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ACQUISITION STRATEGY
for the
Electron Beam Ion Source (EBIS) Project .

1." Desired Outcome and Requirements Definition
l.a. CD-0 Approval

At CD-0, the DOE total project cost (TPC) range was set at $16.0-$19.5 million but was reduced
at CD-1 to $12.1 to $14.8 million. The scientific mission and technical scope have not changed
since CD-0 approval. The original project schedule had been accelerated ~ 3 years to realize cost
savings in Relativistic Heavy Ion Collider (RHIC) operations sooner, and use a $4.5 million
contribution from the National Aeronautics and Space Administration (NASA) to reduce the -
total cost of the project to DOE. With the NASA contribution and refinements during the project
engineering design phase, the DOE TPC at CD-2 is 14.8MS$.

1.b. Summary Project Description and Scope

The mission of the Nuclear Physics (NP) program is to understand the evolution and structure of
nuclear matter from the smallest building blocks, quarks and gluons, to the elements in the
universe created by stars. A main objective of this nuclear science field is searching for the

" quark-giuon plasma and other new phenomena that might occur in extremely hot, dense plasma

of quarks and gluons believed to have filled the universe about a millionth of a second after the
“Big Bang.” The proposed EBIS would be sited at the Brookhaven National Laboratory (BNL)
RHIC, NP’s flagship user facility for searching for new states of matter, such as the quark gluon
plasma, created in hot, dense heavy ion collisions.

The Electron Beam Ion Source: The present pre-injector for heavy ions for RHIC uses the
Tandem Van de Graaff accelerator, built around 1970, which if not replaced, will require
substantial investments to maintain, BNL is proposing to construct a new heavy ion pre-injector
for RHIC, the EBIS, which will lead to more reliable, cost-effective operations and new
capablhtxes important for planned future upgrades of the facility. EBIS would also provide for a
major enhancement in capability for the NASA Space Radiation Laboratory (NSRL), which
utilizes heavy-ion beams from the RHIC complex. EBIS would allow for the acceleration of all

~important ion species for the NASA radiobiology program, such as, helium, argon, and neon that

are unavailable with the present Tandem injector. In addition, the new system would allow for
very rapid switching of ion species for NSRL experiments, reducing delays due to the
interference with RHIC inj ect1on operations.

‘The project scope, including DOE and NASA contributions, includes the fabrication of an
Electron Beam Ion Source for the production of high charge state heavy ions, plus the
procurement of a Radio Frequency Quadrupole (RFQ) and heavy ion Linac to accelerate ions
from EBIS to its final energy. A transport line is to be fabricated to transport the beam from the
output of the Linac to the existing Booster heavy ion injéction point, as shown below in Figure 1-

1. The project includes the fabrication or procurement of the dipole and quadrupole magnets,



power supplies, diagnostics, vacuum components, and controls to properly operate the EBIS - S
source, accelerators, and beam lines. The project also includes the assembly of subsystems, and

the installation and testing of these subsystems in their final location in the equipment bay at the

high energy end of the Interdigital-H (IH) Linac building.
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Figure 1-1 Layout of the pre-injector | :

The DOE scope is the following activities or procurements:

The NASA scope is the procurement of the foliowing items:

All Project Engmeenng and Design (PED), mstallatlon and commissioning for the entire

project

All EBIS chambers, internal structures, and warm magnets -

The Low Energy Beam Transport (LEBT) and external ion injection lines .
All vacuum components, controls, diagnostics, and cooling water systems o L f}"
All Medium Energy Beam Transport (MEBT) and High Energy Beam Transport

(HEBT) beamline components, except for two HEBT dipoles

All radio frequency (RF) systems for operation of the RFQ, Linac, and bunchers

All power supplies for EBIS, LEBT, and external ion sources, except for the

electron collector and fast pulsing EBIS platform supplies.

Electrical services required for the operation of the pre-injector”

The EBIS superconducting solenoid

The Radio Frequency Quadrupole accelerator

The Linac

The buncher cavities

The two HEBT dipole magnets and their power supplies

The electron collector power supply

All quadrupole magnet and steering magnet power supplles for the Lmac
MEBT, and HEBT

The fast pulsing power supplies for the EBIS drift tubes and platform bias.
The beam port through the earth shielding between Linac and Booster.



The DOE deliverables are complete when all the items listed as DOE scope, above, have been

procured or fabricated; the EBIS, RFQ, Linac, and beam transport lines have been installed; and
the CD-4 requirements from Table 1-1 in the next section have been verified.

l.c. Performance Parameters Required to Obtain Desired Qutcome
i

The technical objectives of the new pre-injector need to meet requirements of both the RHIC and
NSRL experimental programs. The corresponding performance specifications required at CD-4
are described in Table 1-1. CD-4 performance is to be demonstrated at the Booster input.

Table 1-1
' CD-4 Performance
Species Fe, Au
Intensity 3x 10° Auw’”" / pulse
4 x 10® Fe?™ / pulse
Charge-to-mass ratio, | 0.162 (Au)
Q/m 0.357 (Fe)
Repetition rate Demonstration of pulsing
Pulse width 10-40 ps
Switching time Demonstration of switching
' between species
Output energy 2 MeV/amu

2. Cost and Schedule

2.a. Total Project Cost

The TPC at CD-2 is $14.8 million, including contingency of $2.2 million. The project costs have
been refined since CD-1 through a recent bottoms-up cost estimate. The cost estimate is based on
current purchase orders, vendor quotes for equipment items and estimates for in-house labor to
support design, procurement and installation. Current departmental labor rates and all applicable
overheads have been included. The overall project contingency is calculated by estimating the
contingency contribution from each Work Breakdown Structure (WBS) element, Each
contingency contribution is based on an assessment of the cost, schedule, technical and design
risk and then summed to give the total project contingency.

Life-cycle cost: The elements of the EBIS Project could have a useful life of up to 25 years.
Operational costs are expected to be more cost effective than present operations with the
Tandems, translating to an estimated cost savings in RHIC operations of $1.46 million annually.
Costs to operate EBIS are included in the RHIC Operations budget and they are not considered
incremental costs.



Table 2.1 Costs of major elements:

Title

WBS M$
1.1 Structural components 1.4
1.2 Controls Systems 0.8
1.3 Diagnostics 0.7
1.4 |Magnet Systems 0.3
1.5 Power Supply Systems - 0.9
1.6 RF Systems 28
1.7 Vacuum systems 1.5
1.8 Cooling Systems 0.3
1.9 Facility Modifications 0.5
1.10 [Installation 1.4
111 |Project Services 1.4
1.12 _JCommissioning 0.2
113 [R&D/CDR 0.7
subtotal 12.6
Contingency 2.2
Total 14.8

2.b. Funding Profile

Table 2.2 shows the funding profile. Funds in Fiscal Year (FY) 2005 were for R&D and the
development of a Conceptual Design Report (CDR); the Research & Development (R&D)
efforts are completed in FY 2007. The design phases are funded from the PED funds.
Construction activities are started in FY 2007, No construction funds will be used until Critical
Decision 3 (CD-3), Approval to start construction, has been approved. Total funding
requirements are consistent with the FY 2008 Project Data Sheet, but now reflect a shift of
$100K from Preops to Construction in FY2008. The funding profile falls within the Program’s

outyear budget targets.
Table 2.2 Estimated Funding
(Then Year M$)
FY 2005 FY 2006 FY 2007 FY 2008. FY 2009
R&D/CDR 0.7 0.1
PED 2.0 0.1
Const 7.4 4.3
Preops 0.2
TEC - 2.0 7.5 4.3 -
TPC 0.7 2.1 7.5 4.5 -




2.c. Kev Milestones and Events

Milestones will be used as schedule events to mark the due date for accomplishment of a
specified effort or objective. A milestone may mark the start, an interim step, or the end of one

or more activities as needed to provide insight into the Project’s progress.

Table 2.3 Milestone Levels

Milestone

Level Description
0 Critical Decision milestones
1 Start and/or Completion of Major Project Phases
2 Milestones that support the accomplishment of
the Level 0 and level 1 milestones
3 Milestones to monitor and assure progress

The following table shows the key performance milestones as presented in the PEP.

.’f-‘-‘

Table 2.4 Milestones
Level Milestone Date

0  |Critical Decision 0 (CD-0) Q4,04 (A)
0 Critical Decision 1 {(CD-1) Q4,05 (A)
0 Critical Decision 2 (CD-2) Q4,06

0 Critical Decision 3 (CD-3) Q1,07

0 Critical Decision 4 (CD-4) . Q2,10

1 RFQ procurement placed Q4, 06

1 SC solenoid factory/acceptance test Q2, 07

1 Linac Procurement placed Q2,07

1 Beam port complete Q4. 07

1 Building addition approved for occupancy Q2, 08

1 EBIS Safety Assessment Document complete Q4, 08

1 CASE for EBIS approved by DOE Q2,09

1 HEBT dipole installation complete Q4, 09

1 BHSO letter approving commissioning Q4,09

1 Beam out of EBIS Q4, 09

1 Beam out of RFQ Q1,10

1 Beam out of linac Q1,10

1 Beam through HEBT Q2.10 .
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Level |-~ Milestone Date
2 Electron collector procurement placed Q1,06 (A)
2 R&D EBIS installed on HV platform Q1, 06 (A)
2 Superconducting solenoid procurement placed  |Q2, 06 (A)
2 R&D High Voltage beam tests begin Q1, 07
2 Electron collector pressure/vacuum tested Q1, 07
2 EBIS Drift tube structure complete Q2,08
2 EBIS preassembly complete ‘ Q3,08
2 Electron collector ps acceptance tested Q1, 09
2 ARR review team for EBIS appointed Q1, 09
2 RF amplifiers acceptance tested Q2, 09
2 RFQ tested to full power Q2, 09
2 EBIS installation complete Q3, 09
2 Accelerator Readiness Review Q4,09
2 Linac tested to full power Q1, 10
2 HEBT dipole ps acceptance tested Q1, 10
2 RFQ installation complete Q1, 10
2 Linac installation complete 1, 10
2 HEBT beamline installation complete Q2, 10

Critical Decision 2 approval, establishing the Performance Baseline, is planned for 4Q FY 2006
No construction funds will be used until CD-3 is approved.

3. Major Applicable Conditions

3.a. Environmental, Regulatory and Political Sensitivities

There are no environmental, regulatory or political sensitivities associated with the EBIS project;
and there are no additional laws, agreements or other factors to significantly influence the
project. BNL will provide staff with the required skills and experience to design and build the
EBIS project onsite. In 2003, BNL received a NEPA categorical exclusion for “RHIC II”, which
included the EBIS project (Chicago office (CH) National Environmental Policy Act (NEPA)
Tracking Number BNL-455).

3.b. Others
There are no significant other sensitivities.

4. Risk and Alternatives (Technical, Location, and Acquisition Approach)

4.a. Alternatives:

A considered alternative is to not proceed with the construction of EBIS. If the new linac-based
pre-injector is not built, significant upgrades to the Tandems will be required in order to ensure
reliable long-term operation for RHIC. Construction began for the Tandem Van de Graaff
facility in 1966, and it was commissioned in 1970. Many of the Tandem systems date back to
1960’s technology, and need modemization. If one were not to proceed with the EBIS Project,

o



an estimated $9M in Tandem reliability upgrades would be required in order to prevent
unexpected failures of the Tandem from suspending RHIC operations for extended periods. In

addition, upgrading the Tandems will not lead to new performance capabilities that are needed
for the long-term plans of the RHIC facility or NSRL.

Before selecting the EBIS, alternative high charge state heavy ion sources were considered; in
particular the Electron Cyclotron Resonance (ECR) source, and the Laser Ion Source (LIS). The
EBIS was chosen as best meeting the requirements for a new RHIC preinjector, based on
considerations such as intensity, reliability, flexibility in the choice of species, fast switching
between species, etc.

The RFQ is the only technology choice for the first acceleration stage of the EBIS beam. The IH
linac structure was chosen as the next acceleration stage in the baseline design. This is a low-
risk choice, since there are many linacs of this type in operation, particularly the IH linac at
CERN for acceleration of lead, which aimost exactly meets the EBIS requirements. A
superconducting heavy ion linac was considered, but suffers from higher cost and increased

operational complexity. During the future detailed design phase, alternative room-temperature
linac structures will be considered.

There is no location alternative for the EBIS other than BNL. The RHIC at BNL is presently the
world’s only heavy-ion collider and the construction of EBIS would not be pursued by the NP
program if it were not to be located at BNL.

4b. Risk Analysis:

Cost and Schedule Risk: To the extent feasible, procurements will be accomplished by fixed-
price contracts awarded on the basis of competitive bids. Incremental awards to multiple
subcontractors to assure total quantity or delivery will be performed to reduce schedule risk. The
cost estimates are based in part on existing contracts for the prototype, actual cost of production
of snmlar items, in part on budgetary quotes, and in part on engineering experience.

It 1s probable that the EBIS project will include foreign procurements. Due to the cost risk
associated with an unfavorable dollar vs. Euro exchange rate change an average contingency rate

of 35% has been applied to several key items. In addition, risk will be reduced by placing early
procurements of some of these key items.

Uncertainties in the Booster operation schedule (for RHIC or NSRL) may impact the EBIS

proj ject schedule. This risk will be minimized by careful management of the project, since the
majority of work can proceed in parallel with Booster operations. The HEBT dipoles, which
can only be installed during a Booster shutdown, will be procured early to allow large schedule
float. The beam port through the shielding wall between the linac and Booster is planned for
early installation during summer of 2006, in order to minimize schedule risk, since this must also
be done during a Booster shutdown period.

Delays in project funding due to Congressional Continuing Resolution could delay the placement
of several key long-lead procurements. This is perceived to be a high risk, so BNL will work



closely with DOE and NASA to insure that adequate funds are available for key procurement,

and there will be an attempt to avoid scheduling large procurements for the first quarter of a

fiscal year. In addition, it is expected that some funds will be carried over from a previous fiscal

year into the next to avoid impacts of potential Continuing Resolutions on efforts planned for the
beginning of a given year.

Funding and Budget Management: Funding for the DOE project scope comes from the
Department of Energy through the Nuclear Physics program. EBIS is listed in the FY 2007
President’s budget request as a line item construction project. The TPC is $14.8 million and is
included in the NP five year budget. NASA is contributing $4.5 million for tasks and hardware .
identified as part of the NASA scope. Reductions of funding in any given year could siow the
implementation of the project.

Technical and Engineering: The technical risks of the EBIS design are low. The successful
EBIS ion source pre-conceptual R&D program at BNL has greatly decreased any risk related to a
source of this type reaching the planned performance requirements. A prototype EBIS has
operated with the full required electron beam current of 10 A, which is a factor of 20
improvement over previous EBIS sources. Since EBIS scaling laws are very well understood,
the scaling of the source output by a factor of 2 from the prototype is achieved by a
straightforward doubling of the EBIS trap length, that is, by doubling the length of the
superconducting solenoid. The RFQ and the Linac accelerators are both mature technologies,
with very similar devices operating successfully at BNL as well as at other accelerator
laboratories. The present plan is to procure these devices from laboratories where several similar
units have been built previously.

Interfaces and Integration Requirements: The project receives program guidance and funding
from the Office of Nuclear Physics (NP) and NASA. The Associate Director of NP serves as the
EBIS Acquisition Executive (AE). Jehanne Simon-Gillo, Director for Facilities and Project
Management Division, DOE-NP, is responsible for programmatic guidance and funding for the
EBIS. The Federal Project Director at the DOE Brookhaven Site Office, Michael A. Butler,
carries out implementation and project direction. Jim Alessi, BNL, is the Contractor Project
Manager managing the project. The project has been integrated with site activities at BNL
through the establishment of an Integrated Project Team that includes members from the
scientific staff, project management, procurement and Environmental Safety & Health (ES&H)
organizations, as well as DOE and NASA.

The technical components produced by the project will be installed according to a detailed

integration plan. An objective of the project is to minimize the impact to the ongoing research
program at RHIC,

Safeguards and Security: The project activities are completely unclassified, and no safeguards
and security issues during design and fabrication are foreseen. No BNL safeguards and security
requirements will be impacted during the course of fabricating EBIS and no issues are
anticipated during the installation and operation at Brookhaven. Access to the BNL site is
controlled to ensure worker and public safety and for property protection.
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Location and Site Conditions: Components of EBIS will be fabricated by vendors,
collaborating institutions and BNL at their respective sites. Final assembly of EBIS will take
place in Building 930 of BNL with a matching beamline to the present RHIC accelerator chain.

Legal and Regulatory: The EBIS project will be in full compliance with all applicable Federal,

state and local requirements. There are no k:nown legal or regulatory issues that could impact
this proj ect

Environmental, Safety and Health: This project must comply with all requirements of the
NEPA and its implementing regulations, the Occupational Safety and Health Act, the BNL
Integrated Safety Management (ISM) Program and applicable ES&H policies and regulations. A
NEPA review has been completed and a determination made that EBIS is included under a
Categorical Exclusion covering a range of research and related activities. No negative impacts to
the environment have been identified or are anticipated as a result of this project. The principles
of ISM will be incorporated into EBIS planning and execution. A primary objective of this
project is to protect the environment and the safety of workers and the general public.

Stakeholder Issues: There are no significant stakeholder issues anticipated. The primary

stakeholder in this project is the RHIC, Altemnating Gradient Synchrotron (AGS), NSRL and NP
scientific user community.

5. Business and Acquisition Approach

The DOE Office of Nuclear Physics has selected BNL as the prime contractor for EBIS. The
main reasons for selecting BNL are:

¢ Much of the expertisé required in designing and fabricating the EBIS source resides with
the BNL staff.

BNL staff has played the lead role in carrying out the R&D.

* BNL has a DOE-approved procurement system with established processes and

acquisition expertise needed to obtain the necessary instrument components and build
EBIS.

¢ BNL has experience at managing the de51gn and construction of similar significant pieces
of scientific equipment.

» RHIC, which would utilize EBIS, is at BNL.

5.1 Acquisition and Contract Types

BNL, as the prime contractor, is responsible for the design, procurement, fabrication, assembly
and integration of the EBIS components.

It is anticipated that other BNL staff will carry out a significant portion of the work associated
with the fabrication of the EBIS under standard BNL management practices. In many cases they
will be best suited to specify, select and oversee procurement and installation. However, some
activities related to this project will be most efficiently, and/or cost effectively, performed by
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members at universities or at other national laboratories. Such work will be carried out using
subcontracts or other appropriate instruments and agreements. The subcontracts will specify
deliverables and will include provisions for reports on progress and expenditures. They will be
established in accordance with standard DOE and BNL procedures.

The EBIS procurement strategy is to use full and open competition to the maximum extent
possible. The following methods of competition will be used where appropriate: Requests for
Proposals (RFP), resulting in best value procurements, and Requests for Quotations (RFQ),
resulting in procurements to the lowest responsive, responsible offeror. Equipment and material
will be procured through fixed-price contracts. Sole-source procurements of one-of-a-kind
equipment would be necessary in a case where only one qualified bidder exists.

Specifications will be developed for major procurements to define the performance and delivery
requirements. Test and acceptance procedures for equipment and material will be defined in the
individual procurement specifications for each item based on the needs of its specific function
and manufacturer’s recommendations.

5.2 Incentive Approach/Linkage to Performance Metrics

Contract incentives are not planned, but may be used if project management believes they are
essential to keep the project on schedule. Incentives, if used, will include specific performance
measures to assure that the desired outcome is achieved. BNL’s contract with the DOE is a
performance-based contract with fee-bearing measures related to project performance.

5.3 Competition

All actions will be competitive and fixed price procurements unless specifically authorized by
the project manager(s) and will be in accordance with the DOE-approved BNL procurement
policies and procedures.

6. Management Structure and Approach

6.1 Integrated Project Team (IPT), Organiiational Structure, and Staffing Skiils

The structure of the DOE EBIS Project organization is shown in Figure 6.1.

12



Office of Nuclear Physics
Dennis Kovar
Acquisition Executive
|
Office of Nuclear Physics
Jehanne Simon-Gillo
EBIS Program Manager
|
BNL Site Office
Michael Butler i
Federal Project Director
|
BNL EBIS
Jim Alessi .
Contractor Project Manager |

Figure 6.1. DOE EBIS Project Organization

Members of the EBIS IPT who participated in the writing of the Acquisition Strategy are shown
with an * in Table 6.1. Consistent with DOE Order 413.3 and DOE Manual 413.3-1, there is an
appropriate mix of skills among team members to successfully execute EBIS. Details regarding
the IPT and BNL and DOE support functions for this project can be found in the preliminary
Project Execution Plan. As the project progresses, membership of the IPT will change as

needed.

Table 6.1 Integrated Project Team

DOE Federal Project Director (Chair) Michael A. Butler*
DOE Site Confracting Officer Michael D. Holland*
DOE Program Manager for EBIS Jehanne Simon-Gillo*
DOE Science Program Manager Gulshan Rai*

NASA Space Radiation Program Manager Frank Sulzman

BNL Project-Manager for EBIS James Alessi*

BNL Procurement Operations Manager David E. Dale*

BNL ESSH Lead - Ed Lessard

C-AD Assistant Chair for Administratio Stephanie LaMontagne

6.2 Approach to Performance Evaluation and Validation

The Federal Project Director will monitor and evaluate EBIS performance against technical, cost,
and schedule baselines through monthly reports, quarterly performance reviews, and day-to-day
operational awareness. Variances to performance baselines will be reviewed and approved by a
formal Baseline Change Control process as described in the preliminary Project Execution Plan.
In-depth annual performance reviews with a panel of experts will be organized by the Office of
Nuclear Physics, with participation from the Office of Science Office of Project Assessment.
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The Change Control process is documented in the Project Execution Plan (PEP). The project
control levels are defined in a hierarchical manner that provides change control authority at the
appropriate level. The highest level of baseline change control authority is defined as level 0.
Technical performance will be monitored throughout the project to assure conformance to
approved project requirements. Design reviews, Title III inspections, and performance testing of
the completed systems will be used to ensure that the facility meets all project requirements.

6.3 Interdependencies and Interfaces

EBIS is led by the host laboratory (BNL) with support from a-number of collaborating
institutions. The scope, organization, division of responsibilities, approvals, reporting, reviews,
safety oversight and financial accounting for the design and/or fabrication of EBIS components
has been established in a Memorandum of Understanding between DOE and NASA. A
Statement of Work between BNL and NASA is also in place.

Activities that are related to the project include RHIC operations and NASA Radiobiology

operations. Installation of the major technical components of the EBIS Project will need to occur
such as to minimize impact to RHIC and NSRL operations.
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March 9, 2006

Dr. James Alessi

Mail Stop 0930

Brookhaven National Laboratory
Upton, NY 11973

Dear Dr, Alessi:

The Office of Nuclear Physics Facilities and Project Management Division is in
the process of organizing an Annual Progress Review of the Electron Beam Ion
Source (EBIS) Pre-injector for the Relativistic Heavy Ion Collider (RHIC). As
you are aware, this review will take place at Brookhaven National Laboratory on
May 15-16, 2006. This review is being organized with input and participation
from the Department of Energy (DOE) Office of Project Assessment. A list of
the members of the Review Panel and anticipated DOE and National Aeronautlcs
and Space Administration (NASA) participants is enclosed.

The purpose of this review is to assess all aspects of the project’s plans —
preliminary technical design, cost, schedule, management, and Environment,
Safety and Health (ES&MH), as well as reviewing project documentation that will
be considered for Critical Decision 2 (CD-2, Approve Performance Baseline).
The following main topics will be considered at the review:

The significance and merit of this proposed accelerator improvement project;
The status of the technical design, including completeness of preliminary
design and scope, feasibility and merit of technical approach;

» The feasibility and completeness of the proposed budget and schedule,
including workforce availability;

¢ The effectiveness of the management structure and approach to ES&H;

o Other issues relating to the EBIS Pre-injector.

In addition to the above, the panel will be asked to evaluate drafts of project .
documentation that will be considered for CD-2, e.g., Hazard Analysis Report,
Value Management/Engineering Report, Start-Up Test Plan and Risk
Management/Assessment Plan.

The first day will consist of presentations by the laboratory and executive
sessions. The second day will be used for a Question and Answer (Q&A), an
executive session and preliminary report writing; a brief close-out will end at 3:00
p.m. Preliminary findings, comments and recommendations will be presented at
the close-out. The panel members have been instructed to contact Sandy Asselta



at BNL at (631)-344-4550 or E-mail: sandylee@bnl.gov regarding any longtICS e
questions. Word processing, secretarial assistance, and wireless computer
connection should be made available during the review.

I greatly appreciate your efforts in preparing for this review. It is an important process
that allows our office to understand the project and serves as a readiness assessment
for CD-2 approval. I look forward to a very informative and stimulating visit.

Sincerely,

Jehanne Simon-Gillo

Director

Facilities and Project Management Division
Office of Nuclear Physics

cc: Dennis Kovar, DOE
Gene Henry, DOE
. Mike Butler, BNL Site Office
Derek Lowenstein, BNL
Sam Aronson, BNL .
Frank Sulzman, NASA i

SC-26.2:JSimonGillo:cld:3-1455:03/01/06: Q: \SlmonGlllo\Pro_]ects\EBIS\CD2
review\Charge Letters\Alessi Charge Letter_Final.doc

Enclosure found at:
Q:\SimonGillo\Projects\EBIS\CD2 review 2006\ Review Panel List.doc

SC-26.1 : SC-26.2 SC-26
Rai ' SimonGillo Kovar
3/ 06 3/ 106 3/ 106
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1.0 Introduction

The EBIS Preinjector will be located in the lower equipment bay area of the linac
building, with some equipment occupying an extension of the building. The preinjector
will consist of an Electron Beam Ion Source (EBIS), Low Energy Beam Transport
(LEBT), Radio Frequency Quadrupole (RFQ) accelerator, Medium Energy Beam
transport (MEBT), a Linear Accelerator (Linac) and High Energy Beam Transport
(HEBT). The preinjector will inject the ions into to the Booster via the existing Tandem
to Booster (TTB) transport line end at the Booster inflector. This preinjector will provide
all the ion species with required intensities to RHIC and NASA Space Radiation
Laboratories (NSRL) at 2 MeV per nucleon.

The scope of the EBIS preinjector project includes procurement or fabrication of all
components, the assembly of subsystems, and the installation and testing of these
subsystems in their final location in the equipment bay at the high energy end of the H~
Linac building. The project will be completed upon meeting the technical base line
specification given in the EBIS Project Execution Plan.

This preliminary start-up plan follows the facility operation roles and responsibility that
have become customary at Brookhaven National Laboratory. The final version of this
start up plan will include revisions, if necessary, to conform to the appropriate roles and -
responsibilities at the time of start-up.

2.0 EBIS Preinjector Performance

The EBIS raises the charge state of ~ singly charged ions injected from an external ion
source, or ionizes neutrals from internal gas, to the required charge states by stepwise
lonization via an intense electron beam focused by a superconducting solenoid. Ions are
trapped in the EBIS by a potential well, created radially by the electron beam space
charge, and axially by electrode voltages in the EBIS trap region. When the desired
charge state is reached, the axial potential trap is lowered and ions are extracted into the
LEBT. The EBIS will provide ions of all the ion species with the desired charge state
and required intensities, and will provide a variable pulse length in'the range of 10-40 ps.
The LEBT is a compact matching line with both electrostatic and magnetic elements for
focusing, It is required for transverse matching of the beam into the acceptance of the
RFQ, initial injection of ions into EBIS from external ion sources, and direct injection
into RFQ from an external source for lower mass ions like D. The RFQ is a four rod
structure which will operate at 100.625 MHz. The RFQ is required to bunch the beam
and provide acceleration from 17 keV/amu to 300 keV/amu.

The MEBT has magnetic quadrupoles for transverse matching and a buncher for
longitudinal matching. The MEBT will provide a matched beam into the linac for all ion
species. The Linac, an interdigital-H structure with internal quadrupole triplets for
transverse focusing, will accelerate ions from 300 keV/amu to 2 MeV/amu.

Intensity specifications for the EBIS preinjector are established by the RHIC and NSRL
requirements, and are listed in Table 1 under “optimum performance”.



3. Validation of Technical Specifications

The functions and performance requirements of the various subsystems are given in the
Systems Requirement Document. All EBIS preinjector technical specifications for the
subsystems, without beam, will be validated prior to CD-4. Prior to the tests with beam
described in this Startup plan, all ES&H requirements will have to be fulfilled and
required approvals to operate granted. These items are detailed in the Hazard Analysis
Report, and have already been entered into an automated tracking system. This includes
requirements such as radiation fault studies, survey for x-rays around all RF cavities,
approvals to operate at high voltages, engineering approvals of critical devices, etc.

The technical specifications of the subsystems will be verified either as part of
acceptance testing upon receipt of a procured item, validation at time of installation of a
subsystem, or as part of a scheduled review. Subsequent validation at the time of CD-4 is
not required. Support for these acceptance and validation activities are included in the

normal course of procurement or installation and no further project funds are required for
their completion.

Table 1: CD-4 performance specifications at for the EBIS preinjector Bogster input
measured on the Faraday cup located between the two HEBT 73 degrees dipoles).

CD-4 Performance Optimum Performance
Species Fe, Au He to u (assuming appropriate
External ion injection)
Intensity 3 x 10° Au™**/pulse 2.7x 10° Au™*/pulse
4 x 10° Fe" /pulse 4.0 x 10° Fe"*/pulse
5 x 10'° He*? /pulse
Charge-to-mass ratio | 0,162 (Au) > 0,16, depending on ion species
Q/m 0.357 (Fe)
Repetition rate Demonstration of pulsing | 5 Hz
Pulse width 10-40 ps 10-40 pus
Switching time '| Demonstration of switching | 1 second
Between species
Output energy 2 MeV/amu 2 MeV/amu

A one page summary, showing each accelerator physics activity, the sum of which
constitutes the Start-Up Plan, is contained in Appendix A. A detailed experimental plan
will be developed for each task in this summary table.

3.1 Validation of EBIS and LEBT beam specifications .

The goal of the EBIS and LEBT commissioning is to bring the EBIS and LEBT to an
operational state, and then measure electron beam power and ion beam parameters at the
exit of LEBT (entrance of RFQ). First, an external ion beam will be transported to EBIS,



with maximum ion current and corrected orbit. An ion beam of the desired charge state
will be extracted and transported to end of LEBT. At the end of the LEBT, ion current,

emittance and matching parameters into the RFQ will be measured for Au and Fe ion
beams. :

3.2 Validation of the RFQ and MEBT beam specification

The RFQ will have been previously operated with beam using the prototype EBIS, and
the performance characterized. Once installed in the final location, beam will be
transported from the RFQ to the end of MEBT, using calculated quadrupole settings and
with the buncher and steering off. Beam current will be maximized on the Faraday cup
using quadrupoles and correctors.

The LEBT to RFQ matching can then be adjusted by looking for the maximum output
current while varying LEBT settings: energy, lens settings, and beam position. Finally the
dependence of output current on input RFQ power will be measured and compared with
the reference curve. If no considerable discrepancy is observed we can assume that the

output beam has the same parameters as were measured during commissioning on the
EBIS test stand.

3.3 Validation of Linac beam specification

First, beam will be transported to the first diagnostic box in the HEBT using calculated
RF power, phase, and quadrupole triplet settings. The beam current will then be
maximized on the CT using the MEBT and linac correctors and quadrupoles, A fast
Faraday cup (GHz) and an emittance measuring device installed in this diagnestic box
will allow characterization of the linac and buncher by comparing output beam
parameters with calculated values, This will be done using He'* and He*" beams, to

avoid the confusion arising from the acceleration of multiple charge states with heavier
beams.

3.4 Validation of the HEBT beam specifications

An ion beam with RFQ output energy (300 keV/amu) will first be transported to the
diagnostic box between the HEBT dipoles with calculated quadrupole settings, and with
buncher and linac RF power off. The beam centroid will be set close to zero by using
correctors and beam profiles monitors in the HEBT. The RFQ amplitude will be set by
maximizing the beam current of the desired ion species and charge state.

The ion beam will then be transported to the Faraday cup between the HEBT dipoles with
the linac power on and calculated quadrupole setting for 2 MeV/amu. The beam centroid
will be set close to zero by using correctors and beam profiles monitors in the HEBT. The
linac amplitude and phase will then be set by maximizing the ion beam current of the
desired ion species between the HEBT dipoles.



Finally, MEBT and HEBT bunchers will be turn on, and the energy spread of the desired
ion species minimized by looking at the beam size at the mult1w1re between the dipoles,
where resolution is maximum.

Details for each step, including curves showing calculated parametric dependencies, will
be developed prior to startup, once the detailed physics design of the RFQ and Linac has
been frozen. Two examples, (without calculated curves) are shown in Appendix B.
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Appendix A

Start-Up Plan Summary Form

The following is the listing of start-up plan experiments:

TASK Contact | Duration

1 EBIS and LEBT commissioning

1.1 External Beam into EBIS Beebe

1.2 Steering correction for external Beebe
ion beam

1.3 Ion extraction into LEBT and transport to Beebe
LEBT CT2

14 Steering corrections for extracted Beebe
ion beam '

1.5 Tuning of electrostatic lens and LEBT solenoid Beebe

1.6 Emittance measurement Beebe

1.7 | Matching into RFQ Beebe

2.0 RFQ and MEBT Commissioning

2.1 Beam transport to end of MEBT Raparia

2.2 LEBT steering Raparia

23 MEBT steering Raparia

2.4 Input match into RFQ Raparia

2.5 | RFQ transmission vs. EBIS extraction voltage Raparia

2.6 RF(Q} transmission vs RFQ) power Raparia

3.0 Linac Commissioning

3.1 Beam transport to HEBT_CT1 Raparia

3.2 Tuning of quadrupole triplets in Linac Raparia

33 Bunch shape measurements on fast FC using He'* and He** | Raparia

4.0 HEBT Commissioning

4.1 RFQ beam (300 keéV/amu) transported to HEBT FC2 Raparia

4.2 Steering corrections Raparia

4.3 RF(QQ amplitude setting Raparia

44 Linac beam (2MeV/amu) transport to Raparia
HEBT_FC2

4.5 Steering corrections Raparia

4.6 Perform beam-related radiation safety fault studies Raparia

4.7 Linac amplitude and phase setting Raparia

4.8 Minimize the energy spread by varying MEBT and HEBT | Raparia
bunchers and looking at MW?2

4.9 Maximize intensity at HEBT_FC2 for desired species

Raparia




Appendix B

Start-up Plan
TASK 2.6
RFQ Transmission vs RFQ Power

The purpose of this task is to establish one of the basic operating pafameters of the RFQ
and compare with theoretical calculations.

Initially, beam is transported to the end of MEBT, orbit corrections in LEBT and MEBT
are completed, and maximum beam current at MEBT-CT1 is obtained. RFQ power will
then be varied from 5% to 110% for the desired ion species, and current will be

- monitored and recorded at MEBT-CT1.

Compare this current vs RF power curve with theoretical calculations.

Start-up Plan
TASK 4.8
Energy Spread Minimization at HEBT-MW2

The purpose of this task is to determine the minimum achievable energy spread at the
HEBT-MW?2 for the desired ion species.

Before measuring the energy spread at the HEBT-MW?2 the following steps must be -
completed:

(1) Linac beam transported to HEBT-FC2

(2) Orbit corrected in the HEBT

(3) Linac phase and amplitude is set

(4) Neighboring charge states are separated

(5) Desired charge state is tuned to the HEBT-MW2

The Dispersion function at the HEBT-MW?2 is 1.2 meters, and the horizontal beta
function is 0.079 meters. This gives a resolution of 650 for an unnormalized emittance of
11 7 mm mrad. A grid search will be performed for the amplitude of MEBT and HEBT
bunchers, namely MEBT-B1, HEBT-B1 and HEBT-B2. Once the minimum horizontal
beam size on the HEBT-MW?2 is obtained, the energy spread can be calculated.
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Electron Beam Ion Source Project

Description of the Financial Tracking System

Overview

The Electron Beam Ion Source (EBIS) Project at Brookhaven National
Laboratory (BNL) will utilize BNL’s Financial Management System (FMS) as developed
and maintained by the Assistant Laboratory Director (ALD) for Finance. The
Laboratory’s Budget and Fiscal Officers, both direct reports to the ALD for Finance, are
responsible for the overall management and performance of the FMS and for ensuring
compliance with Laboratory financial policy, standards and procedures. Key
contributions of the Budget Office, Fiscal Services Division, the Accounts Payable
Group, the General Accounting Group, the Payroll and Labor Cost Distribution Group
are described in the Financial Management System Description within BNL’s web based
Standards Based Management System (SBMS). Appendix A of this document provides a
copy of the Financial Management System Description.

The Business Systems Division, also under the auspices of the ALD for Finance,
has implemented and maintains the PeopleSoft Financial System which is the repository
for all BNL financial data. This system, in addition to providing centralized budget and
accounting functions for BNL, also provides cradle-to-grave support for direct labor
costing and all procurement related functions. Independent systems developed and/or
implemented by various support organizations; such as, the Globalsoft system, operated
and maintained by the Central Fabrication Services Division, feed cost and commitment
data to the PeopleSoft Financial System.

Funding for the EBIS Project will be directed through BNL’s Collider-
Accelerator Department (C-AD), and management responsibility for the project resides
with the Chairman, Derek Lowenstein. The EBIS Project is a “virtual” organization
within the larger C-AD organization. James Alessi, Head of C-AD’s Pre-Injector

Systems Group, has been appointed by the Department Chair as the EBIS Contractor
Project Manager.

The EBIS Contractor Manager has appointed managers within C-AD to be
responsible for the various subsystems which comprise the four major EBIS Project
systems: the Source and Accelerator Structures, Electrical Systems, Facilities and
Installation Support, and Mechanical Systems.

The subsystem managers are responsible not only for the technical and schedule
performance of the subsystem, but also the cost performance of the subsystem. Stephanie
LaMontagne, C-AD Assistant Chair for Administration, serves as a member of the EBIS
Integrated Project Team, and the Administrative Group, under her direction, provides

administrative and financial oversight, as well as project management support for the
project.



All financial functions will be exercised consistent with DOE and Laboratory
policy. EBIS financial reports are prepared on a monthly basis for distribution to EBIS
Collider-Accelerator Department Management and EBIS Project Management personnel.
Quarterly EBIS financial reports are forwarded to NASA. Data presented in monthly
project management reports prepared for the DOE area office and quarterly reports

prepared for the Nuclear Physics Program Office is consistent with that presented in the
monthly EBIS financial reports.

Chart of Accounts -

The EBIS Chart of Accounts is structured to ensure that DOE R&D, project
engineering and design (PED), construction, and pre-operations funds are not combined
or commingled. A separate chart of accounts has been established for R&D and
construction funds to be supplied by NASA. Control accounts are established consistent
with the work breakdown structure (WBS). At a minimum, control accounts for PED
and construction funds are planned at the second level of the WBS. The current EBIS
Chart of Accounts is shown in Appendix B.

EBIS control accounts are identified within the PeopleSoft Financial System.
Financial data is coded by resource type which identifies the cost as labor, materials,
equipment, high value procurements, allocations, overhead, etc. Resource type is the
level at which budgets are developed and tracked within each control account.

At a lower level, financial data is further identified by cost categories. For
example, the resource type HV&SP, High Value & Special Procurements, includes cost
categories 211, High Value Maintenance Contracts; 213, High Value Service Contracts;
215, High Value Construction Contracts; 216, R&D Sub-Contracts; and 340, Special

Procurements. A complete list of resource types and category codes is shown in
Appendix C.

Budget, cost, requisition and commitment data are all tracked within PeopleSoft
by cost category within resource type and summarized at the control account level.

Budget Process
The DOE total project cost is $14.8M. NASA is contributing an additional $4.5M

to enable the project to be completed in a more timely manner, consistent with NASA
mission requirements. The EBIS Project profile is shown below by source of funds:



FY 05 FY 06 FY 07 FY 08 Total

R&D
. DOE a5 0.1 06

NASA 0.6 056

Total R&D ! 0.5 0.7 - - 1.2
CDR !

DQE 0.2 0.2

Total COR 0.2 - - - 0.2
PED/EDIA

‘DOE . 2.0 0.1 21

Total PED/EDIA - 2.0 0.1 - 2.1
Construction

DOE 7.4 4.2 11.6

NASA 0.5 0.9 1.5 1.0 3.9

Total Construction 0.5 0.9 8.9 §.2 158.5
Pre-Operations

DOE 0.3 0.3

Total COR _ - - - 0.3 0.3
TPC

DOE Total Project

Cost 0.7 21 7.5 T 45 14.8

Total NASA

Confributions 0.5 1.5 1.5 1.0 4.5

'-I'otal 1.2 36 9.0 5.5 19.3

Budget authority will be allocated by the EBIS Contractor Project Manager, based
on the approved funding profile and project baseline. Within the PeopleSoft Financial
System, budgets are maintained by cost category within control accounts and updated
quarterly.. '

Authorization Protocols

The approval of source documents for the intra-laboratory requisition of goods
and services, as well as purchase requests, petty cash vouchers and travel authorizations,
conform to a Laboratory prescribed protocol. In addition, C-AD procedures prescribe a
review process that ensures that the appropriate safety, quality, funding and technical
reviews and authorizations take place.



Laboratory policy requires that all documents authorizing expenditures of less
than $50,000 be approved by an employee who has been granted Group I or Group 11
signature authority. Expenditures exceeding $50,000 must be authorized by an employee
who has been granted Group II signature authority. Within the EBIS Chart of Accounts,
Group I signature authority is granted to the responsible subsystem manager, the
Contractor Project Manager and the EBIS Project Engineer. Additionally, the Deputy -
Head of Administration is granted Group I signature authority on all C-AD accounts.
Group II signature authority is granted to the Department Chair, the Assistant Department
Chair for Administration and the Chief Mechanical Engineer, as well as the appropriate
Associate Department Chair and his Deputy, for all C-AD control accounts.

As a matter of procedure, the Department Chair or his designee reviews and

approves all authorizations exceeding $10,000. This threshold is adjusted dynamically
depending on fiscal constraints.

Financial Data Sources

Direct Labor

Direct labor cost is fed to the accounting system through a web-based time card
entry system. This system is employee driven. In other words, each employee is
responsible for entry of his/her hourly effort by control account, which in the case of the
EBIS project identifies the effort as being related to R&D, PED, construction or
commissioning. In the case of PED and construction effort, the control account further
identiftes the WBS element to which the effort applies. Laboratory policy requires that
this entry be done, at a minimum, on a weekly basis. For the pay period ending on the
last day of each calendar month, effort is recorded from the 21 of the prior month
through the 20™ of the current month. The final pay period for each fiscal year includes
effort for the period August 21* through September 30 Consequently, the October

pergod is shortened and includes only effort for the period October 1* through October-
20"

At the conclusion of each pay period, the employee forwards the completed time
card to his/her supervisor who reviews and approves the effort and leave usage as entered
by the employee. Supervisors are expected to ensure that the effort recorded for each of
his/her “direct reports™ is properly distributed by control account.

Preliminary labor cost reports summarizing cost by control account are reviewed
for consistency with both the annual labor budget plan as well as the overall EBIS project
plan. Since the EBIS Project organization is a virtual organization, EBIS managers may
not directly supervise the employees working on the system or subsystem for which the
manager is responsible. Therefore, if the actual level of effort recorded by project differs
substantially from that which was expected, the EBIS Contractor Manager may be asked

to review the data. He may, in turn, request that the EBIS subsystem managers review
the data.



At a summary level, manpower by program and/or project is reported monthly to
the Department Chair, as well as the Associate Department Chairs, the C-AD Division
Heads and Deputy Division Heads, the Chief Mechanical Engineer and the Chief
Electrical Engineer. Detailed reports listing hours reported by employee for all control
accounts are posted on the web monthly.

Distributed Technical Services

Cost and commitment for BNL trade labor is based on standard rates developed
by BNL’s support divisions and maintained by the Budget Office.

BNL machining services are supplied by the Laboratory’s Central Fabrication
Services Division. A Request for Quote (RFQ’s) is entered by the requestor and
forwarded to C-AD’s Administrative Offices for review. The process is much the same
as for a purchase requisition, although the routing for signature approvals is done
manually. Approved RFQ’s are transferred to an independent system, Globalsoft,
purchased and maintained by the Central Fabrication Services Division. Globalsoft
supports the Divison’s estimating and scheduling functions and records labor effort

“associated with each RFQ. Estimated and actual hours are fed by Globalsoft to the
PeopleSoft accounting system to provide requisition and cost data by control account.
Weekly, the Central Fabrication Services Division distributes a report to provide detail
activity for each active RFQ in the system.

Other trade labor, including electricians, riggers, carpenters, plumbers, etc. are
supplied by the Laboratory’s Plant Engineering Division. Effort is requested, scheduled,
costed and controlled by work order number via an independent system, Maximo,
purchased and maintained by Plant Engineering.

Work Order types which are charged to C-AD include preventive maintenance,
the annual assignment of trade labor, verbal requests for short duration efforts and efforts
exceeding 40 hours for which formal estimates are prepared by Plant Engineering.

Preventive maintenance is initiated and scheduled by Plant Engineering on
equipment that was previously identified by the department as requiring maintenance.
These work orders are generated monthly and reviewed by C-AD building managers
prior to scheduling the work. The review is performed to ensure that the equipment to be
maintained is in use, that the maintenance interval is suitable for the type of equipment
and that the control account to be charged is appropriate. It is unlikely that this type of
work order would be charged to a facilities construction effort such as EBIS.

Work orders for the annual assignment of trade labor to the department are
reviewed and renewed annually. C-AD administrative personnel, in combination with
management personnel in C-AD’s Experimental Support and Facilities Division, estimate
the required level of effort for each trade and advise Plant Engineering of the number of
personnel to be assigned and the control accounts to be charged. The value of the



estimated effort for the fiscal year is reflected in the Laboratory’s financial system as an e
internal commitment. C-AD’s trade labor force generally includes 1 to 2 carpenters, 5 to ‘
7 electricians and 7 to 8 riggers and is primarily contracted to support RHIC Operations
and the Experiments. Consequently, within Maximo, effort for assigned personnel is
estimated and charged to C-AD operating projects for RHIC Operations and ,
Experimental Support. On an exception basts, trade personnel assigned to the Department
will be needed to work on other projects. In those cases, C-AD personnel record hourly
effort off-line, and periodic cost transfers are processed to apportion cost to the

appropriate control account(s). Thus, assigned trade labor for EBIS will be costed via
manual journal vouchers.

Requests for short duration efforts or short orders, generally defined as those
efforts not exceeding 40 hours, are made via a phone call to Plant Engineering’s
Maintenance Management Center (MMC). Short order work is not estimated; hence, no
commitment is fed to the Laboratory’s financial system. C-AD maintains a list of those
individuals who are authorized to initiate work orders through the MMC.

Construction efforts of longer duration are requested by the department via a work
order which is routed, approved and entered into the PeopleSofi financial system in the
same manner. as an RFQ submitted to the Central Fabrication Services Division. Plant
Engineering prepares an estimate of labor and materials for the effort and forwards it to
the Department for final approval before commencing work. Approved estimates for
labor are reflected in the financial system as internal commitments. -

Procurements

Using a web-based system, purchase requisitions are entered by the requestor,
electronically routed within the department for appropriate signature approvals and
finally submitted to the C-AD Administrative Office for review before submission to
Procurement & Property Management (PPM) for placement of an order. C-AD
administrative personnel review each purchase request to ensure that it is properly
completed and that the approvals noted conform to Laboratory policy and C-AD
departmental procedures. A budget review to ensure that adequate funding is in place to
support the purchase is also performed. Once submitted to PPM, requisitions are tracked
within the accounting system by cost category, resource type and control account and
appear on our internal financial reports as requisition amounts. Once the order is placed
with the vendor, the requisition amount is relieved in the financial system and the value

of the order is reported as a commitment on the project. Purchase orders for off-the-shelf
" items are accrued upon receipt. Cost associated with contracts and purchased services is
reflected upon approval of the vendor invoice. In either case, the commitment amount
associated with that order is decreased by the amount of the payment. '

Monthly, purchase requisition and order activity is reported for each control
account and reviewed by C-AD administrative personnel. The status of individual orders
is available to all Laboratory personnel via the PeopleSoft procurement modufe. Thus,



requisitioners, sub-system managers and EBIS Project Management personnel may
access the delivery and payment status of all purchases.

Organizational Burdens

Fixed expenses for infrastructure costs; such as, space, transportation, building
power, fuel oil and communications, departmental allocations for Environmental, Safety,
and Health Services and Information Technology Services and the costs associated with
departmental overhead functions are distributed to all departmental projects in proportion
to the direct labor charged to the project. The rates at which these charges are distributed
are developed by the Administrative Group and revised quarterly,

Rates are submitted to the Laboratory’s Budget Office and then entered into the
PeopleSoft Accounting and Budget System. The distribution of costs is made within the

- system in the month-end closing process. Year-end variances are distributed to the major

programs (generally defined as those programs whose annual costs exceed $500K)
managed by the department in proportion to the manpower charged for the current year.

Overheads

Standard Laboratory burden rates are applied to all elements of cost for EBIS.
PED and construction costs are assessed overhead at the lower Extraordinary
Construction rate. Effort for the CDR, R&D and Pre-Operations are assessed full
overhead. Costs born by NASA are also assessed for Site Safeguards & Security, as well
as Full Cost Recovery. Overheads are systematically assessed within the PeopleSoft
Accounting and Budget System during the month-end closing process.

Reporting

The financial reports described below are utilized by C-AD Management, EBIS
Project management, administrative personnel and technical personnel to monitor the
overall financial status of EBIS and track detail financial transactions in the system. In
addition, the C-AD Administrative Group is available to prepare ad hoc reports and
analyses as needed.

The overall financial status of EBIS is summarized monthly in a report prepared
by the C-AD Administrative Group for distribution to both C-AD and EBIS management
personnel. The report provides a one page summary of project-to-date funding, as well as
a one page summary that includes year-to-date and project-to-date expense and
commitment. This report is provided to NASA on a quarterly basis. A copy of the report
for December 31, 2005 is shown in Appendix D.

A monthly manpower report providihg hours charged by person for all C-AD
control accounts is also generated monthly and made available on the web. EBIS
management personnel and sub-system managers are responsible for reviewing the



departmental manpower report to ensure that effort on EBIS has been appropriately -
reported. A sample of the report is shown in Appendix E.

The C-AD Administrative Group also generates monthly transaction reports for
stores issues, credit card procurements and trade labor hours charged. Samples of these
reports are shown in Appendices F, G and H.

The Globalsoft System, operated and maintained by the Fabrication Services
Division, provides a weekly report of onsite fabrication orders at the drawing number
level. A sample of this report is shown in Appendix I.

The People Soft Financial system provides numerous canned reports which are
utilized by both administrative and technical personnel to track cost and commitment. A
few of the most frequently utilized financial reports are described below:

Appendix J: The Budget & Expense Report provides a complete summary of
budget, expense dnd commitment by cost category within control account. Summary
reports based on the EBIS work breakdown structure are also available. This is the

primary report utilized by both administrative and technical personnel to monitor cost and
commitment on all departmental programs.

Appendix K: The Open Purchase Orders & Requisitions Report provides the
current status of all active purchase orders by control account. The total value and

outstanding balance for each purchase order are subtotaled by cost category within .
control account. ,

Appendix L: The Accounts Payable Control provides a listing of purchase order
payments by cost category within control account for a given period. This report is
generally run for the current accounting period to provide cost by purchase order number,
as reflected in summary on the Budget & Expense Report. The report may also be run
project-to-date or year-to-date to provide a more complete history of payments
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Management System Description:
Financial Management

Effective Daie: Jan 15, 2005 (Reviswed: Jan 15, 2005) | Point of Contact; .John Hauser | Management
System Steward: John Huuger
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1.0 Purpose

Thie Financlsl Management System (FMS) provides and maintaing the budgeling procasses; provid
relevant and relizble internal finengial reporting Lo Brookhaven National Laboratory's (BAL)
Management ant Princigal Investigators; engd 2ids in making decislons, formulating cverall golice
fong-range planteng, ane controiling roctine eperations, In addition the FMS establivhos znd
maintains an effective systemn of internat controls, The FMS also provides relevant and reliabie
externat reporting to DOE, varicus government zuthorities, 2ad other stakeholdars,

2.0 Responsibilities

The responsibilities associated with the FMS are as follows:
Laboratory Director

The: Leboratory Directer it responsible ta DOE for the oversll parformance of the FI4S. Tie Diracio
is responsibie for setting the perfermance expectations as defined by the management system &
for holding direct reports accountabile for thele performance againgt these expectations,

Assistant Labormtory Director for Finance

The Assistant Laboratory Directer for Finance is the steward of the FMS and ig responsibte for

« Conducting pertedic perdormance assessments

o Ensuring th &t systems, processes, and guidance are provided, s nesded, to BNL
organizationat units to fulfill their responsibilities on the FMS

» Serving a5 th2 point-of-contact with Brookhaven Science Assodates (B5A) on FMS matters.
Fiscal Officer, Budget Olficer; and thelr Direct Reports

The Fisgal Officer and the Budgset Officer are respansible for the overall management and
performunce of the FMS and for ensuring comphiance with Laboratory financial palicy, standenis,
el procedures. ;

ttps://sbms.brl govisbmsearchmsdFMSHFMS_msd.clin 122006
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Budger Managemet and staff are respensible for the tollowing:

Recommending and implementing finencial poticy for the Laboratory

Ensuring the proper distribution of costs in support of the missions of the Laboratcw
Interpreting and impiementing Cost Acoounting Stantands {CAS)

Preparing BHL's CAS Disclosure Stetement and ensuring. compliance with i

Raviewing and approving ail standard rates '

Qeveloping and implementing all indiredt rates

Receiving and cisbursing all Funds coming Into the Laboratory

Dversesing execution of the Labaratery’s budgat and funds control

Formulating budgets, planning and reporting In support of management decisicn making
Signature Authortzation

-Developing budget systems and supporting their malntenance

Admintstering WFO and Accounts Recelvables including user assistance,

Fiszal Managernent ond staff are responsible for the following:

Estabilshing Bﬂd maintaiging an effective system of-intemnal accounting controla

Daveloping the Lnboratory's fiscal policies and proceduras; processing the Labaratory's st
cost and revenue bransactions via Fiscad Administration, Genarst Accounting, Payrall, Actour

"Payable, and Ancounts Recatvabls; executing required ﬁnanclal reporting to Internal 85A an.

BAL. mnagement

Fulfiliing BSA and BNL's cbifgauon 25 an integrated contractor by entering required finenciai
dat Into the Department of Energy's Finafcial Information System,/Managemant Ancounting
and Reporting System (FIS/MARS) or successor system

" Adminfstration and appropriate fillng af naquireti Payroll, Employmant, and other businesy-

related tax retums

Participating with Human Remurces in developing, administering, and transacting employee
fringe banefit plans

adnunistering OfRdal Forelgn Travel
Administering Conferance Management.

Deparmmtal and Bivision Mmdnlslmtors are msponslble for

Imptamenting poﬂties and procedures esmbftshed for ﬁraancial management at the respecti
organizational level;
Ensyring that expenses are |

» Inaccendsnce with Laboratory policy, Including aliowablity

» Categorized properly by type of funds, Le., operating, capltal, facilitlés, coastruction
and that the proper Resource Categary Is used to redord tha transaction

hitpss/isbms.bal.govisbmecarch/msd/FMS/FMS_msd.cfm 41272006
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= Charged to the proper Profect/Activity
s Within the approved scope of work

« Ensyring that cost plans ame reflective of reslistic work plans for the arganization and are
communicited properly and timely,

3.0 Management System Oparatlon

. 3.1 Overviaw

The FMS ersiires that 8NL costs and budget data sre recorded properly and that it supports BSA
ang BNL valyeg, The systom is designed to mect the finangal asgects nesedated with the
Laboratory's critics) outcomes and objectives, es well 85 cther definad chjattives and measures fo
operstional parformance \n the BNL Management Pian,

The FMS provides budget:ing and fhandal menagement support to BNL through the Budget Office
will a5 Fiscal Services, which Includes Fiscal Agministration, Acoounts Payable, General Actounting
Accounts Rerelvable, Official Foreipn Travel, Conferente Management, and: Payroll, Fisca} Gperatio
alzo provides entily accounting-ta BSA. The processes supported by the FMS include Slonatura
Authorization, Personnel Forecasting and Budget, Proiect Management, Business Managemant,
Human Resources and Payroli, Property, Travel,’ Business Develapment, General Accaunting
Opa-a'dms and R.eport.lng. Procurement, and Labor Cost Distribution,

3.2 ey Functions/Services and Processes
The FMS supports BNL's resserch In Energy, Environment, Safety, Health, imd other aress by
praviding timely, reliable, and relevant financie! Information o maximire baneflts to stakehojders

using 2 finlte antount.of funds. The System helps to ensure that funds are avallable and uged
efficiantly o support the mission of the Laboratory. Fér a flovichart of easts, see Figum 1.

3.2.1 Core Functional Blemants

The Financiol Mansgement System’s significant core funclional elements ara tdertified In the
fotiowing sections,

3.1.1.1 Budget
Tha Budget Cffice provides the following:

o Coordinated Dé.velcpman: of the Laboratory's Annual Budget Submission
* Administers funds for Work for Other Federal Agencies Program

« (aintaing WFO Database .

» Administers funds for DOE Programs

' htps:/ishms.bnl.govishmsearch/msd/FMS/FMS_msd.cfin 41272006
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« Muintains the BNL Cost Accounting Standards Distiosure Statement
« Administers the budget submission reporting system

» Adminlsters the Personnel Forecasting System

« Processes DOE propasals {i.c., Ffeid'wo_rk Proposals)

* Moritars Oigetion ontri!
a Contract Mogification
[ ]

Program Guidance
Funding. aeceptance latters
Interaboratory Work Authsrization
Control of new profect establishmant
a Budger & Expense reporting ‘
s Maintain signatura. authorization system to obligate/reiease funds
Administers Indirect pools
‘Paid Absence puol
= "Fringe Benefit pool
» Materiaf burden posl
= Site §uppon GBA
= Traditonal GAA

s Reviews and approves rocharga rates
s Standarc rates

= Special rates
. Exprnptions
Providas reports to BNL Management’

» Corducts Financial Analysis for. DOE
» Raporting of Functional cost

= Reporting of, Cost ceiting
u Reporting of Metric
= ‘Reperting of {FTEs) Manpower Effort
» ‘Tafirect pool cost v, base reporting
- Congucts Financist Anslysig for other agesicies
Approves Reduction in Foree actons
Oversees eonthly and year end casing processes
Administers BSA bridge toan fund
Processes capital equipment dats sheets
Pracessesfcoovdinates inter-governmental personndl agresments. .

»

-

3.2,1.2 Flscal Sarvices Division

hutps:/sbme.binl. gov/shmsesreh/msd/FMSFMS_msd.cfm
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The Fiscal Services Division {FS0} is comprised of the following:

IR

3.2.1.2.1 The Accounts Payahle Group

The Au:éunn Payable Group within FSD pravides the foliowing:

Processing and Paymant of. lavolcas

*

Contracts

| Purchasa Orders
Fraight Cortiars
Pay-ordars

+ Non-Purchage-Order Billiing

Reimburses Travel Expanses

= Domestic
«»_ Forgign
+ Reéistation and change of skation

Other Non-Employee Paymems

« Howorarhom
» Consultant
s Coliaborater

Cashler Services

» Caaf Advances.

-+ Petty Cash

= Cagh Receipt Processing
Review-¢f Payments for Complianca to Policy
3.2.1.2.2 The General Accounting Group

The General Accouniing Group within FSO provides the following services:

|
» Reviews and Processes Monthly Joumna! Vouchers Latioratory-wide

hitps:fisbma bl govishmsearel/msd FMSEMS_msd.cfm 4712/20006
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. & Monitors Monthly Accrual OF Expenses
« Prepares Schedulés and Work-papers For Internel And External Augitors
 Provides Aanual Flnandai Statament Anilysis For DOE. S
+ Prepares pnd analyzes Monthly Financial Statements
« “Cuordinates Annual Special Procass Spares Physical Invantory
» Reconclles Drafts Payalle end Bank Statemants
o Protesses Requests For Stop Paymaents '
+ Coordinetes All Banking Activities And Refptionships-
 Maintains DOE Letter Of Credit
e Coordinate Fixed Asset Acgounting wtth Pmpenv and Pant Engineenng
. Calmmt& Artnusl Depreciation
. Peﬂndir;any Anslyzes Genersi Ledger Accounts
= Maintains Monthly Finenclal Perfarmanca Metrics
o Prepares Quarterly Laboratory-wide Petty Cash Reports
 Provides Accounts Recalvable Billing, Collections And Raguests For Information
» Propares Monthly BSA Financial Statements

» Acts as Uslson with the BSA Membars, Battelle Memoria) Instituts, and the Ressarch
Foundation of SUNY at Stony Breek

‘s Maintalns the fntegrity of the BSA gencraf ledger using accounting software, including ail
entries and aceount reconcilistions

» Mainteins all BSA banking activity, Induding ell cash recelpts disbursements, and
recanciliztions for BSA

« Submits necassary BSA information to management to facilitate affeciive budgeary deiaidt
making ' '

« Provides 8SA reporting and analysis support to internat and axternal suditars
o Provides Regulatory Repocting
= Monthly FIS/MARS Repert Ta DOE
-m Annual Financial Statement Ansiysis For OOE
o Annual DOE Quantity end Usage Data Repoct
s Anpual DOE Equipment Held For Futire Use Report
» Quarterly DOE International Trave! And Expense Report
» Annua! DOE Diract Labor Ceosts Of Stores Invenitory Warshawsing
Anncal 1099 Miscellansous lm:ome Filings ta-the IRS
- Annual- and Quortarly 1042 Non-,-ﬁese:ient Align Income Filings
Quarterly Grant Reperting
Monthly 'Other Federal Agencies Report To DOE

» Report of Transfer of Funds Collected for Non-DOE Work Performed (Program 40 And
€0}

- Annu;at Statemuant OF Costs Incurrert and Cinimed Under DOE Contract (SCIC)

hitps://shmis bal.gov/ibmsearchnsd FMS/FMS_msd.cfm 41272006
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» Federal Ex&se Tax Return, Form 720

3.2.1.2.3 The Payrol! 2nd Labor Cost Distributdon {LcD) Group

The Payrull and LCD Group within the Fistal Services Division providas tha Foliowing sarvices:

Processes end distributes payrol

Records, procestes, and analyzes all pay adjustments
Mazintains persoonel additions and changes

Maintains amployee fedve-bank

‘Processes all Supplemantal Retlrement Actions for empioyess.

‘Processes additions and changes to direct depasits

Cogrdinates aH payroll tax raturns

Prepares and mairkzing various comaspondantces

Pravides payrchi garnishment withhglding

Processes W-2 ferms, We4 forms, and other nmrtermann&al statutory reporting

Coordinates the communication of tha Labar Cost Dlstﬂbu:ton Svstem's (LCDS) changes,
lssues, snd-improvemnents o users and carvice providers

Provides thz central point-of-contaét for gl LCDS-related lzsues and prioritizes all changes

_refated to the LCDS system based upon feedback from users

Trains new usars of LCDS

3.2.2 Other BNL Ssrvice Providers

Various BAL omansmims provlde anciitary services to the rum:tiona! areas of tha FMS, including ¢
following:

Informaticn Technology Divislon - Installs and malntaing facility natworks;
telscommumications systems lnstaliation and operations

Statf Services. Divislon - conference planning, billing zmr.‘ mliecuonm triived plenning and
caordination; property System malatanance

Buginens Systenis Dlvision - progremming, computsr operations, matntenance of FMS,
backup of data; malntenance of datzbase’and repériing sarvices

Human Resources - ‘meintaing newferminated employees into FMS; malntatrs COBRA am
benefit changes; aﬂjusts ss!arr :

Procuroment and Property Manpagement Division - enters contract and purchasing dat:
Into FMS

3.3 Critical Support Hechanisms

The FMS refies upon the following eritical support meshanisms to ensuro efficient ang effective

hitps:/sbma bal. gov/shmsearch/msd/FMSFMS_msd.clin . ‘ 41272006
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functionings

s Afeguate hardwars, software, and netwariing mpnbiﬁﬂaﬁ
» Current Standard Practice Instruction detumentation, Supervisor's Personnel Manuz!
« System. Security/Access controls

« Adequate reporting tools
« DOE Policy Guidance
« BSA Contract with DOE

4.0 Cutputs

Page 8of'17

In addition to tha systam-wide Gencric Qutputs, the ofiowing table describes the products provids
by this Management Syitemn to its primary eustomers, It also tists the oiher managemen: systame

that use this curput,

Gutputs Primary Customar Wsing this Qutput nl;;;m fﬁ;ﬁgﬁm
e Fisld Work Proposs! Process ’
ant! Technics! Suppont
* [%‘a’ »and ProjﬁdaadAnmmlMgnagsm,um
» Fors Authirizsd Manqws;,mbtrahmmam,
« Insurance Coverzge
» PecpleSoft Budgst Sysiem
Technicy! Support far ESHES Prionity .
Progass . imagrated Pigtning
Budpet Documents, Rates, Fiagneint | Princdpal Investigators, Accsunt Managers, P
lnfamm@m ond Anoiysis Line Klonagers, Adminjstrative Monagers
Belonts and Technolo
ngr?m gtanageg:m
Budget Aufhorization end Certification . Work far Dtnars, Ras
of Obfigaton Lina Managers Propeny A
Mansgemand,
Educalions! Programs
Informgiion Reportng W0 Suppont . -
Sungle Decion-Making BNL Senior Management, BSA Boerd Intagrsted Planning
Lost Time Reporty Ocgupational Medetiy
Payici Paymonts, Bereft Puymonts,
YWaga and Tax Dats, Lubor Cast Dot § St Human Resourcas
. Propedy Munagement
Payments for mvoioes Traval, Other Line Menagement, Stefl Administrotiva Suppor
Property Datn, Cest and Bifiag Data intommation R
Mansgamsat,
hups.//sbms.bnl.govisbmscarchimsd/FME/FMS_msd.cfim 4/12/2006
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Acqrgition Manageny
CFOE Finandial System Data Doz DOE Systema
5.0 Inputs

In addition to the system-wida Generic Joputs, the following table describes inputs provided by th
Management Sygtem’s primary customers and support suppiiers.

https:/shins bal. govishmsearcmsd/TFMSFMS_msed ofm

Inputs Pﬁma:y Originator Producing | Hanagement Bystem
. s Input Providing thiz Inpul
. mmmzmimm Stafl, )
Jouthal Vouthers Entries M Servicss Sisif Financlal Maragemant
Acguisition Data, CemmiimentiCost Dale Praturement Accuisiion Mensgame:
Timo Cords, Employse Status, Payrol Ad_;ummt sa_afL Line Manogers,
Ragusals, Gamishrant Requesls jGovernment Agencles
ltarma Ordered, Jtzms Recived, Paymant - .
Aoproval, Travel Expensa Raports Bl, Lino Managers Acguisdion Manageme:
Ermmy Charge-ﬁae&:and Rate Forgeast, Speco e I Rea! Prapany Asnat
Rate and Planning Piont Enginacring Civisian Mauagelggl
Opatutione Securlly Services Security Dhigion Saturity
Bensfitg Packages, Tution Progtam meﬂs
Compensation Program Packegas, . .
Ao 5! sind Laber Redalions Negoliatons .4 Hirman Resources Division Human Mulurcas
Humn Resourcus infymmaton Human Resourcss Division ‘J Human Rescurces
Charge-Back for Transpietabion Senites, Bus B ) '
Service, Vehiclys, Shop Dperations; meg ang | Stelf Services Divizion” Adminmirative Suppont
Conforetea Costy
Shipping chungm. Excess Propeny Dispml Supply and Materisi Division’ Propaty Managemant
) , . Oifico Of intolieetunl Propedy &
intelioctual Property Financtal Information Sponsored Roseareh tnigffectua! Proparty
Office O Inteifoctyzl Property &
/1272006
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I Razeands Agreeingnt and Account Autharization 'y Sporieared Research ' Iwcm For Ot
ncctém ond Bacinoss o June waagers: Ilnhsgrawu Pea;-miss
: Amumamnagmm
Heionce and Technolog
. Program Managemont,
i ROHPW;&MBIF
. { Princips invetligators, Ling Managermant, Work Fou
Proposais. Conbiaxis o jManagers - Others, Etvirenmanta!
: - i : A Wﬁan.
mmsmsym
. Educaﬂmmiﬁwamﬁ
) Pefmn!Fmsﬁw,Hmﬂumea!a mmmm

6.0 Requirements )
“The folloviing table summarizes requirermmts thanhls rnanaqemant system s respansib}e for,
REQUIREI!&NTS WITH PRIHARY nesmammm i

mmm:smumdmmm mmmmwmmmmmu

: mcmmmmammm)mwummswmh for
Wommmmtm:mm irpioment the requicemant,

. .. Documsnt . . THig :
BSA Controct No. DE-ACH2. lﬁbbym Rmm,(ﬁnm snd Water Act. 2005)

- J1S8CH10856 - Clausa H.38 ROD . . -

I B5A ContratiNe DEACDZ. . |l Lobbying Reatiotion {Intaror Act 2005) § '

l98CH16886 - Clavge HITROD - | R - _ e

- |IBSA Comratt No. DE-ACD2- .. [iCentnai Contracior Regiatration - Allemiate L (OCT 2003)

jlesCritoass -Clansa LSBROD - 1. : . .

JICR-20 Chapter V BON. Aczounting Ereciices and Proceduras Hendbook - inventories

‘TIOR:2G Chaptér X ROD ' mmhmampmmumm Produet Cost
O1M0IRCD- - CRD - coﬂmmmmmm -

u, 0 1301 ROD- ) CRD - Budget Formulation Process - -

: 01351 80D | B “* || Butiget Exteution - memdm

O 3I50.2AR0D ) - "RCRD - Ush of Menegoment and Othor Fotilty Munagems
“Bm Em.pioym:lor&ﬂ!eectebﬂe mewwmun DC».
HO 412, 1ARQD i Work Authorizetion System
041314800 CRD - Minagemant Conlrel Program

o

https:/fsbms.bol.gov/sbmsearchimsdFMS/FMS “msd.efin 4/12/2005
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08221 ROR. Pricing of Depertrmalzd Malsrisis pnd Sérvicss
0534..13‘399, mmmm
0551.1B RN . CRD - Ofiictg) Foreign Travel

10 6560:1A ROD Pricrities and Allocztions Program.

REQUIREMENTE VWATH PARSED REAFPONSIBILITY

: mmmmtmmrsuwmmwmnmwmammmmmwmmmu
i document (the parsed unit versies the entire dacumant).

Document Title
041410 . Qualty Assurence

7.0 Core Services/Purchased Services
Core Services

Butgat core gervices are provided for the centralized sUppnt of the Laboratory's budgeting oversi
and funded as part of traditional GBA (see Section 3).

Fiscal core sarvicus Include thote refated to General Ac:eunhng functions, Invpios Pavmmt znd
Processing, and all Payrol-ralated servicas, which are flmded s part of the tradiona! GAA and
“material bunden as appropriate (soe Sectten 3).-

‘Purchased Sarvices

Budget"pw&asad'm!m is provided ta tha Labomatary's orgenizations under the direction of a
Business.Operaticns Manager. Costs are recharged to the emganization benafiting from the service

8.0 Standards of Performance -

Standards mainteined by this management dystem are the following:

e

o Managors snall review proposals before sutm:ﬁttmg them o ke cstamar and before mdtlat:
. work 1o ensure that risks are idertified, evaluated, and accepted Defore deglding o underta
the worlk,
* Al 5taff shall recend their time and reimbursable business expenses strurately and on time.
» Costs and:commitraents shali be recorded on time and accurately.
« Managers 5l reach agreement with customers ap wWork scope deliverables, schedules, un:

sbudgets befora work begins ond assire a formet agreement is negotiated betwean the
Laboratory and the custemer.,

-« The Financial Management System shell provide timaly and accurate infortnation on projecit
and buginess, and aygure propar management and protection of BNL and customer assals,

ISR

hitpe:/fshms. bl govisbmsearelmsd/ FMIFMS _med.ofim _ . /1272006
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8.0 Other Supporting Information

.

The foliowing Legacy Dotyments are maintained by this Management System:

8.0 Propostl Guide
. 8. DOEINRC Pronmsals
B2 NER Prnasals

= Buggnt Manual
= BugantMacvall Attachment A Coletia !gtmamﬁmm
o Bydget Manuai; Attachment . - Respuree Catenory Codes

Budaet Manval; Budget Execution: 8. Budger Earmulation
Bugai Mprwal: Budgek Exanion: G, Budgrt Contro! and Monitering
Budger Manupl: Busget Exeantion. D, Fiscal Year Eod

‘Bucgertisnunt .- Grashization .
V.Buﬁﬁamam 11+ Evoget AGTinisiTation 204 Contra) Ovanddy
Budaat Manunti VA Bpantyad Funding ProgrameslWork Autharipation System

Budgel Mannal: VA, Parsonnel, Emmmmm
Budoet Marwsli Y B Jodiect Posls

Budaot Masuply M C. Pull Cost Recovary

Budget Manuali V. mmbam:omswmmmﬁmmwu Seiontific Davicas
Bugaes MarupliN K. Acsounting Stolctwe

@mgemn_um..x - Slgnotene Authorization Syatem

“Budast.Manyali . H, Spenlal Precass Spare/Qihec Spare Parts

Bucfges Manuals V I, Plang ang Capital Bavigrment

Budest Manuab V3, f nvjmwmmﬂ.m&&amﬁsmmwa%&mmm&m Aoﬁ
Mmtﬂwmwchﬂmm

Buttant, Mannals M 1, Langes

* ‘Badgey Manualz VI - Comt Estimating:
. ‘mmammﬂjmmwmwﬁmm

-
-
-
-

e

L3

Budgst Maruals VITL- Dafinitions

Progrsal.Writing Guide

P02 Binnature Autharization

SPL2-0: Laharatory Bugqar

SPLR-02 Use, of BNL Services, Respareh mmmm.&mm&mgﬁmm‘mmmm

Lrgaoleaticns.

SPE2D5 Py Cask

Tne following. Subject Areas are maintained by this management system:

htepyfisbmns bnl.govisbmscarch/msd FMS/FMS_msd.cim . 471212006
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s Budget Submission Process

» Copforance Manaorment

» Domestic Trvel

= Qfficial Eorgign Travel

* Patfy Sosh Reimbursaments and Cashing.qf Thedks

The following Program: Descriptions are maintained by this mansgement sysbem:

s This Managemgnt Smém does ‘not matntain any ngram Dasu'fpt}oﬁs

4.1 References

s Supervisers. Personng! Manunt
Employee Guide -
Seendard Bractice Instructions (SPIg)
= DOEAccounting Directivas
« DOE CFO MARS/SGL Chast of Accounts and Related Codes
DOE CFO Budgeting Handbook
& DOE M 481.1-1A, Change 1, Relmbursable Wark for Non-Fedara! Sponsors Process Manuat

»

Figure 1

. bupsd/sbms bnl.govisbmacarch/med PMS/FMS_msd.cfm SH122006
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The. only official copy of this fiio Ia the one on-line in SBMS.

Bdomuﬂﬂu-pdmdupy warify that it ls ihe most current version byduddngmn mtmudiﬁcddm
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Appendix C

Budget Manual: Attachment B - Resource Category

Codes

This section defines the resource categories and related resource types within the project costing portion of the
Peoplesoft Accounting System. Information relating to the General Ledger (GL) may be mentioned here for
information; however, specific gnidance must be obtained through the Fiscal Office.

RC

100~ 101

102

105

110

120

121

Resource Type

SCIEN
PROF
MGTAD
UNION
TECH

SCIEN

SCIEN
PROF
MGTAD
UNION
TECH

SCIEN
PROF
MGTAD
UNION
TECH

SCIEN
PROF
MGTAD
UNION
TECH

SCIEN
PROF
MGTAD
UNION
TECH

BNL Labor-Related Expenses
Resource Category Description/Definition

Base Salary - These resource categories are used to capture the direct salary costs
within the Scientific, Professional, Management, Union, and Technical salary
classifications. Effective 10/1/2000, the base component of direct overtime salary is
no longer captured in this category. See category 121,

Base Salary - Research Associates - This resource category is used to capture the
direct salary costs within the Scientific Research Associate salary classifications. This
category receives the full paid absence burden and reduced Fringe Benefit burden (see
categories 131 and 141).

Temp Base Salary - This resource category is used to capture the direct salary costs
of temporary employees within the authorized salary classifications.

}
Shift Salary - This category is used to capture the differential component of direct
salary costs within the authorized salary classifications. The base component of the
Shift direct salary is captured within the Base Salary categories. Effective 10/1/2000,
this category is excluded from the Paid Absence Burden, but does receive the full
Fringe Benefit Burden.

Overtime Premium - This category is used to capture the premium component of
direct salary costs within the authorized salary classifications. Effective 10/1/2000,
this category is excluded from the Paid Absence Burden, but does receive the full
Fringe Benefit Burden.

Base Overtime Salary - Effective 10/1/2000, this category was established to capture
the Base component of direct overtime salary costs within the authorized salary
classifications. Prior to FY 2001, these costs were being captured within the Base
Salary categories (i.e., 100). This category is excluded from the Paid Absence
Burden, but does receive the full Fringe Benefit Burden.

https://sbms.bnl.gov/SBMSearch/1d/1d01/1d01d291 .htm . 4/15/2006
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130 SCIEN Paid Absence Burden - This category is used to capture the paid absence burden
PROF applied to all direct salary costs within the Scientific, Profegj Ndigeénent,
MGTAD . Union, and Technical salary classifications. Effective 10/1/2000, overtime/shift costs
UNION are excluded from the Paid Absence Burden. Paid Absence burden isused to
TECH distribute all paid leave-related costs.

131 SCIEN Paid Absence Burden - Research Associates - This category is used to capture the

paid absence burden applied to all direct salary costs within the Scientific Research
Associate salary classifications. The Paid Absence burden is used to distribute all paid
leave-related costs.

140 SCIEN Fringe Benefits Burden - This category is used to capture the Fringe Benefit burden
PROF applied to direct salary, including shift and overtime, and related paid absence costs
MGTAD within the Scientific, Professional, Management, Union, and Technical salary
UNION classifications. The Fringe Benefit burden is used to distribute medical and retirement-
TECH related benefits; tuition refunds; general severance costs; and various worker-related
insurance.
141 SCIEN Fringe Benefits Burden - Research Associates - This category is used to capture the

Fringe Benefit burden applied to direct salary, including shift and overtime, and
related paid absence costs within the Scientific Research Associate salary
classification. The Research Associates do not participate in the Retirement Program
and therefore their direct salary and related paid absence costs are charged a reduced
Fringe Benefit burden rate.

50 SCIEN Awards - This category is used to capture the costs of Laboratory-approved salary

PROF awards, such as the various incentive and performance awards. These costs are
MGTAD exempt from both the paid absence and fringe benefit burdens.
UNION
TECH

900 SCIEN Vacation Earned - represents the cost of an employee's earned vacation during the
PROF current FY. This cost is reflected in each employee's "home" organization's
MGTAD - "Departmental Paid Absence Pool" project.
UNION
TECH

901 SCIEN Sick Leave Used - represents the cost of an employee's sick leave used during the
PROF current FY. This cost is reflected in each employee's "home" organization's
MGTAD "Departmental Paid Absence Pool" project.
UNION

_ TECH

902 SCIEN Holiday Used - represents the cost of an employee's Holiday leave during the current
PROF FY. This cost is reflected in each employee's "home" organization's "Departmental
MGTAD Paid Absence Pool" project.
UNION
TECH ‘

905 SCIEN All Other Paid Leave Used - represents the cost of an employee's leave other than
PROF listed above (i.e., death, jury, military, etc.) used during the current FY. This cost is

https://sbms.bnl.gov/SBMSearch/1d/1d01/1d01d251.htm _ 4/15/2006
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201

180

185

186

190

MGTAD
UNION
TECH

SDSLB

PURLB

" PURLB

PURLB

PURLB

reflected in each employee's "home" organization's "Departmental Paid Absence
Pool" project. , Appendix C

Distributed Research Labor

Scientific Distributed Labor - As is the case with Distributed Technical Services,
this category is also used to distribute labor based upon the BNL Standard Labor
rates. This specific category is used to record research labor related charges from one
organization to another. Typically a separate indirect type project/activity is
established to collect the costs and resulting recovery. The offsetting credit is charged
to resource category 205. This resource category can only be used by those
organizations that have developed a rate, which has been reviewed and approved by
the Budget Office.

External Labor-Related Expenses

Consultants - This category should be used to procure Consultant services.
Consultants are appointed under contract to assist the work of the regular BNL Staff.
These appointments are handled between the sponsoring Department/Division and the
Human Resources & Occupational Medicine Division. Consultants are not BNL
employees. The appointments are made for the specific purpose of securing counsel
on a phase of the Laboratory's programs, and carry a per diem fee for intermittent
services. (Note: Professional service contracts made with a business firm are assigned
to category 212.) Since these individuals are not BNL employees, they will be
supplied with a Guest number rather than a BNL number.

Research Collaborators - A Research Collaborator is an individual who holds a
Ph.D., has a primary affiliation other than BNL, works with members of the scientific
staff, or uses the Laboratory's research facilities. Allowance for expenses such as
travel, per diem, housing or car rental may be provided. These appointments are
typically for renewable one-year (1) terms and are handled between the sponsoring
Department/Division and the Human Resources & Occupational Medicine Division.
Since these individuals are not BNL employees, they will be supplied with a Guest
number rather than a BNL number.

OEP Collaborator - An OEP Collaborator is an individual who is participating ina -
program funded through the Office of Educational Programs (OEP). The
appointments are processed by the OEP and generally do not exceed one year. A
stipend as well as an allowance for expenses such as travel and housing may be
provided. Since these individuals are not BNL employees, they will be supplied with a
Guest number rather than a BNL number. This category is exempt from Laboratory
burdens. '

Contract Labor - This category should be used with the PS procurement system to
capture all the costs and obligations for Contract Labor transactions.

The procuring of job shop employees is coordinated between the sponsoring
Department/Division and the Human Resources & Occupational Medicine Division.
An agreement is entered into between the Laboratory and an outside source for the
specific services of a job shop employee. Since these individuals are not BNL
employees, they will be supplied with a Guest number rather than a BNL number.

Craft Labor employees are coordinated between the sponsoring department (typically
Plant Engineering) and the vendor.

https://sbms.bnl.gov/SBMSearch/ld]ldO 1/1d01d291.htm 4/15/2006
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195

160

161

163

166

170

210

211

212

213

PURLB

MODC

MODC

MODC

MODC

RELO

PURLO

PURHI

PURLO

PURHI

Patent Awards - An award made to any consultant or other affiliate or guest of the
Laboratory who is an inventor or co-inventor. It is an incen]d}(lpm" o for the
development of intellectual property that is submitted to the U.S. Patent Office for
patent consideration. An additional award may, with DOE approval, be awarded to
each inventor or co-inventor when the U.S. Patent and Trademark Office grants a
patent on the patent application.

Materials/Supplies/Travel/Communications (MSTC)

Meal Allowance - This category is used to record the overtime meal allowance
granted to exempt employees. Exempt employees are entitled to this allowance after -
working 3 consecutive hours of overtime. (See Supervisors Personnel Manual 7.0 Pay
Policies, Section 2, Monthly Exempt Employees for specifics of policy.)

Housing - This category is used to record the distribution of on-site housing cost by
the Staff Services Division. This category is exempt from Laboratory burdens.

Pass Thru - This category is used for instances in which DOE provides specific
instructions within the program guidance for the Laboratory to provide stated dollar
amounts to specific institutions. In these situations, BNL has no role in managing or
overseeing the work of the other institutions. These transactions will be handled as
pass through activities exempt from all burdens. This category can not be used unless
proper documentation has been provided to and approved by the Budget Office.

Labor Grievances - This category is used by the Accounts Payable group of the
Fiscal Services Division to process specific labor grievance settlements. Prior to FY
2001, this was reported against category 110.

Relocation Expense - This category is used to record the cost of expenses approved
and allowable under the Contract for the relocation of new employees.

Maintenance Contract (Low Value) - This category is used for the procurement of
maintenance and repair services to support the maintenance and repairs of facilities
and equipment. This category should be used for maintenance contracts with a unit
value of less than $25k.

Maintenance Contract (High Value) - This category is used for the procurement of
maintenance and repair services to support the maintenance and repairs of facilities
and equipment. This category should be used for maintenance contracts with a unit
value of $25k or more.

Service Contract (Low Value) - This category is used for the procurement of laundry
services, computer (non-BNL) services, equipment rentals, lease payments for non-
BNL equipment, professional service contracts and other contracted services.
Professional service contracts are made with an organization to obtain expertise not
easily obtained via direct employment. Such contracts must have a defined objective,
deliverables, and a finite term. This category should be used for service contracts
with a unit value of less than $25k. In addition, the cost for all registration fees was
also recorded in this category through FY 2000. Effective 10/1/2000, category 240
must be used for registration fees. . ‘

Service Contract (High Value) - This category is used for the procurement of

laundry services, computer (non-BNL) services, equipment rentals, professional
service contracts and other contracted services. Professional service contracts are

made with an organization to obtain expertise not easily obtained via direct ,
employment. Such contracts must have a defined objective, deliverables, and a finite _
term. This category should be used for service contracts with a unit value of $25k
or more.

—
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214

215

216

240
250

251

270

271

272

280
290

300

PURLO

PURHI

PURHI

" PURLO

PURUT

DSTUT

PURUT

DSTUT

DSTUT

TRAV

TRAV

MATER )

Construction Contract (Low Value) - This category is used for the procurement of
construction contracts for use in BNL's construction and/orﬁqpﬁygiwj pf @Quipment
programs. This eategory should be used for construction contracts with a unit
value of less than $25k.

Construction Contract (High Value) - This category is used for the procurement of
construction contracts for use in BNL's construction and/or fabrication of equipment

programs. This category should be used for construction contracts with a unit
value of $25k or more.

Research & Development Subcontracts - Cost charged to this category should be
clearly identified as Research and Development (R&D) subcontracts. The subcontract
should consist of an arrangement with an institution for research or development work
to be performed, using their resources for the benefit of a BNL research project. The
R&D effort should be carried out under the direction of a named principal investigator
with a set of clearly defined tasks, milestones, and specific deliverables.

‘Registration Fees - The cost for all registration fees is captured in this category

(effective 10/1/2000). Prior to FY 2001, these costs were captured under category
212.

Electric Power - This category reflects the cost of electric power obtained by the
Laboratory from public utilities and distributed to the various BNL
Departments/Divisions by Plant Engineering.

Electric Power-Distributed - This category reflects the departmental redistribution of
electric power cost within their organization. The charge is typically based on a rate
charged against the department's direct salary, paid absence, and fringe costs. The
credit portion of this distribution is also reflected in this category within the
organization's burden cost center,

Communications - This category reflects the cost of telecommunications obtained by
the Laboratory from public utifities.

Communications - Recharged - This category reflects the cost of
telecommunications distributed to the various BNL Departments/Divisions by the
Information Technology Division (effective 10/1/2000).

Communications - Distributed by SWI - This category reflects the departmental
redistribution of telecommunication cost within their organization. The charge is
typically based on a rate charged against the department's direct salary, paid absence,
and fringe costs. The credit portion of this distribution is also reflected in this category
within the organization's burden cost center.

Foreign Travel - This category is used to record travel to countries outside the United

States. Reference the Official Foreign Travel Subject Area for necessary approvals of
foreign travel prior to the trip.

Domestic Travel - Travel performed by an employee, consultant, guest, or-
prospective employee who engages in properly authorized travel during the execution
of scientific or administrative business for the Laboratory.

PO Purchases - This category is used for the purchase of materials and supplies that
have a short useful life. Examples include items such as glassware, film, chemicals,
and other expendable materials such as books, periodicals, manuals, replacement
parts, supplies, tools and equipment (except "sensitive" and "capital” equipment - see
category 311 for "sensitive" equipment and categories 400 thru 475 for "Capital"

equipment). This category cannot be used for Credit Card purchases (see
category 319) - -

https://sbms.bnl.gov/SBMSearch/1d/1d01/1d01d291.htm 4/15/2006
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310
311

312

315

316

319

320

340

350

MATER
MATER

MATER

MATER

MATER

MATER

OSP

SPMAT

SPMAT

Stores Material - This category is used to identify cost of inventory (stores) items.

Sensitive Equipment - This category is used for the proculépegteo?ge%it%c

property purchased by the Laboratory when the unit cost of such items is more than
$500 and less than $5,000. Controlled sensitive property is defined as items thatare =
considered to be susceptible to appropriation for personal use and/or can be readily
converted to cash. Examples: portable photographic equipment, calculators, and

portable tape recorders. Additional information regarding the accounting for these

items is published in the Procurement & Property Management Group's Standard
Operating Procedures Manual (see SOP 320.1).

Equipment - Low Value - This category is used to procure equipment that is
purchased with both DOE and non-DOE funds that has a procurement value between
$5,000 and $24,999.99 and otherwise meets the criteria for capitalization of
equipment at BNL. The cost of the equipment is excluded from G&A burden.

Demurrage/Deposits - This category is used to record the rental charge for cylinders
made to an organization's project(s). This is also used to record the charge and credit
for all cylinder deposits made to an organization's project(s).

Freight - This category is used to record freight payments that are billed separately by
the vendor. Freight charges billed by the vendor that are inclusive of items purchased
are paid through the Accounts Payable PO Purchase module, which does not allow for
a separate category for freight. o

Credit Card Purchases - This category is used for purchases made by an authorized
cardholder to procure individual fixed price non-stock commercial items of $2,500 or
less, other than those specifically excluded. The listing of excluded items can be
found in the Procurement Operations Manual, Chapter 2, Section A, Exhibit IT-C.

Other Spare Parts Issue - This category is used to record the credit portion of the-
transfer of items from SPS/OPS. The debit portion of the entry will use the
appropriate category, usually 300 or 340.

Special Procurements - This category is used to record the cost for procurements,
which have one of the following characteristics:

1. A rental or lease agreement covering off-site activities which are exclusive of
any on-site activity (i.e., ship charter, aircraft lease)

2. Anunusually large dollar item including items withdrawn from Special Process
Spares or Other Spare Parts Inventories, costing in excess of $25,000 per item.
(An item is considered a unit usable as purchased or a group of related items
purchased on one order to form a usable assembly.)

3. Reactor Fuel Elements

Leased Equipment - This category is used to record the cost expended for leased
equipment of the non-purchase option type.

Distributed Technical Services

The following resource categories are used to distribute labor cost based upon the Laboratory Standard Labor rates.
A listing of the Standard Labor rates can be accessed through the Budget Office Home page. Note: The offsetting
credit to the distributions in the 600 series is Resource Category 205.

W00

RECHG

Building Trades Shops - This category is used to capture costs related to the various ,
BNL crafts within the Building Trades. These services are purchased at an hourly rate ~--
by the department requesting these services.

https://sbms.bnl.gov/SBMSearch/1d/1d01/1d01d291.htm 4/15/2006
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601

—
i

602

603
604
605
606
607
608
600
410

11
612
613
614
616
617
618
619
620
621
622
623
624
625
526
627
628

RECHG

RECHG

RECHG
RECHG
RECHG
RECHG
RECHG
RECHG
RECHG
RECHG
RECHG
RECHG
RECHG

' RECHG

RECHG
RECHG
RECHG
RECHG
R\ECHG
RECHG
RECHG

RECHG

RECHG
RECHG
RECHG
RECHG
RECHG

Building Trades Shops - Contract - This category is utilized to capture costs related
to the various crafts within the Building Trades that have bedipmenddo(Plant
Engineering on behalf-of the Department/Division requesting this type of service.
These services are procured through a Basic Ordering Agreement (BOA) when Plant
Engineering determines that the requested work cannot be accommodated from within
Plant Engineering's internal workforce for that craft.

Building Trades Shops - Assigned - As with category 600, this category is used to
capture costs related to the various BNL crafts within the Building Trades. However,
in this case, the Department/Division requesting the service enters into a binding
agreement with Plant Engineering to procure the services of a particular craft fora -
period of a year or more. The Department/Division also assumes the supervisory
responsibility for the particular individual. In return, a lower hourly rate is applied to
the procured service. : '

General Labor

Engineering & Construction Labor
Central Sholps

Photography -

Graphic Design

Printing

Copy Service

Document Processing
Glassblowing Services
Metallurgical Services

Vendor Sérvices/Suppm:t Rate
Sampling Team Rate |
Whole Body Count Rate
Bioassay Sample Rate

Lost Dosimeter Replacement Rate

TLD Chip (Area & Environmental) Rate

‘Basic TLD + Neutron Rate (A)

Ring Dosimeter Rate
Basic TLD Badge Rate (B)
Alpha/Beta Sample Rate
Physical Properties
Gamma Sample Rate
Strontium Sample Rate
Tritium Sample Rate

PCBs Sample Rate

https://sbms.bnl.gov/SBMSearch/Id/1d01/1d01d291.htm ‘ 4/15/2006
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629

_ 630
31
632
633
634
635
636
637

638 .

639
640
641
642
643
644

47
648
649
650
651
652
680

500

501

502

RECHG
RECHG
RECHG
RECHG
RECHG
RECHG

" RECHG

RECHG
RECHG
RECHG
RECHG
RECHG
RECHG

- RECHG

RECHG
RECHG

RECHG

RECHG
RECHG
RECHG
RECHG
RECHG
RECHG

ALOSV

ALOSV

ALOSV

VOCs/Organics Sample Rate -
Anions | | Appendix C

FSS - Sr. Professional ' .

Medical

Motor -Vehicle Recharge

Metals

Offsite Bioassay

Nuclide Specific Alpha (NSA)
FSS - Professional

FSS - RCT Tech (In-House)

FSS - RCT Tech (Contractor)
FSS - RCT Tech OT
Environmental Compliance Reps
FSS - Jr. RCT / Trainee
Industrial Hygiene - ST
Industrial Hygiéne -0T
Regpirator Cleaning

Hazardous & Industrial Waste
Rad Solid Waste

Rad Liquid Waste

Mixed Waste:

Waste Mgmt Tech/Prof Recharge

Misc Distributed Services - This category is used to capture cost for miscellaneous
distributed service rates approved by the Budget Office for which a specific category
has not been established. This category is not to be used for direct salary transfers.
Direct salary transfers must be handled through the Labor Cost Distribution

System. As stated in the beginning of this section, the offsetting credit is the
resource category 205.

Allocations

Allocated Services - This category is used to capture cost for miscellaneous allocated
services approved by the Budget Office for which a specific category has not been
established. The offsetting credit is charged to resource category 205.

Allocated Services - Distributed - This category reflects the departmental re-
distribution of cost within their organization for the various allocated services. The -
charge is typically based on a rate charged against the department's direct salary, paid
absence and fringe costs. The credit portion of this distribution is also reflected in this+ _
category within the organization's burden cost center.

ITD Allocation - This category is used to record the ITD allocation from the

https://sbms.bnl.gov/SBMSearch/1d/1d01/1d01d291.htm 4/15/2006
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03

505

506

507

“08

205

206
-+ 700

101

ALOSY

ALOSY

ALOSV

ALOSV

ALOSV

RECOV

RECOV
OVER

OVER

Information Technology Division (ITD). The offsetting credit is charged to resource-
category 205. Appendix C

ITD - Hardware & Software Services - This category is used to record the cost to
users who have requested specific software support. The charges are based on

approved standard hourly rates. The offsetting credit is charged to resource category
205.

Instrumentation & Calibration Allocation - This category is used to record the cost
of the calibration and maintenance program for ES&H instrumentation. Activities
include calibrating, maintaining, or repairing ES&H monitoring and ancillary
equipment; evaluating and improving calibration techniques; installing and integrating
fixed ES&H monitoring instrumentation and systems; and developing and
maintaining calibration procedures and data base. The offsetting credit is chargcid to
resource category 205.

Ground Water Well Monitoring - This category is used to record the monitoring
function of the Laboratory's Ground Water Well Monitoring program. It includes the
periodic analysis of samples taken from wells throughout the site for contamination
from historical and active operations. The offsetting credit is charged to resource
category 205.

Waste Management AHocation - This category is used to record the cost of the
Waste Management Allocation from the Environmental and Waste Management
Services Division. The offsetting credit is charged to resource category 205. This
category was available for budgeting within the budget submission process during FY
2002 and became available for actual charging effective October 1, 2002 (FY 2003).

Waste Management Allocation - Distributed - This category is used to reflect the
departmental redistribution of the Waste Management Allocation within their
organization. The redistribution is typically based on a rate charged against the
department's direct salary, paid absence and fringe costs. The credit portion of this
distribution is also reflected in this category within the organization's burden cost
center. This category was available for budgeting (via allocation process) within the
budget submission process during FY 2002 and became available for actual charging
effective October 1, 2002 (FY 2003).

Recoveries and Overheads

Internal Cost Recovery - This category is used both in the PeopleSoft project costing
and budgeting system to record the credit portion of distributions of recharge,
allocated, and organizational burden cost centers as well as the material burden
allocations processed each month end. For these cost centers, this category is
calculated within the Budget system. Therefore, for organizations with miscellaneous
internal recoveries, category 207 has been provided (for budgeting purposes only), to
record the recovery portion of the cost plan for the project. Actual cost recovery will
continue to be reflected in category 205. .

External Cost Recovery - Miscellaneous Cash Recovery

Organizational Burden - This category is used to distribute the cost of an

‘organization's organizational burden cost center. The charge is based on a rate charged

against the Department's/Division's direct salary, paid absence and fringe costs. The
credit portion of this distribution is reflected in category 205 within the organization's
burden cost center.

Special Organizational Burden - Same as category 700; however, organizational
cost center is at a higher level, such as at the Assistant or Associate Laboratory
Director (ALD) or at the Business Operations Manager (BOM) level. The credit

https://sbms.bnl.gov/SBMSearch/1d/1d01/1d01d291 .htm 4/15/2006
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02

710

711

720

721

722
745

746

OVER

OVER

OVER

OVER

OVER

OVER

OVER

OVER

portion of this distribution is reflected in category 205 within the organization's
burden cost center. Appendix C

Central Services Distributed - This category reflects the Departmental/Divisional re-
distribution of cost within their organization for the various central services. The
charge is typically based on a rate charged against the Department's/Division's direct
salary, paid absence and fringe costs. The offsetting credit is charged to resource
category 205.

G&A Burden - This category is used to record the allocation of the traditional portion
of the G&A overhead rate. Only the Budget Office is permitted to make adjustments
to this category.

Adjs to G&A Burden - Restricted to Budget Office and Fiscal Office use. This
category records adjustments made to the Traditional G&A burden (i.e., adjustments
due to the Large Procurement Policy).

Common Support - This category is used to record the allocation of the common
support portion of the G&A overhead rate. Only the Budget Office is permitted to
make adjustments to this category.

Adjs to Common Support Burden - Restricted to Budget Office and Fiscal Office
use. This category records adjustments made to the Common Support G&A burden
“(i.e., adjustments due to the Large Procurement Policy).

Site Support - S&S - This category is used to charge the Safeguards and Security
Program assessment to the WFO, NFA, OTHER, and WN projects.

Procurement - This category is used to record the allocation of the material burden
rate. Only the Budget Office is permitted to make adjustments to this category.

Adjs to Procurement Burden - Restricted to Budget Office and Fiscal Office use,
This category records adjustments made to the Material burden (i.e., adjustments due
to the Large Procurement Policy).

Capital Eguip' ment

The following categories must be used for the procurement of DOE funded capital equipment when purchased
against capital equipment projects (project type = CAP). The capitalization cost criteria currently is defined as
equipment with a unit cost of $25,000 or more and a useful life of two years or more. The appropriate "Profile ID"
must be used with these categories. Only material burden is charged on the cost of the capital equipment and G&A is
charged only on the material burden cost. The actual cost of the capital equipment is NOT burdened with G&A. -

400
410
420
425
430
440
450

160
475

CAPEQ
CAPEQ
CAPEQ
CAPEQ
CAPEQ
CAPEQ
CAPEQ
CAPEQ

CAPEQ

Hi Value - Shop Equipment
Hi Value - Motor Vehicle

~ Hi Value - Heavy Mobile Equipment

Hi Value - Laboratory Equipment

Hi Value - Admin/Protect Equipment
Hi Value - Computer Equipment

Hi Value - Hospital/Medical Equipment
Hi Value - Miscellaneous Equipment

Capital Equipment (Non-DOE Programs) - This category must be used for the
procurement of equipment with other than DOE funds and would otherwise meet the

https://sbms.bnl.gov/SBMSearch/id/1d01/1d01d291.htm 4/15/2006
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480

481

485

490
191
492

493

740
741

Ce 164

207

SPCHG

SPCHG

SPCHG

RESMA

RESMA

RESMA

RESMA

FCR
FCR-

MODC

RECOV

requirements for tagging of Capital Equipment. Only material burden is charged on
the cost of the capital equipment and G&A is charged only piciBurden
cost. The actual cost of the capital equipment is NOT burdened with G&A.

Other Direct Costs

Space Charge-Direct - This category is used to record the space charge allocation
from the Plant Engineering Division (EP). The offsetting credit is charged to resource
category 205.

Space Charge-Distributed - This category reflects the departmental redistribution of
cost within their organization for the space charge allocation provided by the Plant
Engineering Division. The charge is typically based on a rate charged against the
department's direct salary, paid absence and fringe costs. The credit portion of this
distribution is also reflected in this category within the organization's burden cost
center,

Fuel Charge - Since fuel oil is the most volatile/variable component ofthe space pool,
a decision was made to break out the fuel componentfrom the normal space charge.
Any increase or decrease in the space related rates can then be easily attributed to the
appropriate components (core space vs fuel). The fuel charge will be processed
monthly through a flat rate utilizing categories 480 and 481 as the basis for the
calculation. The actual charge will be posted to category 485. This category will be
assessed the same G&A as categories 480 and 481.

Cold Neutron Moderator - This category is used to distribute the cost of this device.
The offsetting credit is charged to resource category 205.

Tandem Van De Graaff - This category is used to distribute the cost of this device.
The offsetting credit is charged to resource category 205,

60 inch Cyclotron - This category is used to distribute the cost of this device. The
offsetting credit is charged to resource category 205.

Other Research Machines - This category is used to distribute the cost of research
machines for which a specific category has not been established. The offsetting credit
is charged to resource category 205.

Full Cost Recovery (FCR) - N on Federal
Full Cost Recovery (FCR) - Federal

The Laboratory is required to charge "full cost recovery" for all work performed
against other than DOE research programs. These costs will be classified as Non-fund
costs and will be reflected in either category 740 or 741 based on the classification of
the sponsoring agency. The full cost rate for non-DOE programs is prescribed by
DOE and is applied to total costs, including G&A.

DOE removes the funds for the FCR component from the tota] funding provided to
BNL by other federal agencies. BNL is only provided with the net funding. Therefore,
these categories must be excluded when analyzing the cost plans and Year-to-date
expenditures of this type of project.

Budget System or Budget Office-Related Resources Categories

Approved Admin Transfers - Used strictly by the Budget Office to record special
transfers to address split funding and DOE initiated recastmg of B&R numbers, Fund
types, etc.

Direct Cost Recovery - This category was established for use by those organizations

https://sbms.bnl.gov/SBMSearch/1d/1d01/1d01d291 .htm 4/15/2006



Budget Manual: Attachment B - Resource Category Codes ‘ Page 12 0f 15

698

699

770

800

101

802

805

306

807

810

815

RESRV

RESRV

OVER

BUD

BUD

BUD

BUD

BUD

BUD

BUD

BUD

(other than recharge, allocated and organizational burden cost centers) that have
miscellaneous recoveries as part of their cost plan. This catgReypeilighien(® those
organizations to record the miscellaneous recovery portion of their cost plan within

the budgeting system. Actual cost recovery will continue to be reflected in category . -
205. Cost should not be reflected in this category.

OP Funds Pending Deob - This category is used to record funds that are Pending de-
obligation. Cost should not be reflected in this category.

Reserve - This category is used when a department has funds that will be spent during
the current fiscal year, but is uncertain as to the distribution of funds within the
categories. Those funds are budgeted in this category until such time as the
Department/Division includes them in its cost plan or moves them to carry forward.

The Budget System appl1es G&A to this category. Cost should not be reflected in this
category.

BUD-Indirect rate recalc adjs - This category is used to temporarily record the
periodic rate changes (organizational and/or Laboratory-wide) that occur within the
various Laboratory department/divisions. Typically, a rate is changed so close to the
end of the monthly accounting period that the Departments/Divisions do not have
sufficient time to re-budget their projects accordingly. Therefore, when an
organizational or Laboratory-wide rate is changed, the system temporarily records the
delta in this category to allow the departments/dlv:sxons sufficient time to re-budget
the rate change. This works only if the security access is provided for this feature,

New Funding - BNL - This category is used by the Budget System to transfer the
new funding from the Budget Execution system to projéct costing. New Funding
represents funds received during the current fiscal year.

New Funding - Full Cost Recovery - This category is used by the Budget System to .
transfer the "New Funding - Full Cost Recover” from the Budget Execution system to
project costing. "New Funding - Full Cost Recovery" represents the Full Cost
Recovery component of the new funds received during the current fiscal year.

Total New Funds - This category is used by the Budget System to transfer the total of
Categories 800 and 801 from the Budget Execution system to project costing.

Carry Over - BNL - This category is used by the Budget System to transfer the Carry
Over from the Budget Execution system to project costing. Carry Over represents
uncosted funds from the prior fiscal year.

Carry Over - Full Cost Recovery - This category is used by the Budget System to
transfer the "Carry Over - Full Cost Recovery" from the Budget Execution system to

project costing. "Carry Over - Full Cost Recovery“ represents the Full Cost Recovery
component of the Carry Over funds from the prior fiscal year.

Total Carry Over - This category is used by the Budget System to transfer the total
of Categories 805 and 806 from the Budget Execution system to project costing.

Expected Contract Mod - This category is used by the Budget System to transfer the

"“"Expected Contract Mod" from the Budget Execution system to project costing.

"Expected Contract Mod" represents funds that the Departments/Divisions can
reasonably expect to receive from their sponsors during the current fiscal year.

New Funds - Unassigned - The purpose of this category will be to temporarily collect
the unassigned values to New Funding, It represents the difference between New

Funding and the cost plan carry forward that has not been released by the ~-7
Departments/Divisions. It will help to properly reflect the Funds available on the

bottom portion of the monthly B&Es and keep that information static for the period of

https://sbms.bnl.gov/SBMSearch/1d/1d01/1d01d29 [ .htm 4/15/2006
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04

906

907

908

909

-.910
912

913

914

915

916

917
718

919

SCIEN
PROF
MGTAD
TECH
UNION

FRNGE

FRNGE

FRNGE

FRNGE

FRNGE
FRNGE

FRNGE

FRNGE

FRNGE

FRNGE

FRNGE
FRNGE

FRNGE

representation. This category will be transparent to the user community. It is needed
in the system background in order to run a particular routingﬂfpp@-ﬁﬁ;g@ystcm.

Paid Absence Credits - This category is used to record Paid Absence Revenue
earned from direct salary costs within the Scientific, Professional, Management,
Union, and Technical Salary Classifications. The Paid Absence burden is not applied
on Shift Salary, Overtime Premium and Base Overtime salary. '

Vaéation Expense - Adjustment - This category is used to record the cost related to
the reevaluation of the Accrued Vacation Liability. Effective October 1, 2002, the
resource type will be changed from SCIEN, PROF, MGTAD, TECH, and UNION to
FRNGE. -

Consulting Expenses for Postretirement Valuation - This category is used to record
the consulting costs for the valuation of Postretirement Medical performed annually
by Aon Consulting. This valuation is required by FASB 106.

Vanguard - Employer Contribution - This category is used to record the employer's
retirement contribution to Vanguard. The Laboratory contributes to the designated
retirement account of each enrolled employee the appropriate distribution elected by
the employee. ’

Fidelity - Employer Contribution - This category is used to record the employer's
retirement contribution to Fidelity. The Laboratory contributes to the designated
retirement account of each enrolled employee the appropriate distribution elected by

- the employee.

Dental Plan - This category is used to record dental expenses for the Easter Benefit
Dental (EB) plan. Dental expenses include weekly payments, monthly administration
fees offset by withholding and COBRA requirements.

Sick Leave Buy Back - This category is used to record a reimbursement to
nonexempt employees for a portion of their unused sick leave (in excess of 108 days).
Eligible employees are reimbursed 25% of their unused sick leave balance.

NYS Unemployment Insurance - This category is used to record the employer"'s New
York State and Federal Unemployment Insurance payments.

Insurance - Worker's Compensation - This category is used to record worker's
compensation payments to Liberty Mutval. Workers' Compensation assures that
employees are compensated to some extent for losses incurred as a result of injuries or
ilinesses related to employment, including loss of earnings and related medical
expenses.

Imsurance - Group Life - This category is used to record basic group life insurance
expenses for eligible employees.

TIAA/CREF Employer Contribution - This category is used to record the
employer's retirement contribution to TIAA/CREF. The laboratory contributes to the
designated retirement account of each enrolled employee the appropriate distribution
elected by the employee.

CIGNA Behavioral Health

Insurance - Employers Share FICA - This category is used to record the employer's
portion of the Social Security and Medicare tax.

Medical Plan- This category is used to record medical expenses for the CIGNA
Medical Plan. Medical expenses include weekly payments and quarterly premium

https://sbms.bnl.gov/SBMSearch/ld/1d01/1d01d291.htm - ‘ 4/15/2006
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payments offset by employee withholding and COBRA reimbursements.

020 FRNGE Insurance Disability - This category is used to record disaﬁﬁ?%&%%eg)isability -
insurance provides income protection, at 60% base pay, to covered employees who i
are unable to work because of a disability caused by illness or injury. it

921 FRNGE Flex Benefit Admin Fee - This category is used to record expénses paid to a third

party to administer the Health Care and Dependent Day Care Flexible Benefit Plans.
The plan costs include maintaining a checking account, processing claim forms,
sending out payments, answering inquiries, and preparing monthly activity reports.

922 FRNGE Medical Insurance - Health Maintenance Organizations - This category is used to
record medical expenses for the Health Maintenance Organizations (HMOs).

923 FRNGE Insurance Credits - This category is used to record Fringe Benefits Revenue earned

from direct salary costs within the Scientific, Professional, Management, Union, and
Technical Salary Classifications.

924 FRNGE CIGNA Dental Plan - This category is used to record Dental expenses for the
CIGNA Dental Plans. Dental expenses include weekly payments and monthly
administration fees offset by employee withholding.’

925 FRNGE Severance Pay - This category is used to record severance payments. The severance
pay benefit is designed to assist active regular employees, working at least half time,
whose earnings are unexpectedly canceled by layoff. Extraordinary severance due to
program termination is borne by the appropriate program.

926 FRNGE Adoption Assistance Policy - This category is used to record adoption expenses. The
adoption assistance policy provides eligible employees financial assistance for certain
expenses related to adoption of an unrelated minor child.

927 FRNGE Tuition Refunds - This category is used to record tuition expenses for regular full-

time and part-time eligible employees who successfully complete an approved formal
course of study. ,

- 928 FRNGE Retiree Mementos - This category is used to record photography, printing, graphic
design, building trades labor, and materials for the Retiree Package, which includes a
retirement photograph, a video of BNL, and a retirement plaque.

930 FRNGE Catastrophic Insurance - This insurance expense limits maximum Laboratory
exposure on individual medical claims.

940 FRNGE Prudential Life Insurance - This category is used to record basic group life
insurance expenses for eligible employees. Effective January 2005, the Laboratory
changed life insurance vendors from CIGNA to Prudential.

950 FRNGE Prudential Disability Insurance - This category is used to record disability
insurance. Disability insurance provides income protection, at 60% of base pay, to
employees who are unable to work because of a disability, caused by illness or injury.
The Laboratory changed disability insurance vendors from CIGNA to Prudential.

5.2-032005-/1d/1d01/1d01d291.htm

The only official copy of this file is the one online in SBMS. Before using a printed copy, verify that it is the most
current version by checking the document effective date on the BNL SBMS website.
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Appendix D

Trim#2
EBIS
. Funding Status Report
§ DECEMBER 2005
$ in Thousands
NASA DOE
Trim # 2A B/A Prior Total { NASA |[[Trim # 2A B/A Prior Total DOE || LTD
FY'06 |Expected Year FY'06 LTD FY'06 |Expected | Year FY'06 LTD Grand
B/A Funding |Carry-Fwd| Budget | Budget B/A Funding | Carry-Fwd! Budget | Budget Total
| CDR 0 0 0 0 0 0 0 4 4 200 200
| R&D (082686, 08262) 0 600 0 800 600 100 0 431 531 600 1,200
«| PED ' 0 0 0 0 0 2,000 0 0] 2,000 2,000 2,000
1.01 Structural Comp (71075) 0 0 0 0 0 299 0 0 299 2989 209
1.02 Controls (71078) 0 0 0 0 0 a9 0 0 89 89 89
1.03 Diagnostic Instr (71077) 0 0 0 0 0 185 0 0 185 185 185
1.04 Magnet Sys (71078) 0 0 0 0 0 57 0 0 57 57 57
1.05 Power Supply (71079) 0 0 0 0 0 123 0 0 123 123 123
1.08 RF System (71080) 0 0 0 0 0 107 0 0 107 107 107
1.07 Vacuum System (71081) 0 0 0 0 0 156 0 0 156 156 156
1.08 Cooling System (71082) - 0 0 0 0 0 31 0 0 31 31 31
1.09 Facility Mod (71083) 0 0 D 0 0 67 0 0 67 67 67
1.11 Proj Svc (71084) 0 0 0 g 0 452 0 0 452 452 452
1.14 Contingency (71085) 0 0 0 0 0 434 0 0 434 434 434
| NASA Construction 0 900 500 1400} 1,400 0 0 0 0 0 1,400
1.01 Structural Compnts (14397) 0 900 500 1,400]| 1,400 0 0 0 0 0 1,400
1.09 Facility Mod (08278) 0 0 0 0 0 0 0 0 0 0 0
Total Funding $0 $1,500 $500 $2,000 $2,000 $2,100 $0 $435 $2,535 $2,800 4,800
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Trim# 2

EBIS

Financial Status Report

DECEMBER 2005

$ In Thousands

NASA DOE
Gurrent Total { NASA ! Current Total | DOE | TOTAL
LTD Month LTD |Burdened |Expense{ Balance| LTD Month LTD |Burdened|Expense| Balance | Balance
Budget !|Expense Expense| Commit | Commit {Available|| Budget |Expense|Expense| Commit | Commit | Available] Available
«| CDR 0 0 0 0 0 0 200 0 198 0 198 2 2
«| R&D (08266, 08262) 600 0 0 0 0. 600 600 85 294 230 524 76 676
| PED ' 0 0 0 0 0 0 2,000 3 3 0 3 1,997 1,997
1.01 Structural Comp (71075) 0 0 0 0 0 0 299 0 0 0 0 299 299
1.02 Controls (71076) 0 0 0 0 0 0 89° 0 0 0 0 89 89
1.03 Diagnostic Instr (71077) 0 0 0 0 0 0 185 0 0 0 0 185 185
1.04 Magnet Sys (71078) 0 0 0 0/ 0 o 57 0 0 0 0 57 57
1.05 Power Supply (71079) 0 0 0 0 0 0 123 0 0 0 4] 123 123
1.06 RF System {71080) 0 0 ) .0 0 0 107 0 0 0 0 107 107
1.07 Vacuum System (71081) 0 1) 0 a 0 0 156 4] 0 0 0 156 166
|1.08 Cooling System (71082) 0 0 0 0 o] o) 3 0 0 0 0 31 31
'[1.09 Facility Mod (71083} 0! 0 0 0 0 0 67 0 0 0 0 67 67
1.11 Proj Sve {71084) 0 0 0 0 0 0 452 3 3 0 3 449 449
1.14 Contingency (71085) 0 0 0 0 0 0 434 0 0 0 0 434 434
| NASA Construction 1,400 24 54 390 444 056 0 0 Y] 0 0 0 956
1.01 Structural Compnts (14397) 1,400 24 54 390 444 956 0 0 0 0 0 0 956
1.08 Facility Mod (08278) 0 0 0 0 "0 0 0 0 Q - 0 0 0 1]
Total Funding $2,000 $24 $54 $390 $444 $1,556 $2,800 $98 $495 $230 $7256 $2,075 3,631
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Budget And Expense Report

AD = collider Accelerator Dept WBS Level: 1
WBS ID: EBIS , Page 1 Project: Appendix
B&R#: 000000000 FY:20068  Period: 3 Activity: .
Distribute To: MIRABELLA, K 01/03/06  10:29:43_AM Description: Esis PROJECT
Resource Category Actual Costs Commitments & Requistions Tot. Com.
(Group Name = ADAM) Total Currrent Year Life Total + Balance
() = Calogory Type Commi, (A) » Ajust Req. Funds Month To Date To Date | Cominit. Regs. Commit. | Tot. Costs| Available
| MGTAD SALARY TOTALS 40,954.33 1,704.82 1,704.82] 1,704.82 0.00 0.0 0.00 1,704.82 39,249.51
| PROF SALARY TOTALS 553,270.56 11,973.19 18,956.27 18,956.27]. 0.00 000 0.00 18,956.27] = 534,314.29
l SCIEN SALARY TOTALS 219,061.79 10,025.62 37,362.40 37,362.40] 0.00 0.00 0.90 37,362.40]  181,699.39
| _  TECH SALARY TOTALS 313,141.42]  21,692.06 55,396,18 55,306.18 0.00 _0.00] 0.00 55,396.18]  257,745.24
|~ .SALARY TOTALS 1,126,428.10| - 45,395.69]  113,419.67|  113,419.67] 0.00 0.00 000 113.419.67] 1,013,008.43
605 Central Shops_ 14,000.00 8,235.15 14,695.65| _ 14,695.65 0.00 0.00 0.00] __14,695.65 -695.65
[ RECHG TOTALS 14,000.00 8,235.15 14,695.65 14,695.65 0.00 0.00 0.00 14,695.65 - 695,65
-300 PO Purchases 121,050.31|  15,747.45 31,085.64 31,085.64 1,004.93 1,000.00 2,004.93 33,090.57 87,968.74
310 Stores Material 5,000.00 89.70 271.20 271.20 0.00 0.00 0.00 271.20 4,728.80
316 Freight 0.00 362 18159 181.59 0.00 0.00 0.00 181,59 -181.59
319 Credit Card Purchases 5,000.00 1,131.07 1,831.04 1,831.04 0.00 0.00 0.00 1,831.04 3,168.96
280 Foreign Travel 0.00 1,703.27| ~ 3784.27 3.754.27| 0.00 2,424.00 2,424.00 6,178.27 ~6,178.27
MSTC TOTALS 131,059.31 18,675.11 37,123.74 37,123.74 1,004.93| 3,424.00 4,428.93 41,552.67 89,506.64
340 Special Procurements 2,100,246.69 0.00 0.00 0.00] 132,220.00| 390,000.00|  522,220.00f 522,220.00( 1,578,026.69
l HV&SP TOTALS 2,100,246.69 0.00 0.00 0.00 132,220.00)  390,000.00]  522,220.00 522,220,00] 1,578,026.69
745 Procurement 162,325.39 1,307.26 2,598.67 2,598.67 0.00 0.00 0.00 2,508.67 159,726.72
| ‘MHB TOTALS 162,325.99 1,307.26 2,598.67 2,598.67 0.00 0.00)- 0.00 2,598.67 159,726.72
501 Allocated Services-Distributed 33,567.56 1,352.79 3,379.91 3,379.91 0.00 0.00 0.00 3,379.91 30,187.65
502 ITD Allogcation 55,653.82 2,188.07 5,466.83 5,466.83 0.00 0.00 0.00 5,466.83 50,186.99
633 Motor Vehicle Recharge 8,787.00 354,09 884.68 884.68 0.00 0.00 0.00 884.68 7,802,32
| ODC TOTALS 98,008.38 3,894.95 9,731.42 9,731.42 0.00 0.00 0.00 9,731.42 88,276.96
251 Electric - Distributed 37,528.71 511.85 1,108.03 1,108.03 0.00 0.00 £.00 1,108.03 36,420.68
i POWER TOTALS 37,528.71 511.85 1,108,03 1,108.03 0.00 0.00 0.00 1,108.03 36,420.68
481 Space Charge - Distributed 180,816.93 7,690.04 19,213.31 19,213.31 0.00 0.00 .00 19,213.31 171,603.62




AD - collider Accelerator Dept

Budget And Expense Report

WBS Level: 1

WwBS ID: EBIS Page 2 Project; Appendix J_____ |
B&R#: 000000000 FY:2006  Period: 3 Activity:
Distribute To: MIRABELLA, K 01/03/08  10:29:43_AM Description: Eris pProJECT
Resource Category Actual Costs Commitments & Requistions Tot. Com.
{(Group Name = ADAM) Total Currrent Year Life Total * Bafance
(G} = Gatogory Type Camh, (A) = Adjus! Req. Funds NMonth To Date To Date | GCommit. Reqgs. Commit. | Tot. Costs| Available
485 Fue] Charge 38,735.84 1.561.08 3,900.31 3,900.31 0.00 0.00 0.00 3,900,31 34,835.53
I SPACE TOTALS 229,552.77 9,251.12 23,113.62 23,113.62 0.00 0.00 0.00 23,113.62| _ 206,439.15
272 Communications-Distrib -by SWI 11,602.23 467.58 1,168.23 1,168.23 0.00 0.00 0.00 1,168.23 10,434.00
700 Organizational Burden 20,163.07 812.59 2,030.23 2,030.23 0.00 0.00] 0.00 2,030.23 18,132.84
701 Special Org Burdens 61,728.27 2,487.69 6,215.42 6,215.42 0.00 0.00 0.00 6,215.42 55,512.85
[ ORGBRD TOTALS 93,493.57 3,767.86 9,412.88 8,413.88 0.00 0.00 0.00 9,413.88 84,079.69
164 Approved Admin Transfers 0.00 -2,730.78 -2,730,79 -2,730.79 0.00 0.00 0.00 -2,730.79 2,730.79
[ FUNDS TOTALS 0.00 -2,730.79 -2,730.79 +2,730.79 0.00 0.00 0.00 -2,730.79 2,730.79
710 G&A Burden 237,114.33 5,898.65 14,118.95 14,118.95 " 0.00 0.00 0.00 14,118.95]  222,995.38
720 Common Support 225,645.59 23,370.80 55,286.93 55,286.93 0.00 0.00 0.00 55,286.93  170,358.66
722 Site Support- S &S 20,614.88 588.39 1,316.71 1,316.71 0.00 0.00 0.00 1,316.71 19,208.17
770 Bud-Indirect rate recal adjs -0.46] 0.00 0.00 0.00 0.00 0.00 0.00 -0.00 -0.46
I OVERHD TOTALS .. 483,374.34 29,857.83 70,722.59 70,722.59 0.0p 0:00 0.00} . 70,722.58]  412,651.75
741 FCR - Federal 58,252.42 703.09 1,573.44 1,573.44 0.00 0.00 0.00 1,573.44 56,678.08
| FCR2 TOTALS 58,252.42 703.09 1,573.44 1,573.44 0.00] .0.00 0.00 1,573.44 '56,678.98
810 Expected Funding -3,100,000.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00] -3,100,000.00
] FUNDS2 TOTALS -3,100,000.00 0.00 0.00 0.00 0.00 " 6.00 50.00 . 0.00} <3,100,000.00
[ 'GRAND TOTALS ’ 1,434,269.681- '.418,869.22]  280,769.92]  280,760.92|-  133;224.93[. 393424.00] “526.648.83{ - 807.418.85]  ‘626:850.83
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Introduction

A hazard-screening tool (Appendix 1) was designed to assist in identifying the hazards
associated with each sub-system for the EBIS Project to determine the level of hazard analysis
required and follow-up actions. The tool was used by each sub-system manager.

In the sections that follow, the EBIS sub-system is listed (first level or one dot), with detail in
some cases down to three levels (three dots). This is followed by a summary of the hazards
identified using the hazard-screening tool, with an associated hazard rating. Also included are
follow-up assignments that must be completed by the sub-system manager. These assignments

have a designated responsible individual and are tracked in the C-AD Family Action Tracking
System.

In Figure 1, the overall ‘hazard-analysis-process’ at C-AD is shown. The hazard-screening
step, which is one of the initial steps in the ‘hazard-analysis-process’, is represented by the blue
box in the figure. This report documents the hazard-screening step and the action assignments

that resulted from that step. The C-AD Family Action Tracking System will be used to track
hazard-screening step actions.

Resolutions to actions identified during other steps in the overall ‘hazard-analysis-process’ will
be documented several ways. See OPM Chapter 9 for committee procedures and SBMS
Accelerator Safety Subject Area for details. This documentation will include:

o Safety committee minutes

Facility drawings

Work packages

Operations procedures

Start-up check-off lists

Documents showing resolution of items from internal reviews

Documents showing resolution of Accelerator Readiness Review items

Interlock system installation and testing documentation, if any

Commissioning procedures for beam operation

Operator or system specialist training and qualification records

Shielding drawings o

Radiation monitoring documentation

Fire hazards analysis

Quality assurance documents

Fault study plan

» Accelerator Safety Envelope.

¢ Commissioning plans

In the overall *hazard-analysis-process’, many forms of documentation will be completed to
explain the basis of an issue and the basis for any follow-up action. The C-AD ESHQ Division
will maintain a centralized record of this documentation for anditing purposes, as per
requirements in C-AD OPM 13.4.2 Records Index.
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S

Work planning will be used throughout construction, commissioning and operations in order to
address hazards and controls for edch job each day. Work planning at a minimum consists of a
pre-job briefing and a work-site walk-down. This is done to prepare workers for what is to be
accomplished that day and to sensitize workers for what is to be avoided. Post-job reviews and
formal Job Risk Analyses will be documented as required. Greater details regarding work
planning can be found in C-AD OPM 2.28 C-A Procedure for Work Planning and Control for
Operations. '




Hazard Screening Report

Page 5

Revision 2, 4/24/2006

C-A Radiation Safely Radiation Safely
Commitlee reviews Work planning Tor Commitiee (RSC) and
design for access modifications is —»| ilaison physickst for
’-. control and radiation executed accelerator prepare
protection final startup checkiist
3 b L 4
START
Actelerator C-A Idenfifies and C-A ALARA Committee Staff wriles new DOE reviews ARR
) allocates resources o Report and approves
Modification Budget of design accelerator reviews destg_n for operations pmceglures Commissioning of new
Other Budget Authority | . modification dose reductien where appropriate accelerator
Approved
F b 4 h
Designs reviewed b s G-A Department Chal
esigns reviewed by Systems Safel . -A Depanmen alr
Project physicisis GC-A Chlef Electrical Rez’.ew cOmmﬂttyee gﬁ%gg’;ﬁig;u?:;g: appraves RSC and all
assigned and Chief Mechanical reviews design for onarations olher safety commitiee.
Engineers safety. P2, and P startup checkists
environmental
protection
BNL Cryogenic Safety Accelerator Safety
Committee reviews Envelope and Safely Acr.ele[atur Readiness
; Review (ARR) Is Are all checklist
deslgns for aY Anatysis Document performed by BNL fof ltems signed?
cryoegenic of hydrogen modified by C-AD if new accelerator
systems necessary

Yes
v )
Accelerator Systems
Safety Review
Committee performs Main Contrel Room

walk throughs and sub-
system-festing

authorizations

allows beam

Figure 1 Accelerator Hazard Analysis Process




Hazard Screening Report Page 6 Relvision 2, 4/24/2006

" Executive Summary

Details of the proposed hazards and the follow-up safety review actions are described in this

report. Responsible persons are identified. All follow-up actions identified in this screening
report will be tracked to closure.

The hazards and controls for EBIS subsystems have been found to be similar to hazards and

controls described in the existing C-AD Safety Assessment Document. C-AD occupational
safety and health (OSH) programs and environmental (E) programs to be employed at the

~ activity level are described in detail on the C-AD ESHQ web and compared to the Integrated

Safety Management System for DOE. These OSH and E programs will be adhered to
throughout the construction, commissioning and operation of the EBIS.

EBIS facilities or modifications have undergone a National Environmental Policy Act

(NEPAYCultural Resources review. This review was conducted separately from this hazard
screening.
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EBIS Subsystems (Sub-system Manager), Associated Hazards and Follow-up Actions

1.1 Structural Components (E. Beebe)

Structural components consist of the following:
»  EBIS Hardware

» LEBT and External Ion Injection

o RF Structures

The major structural components will be installed in the EBIS facility in Building 930.

1.1.1 EBIS Hardware
The following mechanical components comprise the EBIS source.
1.1.1.1 Superconducting Solenoid

The superconducting solenoid is a major element of EBIS and its function is to focus the
electron beam generated in the electron gun and maintain its diameter in a region of the ion
trap. No shielding is planned for the solenoid in order to enable use of its magnet field “tails”
for the electron beam transmission in areas where use of other coils is difficult. The solenoid is
located on the EBIS platform and it should require minimum maintenance for refilling of
cryogens. ‘

1.1.1.2 Electron Gun

The EBIS electron gun generates the electron beam used for the ionization and confinement of
ions in a trap. Since the electron beam propagates through the areas with very low potentials
and with different magnetic fields, the requirements on the laminarity of the electron beam are -
high. For this reason, the magnetic field on the cathode is high enough to determine formation
of the electron beam in a cathode-anode gap. The cathode material (Ir-Ce) provides high
emission current density with a lifetime of several thousand hours. The electron gun chamber is
separated from the rest of the EBIS by two gate valves, which in a case of gun failure allows
replacement of whole gun unit by a new one without venting the gun chamber and venting only
small buffer volume between gate valves.

1.1.1.3 Drift Tube and Chamber Structures

Drift tubes are installed along the EBIS axis to control ion trap operation and propagation of the
electron beam. Drift tubes are electrically isolated from the ground and connected to the
external power supplies via electrical feedthroughs in a vacuum jacket, Vacuum chambers
form a vacuum envelope around the EBIS with the pressure of residual gas in the range of
1x107"° Torr. Three gate valves separate different parts of the EBIS for maintaining high
vacuum in patts that are not vented during modification or repair.
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1.1.1.4 Stands and Platform Hardware @ = ‘

This includes the mechanical support structures for the EBIS, the electron gun, the LEBT line,
and the external ion sources. It also include the 100 kV insulating platform for the EBIS source

and its associated power supplies, as well as the electrical system required to put a ramp on the
EBIS trap electrodes for fast ion extraction.

1.1.2 Low Energy Beam Transport (LEBT) and External Ion Injection
These are the beam lines between the EBIS output and RFQ input.

1.1.2.1 LEBT

The LEBT is a transitional portion of the pre-injector and is used for:
¢ Transmission and forming for the injection into RFQ of the ion beam extracted from the
EBIS
Transmission of the ion beam from the external ion injector into the EBIS
Diagnostic measurements of the ion beams
e Vacuum pumping of the electron collector

The LEBT consists of two vacuum chambers separated by a gate valve; it contains optical

- electrostatic elements (deflectors, lenses), magnetic lenses for focusing the ion beam into the
RFQ and diagnostic elements.

1.1.2.2 External Ion Injection

A set of two or more ion sources generating low charge state ions for injection into EBIS. This
also includes ion optics, a switching station for electronically selecting the desired ion species
for ion m]ectmn ion current monitors, vacuum system and power supplies.

1.1.3 RF Structures (J. Alessi)

Resonant cavities used to accelerate or decelerate, for bunching, the ion beam. When

radiofrequency power is fed into these resonant cavities, the appropriate electric fields for
acceleration or deceleration are produced.

1.1.3.1 RFQ

The Radio Frequency Quadrupole (RFQ) is a resonant structure in which four long, continuous
vanes or rods, machined with precise modulations and configured in a quadrupole geometry,
provide bunching, focusing, and acceleration of the injected ion beam. This type of structure is
able to provide efficient 1f acceleration at the low energies ion beams have when initially
extracted from an ion source. A 4-rod RFQ operating at 101,28 MHz is planned.
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1.1.3.2 Linac

The Linac is a resonant structure, which generates time dependent axial electric fields to
accelerate ions. When the 1f field direction is reversed, the ion bunches are shielded from the

decelerating fields by internal drift tubes. An “Interdigital-H”- type Linac operating at 101.28
MHz is planned.

1.1.3.3 Buncher Cavities

A resonant cavity in which the time dependent field in a gap is adjusted to decelerate the front
of a beam bunch arriving at the gap, and accelerate the back of the bunch, so that all particles in
the bunch arrive at a downstream point more closely spaced in time. By changing the phase of

the cavity by 180 degrees relative to the bunch, it can be used to remove energy spread in the
beam (“debuncher”) instead.

Hazard Rating and Follow-up Assignments for Structural Components (E. Beebe and J.
Alessi)

Explanation of Hazard Rating

» 0 indicates an operation with minimal risk

* 1 indicates an operation with low initial risk

* 2indicates an operation with moderate initial risk
* 3indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operation with a
high initial risk.

The following questions were answered YES and are considered a hazard rating of 3:

2¢(1). Does this operation use RGDs that are built locally or are commercially available units
that have been modified?

The following questions were answered YES and are considered a hazard rating of 2:

1b. Are any chemicals or chemical wastes used, stored or generated in this operation either
known or suspected human carcinogens?

1d. Does this operation use, generate or store flammable or combustible gases, liquids or solids,
including solvents?

1d(1). Does this operation involve the use of hydrogen gas?

le. Does this operation involve the use, storage or generation of caustic/corrasive chemicals or
wastes?

1h, Will this operation involve use of heavy metals such as mercury, silver, or cadmium?

2. Are there any accelerators or other radiation generating devices involved in this operation?
2b. Are there any radiation generating devices (RGD) used in this operation?
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2c. Does the radiation generating device only produce radiation incidental to its primary : e
function (such as electron microscopes, electron beam welders, ion implantation equipment)?
4a. Will this operation generate non-radioactive air emissions or effluents?

4c. Will ANY waste (radioactive, hazardous, mixed, sanitary, etc.) be produced as a result of
this operation?

6d. Has this equipment been built locally, modified or NOT listed by a Nationally Recognized
Testing Laboratory? :

7k. Is any part of this system/operation involve a cryogenic system or dewar installation?

Tm. Are there any sources of stored energy (hydraulic, pneumatic, thermal, mechanical)?

8e. Is there any radiofrequency or microwave field generated by a source greater than 7Win a
space that might be occupied?8{. Does this equipment/operation produce any magnetic fields
greater than 4 Gauss?

81. Is there any possibility of creating an Oxygen Deficient Atmosphere?

11b. Will operation require work outside normal working hours?

11d. Will this operation require special attention in the event is left unexpectedly for long
periods of time? ' '

[1e. Will this operation require an emergency procedure due to unusual or complicated
shutdown instructions?

13. Are there any controls (i.e., ventilation, fume hoods, interlocks, personal protective
equipment, HEPA filters/vacuum cleaners, medical monitoring) associated with this operation?
13b. Are interlocks used in this operation?

13c. Is any personal protective equipment used in this operation?

15. Are you aware of any other hazardous conditions or potential sources of hazards that have
not previously been addressed by these questions that you feel deserve further consideration?

The following questions were answered YES and are considered a hazard rating of 1:

1. Are there any chemicals, toxic materials, or hazardous materials handled, generated, used, or
stored in this operation, including oils and solvents?

la. Does this operation use or transport any chemicals with a Threshold Limit Value, or
chemical which is regulated by OSHA? :

3. Are radioactive materials (including sealed sources and wastes) generated, handled,
processed, used or stored? '

3a. Does this operation involve handling of radioactive materials or sources?

4c. Is any waste generated from this operation?

7b. Does the operation include the use of hoist, crane, forklift, or rigging?

7e. Will you be purchasing any ladders or scaffolds?

7f. Will this operation require any elevated work?

7i. Does any equipment operate at pressures above 15 psig or under a vacuum?

71. Does the operation include the use of typical shop equipment?

8h. Are there any surface temperatures less than 0 deg F or greater than 150 deg F?

10. Does this operation involve: the use of equipment, tools or materials outside of the design
specifications or outside of the manufacturer's recommendations OR the use of equipmient or
apparatus not commercially available?

11. Will this operation require trained operators or close surveillance?

12e. Could this equipment act as an ignition source?
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Follow-up Assignments (E. Beebe)

(1) Consult with Peter Cirnigliaro (x5636) and review the applicability of requirements in the
Working with Chemicals SBMS Subject Area. This would apply to gases, uranium or any
other source materials to be used. Implement a process that requires you to review source
materials with Peter Cirnigliaro (x5636) before they are introduced to EBIS in the future.
Reviéw the use of uranium ions in EBIS with E. Lessard and initiate a change to the RHIC
Accelerator Safety Envelope if required.

(1b) Carcinogen use automatically qualifies workers for enrollment in the Carcinogen medical
monitoring program. See Peter Cimigliaro (x5636) for more information or assistance in
enrolling in the program.

(1d) For all ﬂammablc gases and liquids, a safe volume must not be exceeded. The safe
volume is calculated by dividing the volume of the gaseous state of the flammable/combustible
material by the total volume of the room and ensuring this number does not exceed ten percent
of the lower flammability limit for the material. See Peter Cirnigliaro (x5636) for more
information or assistance.

. (1d1) When working with hydrogen, special requirements apply. At a minimum in the event of
an emergency (total loss of containmernt) the percent of hydrogen gas in the room are cannot
exceed 0.4% (Flammability range is 4-75%). Please include calculations or comments
addressing this issue in the analysis for this operation. Present these calculations to the
ASSRC. Contact Woody Glenn (x4770), Chair of the ASSRC.

(1e) Work with caustic/corrosive chemicals must be done in an area with an eyewash and
shower. See Peter Cirnigliaro (x5636) for more information or assistance.

(1h) Use of heavy metals such as mercury, silver, or cadmium may involve special handling
and training. See Peter Cirnigliaro (x5636) for more information or assistance.

(2a) Please list keV of accelerator and general operating guidelines in analysis. Have this

accelerator reviewed by the Radiation Safety Committee (RSC). Please contact the RSC Chair,
Dana Beavis (x7124).

(2b, 2¢(1)) RGDs rcéluire that they be inventoried and that surveys be conducted annually. If
your device is not accounted for or is not surveyed annually contact Paul Bergh (x5992). Also,

note this registration in the analysis for your operation by the Radiation Safety Committee.
Please contact the RSC Chair, Dana Beavis (x7124).

(3) Work with radioactive materials and source may require an RWP, Contact the FSS
Representative, Paul Bergh (x5992).

(3a) If your operation uses radioactive sources, inventories are required. Include isotope and
quantity. Contact Peter Cimigliaro, C-AD Source Custodian (x5636).
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(3f, 4d) Provide a list of all material being stored at Collider-Accelerator, and intended location.
Contact Peter Cimigliaro, C-AD Source Custodian (x5636).

(4c, 4c(1)) Waste generators must have proper training. Contact Joel Scott (x7520),
Environmental Coordinator, for more information.

(4a, 4b) Operations involving air emissions or wastewater discharges require assessment to
determine whether they meet current permit limits or require a permit. Contact Mel
VanEssendelft (x2905), the Environmental Compliance Representative, for additional guidance.

(4c) Waste generators must have proper training. Contact the Training Manager, John
Maraviglia (x7343), to ensure all personnel are assigned the correct training requirements.

(6) All personnel working with electrical systems must have Electrical Safety and
Lockout/Tagout training. It is your responsibility to ensure all personnel are trained prior to
working. Contact the Training Manager, John Maraviglia (x7343), to ensure all personnel are
assigned the correct training requirements.

(6d) The Chief Electrical Engineer must certify devices that are not commercially available.
Contact Jon Sandberg (x4682).

(7b) Before using hoist, cranes or rigging equipment, ensure that current, valid annual
inspection tags are attached. You need to ensure you add your equipment to the C-AD annual
request for these services, notify Joel Scott (x7520).

(7b) Forklifts, powered trucks, platform lift trucks and motorized hand trucks require special
training prior to use and require completion of a pre-use inspection. Contact the Training

Manager, John Maraviglia (x7343), to ensure all personnel are assigned the correct training
requirements.

(7c) Any structures supporting heavy loads or structural ‘changes to cranes or buildings requires
review by the Plant Engineering Division and the Chief Mechanical Engineer. Contact Joe
Tuozzolo (x3966) for a review.

(7e) Ladders must not be wooden. Scaffolding must be reviewed by the C-AD ESH
Coordinator. Please contact Asher Etkin (x4006).

(7f) Elevated work may require fall protection and/or a fall protection plan. Consult with Peter
Cimigliaro (x5636).

(7i) The SHSD Safety Engineering Group, prior to use, must review pressure systems that
operate at greater than 15 psig. Contact the ES&H Coordinator, Asher Etkin (x4006) for
additional guidance. Note operating parameters in your analysis.
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(7k) Inert cryogens greater than the safe volume in liters (calculated by dividing volume of
workspace in cubic meters divided 14) and non-inert cryogens in quantities greater than 2 liters
or 50 kg in the case of CO2 require review. Contact the ES&H Coordinator, Asher Etkin
(x4006) for additional guidance. Note operating parameters in your analysis. Also, see the
Oxygen Deficiency Hazard Subject Area for guidance. If safe volume has been calculated for
your area include this information in the analysis for your operation.

(71) Electrically powered hand tools should be double insulated and plugged into grounded
system.

(7m) All sources of stored energy must be locked out or disabled prior to working on systems.

(8e, 8f) Non-ionizing radiation sources (NIR) sources must be listed on the C-A NIR inventory
and may require measurements to be taken. If your equipment is not part of this inventory,
please contact the ES&H Coordmator Asher Etkin (x4006), for further guidance.

(8f) Any workers with pacemakers or medical implants require trammg, and may not be
exposed to fields greater than 5 Gauss.

(8h) Surface with temperatures less than 0 deg F or greater than 150 deg F must be labeled,
please contact the ES&H Coordinator, Asher Etkin (x4006), for further guidance.

(81, 8m) The guidelines of SBMS Subject Area, Oxygen Deficiency Hazard should be
followed.

(10) Please list the equipment that you are using outside of design specifications or
manufacturer recommendations and/or locally built equipment in your analysis along with
associated controls. Certification by the Chief Electrical and/or Chief Mechanical Engineer may

be required. Contact Jon Sandberg (x4682) for electrical device review and Joe Tuozzolo
(x3966) for mechanical device review.

(11) Ensure the operation of the EBIS magnet systems is incorporated into the C-AD
Operations Procedure Manual Chapter 5, Linac, Booster, AGS and RHIC Startup Procedures.

Contact Peter Ingrassia (x4272).

(11b, 114, 11f) Internal group operational procedures must be developed for normal operations,
and a list of trained personnel is required. Contact the QA Manager, Dave Passarello, x7277, to
arrange for sign off on group procedures.

(11e) An emergency procedure must be developed in accordance with C-A OPM 3.0. Contact
Peter Ingrassia (x4272).

(132) Local ventilation systems must be certified annually as well as any time there is a

modification/maintenance conducted on the system. See Peter Cimigliaro (x5636) for more
information or assistance.
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(13b) A logbook of interlock checks should be maintained in the vicinity of the equipment. el

(13¢) All PPE requirements must be listed in your analysis. Special care must be given when
selecting gloves. Always seek manufacture specific information on the gloves being used or
_ contact the ESH Coordinator, Asher Etkin (x4006) for guidance.

(13c (1) Ensuring proper gloves for chemicals that have the potential for skin absorption is
critical to safety. Because gloves can be chemical specific, contact the ESH Coordinator, Asher

Etkin (x4006) for further guidance and list the required type of gloves in the analysis for your
operation.

The Following Facility Sysfems May Impact Your Operations

Be sure that these systems are mentioned in your analysis when you present the EBIS Project to
the Accelerator Systems Safety Review Committee, contact Woody Glenn (x4770). Verify that
the associated hazard controls are functional prior to beginning operations.

e Chilled Water

¢ De-Ionized/De-mineralized Water

o Electric Power (includes Grounding and UPS)

e Fire Protection

* Hoists and Cranes

o Heating Water

» Oxygen Monitoring System ,

» Public Address —

Follow-up Assignments for RF Structures (J. Alessi)

{2b, 2¢c) RGDs require that they be inventoried and that surveys be conducted annually. If your
device is not accounted for or is not surveyed annually contact Paul Bergh (x5992). Also, note
this registration in the analysis for your operation by the Radlatlon Safety Committee. Please -
contact the RSC Chair, Dana Beavis (x7124).

(6) All personnel working with electrical systems must have Electrical Safety and
Lockout/Tagout training. It is your responsibility to ensure all personnel are trained prior to
working. Contact the Training Manager, John Maraviglia (x7343), to ensure all personnel are
assigned the correct training requirements. ’ '

* (6d) The Chief Electrical Engineer must certify devices that are not commercially available.
Contact Jon Sandberg (x4682).

(7b) Before using hoist, cranes or rigging equipment, ensure that current, valid annual
inspection tags are attached. You need to ensure you add your equipment to the C-AD annual
request for these services, notify Joel Scott (x7520).
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(7b) Forklifts, powered trucks, platform lift trucks and motorized hand trucks require special
training prior to use and require completion of a pre-use inspection. Contact the Training

Manager, John Maraviglia (x7343), to ensure all personnel are assigned the correct training
requirements.

(7i) The SHSD Safety Engineering Group, prior to use, must review pressure systems that

operate at greater than 15 psig. Contact the ES&H Coordinator, Asher Etkin (x4006) for
additional guidance. Note operating parameters in your analysis.

(8e, 8f) Non-ionizing radiation sources (NIR) sources must be listed on the C-A NIR inventory
and may require measurements to be taken, If your equipment is not part of this inventory,
- please contact the ES&H Coordinator, Asher Etkin (x4006), for further guidance.

(8f) Any workers with pacemakers or medical implants require training, and may not be
exposed to fields greater than 5 Gauss. Ensure all personnel are assigned the correct training
requirements and that you have perform a magnetic safety review. Contact Peter Cirnigliaro
(x5636) for a Static Magnetic Fields Hazard Assessment.

(11b) Internal group operational procedures must be developed for normal operations, and a list
of trained personnel is required. Contact the QA Manager, Dave Passarello, x7277, to arrange
for sign off on group procedures.

(13b) A logbook of interiock checks should be maintained in the vicinity of the equipment.

(13c) All PPE requirements must.be listed in your analysis. Special care must be given when
selecting gloves. Always seek manufacture specific information on the gloves being used or
contact the ESH Coordinator, Asher Etkin (x4006) for guidance.

(13¢ (1)) Ensuring proper gloves for chemicals that have the potential for skin absorption is
critical to safety. Because gloves can be chemical specific, contact the ESH Coordinator, Asher

Etkin (x4006) for further guidance and list the required type of gloves in the analysis for your
operation. :

(15) For additional hazards that have not been addressed, please contact the ESH Coordinator,
Asher Etkin (x4006), for help with reviewing these hazards and applying proper controls.

The Following Facility Systems May Impact Your Operations

Verify that the associated hazard controls are functional prior to beginning operations.
e Compressed Air

» Compressed Gas

Chilled Water .

De-lonized/De-mineralized Water

Electric Power (includes Grounding and UPS)

Fire Protection

Hoists and Cranes

Heating Water
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1.2 Controls (D. Barton)

Networked, front-end interfaces will be connected via Ethernet to control console workstations
and central C-AD servers. Full pulse-to-pulse modulation functionality will be provided.
Custom application software will be provided as needed, but extensive re-use will be made of
existing software designs with EBIS database additions.

1.2.1 'fiming & Infrastructure

C-AD fiber optic infrastructure will be extended to the EBIS equipment area and a standard
network switch and timing chassis will be provided. Workstations and monitor screens will be
provided for console-level control access, along with supporting software and database
configuration.

1.2.2 EBIS

Waveform generation and data acquisition for EBIS will be provided using the fiber-optically
isolated PSI interface and VME function generator. The fiber link interface of these standard
C-AD modules will be modified to operate at 50 to 100 kHz for this application. Additional
fiber optic links will carry pulsed trigger signals to the high voltage platforms. Standard VME
chassis will be provided. Minor modifications will be required to existing front-end software
for the function generator. A custom console application program will be developed for power
supply waveform control.

1.2.3 Accelerators and Beam Transport

Commercial and C-AD standard VME modules will be used to control magnet power supplies
and beam-line instrumentation. Standard VME chassis assembly and timing modules wiil be
provided for these systems and for RF system interfaces. Front-end software effort will be

mainly configuration and database setup. Existing console programs for beam line diagnostics
will be modified to include the EBIS transport lines.

Hazard Rating and Follow-up Assignments for Controls (D. Barton)
Explanation of Hazard Rating

0 indicates an operation with minimal risk

1 indicates an operation with low initial risk

2 indicates an operation with moderate initial risk
3 indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operation with a
moderate initial risk. ' '

The following question was answered YES and is considered a hazard mting of 2:
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6d. Has this equipment been built locally, modified or NOT listed by a Nationally Recognized
Testing Laboratory?

Follow-up Assignments (D. Barton)

(6) All personnel working with electrical systems must have Electrical Safety and ‘
Lockout/Tagout training. It is your responsibility to ensure all personnel are trained prior to
working. Contact the Training Manager, John Maraviglia (x7343), to ensure all pefsonnel are
assigned the correct fraining requlrements

(6d) The Chief Electrical Engineer must certify devices that are not commercially available,
Contact Jon Sandberg (x4682).

The Following Facility System May Impact Your Operation

Verify that the associated hazard controls are functional prior to beginning operations.
» Electric Power (includes Grounding and UPS})
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1.3 Diagnostics/Instrumentation (M. Wilinski)

1.3.1 Faraday Cup

A fully destructive measurement is made when a detector head is plunged into the beam path to
collect the entire ion beam. The captured charge is measured as a current in the processing

electronics. Several types of detector heads can be employed depending on the characteristics
of the desired measurement. Channeltrons or multichannel plates are used for fast high
bandwidth response.

1.3.2 Current Transformers

A ferrite toroid wound with many turns of signal wire is positioned around a ceramic break in
the beam transport, all enclosed in a protective shroud. This is used as a non-destructive
technique to measure the ion beam current characteristics with respect to time. A separate set
of wire turns on the toroid is used for injecting a calibration signal.

1.3.3 Profile Monitors

Transverse beam profiles are measured by plunging an array of thin wires into the beam path.
Each of the wires collects the charge from the small portion of the ion beam it intercepts; this
charge is detected as a current in the processing electronics.

Hazard Rating and Follow-up Assignments for Diagnostics/Instrumentation (M. Wilinski)

Explanation of Hazard Rating

0 indicates an operation with minimal risk

1 indicates an operation with low initial risk

2 indicates an operation with moderate initial risk
3 indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operation with a
moderate initial risk. ‘

The following questions were answered YES and are considered a hazard rating of 2:

6d. Has this equipment been built locally, modified or NOT listed by a Nationally Recognized
Testing Laboratory?

7m. Are there any sources of stored energy (hydraulic, pneumatic, thermal, mechanical)?
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Follow-up Assignments (M. Wilinski)

(6) All personnel working with electrical systems must have Electrical Safety and
Lockout/Tagout training. It is your responsibility to ensure all personnel are trained prior to

working. Contact the Training Manager, John Maraviglia (x7343), to ensure all personnel are
assigned the correct training requirements,

(6d) The Chief Electrical Engineer must certify devices that are not commercially available.
Contact Jon Sandberg (x4682).

(7m) All sources of stored énergy must be locked out or disabled prior to working on systems,

The Following Facility System May Impact Your Qperation

Verify that the associated hazard controls are functional prior to beginning operations.
e Electric Power (includes Grounding and UPS)
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1.4 Magnet Systems (J. Ritter)

1.4.1 EBIS Warm Solenoids

The EBIS warm solenoids consist of three solenoid magnets. The electron gun solenoid is
designed with water-cooléd hollow conductors, pancake-style coils and no iron return. The
electron gun coil provides the necessary field for proper electron beam launching and transport.
The electron collector solenoid is similar in design to the electron gun solenoid. The electron
collector solenoid focuses the beam to allow for proper electron collector operation. The
remaining magnet, the LEBT solenoid, is a pulsed solenoid located directly in front of the RFQ.
The LEBT solenoid focuses the EBIS beam into the RFQ. The design of the LEBT solenoid
uses pancake coils with a laminated iron return similar in design to the BNL Optically Pumped
Polarized Ion Source (OPPIS) LEBT solenoid.

1.4.2 MEBT Quadrupoles

The EBIS MEBT quadrupole magnets are used to provide the necessary focusing for beam
transport between the RFQ output and the Linac input. The quadrupole magnets have been sent
to BNL from Los Alamos National Laboratory, where they were released from the LEDA
project. These LANL quadrupole magnets have half the magnetic length needed for the EBIS
MEBT. To produce the required magnetic length, two quadrupole magnets will be positioned
closely together around each of the four original quadrupole magnet positions. The estimate
includes the support system of magnets and necessary water manifolds.

1.4.3 HEBT Dipoles _

The HEBT dipoles are two similar 73° bending dipoles. The basic design of the dipoles is a C
style with the open end facing the outer curve to allow the chamber to have a port for the
Tandem-to-Booster (TTB) line into the Booster. The magnets will be constructed of
laminations of different sizes which when assembled will produce the required bend shape.
The magnet coils will be made of water-cooled hollow copper conductor.

1.4.4 HEBT Quadrupole Magnets

The HEBT quadrupoles will be air-cooled Danfysik magnets. Originally used for other projects
at BNL, these magnets are available for the EBIS beam line. These magnets will allow

“switching of values in ~ 1 second for running of different magnetic rigidity beams.

Hazard Rating and Follow-up Assignments for Magnet Systems (J. Ritter)

Explanation of Hazard Rating

* 0 indicates an operation with minimal risk
» [ indicates an operation with low initial risk
» 2 indicates an operation with. moderate initial risk
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» 3indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operation with a
moderate initial risk,

The following questions were answered YES and are considered a hazard rating of 2:

6d. Has this equipment been built locally, modified or NOT listed by a Nationally Recognized
Testing Laboratory?

7c. Are there any structures supporting heavy loads?

8f. Does this equipment/operation produce any magnetic fields greater than 4 Gauss?

The following questions were answered YES and are considered a hazard rating of 1:

7b. Does the operation include the use of hoist, crane, forklift, or rigging?
71. Does the operation include the use of typical shop equipment?
11. Will this operation require trained operators or close surveillance?

Follow-up Assignments (J. Ritter)

(6) All personnel working with electrical systems must have Electrical Safety and

Lockout/Tagout training. It is your responsibility to ensure all personnel are trained prior to

working. Contact the Training Manager, John Maraviglia (x7343), to ensure all personnel are

assigned the correct training requirements. N

(6d) The Chief Electrical Engineer must certify devices that are not commercially available.
Contact Jon Sandberg (x4682).

(7b) Before using hoist, cranes or rigging equipment, ensure that current, valid annual
inspection tags are attached. You need to ensure you add your equipment to the C-AD annual
request for these services, notify Joel Scott (x7520).

(7b) Forklifts, powered trucks; platform Iift trucks and motorized hand trucks require special
training prior to use and require completion of a pre-use inspection. Contact the Training
Manager, John Maraviglia (x7343), to ensure all personnel are assigned the correct training
requirements.

(7c) Any structures supporting heavy loads or structural changes to cranes or buildings requires
review by the Plant Engineering Division and the Chief Mechanical Engineer. Contact Joe
Tuozzolo (x3966) for a review.

(7)) Electrically powered hand tools should be double insulated and plugged into grounded
system.
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(8¢, 8f) Non-ionizing radiation sources (NIR) sources must be listed on the C-A NIR invertory
and may require measurements to be taken. If your equipment is not part of this inventory,
please contact the ES&H Coordinator, Asher Etkin (x4006), for further guidance.

(8f) Any workers with pacemakers or medical implants require training, and may nct be
exposed to fields greater than 5 Gauss. Ensure all personnel are assigned the correct training
requirements and that you have perform a magnetic safety review. Contact Peter Cirnigliaro
(x5636) for a Static Magnetic Fields Hazard Assessment.

(11) Ensure the operation of the EBIS magnet systems is incorporated into the C-AD
Operations Procedure Manual Chapter 5, Linac, Booster, AGS and RHIC Startup Procedures.
Contact Peter Ingrassia (x4272).

The Following Facility Systems May Impact Your Operation

Verify that the associated hazard controls are functional prior to beginning operations.
Chilled Water ‘
De-lonized/De-mineralized Water

Electric Power (includes Grounding and UPS)

Hoists and Cranes

Heating Water

Non-potable Water
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1.5 Power Supply Systems (R. Lambiase) e

1.5.1 EBIS

These are power supplies to support EBIS itself:
¢ Solenoid, cathode, cathode heater, collector and grid supplies
e Platform bias supplies and the transformers to isolate them
e Drift tube supplies, Behlke switches, and transverse magnetic supplies

1.5.2 External Ion Injectors and LEBT

These are power supplies to support two external ion sources, the transport from the jon sources
to the LEBT, and the LEBT itsel{:

 Heater, arc pulser and extractor power grid supplies

» Platform bias supplies and the transformers to isolate them

» Supplies for electrostatic and electromagnetic steering elements and lenses
» Mass analyzer and focusing solenoid power supplies

1.5.3 MEBT, IH LINAC, and HEBT

These are power supplies for the MEBT, IH LINAC, and HEBT:
» Pulsed quadrupole magnets and steering magnet power supplies
» Linac drift tube quadrupole magnet power supplies
» Pulsed bending magnet power supplies : e

Hazard Rating and Follow-up Assignments for Power Supply Systems (R. Lambiase)

Explanation of Hazard Rating

0 indicates an operation with minimal risk

1 indicates an operation with low initial risk

2 indicates an operation with moderate initial risk
3 indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operation with a
moderate initial risk.

The following question was answered YES and is considered a hazard rating of 2:

6d. Has this equipment been built locally, modified or NOT listed by a Nationalty Recognized
Testing Laboratory?

The following questions were answered YES and are considered a hazard rating of 1:
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7b. Does the operation include the use of hoist, crane, forklift, or rigging?
11a. Will this operation be left unattended?

Follow-up Assignments (R. Lambiase)

(6) All personnel working with electrical systems must have Electrical Safety and
Lockout/Tagout training. It is your responsibility to ensure all personnel are trained prior to
working. Contact the Training Manager, John Maraviglia (x7343), to ensure all personne] are
assigned the correct training requirements.

(6d) The Chief Electrical Engineer must certify devices that are not commercially available.
Contact Jon Sandberg (x4682).

(7b) Before using hoist, cranes or rigging equipment, ensure that current, valid annual
inspection tags are attached. You need to ensure you add your equipment to the C-AD annual
request for these services, notify Joel Scott (x7520).

(7b) Forklifts, powered trucks, platform lift trucks and motorized hand trucks require special
training prior to use and require completion of a pre-use inspection. - Contact the Training
Manager, John Maraviglia (x7343), to ensure all personnel are assigned the correct training
requirements.

(11a) If your operation will be left unattended and it poses a hazard to individuals who may
enter the area for whatever reason then you must ensure that the area is posted with the name of
the contact and phone number along with associated hazards when unattended. This
information and instructions for a safe shutdown should be included in the analysis for your
operation. Contact the Accelerator Systems Safety Review Committee Chair, Woody Glenn
(x4770), to schedule a review of the systems prior to operations.
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1.6 RF Systems (A. Zaltsman) | ‘ o~

1.6.1 High Level RF

The final rf amplifier stages are powering the RFQ, Linac, and three bunchers. This includes
the coaxial transmission line connecting the amplifier outputs to the rf cavities.

1.6.2 Low Level RF

These are low power rf systems that provide the phase and amplitude controls for the high level
f systems, and frequency control for the resonant cavities.

Hazard Rating and Follow-up Assignments for RF Systems (A. Zaltsman)

Explanation of Hazard Rating

0 indicates an operation with minimal risk
1 indicates an operation with low initial risk

" 2 indicates an operation with moderate initial risk
3 indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operation with a
moderate initial risk. '

o

The following questions were answered YES and are considered a hazard rating of 2:

8e. Is there any radiofrequency or microwave field generated by a source greater than 7 Win a
space that might be occupied?

8f. Does this equipment/operation produce any magnetic fields greater than 4 Gauss"

8j. Is it required for personnel to work in an area with a Noise Level between 85 dBA and 100
dBA?

11b. Will operation require work outside normal working hours?

11d. Will this operation require special attention in the event is left unexpectedly for long
periods of time?

Follow-up Assignments (A. Zaltsman)

(8e, &f) Non-ionizing radiation sources (NIRs) must be listed on the C-A NIR inventory and
may require measurements to be taken. If your equipment is not part of this inventory, please.
contact Asher Etkin, ES&H Coordinator, x4006, for further guidance.

(8f) Any workers with pacemakers or medical implants require training, and may not be
exposed to fields greater than 5 Gauss.
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(8) If workers can be potentially exposed to excessive noise, contact Peter Cirnigliarc (x5636)
for a noise evaluation.

(11b, 11d) Internal group operational procedures must be developed for normal operations, and
a list of trained personnel is required. Contact the QA Manager, Dave Passarello, x7277, to
arrange for sign off on group procedures. '

(11e) An emergency procedure must be developed in accordance with C-A OPM 3.0. Contact
Peter Ingrassia (x4272).

(13, 13b) A logbook of interlock checks should be maintained in the vicinity of the equipment.

(13c) All PPE requirements must be listed in your work planning documents. Special care must
be given when selecting gloves. Always seek manufacture specific information on the gloves
being used or contact the ESH Coordinator, Asher Etkin (x4006) for guidance,
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1.7 Vacuum Svystems (M. Mapes) St

1.7.1 Beampipes/Chambers

These are pipes or chambers that have vacuum pressure inside and provide a path for the ion to
be transported, as well as provide a housing for special components inside the vacuum system.

1.7.2 Vacuum Instrumentation & Control

A PLC-based control system is used to monitor and control the vacuum system and components
such as gauges, pumps and valves.

1.7.3 Vacuum Pumps

These are pumps used to evacuate or pump down a vacuum chamber from atmospheric pressure
to the desired high vacuum or ultra-high vacuum range.

1.7.4 Vacuum Valves

These are manual or pneumatically operated valves used to isolate vacuum pumps and/or a
section of the beam line from another section or vacuum chamber.

Hazard Rating and Follow-up Assignments for Vacuum Systems (M. Mapes) N

Explanation of Hazard Rating

0 indicates an operation with minimal risk

.1 indicates an operation with low initial risk
2 indicates an operation with moderate initial risk
3 indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operation with a
moderate initial risk.

The following questions were answered YES and are considered a hazard rating of 2;

1b. Are any chemicals or chemical wastes used, stored or generated in this operation either
known or suspected human carcinogens? :

1d. Does this operation use, generate or store flammable or combustible gases, liquids or solids,
including solvents?

7k. Is any part of this system/operation involve a cryogenic system or dewar installation?

7m. Are there any sources of stored energy (hydraulic, pneumatic, thermal, mechanical}?

The following questions were answered YES and are considered a hazard rating of 1:
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1. Are there any chemicals, toxic materials, or hazardous materials handled, generated, used, or
stored in this operation, including oils and solvents?

7i. Does any equipment operate at pressures above 15 psig or under a vacuum?

71. Does the operation include the use of typical shop equipment?

Follow-up Assignments (V. Mapes)

(1) Consult with Peter Cimigliaro (x5636) and review the applicability of requirements in the
Working with Chemicals SBMS Subject Area

(Ib) Carcinogen use automatically qualifies workers for enrollment in the Carcinogen medical
monitoring program. See Peter Cimigliaro (x5636) for more information or assistance in
enrolling in the program.

(1d) For all flammable gases and liquids, a safe volume must not be exceeded. The safe
volume is calculated by dividing the volume of the gaseous state of the flammable/combustible
material by the total volume of the room and ensuring this number does not exceed ten percent
of the lower flammability limit for the material. See Peter Cirnigliaro (x5636) for more
information or assistance.

(7i) The SHSD Safety Engineering Group, prior to use, must review pressure systems that
operate at greater than 15 psig. Contact the ES&H Coordinator, Asher Etkin (x4006) for
additional guidance. Note operating parameters in your analysis.

(71) Electrically powered hand tools should be double insulated and plugged into grounded .
system.

(7k) Inert cryogens greater than the safe volume in liters (calculated by dividing volume of
workspace in cubic meters divided 14) and non-inert cryogens in quantities greater than 2 liters
or 50 kg in the case of CO2 require review by Ray Karol (x5272). See the Oxygen Deficiency
Hazards Subject Area for guidance. If safe volume has been calculated for your area include
this information in the analysis for your operation.

(7m) All sources of stored energy must be locked out or disabled prior to working on systems.
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1.8 Cooling Systems (J. Scaduto)

The cooling system is comprised of three separate and independent closed loop systems that
will run off the present Linac chilled water system and dissipate heat into the existing Linac
cooling tower. Each system consists of individually skid-mounted components: a pump/motor,
filter, heat exchanger, expansion tank, temperature and pressure control valves, and water
treatment as required. The active on-line deionized water controls on two of the systems
maintain the required resistivity. The exception is for the rf structures, which will have a 4109
iron corrosion inhibitor control system.

A chilled water source is required to supply the necessary 70 °F temperature. The existing
Linac chilled water system is the preferred choice.

Hazard Rating and Follow-up Assignments for Cooling Systems (J. Scaduto)

Explanation of Hazard Rating

» 0 indicates an operation with minimal risk

o 1 indicates an operation with low initial risk

» 2 indicates an operation with moderate initial risk
* 3 indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operatlon with a
moderate initial risk.

The following questions were answered YES and are considered a hazard rating of 2:

1b. Are any chemicals or chemical wastes used, stored or generated in this operation either
known or suspected human carcinogens?

le. Does this operatlon involve the use, storage or generation of caustic/corrosive chermcals or

. wastes?

4a. Will this operation generate non-radioactive air emissions or effluents?

4c. Will ANY waste (radioactive, hazardous, mixed, sanitary, etc.) be produced as a result of
this operation?

4¢2. Will this operation generate any hazardous wastes?

6b. Is it required for personnel to work on energized systems greater than 50V (Range A) but
less than 600 V (Range B&C)?

7m. Are there any sources of stored energy (hydraulic, pneumatic, thermal, mechanical)?

8j. Is it required for personnel to work in an area with a Noise Level between 85 dBA and 100
dBA?

11b. Will operation require work outside normal working hours?

The following questions were answered YES and are considered a hazard rating of 1:
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1. Are there any chemicals, toxic materials, or hazardous materials handled, generated, used, or
stored in this operation, including oils and solvents?

la. Does this operation use or transport any chemicals with a Threshold Limit Value, or
chemical that is regulated by OSHA?

4c. Is any waste generated from this operation?
11. Will this operation require trained operators or close surveillance?

Follow-up Assignments (J. Scaduto)

(1) Consult with Peter Cirnigliaro (x5636) and review the applicability of requirements in the
Working with Chemicals SBMS Subject Area

(1b) Carcinogen use automatically qualifies workers for enrollment in the Carcinogen medical

monitoring program. See Peter Cirnigliaro (x5636) for more information or assistance in
enrolling in the program.

(le) Work with caustic/corrosive chemicals must be done in an area with an eye wash and
shower.

(4a, 4b) Operations involving air emissions or wastewater discharges require assessment to
determine whether they meet current permit limits or require a permit. Contact Mel
VanEssendelft (x2905), the Environmental Compliance Representative, for additional gnidance.

(4¢c) Waste generators must have proper training. Contact the Training Manager, John
Maraviglia (x7343), to ensure all personnel are assigned the correct training requirements. -

(6) All personnel working with electrical systems must have Electrical Safety and
Lockout/Tagout training. It is your responsibility to ensure all personnel are trained prior to
working. Contact the Training Manager, John Maraviglia (x7343), to ensure all personnel are
assigned the correct training requirements.

(6b, 6¢) Working On or Near Energized Conductors training is required for work on energized
equipment. Contact the Training Manager, John Maraviglia (x7343), to ensure all personnel are
assigned the correct fraining requirements.

(7m) All sources of stored energy must be locked out or disabled prior to working on systems.

(81, 8j, 8k) If workers can be potentially exposed to excessive noise, contact Peter Cimigliaro
(x5636) for a noise evaluation. '

(11) Ensure the operation of the EBIS magnet systems is incorporated into the C-AD

Operations Procedure Manual Chapter 5, Linac, Booster, AGS and RHIC Startup Procedures.
Contact Peter Ingrassia (x4272).

(11b) Internal group operational procedures must be developed for normal operations, and a list
of trained personnel is required. Contact the QA Manager, Dave Passarello, x7277, to arrange
for sign off on group procedures.
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The Following Facility Systems May Impact Your Operations

Verify that the associated hazard controls are functional prior to beginning operations.
Compressed Air

Chilled Water

De-Ionized/De-mineralized Water

Electric Power (includes Grounding and UPS)

Fire Protection

Process Cooling Water

Sanitary Sewer

Steam

R
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1.9 Facility Modiﬁcations (A. Pendzick)

1.9.1 Beam Access Port, Exit Door From Linac and Vertical Ports Into Booster Tunnel

A new access port for the EBIS beam line will be installed through the earth shielding from
Linac to the Booster.

A new exit door from the upper equipment bay at Linac will exit onto a staircase on the Booster
berm, approximately 20 feet into the Booster radiation area.

The present plan is to install two 8” vertical ports through the top of the Booster tunnel in the
“C” area to power the dipoles in the EBIS beam line.

1.9.2 Power modification

This modification provideé for the relocation of existing power and tray in the Linac area where
the EBIS beam line will be installed.

Hazard Rating and F ollow-up Assignments for Facility Modifications (A. Pendzick)

Explanation of Hazard Rating

0 indicates an operation with minimal risk

1 indicates an operation with low initial risk

2 indicates an operation with moderate initial risk .
3 indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operation with a
moderate initial risk.

The following questions were answered YES and are considered a hazard rating of 2:

2. Are there any accelerators or other radiation generating devices involved in this operation?
3d. Will any radioactive material/waste be transported as a result of this operation?

4c. Will ANY waste (radioactive, hazardous, mixed, sanitary, etc.) be produced as a result of
this operation? .

4cl. Will this operation generate any radioactive waste?

7c. Are there any structures supporting heavy loads?

7d. Does this operation require a structural change to any crane or building?

7m. Are there any sources of stored energy (hydraulic, pneumatic, thermal, mechanical)?

13. Are there any controls (i.e., ventilation, fume hoods, interlocks, personal protective
equipment, HEPA filters/vacuum cleaners, medical monitoring) associated with this operation?
13c. Is any personal protective equipment used in this operation?
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The following questions were answered YES and are considered a hazard rating of 1:

3. Are radioactive materials (including sealed sources and wastes) generated, handled,
processed, used or stored?

3a. Does this operation involve handling of radioactive materials or sources?
4c. Is any waste generated from this operation?

7b. Does the operation include the use of hoist, crane, forklift, or rigging?

Follow-up Assignments (A. Pendzick)

(2) Installation of new penetrations into the Linac or Booster must be reviewed by the Radiation
Safety Committee (RSC). Contact the RSC Chair, Dana Beavis, x7124.

(3) Work with radioactive materials and source may require an RWP. Contact the FSS
Representative, Paul Bergh (x5992).

(3a) If your operation uses radioactive sources, inventories are required. Include isotope and
quantity. Contact Peter Cimigliaro, C-AD Source Custodian (x5636).

(3d) The transportation of radioactive materials is strictly controlled at Brookhaven National
Laboratory. Contact Joel Scott (x7520), Environmental Coordinator, for more information.

(4c, 4c(1)) Waste generators must have proper training. Contact Joel Scott (x7520),
Environmental Coordinator, for more information.

(7b) Before using hoist, cranes or rigging equipment, ensure that current, valid annual
inspection tags are attached. You need to ensure you add your equipment to the C-AD annual
request for these services, notify Joel Scott (x7520).

(7b) Forklifts, powered trucks, platform lift trucks and motorized hand trucks require special
training prior to use and require completion of a pre-use inspection. Contact the Training

Manager, John Maraviglia (x7343) to ensure all personnel are assigned the correct training
requirements. .

(7c, 7d) Any structures supporting heavy loads or structural changes to cranes or buildings

requires review by the Plant Engineering Division and the Chief Mechanical Engineer, Joe
Tuozzolo (x3966).

(7m) All sources of stored energy must be locked out or disabled prior to working on systems. _

(8i, 8j, 8k) If workers can be potentially exposed to excessive noise, contact Peter Cirnigliaro
(x5636) for a noise evaluation.

(13c) All PPE requirements must be listed in your work planning documents. Special care
must be given when selecting gloves. Always seek manufacture specific information on the

gloves being used. Contact Peter Cirnigliaro, C-AD Work Control Manager (x5636) for
guidance.
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(13c¢(1)) Ensuring ﬁroper gloves for chemicals that have the potential for skin absorption is

critical to safety. Because gloves can be chemical specific, contact Peter Cirnigliaro, C-AD
Work Control Manager (x5636) for guidance. '
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1.10 Installation (L. Snydstrup) e

The major systems and components of the EBIS are installed at the facility site in building 930,
including structural components, control systems, diagnostic and instrumentation systems,
magnets, power supplies, RF systems, vacuum systems, and cooling systems. The installation
effort also includes any minor additions or changes to the building and facility necessary to
accommodate these systems and components.

1.10.1 Structural Components

The major structural components installed in the facility include the Electron Beam lon Source
(EBIS), RFQ and Linac. Other components will include smaller devices located in the LEBT,
MEBT and HEBT beam transport regions, such as auxiliary ion sources (LEBT), bunchers,

electrostatic beam transport devices and beam monitoring devices.

1102 Controls

This includes installation of controls for the entire proj ect.

1.10.3 Diagnbsticsllnstrumentation

This includes installation and checkout of all diagnostics in the beam lines.
1.10.4 Magnet Systems

[—r

This includes installation of the magnet systems installed in the beam transport line, which are

dipole, quadrupole, solenoidal and steerer magnets. This work alse includes survey of
elements. :

1.10.5 Power supply Systems

This includes installation of all power supplies in their final locations, the connection of power
from breaker boxes to the supplies and the connections from the power supplies to the elements.

1.10.6 RF Systems

This includes installation of the rf power supplies, as well as the connection of the coaxial
transmission line between the rf amplifiers and the rf cavities.

1.10.7 Vacuum Systems

This includes installation of beam pipes, chambers, pumps, and valves. This work also includes
leak checking and bake out of systems.

1.10.8 Cooling Systems -
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This includes installation of all cooling systems.

Hazard Rating and Follow-up Assignments for Installation (L. Snydstrup)
Explanation of Hazard Rating

0 indicates an operation with minimal risk

1 indicates an operation with low initial risk

2 indicates an operation with moderate initial risk
3 indicates an operation with a high initial risk

Because of the hazards identified, this operation has the potential of being an operation with a
moderate initial risk.

The following questions were answered YES and are considered a hazard rating of 2:

l1g. Will this operation involve more than 30 minutes handling time with lead?
4c. Will any waste (radloacnve hazardous, mixed, sanitary, etc.)be produced as a result of thlS
operation?

6b. Is it required for personnel to work on energized systems greater than 50 V (Range A) but
less than 600 V (Range B&C)?

6d. Has this equipment been built locally, modified or not listed by a Nationally Recognized
Testing Laboratory?

Tc. Are there any structures supportmg heavy loads?

7k. Is any part of this system /operation involve a cryogenic system or dewar installation?
7m. Are there any sources of stored energy (hydraulic, pneumatic, thermal, mechanical)?

3f. Does this equipment/operation produce any magnetic fields greater than 4 Gauss?

11b. Will operation require work outside normal working hours?

12d. Will this operation change the risk level of fire protection?

13. Are there any controls (i.e., ventilation, fume hoods, interlocks, personal protective
equipment, HEPA filters/vacuum cleaners, medical monitoring) associated with this operation?
13c. Is any personal protective equipment used in this operation?

15. Are you aware of any other hazardous conditions or potential sources of hazards that have

not previously been addressed by these questions that you feel are deserving of further
consideration?

The following questions were answered YES and are considered a hazard rating of 1:

1. Are there any chemicals, toxic materials or hazardous materials handled, generated, used or
stored in this operation, including oils and solvents?

4c. Is any waste generated from this operation?

7b. Does the operation include the use of hoist, crane, forklift, or nggmg‘?

7f. Will this operation require any elevated work?

71. Does the operation include the use of typical shop equipment?
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11. Will this operation require trained operators or close surveillance? . o
11c. Will this operation require the 2-person rule?

Follow-up Assignments (L. Snydstrup)

(1) Consult with Peter Cimigliaro (x5636) and review the applicability of requirements in the
Working with Chemicals SBMS Subject Area.

(1g) Air monitoring is required for lead handling of more than 30 minutes. Respiratory
_ protection may also be required. Consult with Peter Cirnigliaro (x5636).

(4c) Waste generators must have proper training. Contact Joel Scott (x7520), Environmental
Coordinator, for more information.

(6) All personnel working with electrical systems must have Electrical Safety and
Lockout/Tagout training. It is your responsibility to ensure all personnel are trained prior to

working. Contact the Training Manager, John Maraviglia (x7343), to ensure all personnel are
assigned the correct training requirements.

(6b, 6¢) Working On or Near Energized Conductbrsl training is required for work on energized

equipment. Contact the Training Manager, John Maraviglia (x7343), to ensure all personnel are
assigned the correct training requirements.

(6d) The Chief Electrical Engineer must certify devices that are not commercially available. L
Contact Jon Sandberg (x4682). - , . |

(7b) Before using hoist, cranes or rigging equipment, ensure that current, valid annual
inspection tags are attached. You need to ensure you add your equipment to the C-AD annual
request for these services, notify Joel Scott (x7520).

(7b) Forklifts, powered trucks, platform lift trucks and motorized hand trucks require special
training prior to use and require completion of a pre-use inspection. Contact the Training

Manager, John Maraviglia (x7343), to ensure all personnel are assigned the correct training
requirements.

(7c, 7d) Structures supporting heavy loads or structural changes to cranes or buildings requires

review by the Plant Engineering Division and the Chief Mechanical Engineer, Joe Tuozzolo
(x3966).

(71) Elevated work may require fall protection and/or a fall protection plan. Consult with Peter
Cimigliaro (x5636).

(7]) Electrically powered hand tools should be doublé insulated and plugged into grounded
system.
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(7k) Inert cryogens greater than the safe volume in liters (calculated by dividing volume of
workspace in cubic meters divided 14) and non-inert cryogens in quantities greater than 2 liters
or 50 kg in the case of CO2 require review by Ray Karol (x5272). See the Oxygen Deficiency
Hazards Subject Area for guidance. If safe volume has been calculated for your area include
this information in the analysis for your operation.

(7m) All sources of stored energy must be locked out or.disabled prior to working on systems.

(8f) Any workers with pacemakers or medical implants require training, and may not be
exposed to fields greater than 5 Gauss. Ensure all personnel are assigned the correct training
requirements and that you have perform a magnetic safety review. Contact Peter Cirnigliaro
(x5636) for a Static Magnetic Fields Hazard Assessment.

(11) Ensure the operation of the EBIS magnet systems is incorporated into the C-AD
Operations Procedure Manual Chapter 5, Linac, Booster, AGS and RHIC Startup Procedures.
Contact Peter Ingrassia (x4272).

(11b) Internal group operational procedures must be developed for normal operations, and a list
of trained personnel is required. Contact the QA Manager, Dave Passarello, x7277, to arrange
for sign off on group procedures.

(11c) In your procedures, delineate any tasks that require a two-person rule as a control.

(12¢,12d) Any deviations from Life Safety Code or change in the risk level of fire protection m
must be approved by the Fire Protection Engineer. Contact Michael Kretchmann (x5274).

(13c) All PPE requirements must be listed in your analysis. Special care must be given when
selecting gloves. Always seek manufacture specific information on the gloves being used or
contact the ESH Coordinator, Asher Etkin (x4006) for guidance.

(15) Please review the additional hazard of “working with rriultiple ‘groups” with the C-AD
Work Control Manager, Peter Cirnigliaro (x5636).
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Appendix 1: Questions Used in the Collider-Accelerator Department’s Hazard
Identification Tool

1. Are there any chemicals, toxic materials or hazardous material handled, generated, used, or
stored in this operation, including oils and solvents?

la. Does this operation use or transport any chemicals with a Threshold Limit Value, or
chemical that is regulated by OSHA?

1b. Are any chemicals or chemical wastes used, stored or generated in this operation either
known or suspected human carcinogen?

lc Does this operation involve the use, storage or generation of peroxide forming chemicals,
shock sensitive chemicals or picric acid?

1d. Does this operation use, generate or store flammable or combustible gases, liquids or solids,
including solvents?

1d (1). Does this operation involve the use of hydrogen gas?

le. Does this operation involve the use, storage or generation of caustic/corrosive chemicals or
- wastes?

1f. Will this operation involve the use of beryllium - other than articles made of beryllium or
that contain beryllium?

1g. Will this operation involve more than 30 minutes handling time with lead? Will this
operation involve use of heavy metals such as mercury, silver or cadmium?

1i. Does this operation involve the use or transportation of explosives or explosive wastes?"

2. Are there any accelerators or other radiation generating devices mvolved in this 0perat10n
(other than the Collider-Accelerator)?

2a. Is there an accelerator used in this operation?

2a (1). Does this operation use accelerators that are built locally or are commercially available
units that have been modified? .

2b. Are there any radiation génerating devices (RGD) used in this operation?

2b(1). Are radiation gencratihg devices capable of creating a High Radiation Area (>100
mrenvhr at 30 centimeters)?

2b(2). Are the radiation generating devices capable of creating a radiation area?

2¢. Does the radiation generating device only produce radiation incidental to its primary
function (such as electron microscopes, electron beam welders, ion implantation equipment)?

2¢(1). Does this operation use RGDs that are built locally or are commercially available units
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that have been modified?

2d. Is the radiation generating device an intentional x-ray generating device which produces
radiation as part of the primary function (i.e. x-ray diffractometers, x-ray machines)?

2d (1). Is the device built locally or been modified OR is it being used outside design
specifications?

3. Are radioactive materials (including sealed sources and wastes) generated, handled,
processed, used or stored?

. 3a. Does this operation involve handling of radioactive materials or sources?

3b. Does this operation involve radionuclides listed in the Radionuclide Threshold Table in
amounts that exceed 10% of the quantity listed?

3c. Is dispersible radioactive material being used in this operation?
3d. Will any radioactive material/waste be transported as a result of this operation?

3e. Does this operation involve any accountable sources? (Sealed Radioactive Source
Accountability Table)

3f. Any radioactive material being left or stored at Collider-Accelerator facilities?
4. Are there any possible environmental impacts with this operation?
4a. Are there any non-radioactive emissions or effluents from this operation?
4b. Are there any radioactive emissions or effluents from this operation?
4c. Is any waste generated from this operation?
“4c¢(1). Is the waste radioactive?
4c(2). Is the waste hazardous?
4¢(3). Is the waste mixed wasté?

4d. Are any hazardous materials (such as lead, mercury or beryllium) being left or s;tored at
Collider-Accelerator facilities?

4e. Does this operation require any new above or under ground storage tanks?
4f. Does this operatiorni use ozone depleting substances?

4g. Are any changes required to the Environmental Management System (as determined by the
Environmental Compliance Rep)?

4h. Is this work being done within 1/2 mile of the Peconic River?

5. Does this operation involve the use of lasers?
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5a. Do personnel use or have the poténtial to be exposed to Class IV lasers?
5b. Do personnel use or have the potential to be-exposed to Class IIIb lasers?
5¢. Does the operation involve Class I, II or I1la lasers?

5d. Does this operation involve Class I lasers with embedded IlIb or IV lasers?

5e. Have any of the lasers involved in this operation been built locally or have any
commercially available lasers been modified?

5f. Is the laser fegistered at BNL with the Laser Safety Officer?
6. Is any energized electrical equipment used in this operation?

6a. Is there any exposed electrical components where there is the potent1al for personnel to be
exposed to voltages greater then SO0V (Range A)?

6b. Is it required for personne] to work on energized systems greater than 50 V (Range A) but
less than 600 V (Range B&C)?

6c. Is it required for personnel to work on energized systems greater than 600 V (Range D)?

6d. Has this equipment been built locally, modified or NOT listed by a Nationally Recognized
Testing Laboratory?

6e. Does your operation require the development of an Electrical Working On or Near
Energized Conductors Permit?

6f. Are emergency shut-off controls provided for shutting down electrical power?
6g. Is required.fusing provided for all relevant equipment?

7. Are there any mechanical hazards or work hazards such as material handling, elevated work,
vacuum or pressure vessels, scaffolds, stored energy or structural considerations?

7a. Are there any material handling devices including all large moving equipment?
7b. Does the operation include the use of a hoist, crane, forklift, or rigging?

7Tc. Are there any structures supporting heavy loads?

7d. Does this operation require a structural change to any crane or building?

7e. Will you be purchasing any ladders or scaffolds?

7f. Will this operation require any elevated work?

7g. Does work require fall protection equipment (i.e. hamess, lanyard)?

7h. Does the operation include the use of hydraulic or pneumatic lift?
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7i. Does any equipment operate at pressures above 15 psig or under a vacuum?

7j. Daes this systerﬂ have any vacuum windows?

7k. Is any part of this system/operation involve a cryogenic system or dewar installation?
71. Does the operation include the use of typical shop equipment?

7m. Are there any séurces of stored energy (hydraulic, pneumatic, thermal, mechanical)?
7ml. Is the source capable of being easily isolated or can it be LOTO'd?

7m2. Is disassembly required to isolate energy (i.e. inserting blank flange)?

8. Does this operation require work with or generate any of the following physical hazards--
confined spaces, RF or microwave radiation, magnetic fields, hot or cold surfaces, high noise
levels, or oxygen deficiency?

8a. Does this operation create any space that might meet the definition of a confined space?
8b. Is it required for personnel to enter any Class 1 Confined Spaces?

8c. Is it required for personnel to enter any Class 2A or 2B Confined Spaces?

8d. Is it reciuired for personnel to enter any Class 2C Confined Spaces?

8e. Is there any radiofrequency or microwave field generated by a source greater than 7W in a
space that might be occupied?

8f. Does this equipment/operation produce any magnetic fields greater than 4 Gauss?

8g. Is it required for any personnel to be exposed fo a magnetic field greater than 600 Gauss?
8h. Are there any surface temperatures less than 0 deg F or greater than 150 deg F?

8i. Does this operation generate any equipment which could operate at greater than 80 dbA?
8j. Is it required for personnel to work in an area with a Noise Level between 85-100 dBA?
8k. Is it required for personnel to work in an area with a Noise Level above 100 dBA?

81. Is there any possibility of creating an Oxygen Deficient Atmosphere?

8m. Is it required for any personnel to work in an existing Oxygen Deficiency Hazard Area?

9. Are there any additional hazards, not mentioned above, that should be considered? Such as
biological hazards, ergonomics or heat stress?

9a. Could a worker be exposed to any biological hazard including handling of human body
fluids, human tissues, or mouse droppings?

9b. Will personnel perform functions that involve repetitive motion, excessive force or
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vibration, lifting, or other ergonomic concerns? e
9¢. Will personnel be required to perform this operation in extreme climates or temperatures?

10. Does this operation involve the use of equipment, tools or materials outside of the design
specifications or outside of the manufacturer's recommendations OR the use of equipment or
apparatus not commercially available?

10a, Has this equipment received review by the C-A Chief Mechanical Engineer andfor Chief
Electrical Engineer?

10b. Was this equipment built at a University or Laboratory in another country?
11. W:111 this operation require trained operators or close surveillance?

11a. Will this operation be left unattended?

11b. Will operation require work outside normal working hours?

11c. Will this operation require 2-person rule?

11d. Will this operation require special attention in the event it is left uncxpectedly for long
periods of time?

11e. Will this operation require an emergency procedure due to unusual or complicated
shutdown instructions?

11£. Will group operational procedures be required for normal operation of this equipment?
11g. Is there a l'ist of designated and trained personnel for this equipment/operation?

11h. During construction, use, or storage of spare parts and materials, are valuable materials
attractive for theft and worth more than $1000 (e.g. precious metals; or copper, platinum,
tungsten, stainless, aluminum) involved with this project?

12. Are there any fire protection or life safety concems in this operation?

12a. Will welding or cutting or spark/flame producing operations be conduicted in association
with this operation?

12b. Does this operation generate, store or use any combustible materials in significant
quantities?

12¢. Will this operation require a deviation from the Life Safety Code (consider changes in
exits, change in occupancy?

12d. Will this operation change the risk level of fire protection?
12e.'Could this equipment act as an ignition source?

13. Are there any engineering controls or Personal Protective Equipment (PPE) required (i.e.,
ventilation, fume hoods, interlocks, HEPA filters/vacuum cleaners, respirators)?
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13a. Is any local ventilation used in this operation?

13b. Are interlocks lused in this 6peration? |

13c¢. Is any personal protective equipment used in this operation?
13c(1) Are gloves used in this operation?

13d. Are HEPA filters in place/used?

13d(1). On ventilation systems?

13d(2). HEPA vacuum cleaners?

13e. Will respiratory protection be required for this operation?

14, Do you rely on any facility utilities (listed as sub quéstions) to provide safety controls for
your operations?

14a. Compressed Air

14b. Compressed Gas

14c. Chilled Water

14d. De-Ionized/De-mineralized Water
14e. Electric Power (includeé Grounding and UPS)
14f. Emergency electrical power

14g. Fire Protection

14h. Hoists and Cranes

14i. Heating Water

14j. Non-potable Water

14k. Oxygen Monitoring System

141. Public Address

14m. Potable Water

14n. Process Cooling Water

140. Sanitary Sewer

14p. Steam

14q. Utility Gas (natural gasj
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14r. Vacuum

14s. Ventilation Supply/Exhaust

15. Are you aware of any other hazardous conditions or potential sources of hazards that have
not previously been addressed by these questions that you feel deserve further consideration?
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1 INTRODUCTION

Brookhaven National Laboratory (BNL), located in Upton, NY, is owned by the U.S.
Department of Energy (DOE) and operated by Brookhaven Science Associates (BSA)
under the U.S. Department of Energy Contract No. DE-AC02-98CH10886. The flagship
Nuclear Physics facility at BNL is the Relativistic Heavy lon Collider (RHIC).
Successful RHIC operations depend on an accelerator complex that accelerates ions to
intermediate energies leading up to RHIC injection. This process starts in the Tandem
Van de Graaff heavy ion pre-injector. BNL is fabricating a new heavy ion pre-injector for
RHIC, the Electron Beam Ion Source (EBIS), which will lead to more reliable, cost-
effective operations and new capabilities. This project will provide a new heavy ion pre-
injector for RHIC, based on a high charge state heavy ion source, a Radio Frequency
Quadrupole (RFQ) accelerator and a short Linear accelerator (Linac).

CD-0 Approve Mission Need:

Authority — Director, Office of Science
On August 2, 2004 Raymond L. Orbach approved the statement of Mission Need for the
Electron Beam lon Source Preinjector with a Total Project Cost (TPC) range of $16
million to $19.5 million. The approval also designated the Associate Director for
Nuclear Physics as the Acquisition Executive for this project with authority to approve all
subsequent Critical Decisions.

CD-1 Approve Preliminary Baseline Range

Authority -Associate Director for Nuclear Physics
On September 30, 2005 Dennis Kovar approved the EBIS preliminary baseline range and
authorized preliminary design. The DOE TPC range at CD-1 had decreased to $12.1
million - $14.8 million, which reflected NASA’s $4.5M funding contributions and
refinements to the cost and schedule.

CD-2 Approve Performance Baseline

Authority -Associate Director for Nuclear Physics.
Since CD-1, there have been no changes to the technical scope or project cost and
schedule plans. The DOE TPC at CD-2 is $14.8 million.

This Project Execution Plan (PEP) describes the coordination of efforts of the project
team, including the processes and procedures used by the EBIS Contractor Project
Manager (CPM) and Federal Project Director (FPD) to ensure that the project is
completed on time and within budget. The PEP defines the project scope and the
organizational framework, identifies roles and responsibilities of contributors, and
presents the work breakdown structure (WBS) and schedule. The PEP also describes the
formal change control process by which project cost, schedule, or scope may be revised
in consultation with the FPD and the DOE Office of Science, Office of Nuclear Physics.



2 MISSION NEED

The mission of the Nuclear Physics (NP) program is to foster fundamental research in
nuclear physics that will provide new insights and advance our knowledge on the nature
of matter and energy and develop the scientific knowledge, technologies and trained
manpower that are needed to underpin the DOE missions for nuclear related national
security, energy and environmental quality. As part of its strategic mission, the NP
program plans, constructs and operates major scientific user facilities and fabricates
experimental equipment to serve researchers at universities, national laboratories and
industrial laboratories. The program provides world-class, peer-reviewed research results
in the scientific disciplines encompassed by the NP mission areas under the mandate
provided in Public Law 95-91 that established the department.

EBIS provides research capabilities that directly support the NP mission and address the
NP Program Goal 05.20.00.00 to understand the evolution and structure of nuclear matter
from the smallest building blocks, quarks and gluons, to the elements in the universe
created by stars. A main objective of this nuclear science field is searching for the quark-
gluon plasma and other new phenomena that might occur in extremely hot, dense plasma
of quarks and gluons believed to have filled the universe about a millionth of a second
after the “Big Bang.” Most of the world’s current experimental effort on this question is

carried out using relativistic heavy-ion collisions at RHIC, which is supported by the
DOE NP program.

The present pre-injector of heavy-ions for RHIC uses Tandem Van de Graaff accelerators
built around 1970, The beam is transported to the Booster accelerator via an 860-meter
long line. The successful development of an EBIS prototype at BNL makes it possible to
replace the present pre-injector with a reliable, low maintenance and cost effective Linac-
based pre-injector. This new pre-injector would consist of an EBIS high charge state ion
source, an RFQ accelerator and a short Linac. EBIS would increase the reliability and
efficiency of RHIC operations, reduce the costs of RHIC operations and provide new
experimental capabilities.

EBIS supports the Science Strategic Goal within the DOE’s Strategic Plan to protect
national and economic security by providing world-class scientific research capacity and
advancing scientific knowledge. More specifically, this effort supports the General Goal
within the DOE Strategic Plan:

“General Goal 5, World-Class Scientific Research Capacity: Provide world-class
scientific research capacity needed to ensure the success of Department missions
in national and energy security, to advance the frontiers of knowledge in physical
sciences and areas of biological, medical, environmental and computational
sciences and to provide world-class facilities for the Nation’s science enterprise.”

The pre-injector system will also provide for a major enhancement in capability for the
NASA Space Radiation Laboratory (NSRL), which utilizes heavy-ion beams from the
RHIC complex. EBIS would allow for the acceleration of all important ion species for
the NASA radiobiology program, such as, helium, argon, and neon which are unavailable



with the present Tandem injector. In addition, the new system would allow for very rapid
switching of ion species for NSRL experiments, reducing delays due to the interference
with RHIC injection operations, and allowing enhanced mixed radiation-field studies.

- The EBIS pre-injector project (EBIS source, Linac and RFQ) has been endorsed several
times by a variety of panels, including DOE Science and Technology review panels of
international experts, BNL Machine Advisory Committees and the joint DOE/NSF
Nuclear Science Advisory Committee.

The new pre-injector offers the followiﬁg advantages:

» Replacement of the two Tandems as the Booster preinjector, resulting in more stable

" beam intensities.

+ Elimination of the need to use the 860-meter long transport line from Tandem to
Booster; using instead a much simpler and economic 30-meter long line from EBIS to
reduce setup time and allow fast switching between beams of different rigidities.

o Simplification of Booster injection scheme.

» Capability to provide ions not presently available for the NASA program, such as
noble gas ions (major components of galactic cosmic rays), as well as more massive
ions such as uranium and, with additional enhancements, polarized *He, for the RHIC -
program.

¢ Increased flexibility to handle the multiple needs of RHIC, NSRL and Alternate
Gradient Synchrotron (AGS). Two Tandems are needed for fast beam switching,
while the EBIS preinjector will be able to switch species on a pulse-to-pulse basis.

* Improvements in reliability, setup time and stability should lead to increased
integrated luminosity in RHIC and increased productivity for NSRL.

» Reduced operating costs. The Tandem facility requires a staff of approximately 12
Full Time Equivalents (FTEs) to support maintenance and a 24-hour shift rotation
during operations. The Linac-based pre-injector should be able to run unattended at
most times, as with the present proton Linac, and will require only a staff of
approximately 3 FTEs.

If the new EBIS pre-injector is not built, significant upgrades to the Tandems will be
required in order to ensure reliable long-term operation for RHIC and NSRL. This is
discussed in more detail in Section 4.6.

3 FUNCTIONAL REQUIREMENTS

The technical objectives of the new pre-injector need to meet requirements of both the
RHIC and NASA NSRL experimental programs. The corresponding technical scope and
performance specifications required at Critical Decision-4 (CD-4) are described in Table
4.1. The system parameters desired from a new pre-injector are as follows:

e Species: d to U. The EBIS will produce helium to U beams. A deuterium beam
may be produced in a simple plasma source injecting directly into the RFQ. The
RFQ, Linac, and transport lines must be designed to handle all species in this range.



The species extracted from EBIS depend on the injected singly charged ions. With
the external ion sources included in the present design, beams from typical gases and
solids as required by RHIC and NSRL will be available. Production of some more
exotic beams may require additional development or resources devoted to the external
source of such ions for injection.

Intensity at injection into the Booster: up to 1.1 x 10" charges/pulse with EBIS.
Species which have been run for RHIC and NSRL are shown in Table 3-1, along with
intensities at Booster injection which are required in order to reproduce previously

observed intensities. The EBIS pre-injector should at least match this performance in
all cases.

Table 3-1 Beams and intensities at Booster input required to match past performance

Species | User | Q Ions/pulse Charges/pulse
Au RHIC | 32+ 2.7 x 10° 8.6x 10"
D RHIC |1+ 2.5x% 101 2.5x 10"
Cu RHIC |11+ 1.0x 10" 1.1x 10"
C NSRL | 5+ 2x 10" 1x 10"
0 NSRL | 8+ 6.7 x 10° 53x10"
Si NSRL | 13+ 5x 10° 6.5x 10"
Ti NSRL | 18+ 1.3x10° 24x 10"
Fe NSRL | 20+ 1.7x 10° 3.4x10"

Injected pulse width: variable, 10 — 40 ps. This allows 1-4 turn injection into the
Booster. This simplifies the injection, and should greatly reduce the sensitivity to
small beam losses at injection, which could otherwise lead to a pressure bump
resulting in further beam loss.

Repetition rate: 5 Hz. This keeps overall RHIC fill times to only a few minutes.

Switching time between two species: 1 second. There are presently several i
operating scenarios for RHIC and NSRL, depending on, among other things, whether
either is running alone, or the two are running concurrently. To allow operation with
the destred flexibility, the new pre-injector must be able to switch beam species and
transport line rigidity in 1 second.

Injection energy: 2 MeV/amu. At present, injection from the Tandems is at 0.92
MeV/amu for Au. At this energy, there is a significant beam loss due to electron

capture during Booster injection. By raising the injection energy to 2 MeV/amu, the
capture cross section is reduced by a factor of 20-40.

Q/m: 0.16 or greater. This ratio equals that presently delivered for Au from the
Tandem. For lighter ions a higher q/m is required (Si'**, Fe*™*) in order to achieve
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the desired Booster output energy for NSRL, within the rigidity constraints of the
Booster and extraction transport lines.

4 PROJECT OVERVIEW

The project, including DOE and NASA contributions, includes the fabrication of an
Electron Beam lon Source for the production of high charge state heavy ions, plus the
procurement of an RFQ and heavy ion Linac to accelerate ions from EBIS to a final
energy of at least 2 MeV/amu. A transport line is to be fabricated to transport the beam
from the output of the Linac to the existing Booster heavy ion injection point, as show
below in Figure 4.2. The project includes the fabrication or procurement of the dipole
and quadrupole magnets, power supplies, diagnostics, vacuum components, and controls
to properly operate the EBIS source, accelerators, and beam lines. The project also
includes the assembly of subsystems, and the installation and testing of these subsystems

in their final location in the equipment bay at the high energy end of the H Linac
building.

The EBIS project is divided in four major systems, including {a) Source & Accelerator
Structures; (b) Electrical Systems; (¢) Mechanical Systems; (d) Facilities & Installation

Support. The sections below describe the present design for the EBIS pre-injector for
both the DOE and NASA efforts.

4.1 SOURCE & ACCELERATOR STRUCTURES

The Source & Accelerator Structures form the framework of the EBIS Pre-Injector. The
superconducting solenoid, trap region electrodes, electron gun and electron collector are
the major hardware items for the EBIS. External ion injection sources feed singly
charged ions into the EBIS trap for further ionization to the desired final charge state.
The Low Energy Beam Transport (LEBT) provides matching of the beam extracted from
the EBIS into the RFQ. This line includes magnetic and electrostatic focusing and
steering, and appropriate diagnostics. The RFQ provides initial acceleration of the beam
to an energy sufficient for injection into a single Linac cavity. The Linac, an Interdigital-
H (IH) structure in the present design, then accelerates the beam to the final required
energy of 2 MeV/amu. The frequency presently chosen for both the RFQ and Linac is

- 100.625 MHz, which matches many existing Linacs and RFQs.

A layout of the pre-injector is shown in Figure 4.1.
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Figure 4.1 Layout of the pre-injector

4.2 ELECTRICAL SYSTEMS

The Electrical systems include all power supplies, diagnostic instrumentation, Radio
Frequency (RF) systems and controls systems required for the operation of the EBIS,
RFQ, Linac, and associated beam transport lines, There are five 100.625 MHz RF
amplifier systems required, feeding the RFQ, IH Linac, and three buncher cavities.
These systems will include amplitude and phase regulation, and cavity frequency tuning.
Diagnostics include Faraday cups, current transformers, profile monitors, and time of
flight spectrometers. Controls will be implemented in the same way as other recent
installations such as the new polarized ion source and NSRL. All transport line
diagnostics are similar to existing equipment, and applications software already exists.
Vacuum equipment will be controlled via Programmable Logic Controllers (PLC’s), with
a PLC interface module to tie into the control system.

4.3 MECHANICAL SYSTEMS

The Mechanical Systems include both Magnet and Vacuum systems. Two 73-degree
dipoles in the high energy beam transport line will bend beam into Booster. These
dipoles will be able to switch field in 1 second, for fast changes in beam species. The
High Energy Beam Transport (HEBT) line will use existing quadrupole and steering
magnets. The vacuum systems will be sufficient to provide the required vacuum of 10
to 10" Torr in the EBIS trap region. Cryo pumping will be used on the RFQ and Linac.

44 FACILITIES & INSTALLATION SUPPORT

This includes facility modification, cooling systems and installation of the EBIS
components. The new pre-injector will be housed in the lower equipment bay of
Building 930 as shown in Figure 4.2. It will connect to the existing Tandem-to-Booster
transfer line just before it enters the Booster electrostatic inflector. Cooling systems are
required for the EBIS electron collector, EBIS magnets, RFQ and Linac cavities, and
several power supplies.
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Figure 4.2 Placement of EBIS Pre-Injector in lower equipment bay of 200 MeV Linac.

4.5

TECHNICAL SCOPE AND DELIVERABLES

The DOE scope is the following activities or procurements: n

All Project Engineering and Design (PED), installation, and commissioning for
the entire project

All EBIS chambers, internal structures, and warm magnets
The LEBT and extemal ion injection lines
All vacuum components, controls, diagnostics, and cooling water systems

All Medium Energy Beam Transport (MEBT) and HEBT beamline components,
except for two HEBT dipoles

All RF systems for operation of the RFQ, Linac, and bunchers

All power supplies for EBIS, LEBT, and external ion sources, except for the ‘
electron collector and fast pulsing EBIS platform supplies.

Electrical services required for the operation of the pre-injector

The NASA scope is the procurement of the following items:

The EBIS superconducting solenoid

The RF Quadrupole accelerator

The Linac structure

The buncher cavities

The two HEBT dipole magnets and their power supplies

The electron collector power supply

All quadrupole magnet and steering magnet power supplies for the Linac,
MEBT, and HEBT

The fast pulsing power supplies for the EBIS drlft tubes and platform bias,
The beam port through the earth shielding between Linac and Booster.

12
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The DOE deliverables are complete when all the items listed as DOE scope, above, have
been procured or fabricated; the EBIS, RFQ, Linac, and beam transport lines have been
installed; and the CD-4 requirements from the Table 4-1 below have been verified.

The NASA deliverables are complete when all the items listed as NASA scope, above,
have been delivered to BNL, and the beam port is installed.

Table 4-1 CD-4 perfoﬁnance to be demonstrated at Booster input (measured on the
current transformer located between the two HEBT 73 degree dipoles).

CD-4 Performance Optimum Performance
Species Fe, Au He to U (assuming appropriate
external ion injection)
- Intensity 3x 10°Au™" / pulse 2.7 x 10° Aw’*" / pulse
4 x 108 Fe?® / pulse 4 x 10° Fe**" / pulse
5 x 10" He®" / pulse
Charge-to-mass ratio, | 0.162 (Au) > 0.16, depending on ion species
Q/m 0.357 (Fe)
Repetition rate Demonstration of pulsing 5 Hz
Pulse width 10-40 ps . | 10-40 ps
Switching time Demonstration of switching | 1 second
between species .
Output energy 2 MeV/amu 2 MeV/amu

4.6 ALTERNATIVE ANALYSIS

Substantial pre-conceptual Research & Development (R&D) was carried out and the
technology needed to realize an Electron Beam Ion Source meeting RHIC requirements
was developed, leading to a successful demonstration of the “proof of principle”. Before
selecting the EBIS, alterative high charge state heavy ion sources were considered; in
particular the Electron Cyclotron Resonance (ECR) source, and the Laser Ion Source
(LIS). The EBIS was chosen as best meeting the requirements for a new RHIC pre-
injector, based on considerations such as intensity, reliability, flexibility in the choice of
species, fast switching between species, etc.

The LIS has serious reliability problems, and the species it can produce are limited to
those coming from solid targets, preferably with high melting points. Pulse-to-pulse
switching of species is probably not possible.

The ECR source cannot produce a sufficient intensity of high charge state heavy ions to
meet the RHIC requirements. In addition, it has less flexibility than an EBIS in the
choice of ion species. Maximum ECR outputs vary considerably with species (it favors
gases and low melting point metals). Pulse-to-pulse switching of species would be
difficult to do with maximum intensity, since there is often a "memory" effect when
changing species, meaning the source has to clean up over time after a change in species
to reach optimum performance. A final concern with the ECR source is the increased
difficulty of transporting and matching of these high current beams into an RFQ. The
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required charge states tend to be in the tail of the ECR charge state distribution for heavy e
beams, so only a few percent of the total current would be in the desired charge state,

meaning that the total extracted current is very high, leading to space-charge problems in
transport.

In contrast to the alternatives, the EBIS can meet the intensity goals. With the pre-
conceptual R&D prototype, a factor of 20 increase in EBIS performance compared to
previous EBIS’s was achieved. To meet RHIC requirements, the EBIS must be scaled in
the same manner by only another factor of 2. With the EBIS the required charge states
can be easily produced, and the EBIS can produce ions of any species; and with external
ion injection species can be changed on a pulse-to-pulse basis. The current produced is
independent of species. At least 20% of the total current out of EBIS is contained in the
charge state of interest for any EBIS beam, so the total current extracted remains at a
reasonable level. Finally, with an EBIS, a fixed amount of charge per pulse is extracted,
and the beam pulse width can be controlled to match optimally the Booster injection
requirements.

The RFQ is the only technology choice for the first acceleration stage of the EBIS beam.
The Interdigital-H (IH) Linac structure was chosen as the next acceleration stage in the
baseline design. This is a low-risk choice, since there are many Linacs of this type in
operation. The IH Linac used at CERN for acceleration of Pb, in particular, almost
exactly meets the EBIS requirements. A superconducting heavy ion Linac was
considered, but suffers from higher cost and increased operational complexity.

An internal technical review of the pre-conceptual design was held on January 27-28, e
2005, and the external committee of source and accelerator experts endorsed the choices
made for both ion source and accelerators,

If the new Linac-based pre-injector is not built, significant upgrades to the Tandems will
be required in order to ensure reliable long-term operation for RHIC and NSRL.
Construction began for the Tandem Van de Graaff facility in 1966, and it was
commissioned in 1970. Many of the Tandem systems date back to 1960’s technology
and need modernization. Should EBIS not be approved, alternative high cost
(approximately $9 million, FY04 $) risk mitigation plans will have to be initiated in order
to prevent unexpected failures of the Tandem from suspending RHIC operations for
extended periods. Alternatively stated, the EBIS project would provide potential
contingency in scheduling of the RHIC accelerator. Upgrading the Tandems will not lead
to new performance capabilities that are needed for the long-term plans for the RHIC
facility or NSRL. '
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5 MANAGEMENT ORGANIZATION

5.1 GENERAL

This document provides the management organization for the EBIS as defined for the
development, construction and final assembly. Agreements between DOE SC and NASA
and between BNL and NASA were established and documented. (see Appendix C)
Figure 5-1 outlines the management structure for EBIS.

1
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Figure 5.1 Management Organization Chart for EBIS
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5.2 PROJECT MANAGEMENT RESPONSIBILITIES

3.2.1 Department of Energy

Within the DOE Office of Science (SC), the Office of Nuclear Physics (SC-26) has
overall DOE responsibility for the EBIS project.

Responsibilities

The Acquisition Executive is Dennis Kovar, Associate Director of the Office of Science
for Nuclear Physics (SC-26). As such, he has full responsibility for project planning
and execution, and for establishing broad policies and requirements for achieving project
goals. Specific responsibilities for the EBIS project include:

o Chairs the ESAAB Equivalent Board.

* Approves Critical Decisions and Level 1 baseline changes.

= Approves the Project Execution Plan.

+ Delegates approval authority for Level 2 baseline changes to the Federal Project
Director. ' ‘
Conducts Quarterly Project Reviews.

Ensures independent project reviews are conducted.

——

The Office of Nuclear Physics (SC-26.2) is responsible for planning, constructing, and
operating user facilities to provide special scientific and research capabilities to serve the
needs of U.S. universities, industry, and private and Federal laboratories. Within NP, the
Facilities and Project Management Division (SC-26.2) has direct responsibility for
providing funding, and programmatic guidance to the EBIS project. The EBIS Program
Manager, in 8C-26.2, is the primary point of contact with the following responsibilities:
* . Oversees development of project definition, scope and budget.
e Prepares, defends, and provides project budget with support from the field
organizations.
» Reviews and provides recommendations to the AE on Level 1 baseline changes.
Monitors Level 1 and 2 technical, cost, and schedule milestones.
Participates in Quarterly Reviews, ESAAB Equivalent Board meetings, and
project reviews. '
» Ensures ES&H requirements are implemented by the project.
» Coordinates with other SC Staff offices, HQ program offices and the OECM.

Jehanne Simon-Gillo is the Federal EBIS Program Manager.

Michael A. Butler at the Brookhaven Site Office (BHSO) is assigned as the Federal
Project Director. The Federal Project Director responsibilities include:
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Overall responsibility for planning, implementing, and completing EBIS.

Provides overall project management oversight.

Issues key work authorization.

Provides necessary funds via approved financial plans.

Manages and allocates the contingency funds according to the procedure defined

in the Baseline Change Control (Section 7).

e Subniits key project documents and critical decisions to DOE and reports project
progress.

¢ Ensures that the project complies with applicable ES&H requirements (e.g.,
National Environmental Policy Act [NEPA] requirements). :

e Approves Level 2 Baseline changes.

5.2.2 NASA

Frank M. Sulzman, Space Radiation Program Manager, NASA Headquarters is the
NASA representative to the EBIS Project.

Responsibilities

o Functions as NASA point of contact for project matters.
» Reviews relevant project documentation
. Participates in monthly and quarterly Project teleconferences, as well as key

Project reviews (Preliminary Design Rev1ew Critical Design Review, Operational
Readiness Review, etc.)

5.2.3 Brookhaven National Laboratory
Chairman for the Collider-Accelerator Department at BNL

Funding for this project will be directed through BNL’s Collider-Accelerator Department
(C-AD). Fiscal and management responsibility for the fabrication of EBIS will reside
with the Chairman, Derek Lowenstein. The Chairman is the designated Principal
Investigator for the NASA Space Radiation Laboratory Facility.

Responsibilities

The Chairman for the Collider-Accelerator Department at BNL shall be administratively
and fiscally responsible for the entire project. In particular he must do the following:

Provides overall management oversight for all aspects of the project.

Appoints the Contractor Project Manager.

Approves key personnel appointments made by the Contractor Project Manager.
Approves major subcontracts recommended by the Contractor Project Manager.
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524

Ensures that adequate staff and resources are available to complete EBIS in a -
timely and cost effective manner (w1th1n constraints of the budget provided by

DOE).

Ensures that EBIS has demonstrated that it meets the functional requirements.

Provides documentation and access to information necessary for Operatlon of

EBIS at other sites.

Ensures the work is performed safely and in comphance with the ISM rules.

Reports to the Associate Laboratory Director for High Energy and Nuclear

Physics regarding the operations of the Collider-Accelerator Department.

Reports to Frank Sulzman, NASA, regarding NSRL operations.

Contractor Project Manager

The Chairman for the Collider-Accelerator Department, Derek Lowenstein, has
appointed James Alessi the EBIS Contractor Project Manager.

Responsibilities

The Contractor Project Manager shall report directly to the Chairman for the Collider
Accelerator Department and will be in charge of the overall management of EBIS. The
CPM shall appoint the key staff needed for the project with the approval of the Chairman

for the Collider-Accelerator Department. The CPM also will have the following
responsibilities:

Responsible and accountable for the successful execution of contractor’s project
scope of EBIS.

Supports FPD in implementing DOE project management process.

Provides input on project documentation.

Implements contractor performance measurement system

Delivers project deliverables as defined in this PEP.

Identifies and ensures timely resolution of critical issues within contractor’s
control.

Allocates the contingency funds according to the procedure defined in the
Baseline Change Control (Section 7).

Acts as the spokesperson for the project to the DOE and the scientific community.
Collaborates with the Associate Lab Director for High Energy Nuclear Physics
and the Chairman for the Collider-Accelerator Department to assemble the staff
and resources needed to complete the project.

Keeps the scientific community informed on the progress of the project.
Appoints the Quality Assurance Manager (QAM).

Provides monthly input to the Federal Project Director to be used in report to
DOE.

Submits quarterly status reports to BHSO Federal Project Director.

Ensures the work is performed safely and in compliance with the Integrated
Safety Management (ISM) rules.
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¢ Produces necessary Environment Safety and Health (ES&H) documentation (e.g.,
NEPA).

¢ _ Approves baseline changes up to and including Level 3.

5.2.5 Subsystem Managers

The EBIS Project contains four major systems: Structural Components Electrical
Systems, Facilities and Installation Support, and Mechanical Systems. The EBIS
Contractor Project Manager has appointed managers to be responsible for the subsystems,
which comprise the major systems. They are: Edward Beebe for Structural Components,
Bob Lambiase for Power Supply Systems, Michelle Wilinski for Diagnostic
Instrumentation, Donald Barton for Controls, Alexander Zaltsman for RF Systems, John
Ritter for Magnet Systems, Mike Mapes for Vacuum Systems, Alexander Pendzick for
Facility Modifications, Joseph Scaduto for Cooling Systems, and Louis Snydstrup for
Installation. They will be responsible for the design, construction, installation, and
testing of their subsystem, in accordance with the performance requirements, schedule, -
and budget.

Responsibilities

¢ Collaborate with the CPM to assemble the staff and resources needed to complete
the subsystem.

¢ Communicate the system design requirements to the staff.

e Ensure that subsystems meet the EBIS system design requirements, including
interfaces.

* Responsible for carrying out the design, construction and assembly of the
" subsystem in accordance with the scope, schedule and budget, assuming funding
and resources as described in the PEP.

e Provide regular reports on the status of the subsystem to the Contractor Project
Manager.

* Ensure the work is performed safely and in compliance with the ISM rules.

5.2.6 Quality Assurance Manager
David Passarello has been assigned as the QAM.

Responsibilities

e Collaborates with the CPM and Deputy Contractor Project Manager to ensure the
quality of EBIS.

» Ensures that the quality system is established, implemented, and maintained in
accordance with the EBIS Quality Assurance Plan.

* Provides oversight and support to the partner labs and institutions to ensure a
consistent quality program.
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INTEGRATED PROJECT TEAM

The composition of the EBIS Integrated Project Team (IPT) is given in Table 5-1. Its
responsibilities are described in the DOE directive. The team will meet at least quarterly,
or more frequently if necessary. The DOE Federal Project Director will chair the IPT.

Table 5-1. EBIS Integrated Project Team

DOE Federal Project Director (Chair) Michael A. Butler

DOE Site Contracting Officer Michael D. Holland
DOE Program Manager for EBIS Jehanne Simon-Gillo
DOE Science Program Manager Gulshan Rai

NASA Space Radiation Program Manager Frank Sulzman

BNL Project Manager for EBIS | James Alessi

BNL Procurement Cperations Manager_ David E. Dale

BNL ESSH Lead : Ed-Lessard

C-AD Assistant Chair for Administration Stephanie LaMontagne

53 OPERATION PHASE

The EBIS will operate as the ion source and first stage injector to the RHIC facility. The
ion source, RFQ and Linac form an injector chain for ion injection into the Booster
synchrotron. This facility will be a permanent installation that is dedicated to providing
ions to the Collider-Accelerator Department accelerator complex. RHIC will have first
priority for these beams. In addition, when RHIC does not require its use, the EBIS
injector chain can provide beams for the NASA Space Radiation Laboratory (NSRL) at
the Booster or for beams to be used at the AGS. The EBIS injector system operation will
be totally integrated into the C-AD Pre-injector Group.

The cost of operation of the EBIS pre-injector will be lower than that of the Tandem.

The Tandem facility requires a staff of approximately 12 FTE’s to support maintenance
and 24 hour shift rotation during operations. The EBIS pre-injector will require a staff of
~3 FTE’s for operation and maintenance, since it should be able to run unattended at
most times, and will be monitored by C-AD Main Control Room personnel. Operating
cost savings have been estimated at $1.46 million per year (06 $), with approximately
100 k$ going to NASA, and the remainder going to DOE NP.

5.4 LIFE CYCLE COSTS

e Construction costs: described in this document

o Operation: it is expected that ~ 3 FTE’s will be required to operate and maintain
the EBIS pre-injector. Included is a core scientific, engineering, technical support
from within the C-AD Preinjector Group, plus additional support at a smaller
scale from other groups within C-AD (Controls, Diagnostics, Vacuum, Power
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Supply, Cooling Systems, RF, Drafting, etc.). Costs for electrical power and
materials are estimated at < 1 M$ for 32 weeks of operations per year, which is
slightly less than required for Tandem operation.

¢ Decommissioning and decontamination: The EBIS pre-injector will be fully
integrated with the rest of the C-AD complex, and has already been incorporated
in the current Safety Assessment Document for the Department.
Decommissi_oning" and decontamination will be included as a part of the D&D of
the RHIC facility. With the low final energy from the pre-injector for any ion
species, there will be no activation of components, so D&D activities would
involve either the disposal or reuse of standard scientific equipment.

6 SCHEDULE AND COST SCOPE

EBIS has been organized into a Work Breakdown Structure (WBS) for purposes of
planning, managing and reporting project activities. Work elements are defined to be
consistent with discrete increments of project work. EBIS has thirteen major WBS Level
2 components: Structural Components, Controls Systems, Diagnostic/Instrumentation,
Magnet Systems, Power Supply Systems, RF Systems, Vacuum Systems, Cooling
Systems, Facility Modifications, Installation, Project Services, Commissioning and R&D.

6.1 SCHEDULE SCOPE

Figure 6.1 shows a high level schedule of the key elements of the EBIS project. The
WBS dictionary is available in Appendix A. The schedule is fully integrated to include
both the DOE and NASA efforts.
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6.1.1 Milestones

Milestones will be used as schedule events to mark the due date for accomplishment of a
specified effort or objective. A milestone may mark the start, an interim step, or the end
of one or more activities as needed to provide insight into the Project’s progress.
Milestones are assigned to different levels (Table 6-1) depending on their importance and

criticality to other milestones and the overall Project schedule.

Table 6-1 detéils the EBIS Milestone levels

Milestone

Lavel Description
0 Critical Decision milestones
1 Start and/or Completion of ngor Project Phases
2 Milestones that support the accomplishment of
the Level 0 and level 1 milestones
3 Milestones to monitor and assure progress

2 shows the project performance milestones.

Level Milestone Date
0 Critical Decision 0 (CD-0) Q4,04 (A)
0 Critical Decision 1 (CD-1) Q4,05 (A)
0 Critical Decision 2 (CD-2) Q4,06
0 Critical Decision 3 (CD-3) Q1,07
0 Critical Decision 4 (CD-4) Q2,10
1 RFQ procurement placed Q4, 06
1 SC solenoid factory/acceptance test Qz, 07
1 Linac Procurement placed - Q2z, 07
1 Beam port complete Q4..07
1 Building addition approved for occupancy Q2,08
1 EBIS Safety Assessment Document complete  |Q4, 08
1 CASE for EBIS approved by DOE Q2,09
1 HEBT dipole installation complete Q4, 09
1 BHSO letter approving commissioning 1Q4, 09
1 Beam out of EBIS Q4,09
1 Beam out of RFQ Q1,10
1 Beam out of linac Q1,10
1 ' |Beam through HEBT Q2. 10
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Level Milestone Date
2 Electron collector procurement placed Q1, 06 (A)
2 R&D EBIS installed on HV platform Q1, 06 (A)
2 Superconducting solenoid procurement placed  |Q2, 06 (A)
2 R&D High Voltage beam tests begin Q1,07
2 Electron collector pressure/vacuum tested Q1, 07
2 EBIS Drift tube structure complete Q2, 08
2 EBIS preassembly complete Q3, 08
2 Electron collector ps acceptance tested Q1,09
2 ARR review team for EBIS appointed Q1,09
2 RF amplifiers acceptance tested : Q2, 09
2 RFQ tested to full power Q2,09
2 EBIS installation complete . Q3,09
2 Accelerator Readiness Review Q4, 09
2 Linac tested to full power Q1, 10
2 HEBT dipole ps acceptance tested Q1,10
2 RFQ installation complete Q1,10
2 Linac installation complete Q1, 10
2 HEBT beamline installation complete Q2,10

6.2 COST SCOPE N

Table 6-3 shows the estimated DOE TPC cost summary for the EBIS. The following
standard DOE escalation factors were used of 2.8% (2006) and 2.6% (2007-2009).
Table 6-3 Cost Baseline for EBIS project.
WBS Title M$
1.1 Structural components 1.4
1.2 Controls Systems ' 0.8
1.3 Diagnostics 0.7
14  |Magnet Systems 0.3
1.5 Power Supply Systems 0.9
1.6 RF Systems 2.8
1.7 Vacuum systems 1.5
1.8 Cooling Systems 0.3
1.9 Facility Modifications 0.5
1.10 [Installation , . 1.4
1.11 |Project Services 1.1
: 1.12_ |Commissioning 0.2
) 1.13 [R&D-/CDR 0.7
subtotal 12.6
’ Contingency ) 2.2
Total 14.8
"
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6.2.1 Funding

The EBIS project is being funded by DOE-NP and NASA. With refinements during the
project engineering design phase, the estimate for the DOE TPC at CD-2 is $14.8 million.
The DOE funding profile at CD-2 is shown in Table 6-4. (See Appendix B for NASA

information.)
1]

Table 6-4 EBIS Project Funding Profile

A\

. CD- 2 Budget

- Fiscal Authority Profile
Year (M$)
2005 0.7
2006 2.1
2007 ' 7.5
2008 4.5

- 2009 0.0
Totals 14.8

The DOE TPC is allocated as follows:

Category Cost (M$)
CDR 0.2
R&D 0.6
PED/EDIA 2.1
Construction 11.7
Pre-ops 0.2

DOE TEC 13.8
DOE TPC 14.8
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6.2.2 Contingency

The FPD manages the contingency funds according to the DOE Order 413.3 procedure
defined in the Baseline Change Control section and as specified in the Change Control
table in Table 7-1. Table 6-5 shows the estimated average contingency rate by

subsystem, utilized to develop the overall project contingency.

Table 6-5 Average Contingency on DOE Scope

The contingency percentages were derived by evaluating every task for cost, technical,
schedule and design risks, and applying a weighting factor. The contingency rates are
determined by considering the development status of the items, and the uncertainties plus
risks in completing the construction and testing. The guidelines used to establish the

Average
Contingency

WBS Title %
1.1 Structural components 17.5
1.2 Controls Systems 16.5
1.3 Diagnostics 15.8
1.4 Magnet Systems 23.3
1.5 Power Supply Systems 25.7
1.6 |RF Systems 14.6
1.7 Vacuum systems 13.5
1.8 Cooling Systems 20.0
1.9 Facility Modifications 252
1.10 |Installation 20.5
1.11 Project Services 20.0
1.12 _ |Commissioning 20.0
1.13 |R&D/CDR 14.3
Project total 18.0

contingency percentages are listed in Table 6-6.
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Table 6-6 Contingency risk and weighting factors

TECHNICAL, COST, SCHEDULE and DESIGN RISK FACTORS

Risk Technical Cost ~ Schedule Design
Factor
0 Not used . Not used . Not used Detail design > 50%
done
1 Existing design and off  Off the shelf or catalog  Not used Not used
the shelf H/'W item :
2 Minor modifications to  Vendor quote from No schedule Naot used
an existing design. established drawings. impact on any o
other item
3 Extensive modifications Vendor quote with Not used Not used
to an existing design some design sketches '
4 New design; nothing ~ In-house estimate based Delays completion Preliminary design
exotic on previous similar of non-critical >50% done; some
experience subsystem item analysis done
6 New design; different In-house estimate for Notused - Not used

from established designs item with minimal
ot existing technology  experience but related
: to existing capabilities

8 New design; requires In-house estimate for Delays completion Cenceptual design
some R&D but does not  item with minimal of critical path phase; some
advance the state-of-the- experience and minimal subsystem item drawings; many
art in-house capability sketches

10 New design of new . Top-down estimate Not used Not used
technology; advances from analogous
state-of-the-art . programs

15 New design; well Engineering judgment  Not used Concept only
beyond current state-of-
the-art

TECHNICAL, COST, SCHEDULE and DESIGN WEIGHTING FACTORS

Condition Weighting Factor
Technical Design OR Manufacturing 2
Design AND Manufacturing 4
Cost Material Cost OR Labor Rate 1
Material Cost AND Labor Rate 2
Schedule Same for all 1
Design Same for all 1
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6.2.3 Research and Development (R&D)

The primary purpose of the R&D is to test the ion beam extraction, acceleration, and -
transport line focusing system presently being considered for matching the EBIS beam
into the RFQ. R&D efforts include the implementation of a test stand that will be used to
test the RHIC EBIS electron collector design for thermal load handling. Finally, the test
stand is be able to provide a beam at the required input energy for initial testing of the
final RFQ at BNL prior to installation in the final location. These developments will
serve to reduce technical and schedule risks on the project. The R&D includes the
procurement of the full power electron collector, which will later be used on the RHIC
EBIS. Procurement of a 100 kV isolation transformer, high voltage isolation, and some
EBIS power supply modifications will allow the EBIS to be operated from a high voltage
platform, producing beams at the final energy required for injection into the RFQ.

Finally, a prototype of the final LEBT design will be built and tested. Completion of the
R&D is scheduled for Q1 FY07.

7 CHANGE CONTROL

Changes to the technical, cost and schedule baselines will be controlled using the
thresholds described in Table 7-1.

All changes that include or exceed Level 3 approval thresholds (as defined in Table 7-1)
should first be submitted to the CPM using a Project Change Request (PCR). For
changes exceeding Level 3, the CPM will endorse the request (i.e., recommend approval)
to higher authority or reject the request. If endorsed, the CPM will then transmit the PCR
to the FPD. with recommendations. If the request exceeds Level 2, the BHSO Baseline
Change Control Board (BCCB) will submit the PCR to the FPD in DOE Headquarters for
approval. All Level 2 PCRs will be reviewed and approved by the BHSO BCCB and all
Level 3 PCRs will be reviewed and approved by the CPM.

The BHSO BCCB will consist of the EBIS FPD (chair), the BHSO Director, the
Associate Director for HENP at BNL (or designee), the Chairman of the Collider-
Accelerator Department, the CPM, and others as directed by the FPD. Technical advisors
will be included as needed in the BHSO BCCB. The chair has the final responsibility to
endorse the PCR. For Level 3 changes and requests for higher-level changes the CPM
will consult with the Project Engineer.

If the change is approved, the copy of the approved PCR, together with any qualifications
or further analysis or documentation generated in considering the request is returned to
the requestor, and copies are sent to the official at the next higher control level and to
EBIS for filing. If approval is denied, a copy of the PCR, together with the reasons for
denial, is returned to the requestor, and a copy is filed. The official at the next higher
control level may review the granted change to ensure proper application of the

procedure and consistency of the change with the goals and boundary conditions of the
project.
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Table 7-1. Summary of Baseline Change Control Thresholds

Change Cost Schedule Technical Scope -
Level (Table 6-3) (Figure 6.1) (Table 4-1)
DOE-SAE | > 25% cumulative 6 or more months Any change affecting

increase to TPC increase (cumulative) | conformance to

to project completion | mission need
date requirement

DOE-SC-26 | Any increase in the | 3-month or more delay | Any change in CD-4
Program TPC or cumulative ofalevel Qorl deliverable that affects
(Level 1) allocation of more milestone date mission need

than $500k requirement

contingency
DOE-BHSO | A cumulative > 1-month delay ofa | Any deviation from
Federal increase of more than | Level 0 or 1 milestone | technical deliverables
Project $250k in WBS Level | date or > 3-month that does not affect
Director 2 or cumulative delay of a Level 2 expected performance
(Level 2) allocation of more milestone date specifications

than $250k

contingency
EBIS Any increase of - > l-month delay of 2 | Any significant change
Contractor | >$50k in the WBS Level 2 milestone date | in the System
Project Level 2 or any change greater | Requirements
Manager than 3 months to a document.
(Level 3) level 3 milestone

8 ANALYSES, ASSESSMENTS AND PLANS

8.1 El,ﬁVIRONMENT, SAFETY AND HEALTH

8.1.1 Purpose of the ESSH Chapter

The purpose of this chapter is to briefly describe the rigorous environmental protection,
safety, security, health and quality (ESSH) activities associated with the EBIS Project
that will be completed prior to commencement of construction, commissioning and

operations.

8.1.2 Review of ESSH lIssues Associated with the EBIS Design

The shielding policy for this facility is the same as that for the rest of the Collider-
Accelerator facilities since the new pre-injector and beam line are to be the responsibility
of the Department. Specifically, the Collider-Accelerator Department’s Radiation Safety

Committee will review facility-shielding configurations to assure that the shielding has
been designed to:
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Prevent contamination of the ground water.

* Limit annual site-boundary dose equivalent to less than 5 mrem.

¢ Limit annual on-site dose equivalent to inadvertently exposed people in non-
Collider-Accelerator Department facilities to less than 25 mrem.

o Limit dose equivalent to any area where access is not controlled to less than 20
mrem during a fault event. : '

» Limit the dose equivalent rate to radiation-workers in continuously occupied -
locations to ALARA but in no case would it be greater than 0.5 mrem in one hour
or 20 mrem in one week.

» Limit the annual dose equivalent to radiation workers where occupancy is not
continuous to ALARA, but in no case would it exceed 1000 mrem. -

In addition to review and approval by the Radiation Safety Committee, the Radiation
Safety Committee Chair or the ESHQ Associate Chair must approve final shield
drawings. Shield drawings are verified by comparing the drawing to the actual
configuration. Radiation surveys and fault studies are conducted after the shield has been
constructed in order to verify the adequacy of the shield configuration. The fault study
methodology that is used to verify the adequacy of shielding is described and controlled
by Collider-Accelerator Department procedures.

The DOE ESHQ requirements applicable to the new pre-injector are listed in Table 8-1.

All hazards, including radiological hazards, associated with DOE accelerator facilities are J
addressed comprehensively in DOE Order 420.2A, Safety of Accelerator Facilities. et
Appropriate and adequate protection of workers, the public, and the environment from

ionizing radiation is also covered under 10CFR1035, "Occupational Radiation

Protection,” which applies to all DOE facilities regardless of the source and type of

ionizing radiation. The C-A Department implements the DOE requirements indicated in

Table 8-1 using procedures and training. At the BNL level, the Standards Based

Management System (SBMS) is used to keep DOE requirements current and to flow

requirements down to the Department level. At the C-A Department level, SBMS

requirements are flowed down into routine operations procedures. All ESHQ

requirements and hazard controls are documented in detail in the C-A Operational

Procedures (OPM).

In order to meet the requirements in DOE Order 420.2A, Safety of Accelerator Facilities,
C-AD has incorporated a description and safety assessment of the new pre-injector into

the current Safety Assessment Document for C-AD. At the appropriate time, the C-A
Department will obtain an approved Accelerator Safety Envelope for the new pre-injector

from DOE and perform an Accelerator Readiness Review in accord with Order 420.2A
prior to commissioning and operations.
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Table 8-1 Current DOE ESHQ Requﬁements for BNL Accelerators

Topic

DOE Requirements Document

Authorization
Basis Documents

DOE O 420.2B, Safety of Accelerator Facilities

DCEO 420 1A, Facility Safety (N atural Phenomenon and Fire Protection
Sections)

Conduct of | DOE O 54100.19 Chg 2, Conduct of Operations Requirements for DOE

Operations Facilities

Quality Assurance | DOE O 414.1B, Quality Assurance

Maintenance - DOE O 430.1B, Real Property Asset Management

Management DOE 0 430.2A, Departmental Energy And Utilities Management

Training and | DOE O 54100.20A Chg 1, Personnel Selection, Qualification, and Training

Qualification Requirements for DOE Nuclear Facilities '

Programs

Radiation Title 10, Code of Federal Regulations, Part 1035, Occupational Radiation

Protection Protection

Transportation DOE 0O 460.2 Chg 1, Departmental Materials Transportation and Packaging

and Packaging Management

' DOE O 460.1B, Packaging and Transportation Safety

Worker Protection | DOE O 440.1A, Worker Protection Management for DOE Federal and
Contractor Employees

Environmental DOE O 450.1, Environmental Protection Program

Protection DOE O 451.1B Chg 1, National Environmental Policy Act Compliance
Program - Change 1

ESH Reporting DOE 0 231.1A, Environment, Safety, and Health Reporting

ESH Standards DOE O 541004 Chg 4, Envuonmental Protection, Safety, and Health
Protection Standards

Accident DOE O 225.1A, Accident Investigations

Investigation

Radioactive Waste

DOE O 435.1 Chg 1, Radioactive Waste Management

Management

The C-A Department conforms to the requirements of ISO 14001, Environmental
Management System, and OHSAS 18001, Occupational Safety and Health Management
System, and achieves third-party registration for these internationally recognized
management systems. Thus, in addition to DOE requirements, documentation of
environmental protection and occupational safety and health programs for new pre-
injector facilities will be prepared and audited by independent parties. This
documentation will include:

¢ Environmental Process Evaluations for all processes with significant
environmental aspects.

o Facility Risk Assessments for all facilities and areas.

e Job Risk Assessments for all jobs.
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DOE O 420.1A, Facility Safety, has two sections that are applicable to accelerator
facilities: Natural Phenomenon and Fire Protection Sections. DOE STD-1020-2002,
Natural Phenomena Hazards Design and Evaluation Criteria for Department of Energy
Facilities, describes the Performance Criteria (PC) to be used for evaluating building
design for earthquake, wind and flood phenomena. DOE-STD-1020-2002 employs the
graded approach in assigning PC categories to DOE buildings. The graded approach
enables cost-benefit studies to be used to address categorization, It is noted that the
radioactivity entrained within the new pre-injector components would not have a
significant off-site impact as a result of an earthquake, high winds or flood. Based on the
small amounts of hazardous materials that will be present at the new pre-injector
facilities, the PC1 category is applicable. That is, BNL will use model building codes for
the new pre-injector facilities that include earthquake, wind, and flood considerations.
BNL is currently using PC1 for all other C-AD facilities for life safety issues.

Significant environmental aspects of the new pre-injector project include:

e Excavation

Chemical Storage/Use

Liquid Effluent

Hazardous Waste

Radioactive Waste

Radiation Exposures

New or Modified Federal/State Permits

Based on the disposition of cooling tower discharge, the existing New York State
Pollutant Discharge Elimination System (SPDES) permit would be revised as necessary.
The cooling system would be a closed loop deionized water system using ion exchange
beds that would be removed for regeneration or disposal by a contractor off site. In no
case would the ion beam strike the water directly. At the proposed beam current and ion-
beam energy, no induced activity would be expected, Discharge of contaminants to the
ground or to the sanitary system would be neither planned nor expected from the cooling
system. The closed loop cooling system would be connected to the cooling tower via a
heat exchanger. Cooling-tower water would be treated either with ozone or with biocides
and rust inhibitors, and would meet all SPDES effluent limits.

8.1.3 ESSH Plans for Construction

All requests for goods or services will be processed through a formal and well-
documented system of review to incorporate any special ESSH requirements of the
contractor or vendor. BNL will review the proposed contract scope of work using Work
Planning and Control for Experiments and Operations Subject Area. The building
modification and utility drawings for the new pre-injector will be sent to the BNL’s
Safety and Health Services Division for review by the appropriate Environment, Safety -
and Health (ES&H) disciplines.
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C-AD will define the scope of work with sufficient detail to provide reviewers and
support personnel with a clear understanding of what is needed, expected, and required.
This will include the type of work to be performed, location of work, defined contract
‘limits, allowed access routes, and any sensitive or vulnerable laboratory operations or
infrastructure that may be impacted by this work. The C-AD will ensure that facility
hazards are characterized and inventoried specific to the expected construction location
and activities.

The C-AD will ensure that minimum ESSH competency requirements for contractors are
detailed and provided to the Procurement & Property Management Division (PPM).
PPM will include those requirements in the bid and contract documents to qualify
contractors for award. Competency requirements will be consistent with the project,
facility and job to be performed.

8.1.4 ESSH Plans for Commissioning, Operations and Decommissioning

The Collider-Accelerator Department has already identified hazards and associated on-
site and off-site impacts to the workers, the public and the environment from the C-AD
accelerator facilities, including the new EBIS based pre-injector, for both normal
operations and credible accidents. Sufficient detail was provided to DOE in the current
C-AD Safety Assessment Document (SAD) to ensure that C-AD has performed a
comprehensive hazard and risk analysis. The amount of descriptive material and analysis
in the SAD related to both the complexity of the facility and the nature and magnitude of
the hazards. In addition, the SAD provides an understanding of radiation risks to the
workers, the public and the environment.

The risk analysis in the SAD addresses the hazards of the entire system of pre-injectors
and accelerators. It also addresses hazards, controls and risks for all facilities such as
pre-injectors, injectors, accelerators, experimental halls, experiments and their associated
targets and detectors. The C-AD SAD follows the generally accepted principles
identifted in DOE Order 420.2B.

8.2 PROJECT QUALITY ASSURANCE PROGRAM

8.21 Program

The project, through the Collider-Accelerator (C-A) Department, shall adopt in its
entirety the BNL Quality Assurance (QA) Program. This QA Program describes how the
various BNL management system processes and functions provide a management
approach which conforms to the basic requirements defined in DOE Order 414.1B,
Quality Assurance.

The quality program embodies the concept of the “graded approach” i.e., the selection
and application of appropriate technical and administrative controls to work activities, -
equipment and items commensurate with the associated environment, safety and health
risks and programmatic impact. The graded approach does not allow internal or external
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requirements to be ignored or waived, but does allow the degree of controls, verification,
and documentation to be varied in meeting requirements based on environment, safety
and health risks and programmatic issues.

The BNL QA Program shall be implemented within the Project using C-A QA
implementing procedures. These procedures supplement the BNL Standards Based
Management System (SBMS) documents for those QA processes that are unique to the
C-A Department. C-A QA procedures are developed by C-A QA and maintained in the
C-A Operations Procedures Manual, Chapter 13.

The C-A QA philosophy of adopting the BNL Quality Program and developing
departmental procedures for the implementation of quality processes within C-A ensures
that complying with requirements will be an integral part of the design, procurement,

fabrication, construction and operational phases of the Electron Beam Ion Source Project. '

A Quality Representative has been assigned to serve as a focal point to assist C-A
management in implementing QA program requirements. The Quality Representative
has the authority, unlimited access, both organizational and facility, as personnel safety
and training allows, and the organizational freedom to: assist line managers in identifying
potential and actual problems that could degrade the quality of a process/item or work
performance, recommend corrective actions, and verify implementation of approved
solutions. All C-A personnel have access to the Quality Representat:lve for consultation
and guidance in matters related to quality.

8.2.2 Personnel Training And Qualiﬁcations

The BNL Training and Qualification Management System within the Standards Based
Management System (SBMS) supports C-A management's efforts to ensure that
personnel working on EBIS are trained and qualified to carry out their assigned
responsibilities. The BNL Training and Qualification Management System is
implemented within the C-A Department with the C-A Training and Qualification Plan of
Agreement. !

8.23 Documents and Records

The BNL Records Management System and controlled document Subject Areas within
SBMS, supplemented by C-A procedures, provide the requirements and guidance for the
development, review, approval, control and maintenance of documents and records.

C-A documents encompass technical information or instructions that address important
work tasks, and describe complex or hazardous operations. They include plans, and
procedures, instructions, drawings, specifications, standards and reports.

! http://www.agshome.bnl.gov/AGS/Accel/SND/Training/trainplan.pdf C-A Department Training and
Qualifications Plan
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8.2.4 Work Process

Work is performed employing processes deployed through the BNL SBMS. SBMS
Subject Areas are used to implement BNL-wide practices for work performed. Subject
Areas are developed in a manner that provides sufficient operating instructions for most
activities. However, C-A management has determined that it is appropriate to develop
internal procedures to supplement the SBMS Subject Areas. These C-A procedures are
bounded by the requirements established by the BNL Subject Areas.

Group leaders and technical supervisors are responsible for ensuring that employees
under their supervision have appropriate job knowledge, skills, equipment and resources

necessary to accomplish their tasks. Where applicable, contractors and vendors are held
to the same practices.

8.2.5 Design

Design planning shall establish the milestones at which design criteria, standards,
specifications, drawings and other design documents will be prepared, reviewed,
approved and released. The design criteria shall define the performance objectives,
operating conditions, and requirements for safety, reliability, maintainability and
availability, as well as the requirements for materials, fabrication, construction, and
testing. Appropriate codes, standards and practices for materials, fabrication,
construction, testing, and processes shall be defined in the design documentation. Where
feasible, nationally recognized codes, standards and practices shall be used. When those
are either overly restrictive, or fall short of defining the requirements, they shall be
modified, supplemented, or replaced by BNL specifications.

Specifications, drawings and other design documents present verifiable engineering
delineations in pictorial and/or descriptive language representations of parts, components
or assemblies for EBIS. These documents shall be prepared, reviewed, approved and
released in accordance with C-A procedures. Changes to these documents shall be
processed in accordance with the C-A configuration management program.

8.2.6 Procurement

Personnel responsible for the design or performance of items or services to be purchased
shall ensure that the procurement requirements of the purchase request are clear and
complete. Using the graded approach, potential suppliers of critical, complex, or costly
items or services shall be evaluated in accordance with predetermined criteria to ascertain
that they have the capability to provide items or services which conform with the
technical and quality requirements of the procurement. The evaluation shall include a
review of the supplier's history with BNL or other DOE facilities, or a pre-award survey
of the supplier's facility. C-A personnel shall ensure that the goods or services provided
by the suppliers are acceptable for intended use.
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8.2.7 Inspection and Acceptance Testing

The BNL Quality Management System within the SBMS, supplemented by C-A
procedures, provides processes for the inspection and acceptance testing of an item,
service or process against established criteria and provides a means of determining
acceptability. Based on the graded approach, the need and/or degree of inspection and
acceptance testing shall be determined during the activity/item design stage.
Inspection/test planning has as an objective the prompt detection of nonconformances
that could adversely affect performance, safety, reliability, schedule or cost.

8.3 RISK ASSESSMENT

‘Risk of not proceeding with the EBIS project:

If the new Linac-based pre-injector is not built, significant upgrades to the tandems will
be required in order to ensure reliable long-term operation for RHIC. This has been
discussed in Section 4.6.

Technical, Cost and Schedule Risks:

The technical risks of the EBIS design are low. The successful EBIS ion source R&D
program at BNL has greatly decreased any risk related to a source of this type reaching
the planned performance requirements. A prototype EBIS has operated with the full
required electron beam current of 10 A, which is a factor of 20 improvement over
previous EBIS sources. Since EBIS scaling laws are very well understood, the scaling of
the source output by a factor of 2 from the prototype is achieved by a straightforward
doubling of the EBIS trap length, that is, by doubling the length of the superconducting
solenoid. The development described in Section 6.2.3 helps minimize technical and
schedule risk related to the LEBT design.

The RFQ and the Linac accelerators are both mature technologies, with very similar
devices operating successfully at BNL as well as at other accelerator laboratories. The
present plan is to procure these devices from laboratories where several similar units have
been built previously. Therefore, technical risk on these devices is low. There is a
perceived higher than normal schedule risk on these devices, however, because it is likely
that these items will procured either from, or with the assistance of, University
laboratories in Europe. There is a risk of schedule delays due to potential conflicts with
other commitments that may arise at these laboratories. This risk will be minimized by

early procurement of both the RFQ and linac, and frequent communication with these
collaborators. .

Currency exchange risk — it is probable that the EBIS project will include foreign
procurements. Due to the cost risk associated with an unfavorable dollar vs. Euro
exchange rate change, an average contingency rate of 35% has been applied to several
key items. In addition, risk will be reduced by placing early procurements of some of
these key items.
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Uncertainties in the Booster operation schedule (for RHIC or NSRL) may impact the
EBIS project schedule. This risk will be minimized by careful management of the
project, since the majority of work can proceed in parallel with Booster operations. The
HEBT dipoles, which can only be installed during a Booster shutdown, will be procured
early to allow large schedule float. The beam port through the shielding wall between the
linac and Booster is planned for early installation during summer of 2006, in order to
minimize schedule risk, since this must also be done during a Booster shutdown period.

Delays in project funding due to a Congressional Continuing Resolution could delay the
placement of several key long-lead procurements. This is perceived to be a high risk, so
BNL will work closely with DOE and NASA to insure that adequate funds are available
for key procurements, and there will be an attempt to avoid scheduling large
procurements for the first quarter of a fiscal year.

9 PROJECT CONTROLS AND REPORTING SYSTEMS

The EBIS project has been entered into the Project Assessment and Reporting System
(PARS) and is updated on a monthly basis by the FPD.

The CPM leads monthly cost and schedule reviews and reports the result to the FPD. In -
addition, he leads quarterly overall cost, schedule and technical performance reviews and
reports the results to the BHSO-DOE office. The FPD reports progress to the DOE
Program Manager on a quarterly basis. The FPD and CPM participate in monthly .
teleconference calls with the DOE Office of Nuclear Physics. The Office of Nuclear
Physics conducts annual progress reviews with a panel of experts.

The standard BNL accounting system is the basis for collecting cost data, and the Control
Account structure for EBIS separates costs according to funding source (DOE or NASA),
funded phase (R&D, PED, Construction, Pre-Ops), and WBS. A direct one-to-one
relationship has been established between each WBS element of Level 2 or lower and a
separate control account in the BNL accounting system.

Technical performance is monitored throughout the project to insure conformance to
approved functional requirements. Design reviews and performance testing of the
completed systems are used to ensure that the equipment meets the functional
requirements.
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APPENDIX A: WBS DICTIONARY

This dictionary gives a succinct definition of some of the most important tasks included
in the WBS and describes both DOE and NASA activities.

1.1 Structural Components
1.1.1 EBIS Hardware

The mechanical components which comprise the EBIS source.

1.1.1.1 SC Solenoid

The superconducting solenoid is a major element of EBIS and its function is to focus the
electron beam generated in the electron gun and maintain its diameter in a region of the
ion trap. No shielding is planned for the solenoid in order to enable use of its magnet
field “tails” for the electron beam transmission in areas where use of other coils is
difficult. The required magnetic field in the center of solenoid is determined by the
combination of parameters (cathode emission current density, ion confinement time,
tolerated level of impurities, ability of the electron collector to dissipate certain power).
The solenoid is located on the EBIS platform and should require minimum maintenance
for refilling of cryogens. (A portion of this WBS is funded by NASA)

1.1.1.2 Electron Gun

The EBIS electron gun generates the electron beam used for the ionization and
confinement of ions in a trap. Since the electron beam propagates through the areas with
very low potentials and with different magnetic fields the requirements on the laminarity
of the electron beam are high. For this reason the magnetic field on the cathode is high
enough to determine formation of the electron beam in a cathode-anode gap. The
cathode material (IrCe) provides high emission current density with a lifetime of several
thousand hours. The electron gun chamber is separated from the rest of the EBIS by two
gate valves, which in a case of gun failure allows replacement of whole gun unit by a new

one without venting the gun chamber and venting only small buffer volume between gate
valves. '

1.1.1.3 Drift Tube & Chamber Structures

Drift tubes are installed along the EBIS axis to control ion trap operation and propagation
of the electron beam. Drift tubes are electrically isolated from the ground and connected
to the external power supplies via electrical feedthroughs in a vacuum jacket. Vacuum
chambers form a vacuum envelope around the EBIS with the pressure of residual gas in
the range of 1x107'® Torr. Three gate valves separate different parts of the EBIS for the

purpose of maintaining high vacuum in parts that are not vented during modification or
repair. :
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1.1.1.4 Stands, Platform Hardware S

This includes the mechanical support structures for the EBIS, the electron gun, the LEBT
line, and the external ion sources. It also include the 100 kV insulating platform for the
EBIS source and its associated power supplies, as well as the electrical system required to
put a ramp on the EBIS trap electrodes for fast ion extraction.

1.1.2 LEBT and External Ion Injection
The beamlines between the EBIS output and RFQ input.

1.1.2.1 LEBT
The LEBT is a transitional portion of the pre-injector and is used for:

- transmission and forming for the injection into RFQ of the ion beam extracted
from the EBIS,

- transmission of the ion beam from the external ion injector into the EBIS,

- diagnostic measurements of the ion beams (total ion current measurements, ion
beam content measurements),

- vacuum pumping of the electron collector.

The LEBT consists of two vacuum chambers separated by a gate valve; it contains optical
electrostatic elements (deflectors, lenses), magnetic lenses for focusing the ion beam into )
the RFQ and diagnostic elements. e

1.1.2.2 External Ion Injection

A set of two or more ion sources generating low charge state ions for injection into EBIS.
This also includes ion optics, a switching station for electronically selecting the desired
ion species for ion injection, ion current monitors, vacuum system and power supplies.

1.1.3 RF Structures

Resonant cavities used to accelerate or decelerate (for bunching) the ion beam. When

radiofrequency power is fed into these resonant cavities, the appropriate electric fields for
acceleration or deceleration are produced.

1.1.3.1 RFQ

The Radio Frequency Quadrupole (RFQ) is a resonant structure in which four long, -
continuous vanes or rods, machined with precise modulations and configured in a
quadrupole geometry, provide bunching, focusing, and acceleration of the injected ion
beam. This type of structure is able to provide efficient rf acceleration at the low
energies ion beams have when initially extracted from an ion source. A 4-rod RFQ
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opcraiing at 100.625 MHz is planned. (A portion of this WBS element is finded by
NASA)

1.1.3.2 Linac

The Linac is a resonant structure, which generates time dependent axial electric fields to
accelerate jons. When the rf field direction is reversed, the ion bunches are shielded from
the decelerating fields by internal drift tubes. An “Interdigital-H” - type Linac operating
at 100.625 MHz is planned. (A portion of this WBS element is funded by NASA)

1.1.3.3 Buncher Cavities

A resonant cavity in which the time dependent field in a gap is adjusted to decelerate the
front of a beam bunch arriving at the gap, and accelerate the back of the bunch, so that all
particles in the bunch arrive at a downstream point more closely spaced in time, By
changing the phase of the cavity by 180 degrees relative to the bunch, it can be used to
remove energy spread in the beam (“debuncher”) instead. (A portion of this WBS
element is funded by NASA)

1.2 Controls

Networked, front-end interfaces will be connected via Ethemnet to control console
workstations and central C-AD servers. Full pulse-to-pulse modulation functionality will
be provided. Custom application software will be provided as needed, but extensive re-
use will be made of existing software designs with EBIS database additions.

1.2.1 Timing & Infrastructure

C-AD fiber optic infrastructure will be extended to the EBIS equipment area and a
standard network switch and timing chassis will be provided. Workstations and monitor
screens will be provided for console-level control access, along with supporting software
and database configuration.

1.2.2 EBIS

Waveform generation and data acquisition for EBIS will be provided using the fiber-
optically isolated PSI interface and VME function generator. The fiber link interface of
these standard C-AD modules will be modified to operate at 50 to 100 kHz for this
application. Additional fiber optic links will carry pulsed trigger signals to the high
voltage platforms. Standard VME chassis will be provided. Minor modifications will be
required to existing front-end software for the function generator. A custom console
application program will be developed for power supply waveform control.
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1.2.3 Accelerators & Beam Transport e

Commercial and C-AD standard VME modules will be used to control magnet power
supplies and beam-line instrumentation. Standard VME chassis assembly and timing
modules will be provided for these systems and also for RF system interfaces. Front-end
software effort will be mainly configuration and database setup. Existing console
programs for beam line diagnostics will be modified to include the EBIS transport lines.

1.3 Diagnostics/Instrumentation

1.3.1 Faraday Cup

A fully destructive measurement is made when a detector head is plunged into the beam
path to collect the entire ion beam. The captured charge is measured as a current in the
processing electronics. Several types of detector heads can be employed depending on
the characteristics of the desired measurement. Channeltrons or multichannel plates are
used for fast high bandwidth response.

1.3.2 Current Transformers -

A ferrite toroid wound with many turns of signal wire is positioned around a ceramic
break in the beam transport, all enclosed in a protective shroud. This is used as a non-
destructive technique to measure the ion beam current characteristics with respect to
time. A separate set of wire tums on the toroid is used for injecting a calibration signal.

1.3.3 Profile Monitors

Transverse beam profiles are measured by plunging an array of thin wires into the beam
path. Each of the wires collects the charge fromthe small portion of the ion beam it
intercepts; this charge is detected as a current in the processing electronics.

1.4 Magnet Systems
“1.4.1 EBIS Warm Solenoids

The EBIS warm solenoids consist of three solenoid magnets. The electron gun solenoid
is designed with water-cooled hollow conductors, pancake-style coils and no iron return.
The electron gun coil provides the necessary field for proper electron beam launching and
transport. The electron collector solenoid is similar in design to the electron gun
solenoid. The electron collector solenoid focuses the beam to allow for proper electron
collector operation. The remaining magnet, the LEBT solenoid, is a pulsed solenoid
located directly in front of the RFQ. The LEBT solenoid focuses the EBIS beam into the
RFQ. The design of the LEBT solenoid uses pancake coils with a laminated iron return

similar in design to the BNL Optically Pumped Polarized Ion Source (OPPIS) LEBT
solenoid.
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1.4.2 MEBT Quadrupoles

The EBIS MEBT quadrupole magnets are used to provide the necessary focusing for
beam transport between the RFQ output and the Linac input.

1.4.3 HEBT Dipoles

The HEBT dipoles are two similar 73° bending dipoles. The basic design of the dipoles
is a C style with the open end facing the outer curve to allow the chamber to have a port
for the Tandem-to-Booster (TTB) line into the Booster. The magnets will be constructed
of laminations of different sizes which when assembled will produce the required bend
shape. The magnet coils will be made of water-cooled hollow copper conductor. (A
portion of this WBS element is funded by NASA)

- 1.44 HEBT Quadrupole Magnets

The HEBT quadrupoles will be air-cooled Danfysik magnets. Originally used for other
projects at BNL, these magnets are available for the EBIS beam line. These magnets will
allow switching of values in ~ 1 second for running of different magnetic rigidity beams.

1.5 Power Supply Systems

1.5.1 EBIS

Power supplies to support EBIS itself:
e Solenoid, cathode, cathode heater, collector and grid supplies.
® Platform bias supplies and the transformers to isolate them.
¢ Drift tube supplies, Behlke switches, and transverse magnetic supplies.
(A portion of this WBS element is funded by NASA)

1.5.2 External lon Injectors and LEBT

Power supplies to support two external ion sources, the transport from the ion sources to
the LEBT, and the LEBT itself:

o Heater, arc pulser and extractor power grid supplies.

e Platform bias supplies and the transformers to isolate them.

e Supplies for electrostatic and electromagnetic steering elements and lenses. .
e Mass analyzer and focusing solenoid power supplies.

1.53 MEBT, IH LINAC, and HEBT
Power supplies for the MEBT, IH LINAC, and HEBT:

e Pulsed quadrupole magnets and steering magnet power supplies.
e Linac drift tube quadrupole magnet power suppliés.
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e Pulsed bending magnet power supplies. e
(A portion of this WBS element is funded by NASA)
1.6 RF Systems
1.6.1 High Level RF

The final rf amplifier stages powering the RFQ, Linac, and three bunchers. This also
includes the coaxial transmission line connecting the amplifier outputs to the rf cavities.

1.6.2 Low Level RF

The low power rf systems which provide the phase and amplitude controls for the high
level rf systems, and frequency control for the resonant cavities.

1.7 Vacuum Systems

-1.7.1 Beampipes/Chambers
Pipes or chambers that have vacuum pressure inside and provide a path for the ion to be
transported, as well as provide a housing for special components inside the vacuum
systemn.

1.7.2 Vacuum Instrumentation & Control , -

A PLC-based control system used to monitor and control the vacuum system and
components such as gauges, pumps and valves. :

1.7.3  Vacuum Pumps

Pumps used to evacuate or pump down a vacuum chamber from atmospheric pressure to
the desired high vacuum or ultra-high vacuum range.

1.7.4 Vacuum Valves

Manual or pneumatically operated valves used to isolate vacuum pumps and/or a section
of the beam line from another section or vacuum chamber.

1.8 Cooling Systems

The cooling system will use the excess capacity of the NSRL deionized water system to
supply 325 gpm to the preinjector facility equipment. A high pressure flow loop will
branch from this supply, consisting of a boost pump and heat exchanger, for two high
pressure applications: the electron collector and the Linac quadrupoles. The present Linac
chilled water system, which dissipates heat into the existing Linac cooling tower, will be
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extended for the air conditioning in the new building addition. Low flow chillers for tight
temperature range control and special water conditioning will be used for the RF
equipment, as necessary. The active on-line deionized water controls will maintain the
required resistivity. The RF Linac chilled water loop will have a 4109 iron corrosion
inhibitor control system.

1.9 Facility Modifications

" 1.9.1 ‘Beam Access Port

A new access port for the EBIS beam line will be installed through the earth shielding
from Linac to the Booster. (A portion of this WBS is funded by NASA)

1.9.2 Power modification

Provides for the relocation of existing power & tray in the Linac area where the EBIS
beam line will be installed.

1.10  Imstallation

The major systems and components of the EBIS are installed at the facility site in
building 930, including structural components, control systems, diagnostic and
instrumentation systems, magnets, power supplies, RF systems, vacuum systems, and
cooling systems. The installation effort also includes any minor additions or changes to
the building and facility necessary to accommodate these systems and components.
1.10.1 Structural Components

The major structural components installed in the facility include the Electron Beam Ion
Source (EBIS), RFQ, and Linac. Other components will include smaller devices located
in the LEBT, MEBT, and HEBT beam transport regions, such as auxiliary ion sources
(LEBT), bunchers, electrostatic beam transport devices, and beam monitoring devices.
1.10.2" Controls

Installation of controls for the entire project.

1.10.3 Diagnostics/Instrumentation

Installation and checkout of all diagnostics in the beamlines.

1.10.4 Magnet Systems

The magnet systems installed in the beam transport line include dipole, quadrupole,
and solenoidal magnets, and steerers. Also includes survey of elements.



1.10.5 Power supply Systems

Installation of all powér supplies in their final locations, the connection of power from
breaker boxes to the supplies, and the connections from the power supplies to the
elements.

1.10.6 RF Systems

Installation of the rf power supplies, as well as the connection of the coaxial transmission
line between the rf amplifiers and the rf cavities.

1.10.7 Vacuum Systems

Installation of beampipes, chambers, pumps, and valves. Also includes the leak checking
and bakeout of systems.

1.10.8 Cooling Systems
Installation of all cooling systems.
1.11 Project Services

Level of effort tasks associated with the daily management, oversight, and assessment of
the project.

1.11.1 Project Management & Support

This WBS contains the effort associated with the Project Office at BNL for the EBIS.
The effort includes: the CPM, Project Controls, ESH&Q, installation and conventional

facilities coordination, financial oversight, documentation and reporting, and the Project
Office secretary.

1.12 Commissioning

System integration with beam. This includes beam tuning and characterization from the
EBIS, through the LEBT, RFQ, MEBT, Linac, and HEBT. Activities will include the
measurements of beam currents, profiles, emittances, verification of beam energy and
energy spread, and measurement of charge state distributions for several ion species.
Commissioning ends when the performance required for CD4 has been demonstrated.
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1.13 R&D

A development program which uses the existing Test EBIS to verify the validity of
several key design choices related to the extraction, acceleration, and initial transport of
the ion beam from the EBIS. The R&D also includes testing the EBIS electron collector
design for thermal load handling. These developments will serve to reduce technical and
schedule risks on the project. The R&D includes the procurement of the full power
electron collector, which will later be used on the RHIC EBIS. Procurement ofa 100 kV
isolation transformer, high voltage isolation, and some EBIS power supply modifications
will allow the EBIS to be operated from a high voltage platform, producing beams at the
final energy required for injection into the RFQ. Finally, a prototype of the final LEBT
design will be built and tested. (A portion of this WBS element is funded by NASA)

Ed
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APPENDIX B: NASA ITEMS

Per the Statement of Work between BNL and NASA, NASA will contribute $4.5M (AY
$) to the project costs. These funds allow the schedule to be accelerated to approximately
four years. Within the overall EBIS project, items have been identified for acquisition
with these funds. The NASA scope includes the Radio Frequency Quadrupole, the Linac
and bunchers, the EBIS superconducting solenoid, the HEBT dipole magnets, a beam
access port, and various power supplies. A detailed list follows the funding tables.

NASA Funding: the planned levels of funding per fiscal year are as follows:

Fiscai :
Year Funding profile (M$)
2005 . 0.5
2006 1.5
2007 1.5
2008 : 1.0
Totals 4.5
Application of NASA funds:
WBS Title M$
1.1 |Structurai components 1.6
1.2 |Controls Systems 0.0
1.3 |Diagnostics 0.0
1.4 Magnet Systems 0.3
1.5 Power Supply Systems 1.0
1.6 RF Systems 0.0
1.7  |Vacuum systems 0.0
1.8 |Cooling Systems 0.0
1.9 Facility Modifications 0.1
1.10 [Installation . 0.0
1.11 |Project Services 0.0
1.12 _ |Commissioning 0.0
1.13 |R&D/CDR - 0.5
subtotal 3.5
Contingency 1.0 '
Total ' 4.5
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Planned use of NASA funds

141

Structural Components

1.1.1.14

SC Solenoid

Procure solenoid & ps

Vendor site ingpection (2)

Incoming inspection

Onsite installation service

1.1.3.1

RFQ

Procurement

Travel to vendor

Shipping

1.1.3.2

Incoming inspection
Linac )

Procurement

Travel to vendor

Shipping

Incoming inspection

1.1.3.3

Bunchers

Procurement

Shipping

Incoming inspection

1.4

Magnet Systems

1.4.3

HEBT dipoles

Procurements

Laminations

Coils

Magnet stands

Jacks

Bus terminations

Water manifolds

Vendor visits (2)

Procurement/Vendor interface and inspection

Incoming inspection

1.5

Power Supplies

1.51.2

Alternate anode PS

Electran Collector PS

lon extractor PS

Supressor PS

1.5.1.3

Drift tube PS

1.5.2.1

Platform bias PS

Lens PS

1.5.31

MEBT Materials

Quad PS5

Steerer PS

Racks

1532

IH LINAC Materials

Quad PS

1.5.3.3

HEBT Materials

Big bend dipole PS

Quad PS

Steerer PS

IRacks

[Travel

1.9

Facility Modifications

1.8.1

Beam Access Port

Discfreconnect LTB equipment

Removefinstall equipment

contract supervision

port installation contract

as-builts & design changes
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Appendix C: Agreements

MEMORASDUM FOR

FROM:

SUBIECT:

18SUE:

BACKGROUND:

Department of Energy
Wastungten, DG 20565

January 1}, 2006

RAYMOND L. ORBACH
DIRECTOR
OFFICE OF SCIENCE

DENNIS KOVA
ASSOCIATE DIRECTOR OF THE OFFICE OF SCIENCE
FOR NUCLEAR PHYSICS

ACTION: Sign the Fmplementing Agreement between the Department
of Encrgy (DOE) and the National Acronautics and Space
Administration (NASA) which establishes the roles and
responsibilitics with respeet to the construction of the Eleciron Bcam
ton Source (ERIS) at Brookhaven National Laboratery (BNL).

The DOE Offics of Nuclear Physics initinted the EBIS project with
conceptral design ¢iforts in FY 2005, NASA plans w contribute
fimding of $4,500.000 to the EBLS projeci over three years in order 1o
accelerate the project completion. reducing the 1DOE estimaied Total
Prajcet Cost to $14,800,000. DOE Office of Science shall be solely
responsible for managing the consiruetion, commissioning and
decommissioning of the EBIS project.

The EBIS project will deliver a new pre-injector For the Relativistic
Heavy lon Collider (RHIL) facility at BNL, replacing the aging and
high-maintenance Tandem van de GraafY secelerators curnently being
used. This new linac-based pre-injector will lead to increased
integrated fuminosity and is a critical component for successfully
impiementing the REC 1T upgrude and ¢RHIC,

The proposed pre-injucter will also provide a major enhancement in
capabifity for the NASA Space Radiion Laboratory (NSRL), which
ntilizes heavy-ion beams from the REIC complex. BBIS would make
it possible w deliver 10 the NASA radiobiology program accelersted
beams of imporrant jon species such as beliwm, argo, ovon and
caleium that are unavailable with the present pre-injector. The new
system would additionally allow for rapid switching of ion species for
NSRL experimenss, providing for enphanced mixed radiation field
studies and reducing delays due to the interference with RIIC

@ Fresia wik ey ok uth o peie] porer
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injection operations and thereby improving the effectiveness of the
NSRI program. ' '

Sinee this agreement was drafled, NASA provided $300,000 in FY
2005, They plan to contribute the balance of the $4.500.000 on &
yearly basis throngh FY 2008,

SENSITIVITIES: None

POLICY IMPACT: None

RECOMMENDATION: Sign the artached Implementing Agreement.

Attachment:
Implemeniing Agreement sighad by NASA on 12/12/2005



IMPLEMENTING AGREEMENT
BETWEEN
THE DEFARTMENT OF ENERGY
AND
THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
REGARDING THE
l‘ZLECfRON BLEEAM ION SOURCE
AT |

BROOKIAVEN NATIONAL LABORATORY

LG INTRODUCTION

Yhe purpose of this Implementing Agreement is to establish the roles and :
responsibilities of the National Aeronautics and Space Administration (NASA) und
the Department of Energy (DOE) with respect {o the construction of the Electron
eam lon Souree (EBIS). The EBIS project is o joint DOE and NASA project,
which will be managed by DOE. NASA has a vested interest in contributing to the
vonstruction because of the enhanced capabilitics EBIS will provide to the NASA
Space Radiation Laboratory (NSRL) situated at the Brookhaven National
Laboratory (BNL).

This agreement is complementary to the policy establishied in the Memorandum of
Understanding regarding Energy-Related Civil Space Activities between the NASA
and DOE duied July 9, 1992, and 10 U Memorandum of Agreement between
NASA and BNL dated April 8, 1994, This Implementing Agreement does not aliey
the temms ostablished under the linplementing Arrungement belween DOE and
NASA regarding the NSRL (formerly the Booster Applications Facility) dated
October 29, 1997, .

Implementmg Agreement . Page 1 of 3
Reuarding EBIS



4.0

SCOPE QF ACTIVITY

The EBIS project to be executed by DOE and NASA within the framework of this
agreement shall consist of inter-agency cooperation, exchange of information and
funding contributions. Management and conrol of ihe EBIS project shull be vested
in the DOE, Dlfice of Science.

AGENCY AUTHORITIES

21 The NASA is acting pursuant to authorities conferred imder the National
Aeronautics and Space Act of 1958, Public Law No. 85-368, As Amended.

A2 The DOE is acting pursuant to avthoritics conferred in the Department of
Encrgy Organization Act, 42 U.S.CL §7H)1, eLseq., (42 US.CL § 7151), the
Aromic Energy Act ol 1954, 42 11.5.C. §2011 et seq., including, but not
limited to, 42 U.8.C. §2051.

3.3 These authorizations for the two agencies, together with the inlemmat policics
aud procedures of cach agency, define the authority of the 1wo agencies 1o
establish and manage their respective programis,

3.4 The authorities that the two agencies bring to the exccution and integration
of EBIS into the BNL program are tliose which they have independeatly as
program offices within their respective agencics.

35 In the implementation of the agencies” decisions and resultant actions, each
will follow the policies and procedires of their respective agencics,

PROJECT DESCRIPTION

The EBIS project will deliver a new pre-injector for the Relativisiic Heavy ion
Collider (RHIC) fucility, replacing the aging and high-maintenance Tandem van de
Graaff accelerators currently being used. This new linac-based pre-injector will
leud to increased integrated luminosity and is a critical component for successfully
implementing the RHIC I} upgrade and ¢RHIC. These two proposed projects are
identified in the 2003 Office of Science’s Facilities for the Future of Science: 4
Tweaty Year Oullook

The proposed pre-injector will also provide @ major enhancement in capability for
e NASA Space Radialion Laboratory (NSRL), which utilizes heavy-ion beams
from lhe RHIC complex. EBIS would make it possible to deliver to the NASA
radiobiology program acceteraled beams of important ion species such as helivm,
argon, neon and caleium that are nnavailable with the presem pre-injector.

Implemeting Agreenient Page 2 of 3
Regarding EBIS
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The new system would additionally aliow for rapid switching of ion specices for
NSRL experiments, providing for enhanced mixed radiation field studics and
raducing delays dug 1o the inerference with RHIC injection operations and thereby
improviog the effectiveness of the NSRL program.

5.0  AGENCY ROLES AND RESPONSIBILITIES

1

L
Tt
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5.6

The DOE Office of Science shall have executive managemeni responsibility
for the EBIS project. .

The DOE Office of Science shall be responsible for the oversight of the
management, constraciion and commissioning of the EBRIS project, as

described 1 the EBIS Projeer Exceution Plan following its approval.

The DOE Office of Science shall retain title Lo the equipmenm procured
within the scope of work referenced under the EBIS project.

NASA shal] be responsible for providing the agrecd level of funding under
article 6.2 in a timely manner {o enable the acceleration of the project
profile in order to shorten the completion time of the projeet.

The NASA Exploration Systems Mission Directoraie shall be responsible
for oversight of NASA participation in the EBIS project.

DOE and NASA shall cach designate an official point of contact
repeesenting cach agency for this project. For DOE that person shall be the
Federal Project Dircetor. For NASA that person shall be the Human
Research Progeam Exceutive,

6.0  FINANCIAL RESPONSIBILITIES

6.1

6.2

6.3

G4

DOLE and NASA shall be responsible for the costa thoy respactively incur in
their own interest refated o the support of this Implementing Agreement.

NASA shall panially fund the EBIS project in order to accelerate the
project completion. For this purposc. NASA is requesting support from iis
budgel as early as FY 2005, for this project. The proposed support is
$1,500,000 per vear for three years, for a total of §4,500,000.

The DOE Office of Seience shall be responsible for the construction,
commissioning, decommissioning, and environmental cleanup for the EBIS
project, including funding except that provided by NASA for the fevel and
purpose as stated in article 6.2 above.

The DOE is responsible for compliance with the National Environtmental
Policy Act (NEPA) requirements for the EBIS project.

lmplemanting Agreement Page 3 of 5
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6.5 The DOE sball pay the costs incurred by the Brookhaven Site Office 1o
fulfill its management responsibilitics.

¢.6  Implementation of this agrecment by DOE and NASA is subject to the

requirements of the Anti-Deficiency Aet, 31 U.S.C. Sce. 1512, i seq., amd
the availability ol appropriated funds. Any requirement for the payment or
obligation of funds by NASA or DOE esuhlished by the terms of this
lmplementing Agrecment shall be subject to the availability of appropriated
funds. Both Martics acknowledge that they will not be required under this
Tmplementing Agreement to expend appropriated funds unless and until an
authorized officer ol thal agency acts 1o commit 1o such expendilures as
evidenced in writing, This agreement does not transier funds.

7.0 OVERSIGHT AND COORDINATION

il The DOE Office of Science shall perform reviews ol the EBIS project o
assess projcct performance.

:-!
[

NASA shall be informed of the patameters of any relevant DOE review and
be invited to attend.

73 TheOffice of Nuclear Physics within the DOE Office of Scicnee shall be
nformed of the parameters ol any relevant NASA review und be inviled to
attend. '

8.0  MISCELLANEOUS

&1 The NASA and DOE agreo that any reguests for informution received under
1he Freedom of information Act (FOIA) shall be processed in accordance
with the receiving agency's FOIA regulations; however. the receiving
agency aprees to consult the other ageney prior o the release or desial of
any information requested under the FOLA. The NASA and DOE also
agree that prior to the releasc of any sigoificant information regarding (s
Implemeniing Agreenient, or EBIS experiments conducted by or at DOE
laboratorics or facilities, such as a statement o the press, they shall consult
together regarding the content of such a release.

9.0 AMENDMENTS. DISPUTES. APPROVALS, DURATION AND
TERMINATION

G This Implementing Agreement becomes effective on the date of the Jast
signature and remains effective for a period of ten {10) years unless
renewed by the Approval signatorics or their successors.

Implementing Agreenem Page 4 of 3
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9.2 The Approval signatories or their suceessors in ofiice shall sesolve all
“disputes or unresolved items or isues coverad by this Inplémenting
Agreement at the participani level within their respective ugencies, using.
Federal law amd rogulation as necessary. 17 an informal resolution is am
possible at the participant level, the Approval Signatories 1o this
. lmplementing Agrecment. or their suecessors in office, shall be 5o advised
and they shall wke the appropriste actions o rosolve the inconsisteney or
n conllict,

3 This hnplementing Agreement between NASA and DOE Offices of
Science, as specificd above. 1s made by the signatories below and can be
welitied as required by e mutual consent of the same signatories or their
suceessors, Either the Director of the Oftiee of Science a1 DOE or the
Associnte Administator for the Exploration Systems Mission Directorate o
NASA may terminate this buplementing Apreement upon presentation of
ginety (90) days written advance notice 10 the other. or by e agreemem in
writing of both Parties.

Signaieries
Approsad by

and) & b

Raymoad 1. Oreach

Aspoei inigtfator Dirvector
Exptoraton Syatems Mission Divectorte Office of Seicnoe
WASA DOE

s2 S ] zoes ‘ el 3 sooe

Date Date

Tapleawsng Anewmenl Tage 5 of 5
Regaeding EDIS .
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Statement of Work

Construction of a New Pre-injector for the NASA Space Radiation Laboratory at
Brookhaven National Laboratory

Overview

The NASA Space Radiation Laboratory, NSRL, at BNL supplies ion and proton beams to
support experiments that are designed to understand the effects of cosmic radiation to
humans in space and to develop countermeasures. This statement of work covers the
NASA support of a joint modification project with the Department of Energy, during the
period of October 1, 2005 to September 30, 2008. The details are provided in the attached
conceptual design report that is entitled; Electron Beam Ion Source Preinjector Project
(EBIS). The project will provide for enhanced capabilities of the NSRL facility. Both the
DOE and NASA have a joint need to replace the present Tandem accelerator injectors
that provide particle beams for NSRL and the Relativistic Heavy Ion Collider (RHIC)
scientific programs. The two Tandem accelerators inject ion beams into the Booster
synchrotron, which accelerates these ions to higher energy. The ions are subsequently
extracted to the NSRL experimental station or to the Alternating Gradient Synchrotron
(AGS) for further acceleration subsequent to injection to the two RHIC synchrotron /

 storage rings. The joint project will replace the two Tandem accelerators with an Electron

Beam'Ion Source (EBIS), followed by a Radio Frequency Quadrupole (RFQ) accelerator,
and a short Linac, .

Benefits for NASA

The highly successful development of an EBIS at BNL now makes it possible to replace
the present Tandem accelerators, with a reliable, low maintenance linac-based pre-
injector. The advantages for the NASA program are the following:

1. Full coverage of space radiation elements: Tandem beams are limited to ions
that are produced with negative charge states, while the EBIS can produce all
ions. Tandems can not accelerate ions with low electron affinity. Some of these
ions, including He, Ne, Mg, Ar, and Ca, are major components of galactic cosmic
rays (GCR), and significant components of the dose equivalent. This is illustrated
in Table L.
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Table I. GCR charge group contributions to dose equivalent (5 glem® Al).

| % Dose Equivalent

GCR Charge, Z GCR Charge, Z % Dose Equivalent
0 0.57 15 0.61
1 16 2.48

16.97

17

¢ b
21

23

24

25

26

27

28

Total-All Charge

The Van de Graaff limitations restrict the science accesmble to the research
program in the following ways :

i)

For radiobiology research a detailed understanding of the radloblology of
helium ions cannot be obtained. Helium ions are a major component of GCR,
as seen above, and have distinct particle track structures at the cellular and-
tissue level that cannot be simulated with other particles, and requires their _
direct use and studies with these other ions would be preferred.

For physics and shielding research, detailed data bases can not be
completed without direct use of these beams (He, Ne, Mg, Ar, etc.). Table II
shows in the beams and energies for which the Space Radiation Initiative
(SRI) has a commitment to provide shielding data The full circles indicate
points where data are required; the crosses show where some data are

_ available. The particles that cannot currently be obtained have particularly

stable nuclear configurations, so that their nuclear interaction properties
cannot be accurately inferred from interpolation of data between neighboring
species on the periodic table.
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Table 1. Points for Physics Data Base
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iti)  Studies with nearby charge groups are a reasonable substitute for
radiobiology of the primary particles, but not as a means of understanding the
biological characteristics of the radiation environment inside a shielded
enclosure or behind shielding materials, because the physical environment
cannot be predicted accurately in the absence of physics data.

iv) Mixed-field exposures: The tandem limits NSRL simulations to two ion
species in one experiment, with the possibility of a third species if the BNL
Linac is used to accelerate protons. EBIS-based injection would allow for the

rapid switching of many ion types such that a full GCR simulation becomes
possible.

Improved Operations: Overhead rates for beam setups and switching at NSRL
currently occur at a rate of 30-40 % percent of the total operation hours. The -
addition of the EBIS pre-injector has the potential to reduce operations costs
through reduction of overhead hours and FTE support for the EBIS versus
Tandem 1n_|ect0r to the Booster synchrotron.

- The EBIS will switch ion species very quickly, for fast switching between

concurrent RHIC and NSRL operations, and fast switching of ion species for

NSRL experiments, a feature that is-not presently available. This will allow for

enhanced mixed-field studies at NSRL. This optimizes the productwny for both
NSRL and RHIC scientific programs.

The new pre-injector system will require substantially fewer personnel to operate
and maintain. The Tandem components are increasingly becoming obsolete and

are at or beyond their expected lifetime. This will reduce the overall costs to run
the pre-injector system.
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e The EBIS based pre-injector will allow for a much simpler system to tune for
optimum beam performance. This will increase the productlwty of NSRL
operations.

- RISK OF CURRENT CONFIGURATION TO NASA

D The tandem van de Graaff injectors are no longer manufacturéd and availability of
spare parts is limited. BNL operates two tandems, one of which is required by the
RHIC science program. If one of the van de Graaff injectors breaks down, the other
one would have to become the RHIC injector. In that case, the beams available for |
NSRL would be significantly limited by the need to assure availability of RHIC beam
species. The impactto NASA would be: '

a) Inability to complete the research program if use of NSRL is restricted to
operating while RHIC is on.

b) Significantly increased costs if NSRL is operated w1thout RHIC, because NSRL

' ‘operation is no longer incremental.

¢) Possible loss of access to NSRL capabilities if a smgle remaining van de Graaff
injector is required to provide only RHIC particles and may no longer stand by to
deliver NSRL beams (there is no overlap between the beam species required by
the two facilities).

II) = The capabilities provided by the proposed EBIS system are essential for the health
of the long-term BNL heavy ion research program. For example, EBIS would enable
RHIC to obtain uranium beams for high-energy nuclear physics studies. In turn, the
lifetime of the BNL nuclear physics research program is essential for continued
availability of NSRL. NASA requires that NSRL remain available for the next 10-15

. years; this is not assured absent the EBIS modernization project.

Project Management ‘ :

DOE and the BNL are proposing to replace the two Tandem accelerators, that provide
beam to the Booster and then subsequently to the NSRL, with an Electron Beam Ion
Source (EBIS), a Radio Frequency Quadrupole (RFQ) accelerator, and a short Linac to
the Booster. The replacement of the Tandems is proposed as a joint project between the

DOE and NASA. DOE and BNL will execute this joint project under the existing
 Memorandum of Agreement between NASA and the DOE, dated February 2002. BNL
will manage the project under the prevailing DOE regulations (DOE 413.3).

In addition to the delivery of the operational EBIS, DOE will provide to NASA the EBIS

Project Execution Plan, which will be jointly signed by NASA and the DOE, Project cost
and schedule documents, and DOE quarterly reports. NASA is invited to participate in
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mohthly and quarterly teleconferences to monitor the progress of the project, as well as
key Project reviews (PDR, CDR, ORR, etc).

Project Cost ' ‘

- The EBIS Project has been estimated at a Total Project Cost of $19.3M. This total cost
will be shared between NASA (4.5M$) and DOE (14.8M$) over the period FY05-08, see
tables below. Project costs are provided in FY05$ and @Yr$, and the NASA and DOE
funding in @YT$.

Estimated Costs in FY 05M$
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FY 05 FY 06 FY 07 FY 08 FY 09 Total

Pre-R&D _ -
R&D 0.5 0.7 1.2
CDR 0.2 0.2

ED/EDIA 19 05 2.

ons 0.8 57 76 14.1
Pre-Ops 0.3 0.
TEC - 27 6.2 7.6 - 16.
TPC 07 " 34 6.2 1.9 A 18.

Estimated Costs in @YrM$
. Annual 2.800 2.600 2,600 2.600
Escalation
- Cumulative 1.028 1.0585 1.082 1.110
" FYO05 FY 06 FY 07 FY 08 FY 09 Total

Pre-R&D - - - - - L
R&D 0.5 0.7 S - y 1.2
CDR 0.2 - - - - 0.2
PED/EDIA - 20 0.5 - 2.5
Cons - 0.8 6.0 8.2 15.1
Pre-Ops - - - 0.3 0.3

EC - 28 6.5 8.2 - 17.6
mPC 0.7 3.5 6.5 8.5 E 19.3
DOE FUNDING IN @YRM$
Pre-R&D
R&D 0.5 01 0,
CDR 0.2 0,
PED/EDIA 20 0.5 2.
Cons 4.5 6.7 11.



Pre-Ops 0.3 0a}
!
EC - 2.0 5.0 6.7 13.

PC 0.7 2.1 5.0 7.0 14,
NASA FUNDING IN @YRM$

Pre-R&D .
R&D 0.6 0.6
CDR
PEDI/EDIA E
ons ) 0.8 15 1.5 39
Pre-Ops
EC ) - 09 15 1.5 - 3.9
PC - 1.5 1.5 1.5 - 4.5

NASA Funding

NASA will provide a total of $4.5M, at $1.5M per year (FY06-08). It is expected that the
first DOE funding that will permit purchase of materials will be available in FY07, and

that FY06 NASA funds will be available for the purchase of the long-lead items that are .

on the critical path for project completion. The FY06 NASA funds are expected to be
obligated towards the following major purchases amongst other items:

¢ RFQ $400K
* Superconducting solenoid $500K

The FY07 and FY08 NASA funds will be used to produce those items that will provide
new capabilities for NSRL operations. The NASA funds will be combined with the DOE
funding to complete the construction effort and institute commissioning in FY09. BNL
will report monthly to both NASA and DOE the progress of construction, including costs,
obligations and schedule variations.

Attachment
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GLOSSARY

AGS Alternating Gradient Synchrotron
ALARA As Low As Reasonably Achievable
. BCCB Baseline Change Control Board

BHSO - Brookhaven Site Office

BNL ' Brookhaven National Laboratory

BSA Brookhaven Science Associates-

CAA : Clean Air Act

C-A Collider-Accelerator

C-AD Collider-Accelerator Department

CD-0 - Critical Decision - 0

CD-1 Critical Decision - 1

CD-2 ' Critical Decision - 2

CD-3 Critical Decision — 3

CD+4 Critical Decision - 4

CDR Conceptual Design Report

CERCLA Comprehensive Environmental Response, Compensation

and Liability Act
CERN Conseil European pour la Recherché Nucleaire
(European Laboratory for Particle Phys1cs)

CFR Code of Federal Regulations

CGC Color Glass Condensate

CPM Contractor Project Manager

DART Days Away or Restricted Time

DOE-HQ U.S. Department of Energy — Headquarters
EBIS .Electron Beam Ion Source

ECR Electron Cyclotron Resonance

EMR Experience Modification Rates
EMS Environmental Management System

EPA Environmental Protection Agency

ES&H - Environment, Safety and Health ‘
ESHQ Environment, Safety, Health and Quality Assurance
ESSH Environmental Protection, Safety, Security, Health and

Quality

FPD Federal Project Director

FTE Full Time equivalent

FY Fiscal Year ‘

HEBT ' High Energy Beam Transport

HEDP High Energy Density Physics

HENP High Energy & Nuclear Physics

IH Inter-Digital H Structure

IPT Integrated Project Team

ISM Integrated Safety Management

ISO International Organization for Standardization
LEBT Low Energy Beam Transport
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LINAC
LIS
LOTO
LTB .
MEBT
NASA
NEPA
NP
NSRL
NYSDEC

OBS
OPM
OPPIS
OSHA
PARS
PC
PCR
PED
PEP
PLC
PPM
QA
QAM
R&D
RCRA
RFQ
RHIC
SA
SAD
SBMS
SC
SDWA
SPDES
STD
TEC
TPC
QAP
WBS

Linear Accelerator

Laser Ion Source

Lock-Out/Tag-Out

Linac to Booster

Medium Energy Beam Transport

National Aeronautics and Space Administration

National Environmental Policy Act

Nuclear Physics

NASA Space Radiation Laboratory

New York State Department of Environmental
Conservation

Orgariization Breakdown Structure

Operational Procedures Manual

Optically Pumped Polarized Ion Source

Occupational Safety and Health Act

Project Assessment and Reporting System

Performance Criteria

~ Project Change Request

Project Engineering and Design

Project Execution Plan

Programmable Logic Controller

Procurement & Property Management Division
Quality Assurance

Quality Assurance Manager

- Research & Development

Resource Conservation Recovery Act
Radio Frequency Quadrupole
Relativistic Heavy Jon Collider
Self-Assessment Program
Safety-Assessment Document
Standards Based Management System
Office of Science

Safe Drinking Water Act

State Pollutant Discharge Elimination System
Standard

Total Estimated Cost

Total Project Cost

Quality Assurance Program

Work Breakdown Structure
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1. Background and References
1.1 Background

The EBIS Project will manage risks, where “risk” refers to factors within the Project’s
control that threaten project performance. There are three specific areas of risk that can
be controlled and managed by the EBIS Project team and these are:

Technical risk — the possibility that a product might not meet requirements;
Cost risk — the possibility that the cost might exceed the target value; and
Schedule risk - the possibility that a task might take longer to complete than
planned. '

Control of the environment, safety, and health hazards, while part of risk management in
a broader sense, are not unique to the EBIS Project and are enveloped by the Brookhaven
National Laboratory (BNL) Integrated Safety Management (ISM) program that is
applicable to all BNL projects and operations. The BNL ISM clearly indicates that risk
management is everybody’s business and will be factored into every project decision
throughout the life of the EBIS Project.

https://sbms.bnl.gov/sbmsearch/ProgDesc/ISM/ISM_PD.cfm

Most onsite activities related to the EBIS project require the preparation and completion
of reviews, work planning, hazard analysis, and controls to properly manage the job. The
first step in this process is to recognize the potential risk consequences and to assign
ownership for the specific work. The Collider-Accelerator Department’s Operations
Procedure Manual (OPM) provides the guidelines to be used to plan the anticipated
requirements of a job; define the scope of the work; perform hazard analysis; provide for
all environmental, safety, and health issues as part of the work planning and review
process, establish procedural and testing requirements; and make other determinations, as
necessary, to provide clear approvals indicating ownership of the work. These procedures
shall be followed whenever planning new or modifying existing work for EBIS.
http://www.agsrhichome.bnl.gov/AGS/Accel/SND/info.htm

While anyone working on the EBIS Project can identify risks, the responsibility for risk
management for the EBIS Project rests with the EBIS line management. As part of
weekly technical discussions, the EBIS Contractor Project Manager, WBS Managers,
scientists, engineers and cognizant personnel! will identify risks; assess the potential
impact of the risk from a cost, schedule, and technical perspective; identify and address
potential risk mitigation strategies, and report on the status of implementing these
strategies. Any EBIS Team member, with the appropriate management oversight, can
establish the specific approaches to addressing the individual risk elements.

Lessons learned from the EBIS prototyping experience provided guidance for identifying
some technical risk drivers. In addition, the early stages of the design process were
structured to identify risks, and where possible address those risks through design
improvements, manufacturing studies, prototypes, and contingency. The contingency



methodology is outlined in the Project Execution Plan. In many cases the risk mitigation
can comprise several of the above listed mitigation elements. The estimated costs and

contingencies to mitigate these risks are incorporated in the Project baseline cost and
schedule estimates, A : _

The 2005 Preliminary Risk Assessment prepared for CD-1 evolved into the “Risk List”,
The Risk List is tracked and updated as a living document so as to avoid overlooking
important risks and to assure that the risk mitigation has adequate management oversight.

1.2 References

DOE Order on Project Management (DOE Order 413.3) emphasizes the importance of
risk management. As outlined in the EBIS Project Execution Plan and the Configuration
Management Plan, risk management is the driving force in establishing and maintaining
the technical, cost, and schedule baselines for EBIS. In addition, within the Standards
Based Management System, “Risk Management Plan Outline,” provides BNL’s Labwide
guidance in establishing project requirements based on risk management approaches and
consequences. '

https://sbms.bnl.gov/sbmsearch/subjarea/92/92 Exh49.cfm?ExhibitID=6529

2. Criteria for Risk Identification and Assessment

a) Likelihood of Occurrence

* Very likely (VL): risk is likely to occur with a probability greater than or equal to 90%
« Likely (L): risk is likely to occur with a probability greater than or equal to 50%
. Unlike_:ly (U): There is a less than 50% chance that this event will occur

b) Consequence

Consequence attempts to identify the impact that occurrence of an event will have on cost,
schedule and/or technical performance. Risks whose impacts can be discretely defined are
categorized per the table below.

Level 3 Risk Level 2 Risk Level 1 Risk
Cost Impact >$50k in a level 2 WBS | >$250k in a level 2 WBS >$500k in the TPC
Schedule impact affects a Level 3 affects a Level 2 affectsa Level O or 1

< - e milestone date milestone date milestone date
. changes the System cl.mnges the technical affects a nﬁssion need"
. Technical Impact . deliverables but does not .
) Requirements document requirement
affect performance .




If not enough information is available (for example, an increase in vendor price is at present
an unquantifiable risk), the item is assumed to be a Level 2 Risk, and Likely to occur.

¢) Risk Categorization Matrix

Lg::"::z‘r’::c:f Level 3 Risk Level 2Risk | Level 1 Risk

Very Likely Medium High High
Likely Low Medium High
Unlikely Low Low Medium

All identified risks, regardless of likelihood or consequence, are placed on the risk list by
providing the following information via email to EBIS Project Controls.

WBS:

Risk:

Type:
Likelihood:
Consequence:
Perceived risk:
Details:
Mitigation:

The Risk List is reviewed weekly at the Project Status meeting. Once an item is placed on
the Risk List, it is tracked until it occurs, or until it is determined that the risk no longer
exists (for example: the risk of a funding delay would be removed from the list due to the
on-time signing of the budget.)



Systems Requirement Document
- for the
Electron Beam Ion Source Project

(EBIS)

Project # 06-SC-002

at
Brookhaven National Laboratory
- Upton, NY

For the U.S. Department of Energy
Office of Science
Office of Nuclear Physics (SC - 26)



1 OVERVIEW

The EBIS Project provides a replacement for the Tandem Van de Graaff accelerators, the
present heavy ion preinjector for RHIC, with a modern, reliable linac-based preinjector.
This new preinjector will provide enhanced capabilities for both the RHIC and NSRL
programs, at lower operating costs. ‘

The project, including DOE and NASA contributions, includes the fabrication of an
Electron Beam Ion Source for the production of high charge state heavy ions, plus the
procurement of an RFQ and heavy ion Linac to accelerate ions from EBIS to a final
energy of 2 MeV/amu. A transport line is to be fabricated to transport the beam from the
output of the Linac to the existing Booster heavy ion injection point, as show below in
Figure 1. The project includes the fabrication or procurement of the dipole and
quadrupole magnets, power supplies, diagnostics, vacuum components, and controls to
properly operate the EBIS source, accelerators, and beam lines. The project also includes
the assembly of subsystems, and the installation and testing of these subsystems in their
final location in the equipment bay at the high energy end of the H™ Linac building.

EXISTING 2330 LINAL EQUIP, BLIDIG,
FIRST FLOOR PLAMN

Figure 1 Layout of the EBIS Preinjector.

2 FUNCTIONAL REQUIREMENTS

The technical objectives of the new pre-injector need to meet requirements of both the
RHIC and NASA NSRL experimental programs. The corresponding technical scope and
performance specifications required at Critical Decision-4 (CD-4) are described in Table
2-2. The system parameters desired from a new pre-injector are as follows:

e Species: dtoU. The EBIS will produce helium to U beams. A deuterium beam
may be produced in a simple plasma source injecting directly into the RFQ. The RFQ,
Linac, and transport lines must be designed to handle all species in this range. The
species extracted from EBIS depends on the injected singly charged ions. With the
external jon sources included in the present design, beams from typical gases and
solids as required by RHIC and NSRL will be available. Production of some more



exotic beams may require additional development or resources devoted to the external ' —-
source of such ions for injection.

Intensity at injection into the Booster: up to 1.1 x 10" charges/pulse with EBIS.
Species, which have been run for RHIC and NSRL, are shown in Table 2-1, along
with intensities at Booster injection that are required in order to reproduce previously

observed intensities. The EBIS pre-injector should at least match this performance in
all cases.

Table 2-1 Beams and intensities at Booster input required to match past performance

Species | User | Q Ions/pulse Charges/pulse
Au RHIC | 32+ 2.7x10° 8.6 x 10"°

D RHIC | 1+ 2.5x 10" 25x 10"

Cu RHIC |11+ 1.0x 10" 1.1x 10"

C NSRL | 5+ 2x 10" 1x10"

0 NSRL | 8+ 6.7 x 10° 5.3x10"°

Si NSRL | 13+ 5x 10° 6.5x 10"

Ti NSRL | 18+ 13x10° 24x 10"

Fe NSRL | 20+ 1.7x 10° 3.4x 10"

Injected pulse width: variable, 10 — 40 ps. This allows 1-4 turn injection into the
Booster. This simplifies the injection, and should greatly reduce the sensitivity to
small beam losses at injection, which could otherwise lead to a pressure bump
resulting in further beam loss.

Repetition rate: 5 Hz, This keeps overall RHIC fill times to only a few minutes.

Switching time between two species: 1 second. There are presently several
operating scenarios for RHIC and NSRL, depending on, among other things, whether
either is running alone, or the two are running concurrently. To allow operation with
the desired flexibility, the new pre-injector must be able to switch beam species and
transport line rigidity in 1 second.

Injection energy: 2 MeV/amu. At present, injection from the Tandems is at 0.92
MeV/amu for Au. At this energy, there is a significant beam loss due to electron
capture during Booster injection. By raising the injection energy to 2 MeV/amu, the
capture cross section is reduced by a factor of 20-40.

Q/m: 0.16 or greater. This ratio equals that presently delivered for Au from the
Tandem. For lighter ions a higher q/m is required (Si'**, Fe?™) in order to achieve
the desired Booster output energy for NSRL, within the rigidity constraints of the
Booster and extraction transport lines.

“-.___/'



Table 2-2 CD4 performance to be demonstrated at Booster input (measured on the
current transformer located between the two HEBT 73 degree dipoles).

CD4 Performance Optimum Performance
Species Fe, Au He to U (assuming appropriate
' external ion injection)
Intensity 3x 10°Au”" / pulse | 2.7x10° Aw’** / pulse
4x 108Fe?® / pulse 4x10° Fe®®/ pulse
5x 10" He?*/ pulse
Charge-to-imass ratio, | 0.162 (Au) > 0.16, depending on ion species
Q/m 0.357 (Fe) .
Repetition rate Demonstration of pulsing 5 Hz:
Pulse width 1040 pus 10-40 ps
Switching time Demonstration of switching | 1 second
between species
Output energy 2 MeV/amu : 2 MeV/amu

3 SYSTEM REQUIREMENTS

All systems, which together comprise the EBIS-based RHIC preinjector, must be
designed such that the functional requirements given in Section 2 are met. In addition,
the preinjector must do this while also ensuring reliability and maintainability.
Performance requirements given in the following sections, when combined, will result in
overall system performance that meets the functional requirements. This overall
performance of the entire system, using requirements given below, has been verified with
beam optics simulations, including “end-to-end” simulations. The subsystem
requirements represent our present design, but may change with further optimization.

The approach taken to ensure reliability is to use proven technologies, and designs based
on past experience within the accelerator community. Whenever possible, we have
chosen components and approaches that are the same or similar to that used elsewhere in
the RHIC accelerator complex, using standard components and designs.

3.1 ELECTRON BEAM ION SOURCE

The EBIS must produce ions of all desired species at the required charge state with
sufficient intensity to meet the requirements for RHIC and NSRL. Requirements for the
EBIS source are given in Table 3-1. These requirements are based on our past experience
on a prototype EBIS source operating at BNL, plus well established scaling laws. The
final EBIS parameters are what we feel is an optimum combination that meets
requirements for intensity, beam emittance, flexibility in production of ion species, and
reliability, based on past experience and the experimental results of the prototype EBIS at
BNL. Other than a straightforward scaling of the length of the ion trap, the parameters
chosen for the RHIC EBIS do not deviate in any significant way from those demonstrated
in the very successful prototype EBIS.




Electron beam current and trap length are those required to produce the required ion —
charge. Extraction voltage is chosen high enough to minimize space charge effects in the

LEBT line, without being excessive, but where voltage holding and power supply

requirements become more difficult, the RFQ length increases.

Table 3-1 EBIS Parameters

Parameter RHIC EBIS
e-beam current - 10A
e-beam energy 20 keV
e-beam density ~575 A/em”
Ion trap length 1.5m
Trap capacity (charges) 11x 10"
Yield positive charges, total | 5.5 x 10" (Au, 10 A)
Pulse length <40 us
Yield Au’™, design value 3.4 x 10° ions/pulse
Extraction energy 17 keViu

3.2 LEBT

The Low Energy Beam Transport (LEBT) transports the beam from the EBIS and

matches it to the RFQ. Table 3-2 shows the Twiss parameters at the beginning, and end

of the LEBT for Au**? with a kinetic energy of 17 keV/amu. These are present -
parameters based on our nominal RFQ design, which could change some once the RFQ

detailed design is fixed. | L
Table 3-2 Twiss parameters at the beginning and end of the. LEBT.
Parameters Beginning of LEBT End of Units
. LEBT
Ol 0.0 1.057
Bx 0.075 0.0639 mm/mrad
€x (rms, norm) 0.035 0.072 1 mm mrad
Oy 0.0 1.057 - :
By 0.075 0.0639 mm/mrad’
£y (RMS, norm) 0.035 0.072 7 mm mrad

3.3 RADIOFREQUENCY QUADRUPOLE ACCELERATOR (RFQ)

Preliminary performance requirements for the RFQ are given in Table 3-3. The input
energy is that required by space charge considerations in the injection line. The general
frequency range was driven by space charge considerations at the RFQ entrance, and -
within that range, the exact frequency was chosen to be one half the frequency of the
present 200 MeV H- linac. In this way, if one were to add additional accelerating cavities
in the future, where the cavities would typically be at a higher frequency, one might use
rf systems from the H- linac. With these requirements, the RFQ is very similar to several
existing and well proven RFQs.



Table 3-3 Preliminary RFQ Performance Requirements

Parameter Value Units

Type 4-rod
‘Operating Frequency 100.625 MHz
Design Beam Current 10 mA
Maximum Beam Current >20 mA
Charge-to-Mass (g/m) Ratio Range 0.16t0 1.0
Repetition Rate, Max. 5 Hz
Pulse Width £1.0 Ms

| Input Energy 17.0 keV/u
Input Emittance (normalized, 90%) 0.35 7 mm mrad
Acceptance (normalized, 90%) >1.7 7. mm mrad
Output Energy ' 300 keV/u
Emittance Growth <20 %
Output Emittance, longitudinal <340 n MeV deg, 90%
Transmission Efficiency > 90 %
Length - <44 M
Power Consumption, Peak (no beam) < 180 kW
Tuning Range > 300 kHz

34 MEBT

The purpose of the Medium Energy Beam Transport (MEBT) is to match the beam from
the RFQ to the TH structure in alt three planes (two transverse, and longitudinal). The
RFQ has a FODO lattice with 1 BA period and the IH structure has quadrupole triplet
focusing. The RFQ and the IH structure have the same RF frequency of 100.625 MHz,
Table 3-4 shows the Twiss parameters at the output of the RFQ and input of the IH
structure,

These parameters are based on preliminary RFQ and Linac designs, and could change
once the final designs for these two structures is fixed.



Table 3-4 Twiss parameters at the end of the RFQ and entrance of the IH structure.

Parameter End of RFQ Entrance of IH Units

Oix 0.0 1.80221
Bx : 1.0 1.01 mm/mrad
gx (90%,unnorm) 24.0 24 7 mm mrad
Oly 0.0 (.60246

0.05 0.59391 mm/mrad
&y (90%, unnorm) 22.0 22 7t mm mrad
o, 0.054 0.37
B, 0.0203 0.24 deg/keV
g, (90%) 34168 34168 7 keV deg

3.5 IHLINAC

Performance requirements for the linac are given in Table 3-5. As with the RFQ, a

design was chosen based on a proven technology and closely matching several existing
linacs.

Table 3-5 Main parameters of the [H Linac

Parameters BNL Units

Q/m 0.16-0.5

Input energy 0.300 MeV/amu
Output Energy 2.0 MeV/amu
Frequency 100.625 MHz

Max rep rate 5 Hz

Length <4.0 Meters

Input emittance 0.55 nmm mrad, norm, 90%
Output emittance <0.61 7 mm mrad, norm, 90%
Qutput energy spread <20.0 keV/amu
Transmission >90 %

3.6 HEBT

The High Energy Beam Transport (HEBT) matches beam transversely from the Linac to
Booster injection, minimizes the energy spread at the injection, provides ion charge state
discrimination, and provides space for diagnostics. A beamline penetration through the
Linac shielding provides a short, direct path into the Booster allowing injection using the
existing heavy ion inflector. Since the RFQ and Linac will not eliminate all unwanted
charge states, the line will be designed for charge discrimination. Two debuncher
cavities will be used in HEBT to rotate the longitudinal phase space to minimize the
energy spread at Booster injection. Table 3-6 gives the Twiss parameters at the end of
the Linac and entrance of the Booster for the mismatched injection scheme, for AU’
The parameters at the exit of the IH linac could change based on the linac design.



Booster input parameters are based on the existing injection hardware and planned

injection scheme.

Table 3-6 Twiss parameters at end of the IH Linac and entrance of the Booster for
mismatch injection scheme.

Parameters End of ]JH Linac | Entrance to Booster Units

| oty 2.1 -1.87
By 3.0 2.5 mm/mrad
&x (90%, unnorm) 11.0 11.0 7 mm mrad
o -1.59 0.87
By . 3.45 4.8 mm/mrad
gy (90%,unnorm) 10.2 10.2 7 mmrad
AE (90%) for Au*> £1345 +726 keV
AE (90%) for He'? +37.57 +29.5 keV

3.7 DIAGNOSTICS

One must have appropriate types of diagnostics in sufficient number and at appropriate
locations to allow the setup of the various beams and the monitoring of the source and
preinjector performance during operations. The location, number, and types of
diagnostics have been verified through the development of a tune-up scenario.

Location and Quantity :

Device Ell. | LEBT | MEBT | HEBT | TOTL | Dyn.Range | Resolution | Comments
Current Transformer

Toreid 1 2 1 3 7 10uA-IOmA | 0.1 uA Pulse
Faraday Cup

Fast Faraday Cup - 1 1 10uA-10mA | 0.1 uA Pulse

Faraday Cup 2 1 1 2 6 10uA-10mA | 0.1 uA Pulse
Profile Monitor ‘ Pulse

Multiwire 1 2 3 10uA-10mA | 1 mm 32H x 32V
3.8 VACUUM

EBIS vacuum requirements are based on the extensive experience on the Test EBIS,
where vacuum design features were key to the successful performance. RFQ and Linac
vacuum requirements are based on our experience with the operating RFQ and linac. The
HEBT vacuum requirements are based on the vacuum requirements of the Tandem-to-
Booster and Booster vacuum systems.

3.8.1 EBRBIS Vacuum

Ion confinement times as long as 100 ms may have to be used to reach the charge
states of interest. The background pressure in the trap region should be low enough that
one does not produce a significant number of ions from the background gas. For a
residual gas pressure P=1x10""° Torr, one estimates that less than 2% of the accumulated
ions in the trap will be background gas ions. One can tolerate values even a factor of 10




above this, so this gives a range of acceptable vacuum conditions in EBIS of 10~ - 107'°
Torr. Requirements for the concentration of hydrogen are less rigorous, and its partial
pressure can be 5 times higher. Requirements on the pressure of residual gas in the
electron gun region are dictated primarily by the need for proper conditions for operation
of the cathode, and in the electron collector by the need for stable transmission of the
electron beam without plasma formation. Normally, the pressure in the regions of
electron gun and electron collector can be higher than in the ionization region, provided
there is efficient vacuum separation between the sections.

3.8.2 RFQ,MEBT, and Linac

The fully assembled RFQ and Linac shall be designed to achieve vacuum levels of
7.5 X 10" Torr without RF power and 2 X 10”7 Torr with RF power. A similar vacuum
level is sufficient for the short, connecting MEBT line.

3.8.3 HEBT

Vacuum levels of 10 and 10”° Torr are sufficiently low for the partially stripped low
energy ton beams for most of HEBT due to the single pass nature, except at the
downstream end. Vacuum of 10" Torr is needed in the last section of HEBT to minimize
the diffusion of residual gas into the 10™"! to 10" Torr Booster ultrahigh vacuum system. .

3.9 ALIGNMENT
Alignment tolerances for the MEBT and HEBT magnets is given in Table 3-7.

Table 3-7
Type of Error Tolerance
Translation (x and y) +/- 0.1 mm
Pitch and yaw +/- 1 mrad
Rotation +/- 0.5 deg

3.10 SAFETY

The EBIS preinjector and all its components must comply with all laboratory safety
requirements. Equipment must undergo design and safety reviews and have all required
approvals prior to operation. Detailed environmental, safety and health requirements are
given in the Hazard Analysis Document.

3.10.1 Radiation

There must be sufficient shiclding, or personnel access must be limited on the Linac
side of the beam penetration in to the Booster. X-ray levels from RF cavities must be
shielded, or access limited, as appropriate. Two independent, failsafe methods must be
provided for keeping beam from entering the Booster. All radiological work will comply
with requirements in the BNL Radiological Control Manual.

s
N



3.10.2 Electrical

All electrical equipment must be certified by ‘a Nationally Recognized Testing
Laboratory, or be approved for use by the local authority having jurisdiction. All high
voltages must be proper barriered. All equipment must be properly grounded. All
electrical work must be performed by trained and qualified staff, and all staff, including

supervisors and Group Leaders, will help ensure the use of personal protective equipment
by workers. '

3.10.3 Cryogenic / Oxygen Deficiency Hazards

The EBIS superconducting solenoid must undergo the required Cryogenic Safety
Committee reviews, which will verify appropriate pressure relief devices, pressure vessel
certifications, etc. There should be appropriate venting of gasses such that the EBIS area
does not exceed ODH-0 classification, which is a BNL standard.

3.10.4 Environmental

All oils must be non-PCB, and must have appropriate containment, dependent on the
volume of oil. An environmental process assessment must be performed prior to
operations to determine inputs and outputs, waste minimization opportunities and
applicable requirements, )
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Value engineering (VE) is defined as the effort directed at analyzing the function of
systems, equipment, and facilities for the purpose of achieving the essential function at
the lowest life cycle cost. The function is defined by the technical specifications,
performance and operating requirements, reliability, maintainability, quality and safety
requirements, and environmental regulations. Value engineering is applied particularly
during the planning and design phase, but is also applicable to the construction phase. VE
1s implemented using the graded approach, which means that the level of effort used is
commensurate with the importance or value of the system or equipment. VE has the
potential to reduce project construction costs and operating costs, and to improve
schedules. Regardless of the contract stage, the VE process must be cost effective, such

that the savings exceed the implementation cost. Some implementation methods are listed
below.

During planning and design:
* Define minimum basic function, eliminating excessive requirements.
e Identify and evaluate alternatives to achieve basic function. '
s Consider trade-off analysis to optimize value.
L]

Include reliability and maintainability into design to reduce operating costs,
improve system availability and minimize downtime.

 Simplify and improve procurement efficiency by using clear and concise
specifications. '

During construction VE is achieved by:

e Scheduling and using resources efficiently.

o Simplifying and clarifying installation, assembly and calibration procedures.
» Reducing waste. ’

VE is applied to system design and procurement decisions by considering life cycle costs
and cost factors: initial cost, operating costs, reliability, and expected life. The initial cost
of equipment and systems may be a tradeoff with operating costs and reliability, and
initial cost will have less influence on procurement decisions when safety and high
system reliability and availability are of paramount importance, as in the Collider
Accelerator-complex. In high reliability designs the return on funding invested in
scientific programs is increased by reducing failures and minimizing system downtime.
High utility power rates have placed even greater emphasis on the need to lower
operating costs. The dipole magnets described in the example below shows how the
design was affected by operating costs. The design and initial cost of the amplifiers for
the RFQ and Linac was significantly affected by expected life of the amplifier tubes.

For high technology projects the number of alternatives that can achieve the essential
function may be limited. High reliability through proven performance and limited
alternatives are conditions that apply to two of the RF structures. The RFQ and Linac
planned for used in the EBIS Project are similar to existing devices designed at the
Institute of Applied Physics (IAP), University of Frankfurt. These RF structures have



proven performance and minimum technical risk, The RFQ is a 4-rod type similar to the T
REX-ISOLDE RFQ and the HITRAP RFQ produced for GSI Darmstadt. The Linac is an

interdigital-H type similar to the CERN Pb Linac and the one at GSI in the HLI injector.

The plan is to procure the RFQ and Linac from IAP to minimize technical risk and

maximize reliability. '

For the EBIS Project, value engineering is integrated into the normal design and
development process. The following list summarizes the results of applying VE
methodology to the pre-injector facility: Some examples showing the VE process for the
EBIS Pre-injector are listed below: '

Electron Beam Ion Source

Facility Site Selection

Large Dipole Magnets

Superconducting Solenoid Magnet System
Use of Existing Equipment and Systems

-

1. Electron Beam Ion Source Facility.

The EBIS Facility is a principal example of value engineering. While the new pre-
injector is expected to provide improved performance and versatility, higher reliability,
and lower maintainability over the existing Tandem Pre-injector, the operation of the
EBIS will also reduce yearly operating costs approximately $1.5M. The calculation of
annual savings was subniitted to DOE on 31 January 2006. .
2. Facility Site Selection, -

Alternative sites for the EBIS were evaluated. The costs of a new building versus the

costs of an addition to the existing Building 930 were compared. Placement of the

preinjector in existing Building 930 was subsequently decided. A summary of the ROM

- costs are as follows: ’

New Building Bldg. 930 Addition

Item Cost Item Cost
Building, Stub Tunnel, 2.27M Bldg. Addition 1.IM
All Utilities Bldg. Preparation 19
Beam Port 7 .08

EBIS Power Distribution <.1 Power 34
Cooling Water System .53 Cooling Water 34
Beam Line Magnets 2 Beam Line Magnets .22

Totals $3.1 M $23 M



Note: The building construction costs (new or addition) are not in the DOE contract -
scope of work, but are included here as part of project VE study.

3. Large Dipole Magnets.

Once the physics requirements (field, gap and magnet length) have been determined,
there is only one parameter which can be chosen in order to optimize the lifetime costs of
the magnet system for a facility. That parameter is the current density, j. Therefore,
based on the various cost parameters, a design current density can be selected for
different magnet systems. The choice of current density will affect the coil cost,
lamination cost, power supply cost, and operating cost. Historical magnet optimization
studies point values between 4 and 6 A/mm*2 current densities. Below is a plot of coil
cost, operating cost, and power vs. current density. The plot used a power cost of
$100/MWHR, finished coil price of $19/1b and 30 turn dipole coils.

Dipole Coll Optimization
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Using this data a commcrciall;y available conductor was chosen and evaluated. For the

HEBT dipole coils a 26.5 X 26.5 X 13.5ID conductor with a 5A/mm"2 current density
was chosen.

4. Superconducting Solenoid Magnet System (SSMS).

An evaluation of technical alternatives and tradeoff considerations provided the
opportunity to optimize the value of the SSMS. The quotation for the SSMS described
the following three alternatives:
1. A dewar filled system for liquid nitrogen and liquid helium;
2. A liquid helium system with a heat shield cooled by a cryocooler (dewar filled
helium, no liquid nitrogen);



3. A liquid helium system with high temperature SC leads, cryocooled heat
shield (no liquid nitrogen) and cryocooler recondensing of liquid helium. -

Based on VE considerations, system 2 was selected System 2 reduced the downtime for
refilling by 75% over system 1. System 2 avoided the potential reliability risk of system

3, which had a higher susceptibility to power outages and a limited field history. System
2 also had the lowest initial cost.

5. Use of Existing and Proven Equipment and Systems.

During the planning and early design phase of the EBIS facility, an onsite and offsite
inventory of available magnets, power supplies, and transformers was conducted. The use

of existing hardware and designs reduces both design and material costs. The results are
as follows:

1. Eight spare quadrupole magnets and several magnetic steerers from C-AD stock
will be used in the HEBT region.

2. Vacuum Components:
a. Three 20 V/sec and four 260 V/sec ion pumps from C-AD stock will be
used,
b. Use of proven design for beam line NEG strips and special ceramic
support insulators for NEG strips from C-AD stock,

3. Profile monitors and faraday cups installed, but infrequently used, in the Tandem-
to-Booster line will be transferred to the EBIS beam line. Also, the existing
processing electronics for both the profile monitors and faraday cups will be used.

The use of existing and .pfoven designs for instrumentation and controls include the
following:

1. Vacuum. The instrumentation and control system design uses proven reliable
hardware and software that has been implemented in NSRL (2002), Booster
(2003), and AGS (2004), with logic that is based on the RHIC vacuum system
(1995). The PLC programming software tools that are used to write and download
ladder programs and create graphical user interfaces are in house and have been
used by past C-AD projects/upgrades. PLC processor, input/output, and
communication modules are on hand, so EBIS PLC program development can
start immediately. In addition, the Controls data exchange with the vacuum PLC,
gauge controllers, and ion pump controllers use reliable existing drivers.

2. Control System infrastructure and sofiware, using SNS and Booster
configurations.

3. RF Low Level design, using AGS and Booster design.
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