rise
time adequate for the present operation. Voltage
breakdown in the dielectric kickers suggested the use of
all-ferrite magnets. In order to minimize the conversion
cost, the design of. the all-ferrite. kicker uses the same
components as the dielectric loaded units. The all-ferrite
kickers showed in bench measured good breakdown
properties and a current rise time of <50 ns. A prototype
kicker has been installed in the blue ring and was tested
with beam. Beam measurements indicate suitability of all-
ferrite kicker magnets for upgraded operation.

1 RATIONALE

In the quest for higher luminosity, increasing the
number of bunches is one of the simpler steps to take. The
only limit is set by the need to avoid spurious collisions,
which for zero angle collisions iu RHIC allows nominally
120 bunches. Beam transfer from the AGS to RHIC is
performed in box-car fashion, For the present operation,
bunches .meated in the AGS are transferred individually in
order to form a 60-bunch pattern to yield collisions at the
six interaction points. The revolution frequency in RHIC
is 78.196 kHz and the rf harmonic of the acceleration
system is 360, so that every sixth bucket can be filled. The
bunch spacing is213 ns and the bunch length at transfer is
-20 ns, thus requiring an injection kicker rise time of 190
ns, well within the capabilities of the original system [1].
Doubling the number of bunches will require injection
kickers with rise time improved to 85 ns.

The RHIC injection system consists of traveling wave
kicker magnets and a Blumlein pulser. The kicker is
constructed as a “C” cross section magnet in which ferrite
and high-permittivity dielectric sections alternate [2]. The
dielectric blocks provide the capacity necessary for the
nominally 25 Q characteristic impedance of the traveling
wave structure. Matched operation of the kicker requires
-38 k~ a value which was exceeded in the laboratory but
could not be reliably maintained over million of pulses.
Long-term operation without breakdown was achieved by
mismatched operation with a 16 $.2termination thereby
reducing the voltage to 30.5 kV. However, this is
accompanied by an increase in the rise by -50 ns due to
the doubled current filling time.
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Voltage breakdown of the kicker typically occurred at
the corners of the dielectric blocks, presumably as a result
of significant field enhancements. Elimination of the
dielectric blocks, thereby minimizing breakdown,
provided the initial impetus for studying all-ferrite
magnets. However, in order to minimize the conversion
costs, their design had to retain the use of all original
components.

Replacing the dielectric blocks with ferrite, but
maintaining the overall geometry and in particular the
metal frame has the consequence of only changing the
characteristic impedance of the magnet from 25 to --50 Q
and decreasing the falling time to -25 ns, resulting in an
overall reduction of the kicker rise time.

The all-ferrite kicker must still be considered a traveling
wave structure rather than a lumped unit. Thus the kickers
will be operated mismatched, and reflections resulting
potentially in after-pulse area concern. In the 2001 run of
RHIC, the all-ferrite kickers were terminated with 16 Cl.
The first after pulse falls into the abort gap of -1 us
created by omission of four bunches. Subsequent pukes
are expected to be below the tolerance level or to arrive
between bunches.

2 MAGNET F~RICATION

The injection kicker is constructed in two fictional
components, the core and the frame, The core represents
and determines the magnet properties and the frame
supports the magnet and provides the connection to the
terminating resistor and the pulsed power supply, This
concept was chosen to allow rapid replacement of
damaged cores. During the six month run in 2000,
replacement of one magnet was required - interrupting the
operation for only a few hours.

Figure 1: Isometric view. of all-ftite core
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Figure 2: Ferrite blocks of injection kicker (dimensions in cm)

An isometric view of the all-ferrite core but without the
buss bar is shown in Fig, 1. The core cross section and
the dimensions of the ferrite blocks are shown in Fig. 2.
The magnet core is a structure of ferrite blocks and buss
bar, solidly held together with epoxy. The CMD5005
ferrite blocks are produced by the vendor, Ceramic
Magnetics, to 50 -pm accuracy. Prior to their
incorporation into the core, the top ferrite blocks are high
voltage tested for 2 ms to 50 kV and the side blocks to 40
klt The blocks are Al,O, bead blasted to roughen the
surface for better epoxy adhesion and cleaned with
ethanol and Zero-Tri. The sides of the blocks are primed
with Conap-Primer ADl 147 and baked to 70”C for 30
mm. When ready for assembly, a 0.1 mm thick iridium
layer is attached with 3M Repositionable Adhesive 75 on
the surface which will contact the buss bar. Proper spacing
of blocks is achieved by -lmm thiclq 2 mm 0, insulating
spacers, which are attached with a minimal amount of
LsWite 454 Superglue,

The blocks are assembled together with the bus bar in a
fixture and impregnated with epoxy. The high voltage
capabilities depend completely on full contact between
epoxy and ferrite surface and greatest care during the
preparatory stages is mandatory. To assure separation of
core and core-casting fixture, the latter is prepared by
covering it with a thin layer of beeswax at 75”C. The core
is formed with the epoxy, Conap RN-1OOOand a EA-87
hardener in a 100:37 ratio by weight. The thoroughly
mixed epoxy is slowly transferred into the fixture under
vacuum, better than 1 Torr, to avoid the formation of
bubbles. After allowing the escape of gases formed
during the solidification of epoxy, the fixture is
pressurized and remains at 10 psig, typically till the next
day.

SUK&ceepoxy and other irregukwities are ground off
using diamond wheels on a flat milling machine. Prior to
the final assembly of the core into the frame, a Q.1 mm
thick iridium Iayer is put on the top of the core. Good
contact with the ii-ame in order to avoid gaps and local
field enhancements is achieved by assembly under

mechanical pressure and voids are filled with Dow-
Corning Sylgard Silicone elastomer 184 mixed with
hardener in a 10:1 ratio.

3 EILECTR.WA.L MEASUREMENTS
Before the injection kickers are sent to the rings, each

unit is tested in a stand fully equivalent to the operational
conditions. The dielectric loaded kickers were terminated
with 16 Q! for reasons discussed above, and have. been
subject to --100,000 pukes at 35 kV. The current in the
load resistor is monitored with a transformer (Fig. 3).

i k 750,0 mu

Figure 3: Current in the load of a dielectric kicker
(30 kV into160, scale 200AN).

The current rise time of the dielectric loaded kicker
would satisfy the 85 ns requirement, but the added delay
due to the -50 ns filling time prevents its use for the
Wure upgraded hnninosity operation.

The current’ puke in the terminating resistor of the all-
ferrite magnet is shown in Fig. 4. The magnet is
terminated with 16 !2 and ready for installation in the
ring. One sees that the current rise time <50 ns and
essentially the same as in the dielectic kicker, so that an
improvement in the kick rise time must come from the
reduced filkg time.



Figure 4 Curreat in the all-ferrite magnet
(32 kV and 16f2)
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Figure 5: Current in the all-ferrite magnet
(3.2kVand 16.S2}

The current pulse in the termk@ion nf the all-fbrrite
magnet is shown with expanded time scale in Fig. 5. One
observes the first after-pulse which falls into the abort gap
and a small second ptdstx The second pdw WI b

erminatiug the magnet with 2S Q at thezeduced by t
expense ofrncremed v@age to 38 kV, as seen in Fig.6.
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Figure 6: AU-faite magnet with 25 S2load @ 38 kV

4 BEAM BASED MEASUREMENTS

The kicker rise time and flattop were measured with
beam for both the dielectric loaded and the all-fen-ite
kickers. h RHIC four modules are operated in each
ring. For the measurement beam was injected and the
kicker timing was shifted.

The fiat top (x m Figs. 7 and 8) was obtained by
shifting the kicker timing and observing the beam
10(diOll at a dowmtmam vertical position monitor.
Note thttt due to the beam leng@ the flat top in this
measurement is different ilwm the flat top in the current
measurement. To find the location of the risrng edge
(@inFigs), beam was injected using a vertical corrector
instead of the kicker. The kicker timing was then moved
U@ an &feet on the beam became visible
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Figure 7: Besmbasedrise time sndfla.ttop
measurement aftk dielectric loaded kickers.

In Fig. ? the diekmic haled kicker Imasufemmt is
shown. Fig. 8 gives the corresponding results for the
Mue ring with one all-ferrite kicker.

Figure % Beam based rise time measurement afthe
blue ring with one all-ferrite kicker magnet.

5 ACKNOWLEDGEMENTS

The authors would like to acknowledge the support
provided by the technicians in the Beam Components and
Pulsed Power Groups, especially Ch. Trabocchi duriug
the kicker fabrication and K. Hartmann and D. Warburton
during kicker testing.

6 REFERENCES

[1] W. Fischer et al., PAC ’97, Vancouver, BC, p. 210.
[2] H. Hahn, N. Tsoupas and J.E. Tuozzolo, ref.1, p.213



f

I

/,,

Decision Support Tools tNATO/CCMS Pilot Project Phase Ill
%

OPENING COMMENTS TO THE SPECIAL
SESSION ON DECISION SUPPORT TOOLS

PrLul Bardosl and Terry Sullivanz

1. r3 environmental technology Lt 1d, PO Box 58, Ware, SG129UJ, [JK

2. Brookhaven National Laboratory, Upton, N. Y., 11973, USA

BACKGROUND

The Council of North Atlantic Treaty Organisation (NATC)) established the Committee on the Challenges
of Modem Society (CCMS) in 1969. The CCMS was charged with developin: meaningful environmental
and social programmed that complement other international initiatives in solvirl: specific problems of the
human environment. A major activity of the CCMS is the transfer of technological und scientific
solutions and experiences among nations with similar environmental challenges. Further- in forrmtion
about the work of the CCMS is available on }Iv\vI.m~ro.i/z//( .c/)?.\/i/~/i)./?~/?~.—

In 1997 the NATO CCMS adopted a proposal from the USA for a Pilot S(udy on treat lnent techrrologics
It will run from 1998 to 2002, with a final report in 2003 and is under the direction of’ the USA, the
Netherlands and Germany.

The NATO/CCMS Pilot Study on the “Evaluation of Demonstrated and Emerging ‘Icchnologies for’ the
Treatment of Contaminated Land and Groundwatcr (Phase 3) is the third in a series of Pilot Studies
considering remedial technologies. These Pilot Studies followed a Pilot Study or} tlw problems of
contaminated land directed by the UK and Germany.

The three NATO/CCMS Pilot Studies on remediaticm technologies has hecn perhups the foremost
international forum for the exchange of practical and research experience of rumedial mc’lmologies. The
series includes:

e Phase 1, 1986 to 1991 (Martin et af., 1997; NATO, 1993: Smith et(71 199S. 1.1SEPA, 1995 &
1998)

● Phase 2, 1992 to 1997 (Franzius et uL, 1996, US EPA, 1998a)
● Phase 3, 1998 to 2003 (U.S. EPA, 1998b , 199%, 1999a. 199%. 2000).

The Phase 3 Pilot Study has attracted participation from the following countries across the world. Australia.
Austria, Belgium, Canada, the Czech Republic, Denmark, France, Germany, Greece, Hong Kong, Hungary.
Italy, Japan, the Netherlands, New Zealand, Norway, Poland, Portugal, Romania, the Slovak Republic.
Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States have all been
represented at one or more meetings by a project, government representative, CCMS Fellow, or an
individual expert.

The current Pilot Study continues the theme of emerging research and technology demonstmtion. At each
meeting a special one-day session on a topic of particular interest for the remediation of land contamination
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is held. In 1998 the special session was cm treatment walls (US EPA 1998c), and in 1999 it was on
monitored natural attenuation (US EPA 1999b).

In 2000 the topic for the special session was decision support issues. This report presents the papers of that
special session, and a summary paper of the session discussions and conclusions. It has been published by
NATO and the U.S. Environmental Protection Agency as part of an ongoing series of Pilot Study
publications. Other publications in this series are listed in the reference section.

GOALS

The aims of the report on the special session on decision support are to:

1. Provide a general understanding of Decision Support (DS) approaches used in contaminated Iand
remediation / risk management, their use, their features and their strengths and weaknesses, for all
the NATO delegates whatever their level of knowledge about DS (a wide range of knowledge has
been assumed from poor to expert)

2. Involve the Pilot Study in discussion and to document from this debate:

● perceived needs for and uses of DS from the perspective of end-users
● factors seen are most important in decision making
● evaluation of the strengths and weaknesses of existing DS and their use
● needs for DS development, in particular to take advantages of the opportunities for international

collaboration offered by the Pilot Study

3. Inform both the users and potential users of DS, and also DS developers of the state of the art.

APPROACH

The emphasis of the session was on the use of decision suppofi tools for actual remediation decisions. It
considered two perspectives:

● site-specific decision making for example choosing a particular remediation system:
● remediation in terms of a risk management / risk reduction process as part of a wider process of

site management.

These were addressed both as general topics and as case studies. Case studies were included to provide
information on decision support techniques for specific contamination problems such as remedy selection.
In the case studies, the authors present the general process to provide decision support and then discuss
the application to a specific problem. The intent of this approach is to provide the interested reader with
enough knowledge to determine if the process could be used on their specific set of problems. The general
topics included broader issues that are not directly tied to a specific problem. The general topics included
papers on the role of stakeholders in the decision process and decision support approaches for sustainable
development.

Decision factors were explored from an end-user perspective, rather than what a DS developer would like
them to be. Ultimately, it is the end-user that drives the decision process. There are a range of possible
end-users, including regulators, property developers, local authorities, and specialist users. Furthermore,
national perspectives on the use of DS appear to vary. Eliciting the differences in national perspectives
was obtained through discussion and a set of questions provided to all meeting participants. The session
sought to display the state-of-the-art in decision support for contaminated land management and define
future directions in this area. Important issues pertaining to DS include:
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● Are DS tools perceived as being useful?
● How are DS being used?
● What are the advantages and disadvantages to using Decision Support Tools (DST)?
● Are information needs for evaluating contaminated land management options understood?

It is salient to note that DS are a topic for the next call for bids for the EU Framework 5 Programme. The
US EPA “owns” a number of detailed data-sets for testing and validation of DS that may offer an
opportunity for collaboration. There could well be other R&D synergies too.

THE SESSION REPORT

While the selected set of papers is not inclusive of all work being done on decision support, it is
representative of the state-of-the-afl approaches to decision support and covers the spectrum of
approaches. The first presentation sets the framework for decision support and defines key terms and
common approaches. The topics covered include data management. site characterisation and sample
optimisation, life-cycle assessment, multi-criteria analysis, evaluating financial risks to land developers,

sustainable development, and stakeholder involvement in the decision process. A range of discussion
activities took place to permit audience participation to define issues in decision support. The other papers
in this session report are as follows.

●

●

●

●

●

●

●

●

●

●

Framework for decision support used in contaminated land marmgement in Europe and North
America

Geospatial decision frameworks for remedial design and secondary sampling

Decision support tools: applications in remediation technology evaluation and selection

Common factors in decision-making and their implications for decision support for contaminated
land in a multi-objective setting

Case Study - Cost benefit analysis/multi-criteria analyses for a remediation project

Modelling of financial risks of rcmediation

Decision support using Life Cycle Assessment in Soil Rcmtxiiation Planning

Approaches to decsion support in the context of sustainable development

Managing environmental data

Review of discussions about decision support issues in Europe and North America at The
NATO/CCMS Special Session, and ovemll conclusions
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