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2. [bookmark: _Toc267907322][bookmark: _Toc267907323][bookmark: _Toc110588880]Introduction
The Project Execution Plan (PEP) describes the coordination of efforts of the project team, including the processes and procedures used by the Linac Intensity Upgrade Phase 2 (LIUP2) Contract Project Manager (CPM) 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), cost and schedule. The PEP was prepared using guidelines from DOE Order 413.3B, Program and Project Management for the Acquisition of Capital Assets. 
2.1. [bookmark: _Toc280367752][bookmark: _Toc110588881]Project Background
Brookhaven National Laboratory (BNL), located in Upton, NY, is owned by the U.S. Department of Energy (DOE), and is operated by Brookhaven Science Associates (BSA), under the U.S. Department of Energy Contract No. DE-SC0012704. The Brookhaven 200 MeV Linear Accelerator (Linac), is an essential facility within the Nuclear & Particle Physics Directorate (NPP), at BNL, and is managed by the Collider-Accelerator Department (C-AD). The Linac provides accelerated polarized protons to the Relativistic Heavy Ion Collider (RHIC)  and high intensity protons to the Brookhaven Linac Isotope Producer (BLIP).

2.2. [bookmark: _Toc280367753][bookmark: _Toc110588882]Justification of Mission Need
[bookmark: _Toc107764542][bookmark: _Toc107771856][bookmark: _Toc107776272]The BNL Linac operation started in 1971. The Linac can currently provide proton or H- beams to BLIP of up to 200 MeV energy and 165 µA average current. Improved BLIP production can be realized by increasing the Linac beam current to 250 µA. Recent accelerator improvement projects at BLIP (installation of a beam Raster system), and Linac (Phase 1 of the Linac intensity upgrade) have increased yields of 82Sr. Phase 1 of the Linac intensity upgrade has concluded that the Linac intensity can be increased further for BLIP isotope production. In addition, upgrading Linac systems will provide for continued reliable operation.
	
3. [bookmark: _Toc110588883]Project Baseline
This section describes the project in terms of the scope, cost, schedule, and funding profile.

3.1. [bookmark: _Toc280367755][bookmark: _Toc110588884]Scope Baseline
The Linac upgrade will increase the beam power provided to BLIP and increase the reliability and capability of Linac. 
3.1.1. [bookmark: _Toc252888720][bookmark: _Toc252889216][bookmark: _Toc252889307][bookmark: _Toc252889397][bookmark: _Toc252948755][bookmark: _Toc252948837][bookmark: _Toc252948919][bookmark: _Toc252949075][bookmark: _Toc252949775][bookmark: _Toc252949994][bookmark: _Toc252888721][bookmark: _Toc252889217][bookmark: _Toc252889308][bookmark: _Toc252889398][bookmark: _Toc252948756][bookmark: _Toc252948838][bookmark: _Toc252948920][bookmark: _Toc252949076][bookmark: _Toc252949776][bookmark: _Toc252949995][bookmark: _Toc252888724][bookmark: _Toc252889220][bookmark: _Toc252889311][bookmark: _Toc252889401][bookmark: _Toc252948759][bookmark: _Toc252948841][bookmark: _Toc252948923][bookmark: _Toc252949079][bookmark: _Toc252949779][bookmark: _Toc252949998][bookmark: _Toc252888725][bookmark: _Toc252889221][bookmark: _Toc252889312][bookmark: _Toc252889402][bookmark: _Toc252948760][bookmark: _Toc252948842][bookmark: _Toc252948924][bookmark: _Toc252949080][bookmark: _Toc252949780][bookmark: _Toc252949999][bookmark: _Toc252888726][bookmark: _Toc252889222][bookmark: _Toc252889313][bookmark: _Toc252889403][bookmark: _Toc252948761][bookmark: _Toc252948843][bookmark: _Toc252948925][bookmark: _Toc252949081][bookmark: _Toc252949781][bookmark: _Toc252950000][bookmark: _Toc252888728][bookmark: _Toc252889224][bookmark: _Toc252889315][bookmark: _Toc252889405][bookmark: _Toc252948763][bookmark: _Toc252948845][bookmark: _Toc252948927][bookmark: _Toc252949083][bookmark: _Toc252949783][bookmark: _Toc252950002][bookmark: _Toc252888730][bookmark: _Toc252889226][bookmark: _Toc252889317][bookmark: _Toc252889407][bookmark: _Toc252948765][bookmark: _Toc252948847][bookmark: _Toc252948929][bookmark: _Toc252949085][bookmark: _Toc252949785][bookmark: _Toc252950004][bookmark: _Toc252888731][bookmark: _Toc252889227][bookmark: _Toc252889318][bookmark: _Toc252889408][bookmark: _Toc252948766][bookmark: _Toc252948848][bookmark: _Toc252948930][bookmark: _Toc252949086][bookmark: _Toc252949786][bookmark: _Toc252950005][bookmark: _Toc252888742][bookmark: _Toc252889238][bookmark: _Toc252889329][bookmark: _Toc252889419][bookmark: _Toc252948777][bookmark: _Toc252948859][bookmark: _Toc252948941][bookmark: _Toc252949097][bookmark: _Toc252949797][bookmark: _Toc252950016][bookmark: _Toc252888744][bookmark: _Toc252889240][bookmark: _Toc252889331][bookmark: _Toc252889421][bookmark: _Toc252948779][bookmark: _Toc252948861][bookmark: _Toc252948943][bookmark: _Toc252949099][bookmark: _Toc252949799][bookmark: _Toc252950018][bookmark: _Toc252888745][bookmark: _Toc252889241][bookmark: _Toc252889332][bookmark: _Toc252889422][bookmark: _Toc252948780][bookmark: _Toc252948862][bookmark: _Toc252948944][bookmark: _Toc252949100][bookmark: _Toc252949800][bookmark: _Toc252950019][bookmark: _Toc107764545][bookmark: _Toc107771859][bookmark: _Toc107776275][bookmark: _Toc110588885]Technical Scope
[bookmark: _Toc169796307][bookmark: _Toc176073073][bookmark: _Toc91410534][bookmark: _Ref91312572][bookmark: _Toc93123659][bookmark: _Toc93305018][bookmark: _Toc92790501][bookmark: _Toc93319182][bookmark: _Toc94531895][bookmark: _Toc94464864][bookmark: _Toc94861150][bookmark: _Toc94556147][bookmark: _Toc94865678][bookmark: _Toc116832170][bookmark: _Toc120380310][bookmark: _Toc119662938][bookmark: _Toc122497031][bookmark: _Toc122095975][bookmark: _Ref91312041][bookmark: _Toc165439521][bookmark: _Toc163986045]The goal of Phase 2 of the Linac Intensity Upgrade is to provide 250 µA average beam current to BLIP. An Accelerator Improvement Project plan (AIP) was approved for Phase 1 of a Linac intensity upgrade in 2014. The Phase 1 goals were to increase the average beam current from 125 to 140 µA and to evaluate the Linac subsystems for possible 250 µA operation after Phase 2. It was concluded that the Linac can deliver 250 μA with upgrades of some of the subsystems. The 250 µA average beam current will be accomplished by increasing the beam pulse width, increasing bunch current and possibly increasing the beam repetition rate.  
55mA
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Figure 2.1: Increasing the average current to 250 A by doubling the beam pulse length.

The following systems are planned for the upgrades:

2.1.1.1 RF System 
To accommodate the proposed longer RF pulse width (1100 µs), the RF system requires modifications. The Linac has a spare test RF station that is used for testing and development. The spare RF station is similar to each of the nine operational RF stations, except for a dummy RF load in place of a Linac RF Tank.  All the test RF system components were upgraded in 2016 as part of the Linac Intensity Phase 1 scope. The RF test station was then successfully operated at a pulse width of 1100 µs. The following upgrades are required for the longer pulse based on the RF test system development: 
a) Increase of the 250 kW driver capacitor banks for RF systems 3-9 from 25 to 40 µF.
b) Increase of the 7835-power amplifier anode power supply capacitor banks for RF systems 3-9 from 50 to 84 µF.                
c) For all systems, replacement of the 4CW 25,000 Anode and Cathode power supplies and the A7 Low Level Electronics in the RF Modulator. 

During a shutdown period the DTL cavity was tested at increased RF pulse width.  After running at the longer pulsed width, the tank was opened for inspection (Figure 2.2). Several BeCu spring rings had failed at the drift tube and stem collar junctions (12 of 72), one example is shown in Figure 2.3. A CST simulation confirmed the higher RF current at this location (Figures 2.4 and 2.5). Thermal testing of the BeCu spring joints was conducted in the lab to investigate this issue.  A method was developed using tighter spring contact that gave better thermal performance. This method required heating the collars and forcibly pressing them on the drift tube stems. A split-collar design has also been successfully tested in tank 7 with up to 1100 µs for several weeks. 

[image: ]
Figure 2.2: BNL DTL tank with stems.



[image: ][image: ]
Figure 2.3: Damaged silver-plated beryllium copper RF spring ring in the collar.



[image: ]
Figure 2.4: CST simulation of four drift tube cavity. The RF current at spring ring are ~ 4000 A/m, about 50 W per collar.



[image: ]
Figure 2.5: Showing current densities are not symmetric around the stem and collars.
2.1.1.2 Quadrupole Power Supply System

The Linac quadrupole power supplies are about 50 years old and contain obsolete components. They are a resonant charge type power supply. The supplies do not have a current feedback loop, and as a result, the output current is not as stable as more modern power supplies. Phase 2 requires the power supplies to have a flat top width of 900 to 1100 µs that is not possible with the present design. The topology of the proposed new Linac quadrupole power supplies could be either switch mode type or linear during the flat top and switch mode during ramping up and down. This will keep the power dissipation in the quadrupole conductors to a minimum. Another reason for choosing a flexible topology, switch mode design, or a combination of switch mode and linear during the flat top, is that the size of the power supplies is smaller compared to other topologies. 
There are 165 quadrupole power supplies that need to be replaced. In 2017 a project was approved to build two prototype power supplies and test them with Linac quadrupoles in operation. The project was successfully completed in March 2019, a final report of the project is in appendix C.  Figure 2.6 shows the two prototype power supplies installed in Mod 2 racks.

[image: ]
Figure 2.6: Prototype power supplies installed in Mod2 Racks.

The two prototypes met all the specifications during the initial testing and final commissioning. Figure 2.7 shows current repeatability data: after 5 hours of running the power supply the current error was 31.2 mA with a flat top of 225 A. These prototype supplies are powering two quadrupoles in the tanks 2 since March 2019. 

[image: ]
Figure 2.7: Current repeatability data. Channel 1 is the magnet current enable pulse. Channel 2 is the magnet current during the flat top. Flat top current 225 A. Channel A is the current error during the flat top. After 5 hours of running the power supply the Current error=31.2 mA.

2.1.1.3 Beam Instrumentation System

The present beam instrumentation is 50 years old. Some instruments are not fully functioning or operating only with low repeatability. A higher beam current will require an upgrade to the beam monitoring system.  The following instrumentation will be added or upgraded: 
(a) Beam position monitor (BPM) after DTL tank 9 and between the first (BM1) and second (BM2) bending magnets in the BLIP transport line
(b) BPM electronics for the connection to existing BPMs after the DTL cavities 2 through 8 and the BPMs listed above
(c) Single wire Secondary Emission Monitors (SEM) electronics (20 units)
(d) Beam profile monitor (harp) between BM1 and BM2
(e) New current transformers (11 units) for DTL tanks 2-9, and between BM1 and BM2
(f) (f) New slit and collector emittance monitors (X, Y) in front of DTL tank 1.


2.1.1.4 Control System

The Linac Controls System will have all obsolete Datacon Systems components replaced with newer technology in order to control the new quadrupole power supplies, perform data acquisition, and control other Linac devices. There are two technologies that are being considered. The first is the Front-End Computer Remote I/O System (FRIO System), which is comprised of VME 4143 modules for analog reference outputs and VME PAS9737 modules for data acquisition. The V233 Quadruple Function Generator (QFG) modules with the Power Supply Interface (PSI) modules (QFG System) is another option which will be considered depending on the timing needs of devices that are being upgraded throughout the Linac. Both systems are VME based. 

The VME 4143and VME PAS9737 modules can accommodate up to 32 and 64 device channels, respectively. The 4143 analog output module has a 12-bit resolution and a maximum voltage range of ±10 V. The PAS9737 data acquisition module has a 16-bit resolution with a sampling rate of 100 kHz. 
3.1.2. [bookmark: _Toc280367757][bookmark: _Toc110588886]Technical Performance Parameters 

	System
	
	

	Beam
	

	
	Average beam current
	250 µA

	
	Beam pulse width
	700-900 µs

	
	Repetition rate
	6.67-10 Hz

	
	
	

	RF
	

	
	RF pulse width
	1100 µs

	
	
	

	Quadrupole Power Supply
	

	
	Max current	
	300 A

	
	Flat top width
	1200 µs

	
	Current stability
	0.1%

	
	
	

	Control System 
	

	
	Readback sampling frequency
	10 kHz

	
	Analog to Digital Converter resolution
	16 bits

	
	Voltage reference resolution
	12 bits

	
	Voltage reference range
	±10 V

	
	
	


[bookmark: _Toc282996429][bookmark: OLE_LINK2][bookmark: OLE_LINK3]
LIUP2 Key Performance Parameters (KPPs):
1. All the hardware installed.
2. Demonstration of 950 µs RF pulse width. 
3. Demonstration of 200 µA average beam current.
LIUP2 Ultimate Performance Parameters (UPPs)
1. Demonstration of 1100 µs RF pulse width.
2. Demonstration of 250 µA average beam current.  
[bookmark: _Toc110588887]2.2 Cost Baseline by Work Breakdown Structure (WBS)
The Linac Intensity Upgrade Phase 2 has been organized into a WBS for purposes of planning, managing, and reporting project activity status. A WBS Dictionary is provided in Appendix A of this document.

The total project cost including contingency is $21.8 M, Table 2.1 shows the cost summary. 
Table 2.1: Cost Summary in AY $K 
[image: Table

Description automatically generated]

2.3 [bookmark: _Toc282996430][bookmark: _Toc110588888] Schedule Baseline and Critical Path

The schedule has the following constraints putting them on the Critical Path:
RHIC and BLIP shutdowns – Installation in the tunnel is only possible when the Linac is not running.  
Installation complete – Subsystem testing can only occur after all installation is complete.
Commissioning – Testing with beam can only begin after all subsystem tests and integrated installation is complete. 

The Summary L3 WBS Schedule is shown below (Figure 2.8), followed by the Critical Path. The early Finish date is planned for March 31, 2028, approximately 4.5 years total project duration. There is an additional 18 months of schedule contingency added to the plan to accommodate potential supply chain constraints and vendor procurement uncertainty, resulting in a Late Finish date of September 30,2029, to the extent needed.  

The Critical Path is constrained by the annual shutdown periods, and the Quadrupole Power Supply Procurement & Fabrications, predominantly. (Figure 2.9).  The project plan is based upon the assumption that annual Shutdown Periods will commence on or about July 1, for ~6 months per CY.
                          [image: Timeline

Description automatically generated]          

Figure 2.8: Summary Schedule 

[image: Table

Description automatically generated]

Figure 2.9: Critical Path

2.3.1 [bookmark: _Toc282996431][bookmark: _Toc110588889]Milestones 
Milestones will be used as schedule events to mark the due date for major accomplishments of specified efforts or objectives. 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. The following table details the major milestones for the LIUP2 project. 
Table 2.2: Reportable Milestones 
[image: Table

Description automatically generated]

[bookmark: _Toc282996432][bookmark: _Toc110588890] 2.4 Funding Profile
[bookmark: _Toc282996433][bookmark: _Toc110588891]2.4.1 Planned DOE Funding 
The LIUP2 project will be entirely funded by DOE-IP and the planned DOE funding profile by Fiscal Year (FY) is shown in Table 2.3.

Table 2.3: LIUP2 Funding Profile in AY $M 
[image: Table

Description automatically generated]

4. [bookmark: _Toc110585197][bookmark: _Toc110588892][bookmark: _Toc389484386][bookmark: _Toc389558528][bookmark: _Toc389484387][bookmark: _Toc389558529][bookmark: _Toc389484388][bookmark: _Toc389558530][bookmark: _Toc389484389][bookmark: _Toc389558531][bookmark: _Toc389484390][bookmark: _Toc389558532][bookmark: _Toc389484391][bookmark: _Toc389558533][bookmark: _Toc389484392][bookmark: _Toc389558534][bookmark: _Toc389484393][bookmark: _Toc389558535][bookmark: _Toc389484394][bookmark: _Toc389558536][bookmark: _Toc389484395][bookmark: _Toc389558537][bookmark: _Toc282996434][bookmark: _Toc110588893]Acquisition Approach
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5. [bookmark: _Toc107764573][bookmark: _Toc107771887][bookmark: _Toc107776305][bookmark: _Toc107898960][bookmark: _Toc107899127][bookmark: _Toc110588894][bookmark: _Toc282996435][bookmark: _Ref50462210][bookmark: _Toc55892723][bookmark: _Toc62538012][bookmark: _Toc63142386][bookmark: _Toc49066563][bookmark: _Toc49066665][bookmark: _Toc51736389][bookmark: _Toc62538017]Change Control

Changes to the technical, cost and schedule baselines will be controlled using the thresholds described in Table 4-1.

All changes that include or exceed Level 2 approval thresholds should first be submitted to the Contractor Project Manager using a Baseline Change Proposal (BCP). For changes exceeding Level 2, the Contractor Project Manager will endorse the request (i.e., recommend approval) to higher authority or reject the request. If endorsed, the Contractor Project Manager will then transmit the BCP to the Contractor Manager with recommendations. If the request exceeds Level 1, the Contractor Manager will submit the BCP to the Federal Program Manager in DOE Headquarters for approval.  
	Level
	Cost 


	Schedule 


	Technical Scope



	DOE-SC-26 Program 
(Level 0)
	A cumulative allocation of  ≥ $500k contingency in WBS Level 2
	3-month or more delay of a Level 1 milestone date
	Change of any WBS element that could adversely affect performance specifications

	C-AD  Manager
(Level 1)
	A cumulative increase of ≥ $250K in WBS Level 2 elements
	> 1-month delay of a Level 1 milestone date or > 3-month delay of a Level 2 milestone date
	Any deviation from technical deliverables that does not affect expected performance specifications

	LIUP2
Contractor Project Manager
(Level 2)
	Any increase ≥
$50k in the WBS Level 2
	> 1-month delay of a Level 2 milestone date
	Technical design changes that do not impact technical deliverables



If the change is approved, the copy of the approved BCP, together with any qualifications or further analysis or documentation generated in considering the request is returned to the requestor, and copies are sent to LIUP2 Project Controls for implementation and filing. If approval is denied, a copy of the BCP, together with the reasons for denial, is returned to the requestor, and a copy is filed by Project Controls. The official at the next higher control level may review any granted change to ensure proper application of the procedure and consistency of the change with the goals and boundary conditions of the project.  
Table 4.1: Summary of Baseline Change Control Thresholds


6. [bookmark: _Toc110585200][bookmark: _Toc110588895][bookmark: _Toc282996436][bookmark: _Toc110588896]MANAGEMENT Structure 
This section provides the management organization for the LIUP2 project as needed for development, fabrication, installation, and testing of LIUP2. Figure 5.1 outlines the LIUP2 management structure.
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Within the DOE Office of Science (SC), the Office of Isotope R&D and Production has overall responsibility for the LIUP2 project. The Point of Contact in the Office of Isotope R&D and Production is Jehanne Gillo, the Director of the Office of Isotope R&D and Production

Director for Facilities and Project Management Division

· Provides technical guidance to the Federal Program Manager 
· Initiates formal periodic reviews of the project

Facilities Program Manager in the Office of Nuclear Physics

· Functions as DOE single point of contact for all Project matters
· Serves as the representative in communicating the interests of the SC program
· Assists with budget formulation
· Reviews documents and recommend approval
· Reviews project progress reports and deliverables  
· Supports formal periodic reviews and tracks issues to resolution

 Brookhaven National Laboratory 

· Ultimately responsible and accountable to DOE for executing the Project within scope, cost and schedule in a safe and responsible manner
· Provides access to laboratory/contractor resources, systems, and capabilities required to execute the Project

LIUP2 Contractor Project Manager (CPM) 

· Reports to the Accelerator Division Head of the BNL Collider-Accelerator Department and has the responsibility and authority for delivering the project scope on schedule and within budget 
· Manages the execution of the project to ensure that the project is completed within approved cost, schedule and technical scope
· Ensures that project activities are conducted in a safe and environmentally sound manner
· Ensures ES&H responsibilities and requirements are integrated into the project.
· Oversees design, fabrication, installation, and construction. Represents the project in interactions with the DOE.  Participates in management meetings with DOE and communicates project status and issues
· Requests and coordinates internal and external peer reviews of project.
· Responsible for risk evaluation and management in accordance with the risk management plan

 LIUP2 Deputy Contractor Project Manager (DCPM)

· Assists the CPM in all matters relating to the LIUP2 Project, including the planning, procurement, disposition and accounting of resources, progress reports on project activities, ESSHQ issues, and Risk Management.  In the absence of the CPM, the DCPM assumes the project management responsibilities
· Ensures that effective project management systems, cost controls and milestone schedules are developed, documented and implemented to assess project performance
· Responsible for overall engineering coordination of the design and fabrication phases of the project and works directly with the Level 2 Managers to achieve this
· Responsible for reviewing data produced by the LIUP2 team to confirm it will support the LIUP2 key performance parameters and is consistent with its requirements  
· Maintains an overview of all scope requirements, including parameters, energy, power, footprints, quantities and planned locations of equipment
· Responsible for calling meetings as required whenever data from one area appears to be in conflict with expected outcomes and/or project scope and direction


LIUP2 Subsystem Managers 

· Responsible for the design, fabrication, assembly, and testing of their subsystem in accordance with the performance requirements  
· Provide a monthly status on both technical progress and schedule 

 LIUP2 Project Management

· The C-AD Project Management personnel assist the project staff in developing the required documentation, reports, project plan, and enable control of the cost and schedule   

LIUP2 ESSHQ

· The ESSHQ lead is responsible for ESSHQ coordination between the LIUP2 project and the ESSHQ organization at BNL and other participating institutions

.

7. [bookmark: _Toc389484399][bookmark: _Toc389558541][bookmark: _Toc389484400][bookmark: _Toc389558542][bookmark: _Toc389484401][bookmark: _Toc389558543][bookmark: _Toc389484402][bookmark: _Toc389558544][bookmark: _Toc389484403][bookmark: _Toc389558545][bookmark: _Toc389484404][bookmark: _Toc389558546][bookmark: _Toc389484405][bookmark: _Toc389558547][bookmark: _Toc282078977][bookmark: _Toc282079176][bookmark: _Toc282079989][bookmark: _Toc282080200][bookmark: _Toc282080250][bookmark: _Toc282083795][bookmark: _Toc282083994][bookmark: _Toc282093772][bookmark: _Toc282093848][bookmark: _Toc282093989][bookmark: _Toc282094323][bookmark: _Toc283292875][bookmark: _Toc283292925][bookmark: _Toc283293040][bookmark: _Toc283293855][bookmark: _Toc283293907][bookmark: _Toc283293982][bookmark: _Toc284516599][bookmark: _Toc284516648][bookmark: _Toc284516697][bookmark: _Toc284516746][bookmark: _Toc284516828][bookmark: _Toc284516960][bookmark: _Toc282996438][bookmark: _Toc110588897]Project Management/Oversight

7.1. [bookmark: _Toc282996439][bookmark: _Toc110588898]Risk Management 
Risk management is based on a graded approach in which levels of risk are assessed for project activities and elements and assessments of technical, cost and schedule risks are conducted throughout the project lifecycle. The Risk List is provided as Appendix B.

The LIUP2 risk management approach consists of a five-step process: 

1. Identifying potential project risk – any member of LIUP2 may suggest a potential risk.  The subproject (WBS level 2) managers are responsible for addressing the potential risk with the DCPM or CPM concurrence. 

2. Analyzing project risk - the probability of the risk occurring together with the potential impact to the project’s technical performance, cost and/or schedule baseline. Probability is assessed qualitatively (Low, Moderate, and High).

3. Planning risk abatement strategies.

4. Executing risk abatement strategies - abatement strategies differ according to the potential risk and its timing. A table of abatement strategies is included in the Risk Management plan.

5. Monitoring and tracking the results and revising risk abatement strategies - risk assignments are associated to specific WBS entries down to Level 3.  The WBS number will also serve as the Risk Index. This serves to emphasize the role of the Level 2 WBS manager in risk management.  Risk information, including the probability and impact assessments and brief summaries of mitigation strategies, are stored in the LIUP2 document repository.
In addition to the task-based risks at the sub-system level there are broader risks to the project to be considered: 

· Delays in funding, e.g., due to an extended continuing resolution: 
The LIUP2 project plan assumes funding for each new FY arrives at the beginning of 2QFY in that year. Any additional delays may result in schedule disruptions due to, e.g., procurement delays or reassignments of planned-for engineering/technician effort.
· RHIC and BLIP run schedule: 
The RHIC and BLIP schedule for shutdown periods constrains periods where in-tunnel installation can take place.

7.2. [bookmark: _Toc282996440][bookmark: _Toc110588899]Project Reporting and Communication

The CPM participates in monthly calls with the program office. It is anticipated that IP will have progress reviews as required.

The standard BNL accounting system is the basis for collecting cost data, and the Control Account structure for LIUP2 will separate costs accordingly at pre-defined WBS levels.

Technical performance is monitored throughout the project to ensure 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.

7.3. [bookmark: _Toc282996441][bookmark: _Toc110588900]Earned Value Management System (EVMS)
Brookhaven National Laboratory has a certified EVMS that complies with the ANSI/EIA-748 Standard. The LIUP2 TPC is below the threshold for requiring EVMS Reporting. The health of the project will be assessed using a Tailored EVMS approach including, milestone status, weekly/monthly teleconferences, and face-to-face meetings as necessary.  
7.4. [bookmark: _Toc282996442][bookmark: _Toc110588901]Project Reviews
Independent Reviews of the AIP’s status and management may be conducted as needed.
7.5. [bookmark: _Toc282996443][bookmark: _Toc110588902]Engineering and Technology Readiness
The project will assess engineering and technology readiness through design reviews, IPRs, and other independent technical reviews as required.
7.6. [bookmark: _Toc282996444][bookmark: _Toc110588903]Environment, Safety and Health
7.6.1. [bookmark: _Toc185912060][bookmark: _Toc191279065][bookmark: _Toc282996445][bookmark: _Toc110588904][bookmark: _Toc70313116][bookmark: _Toc86221088]Integrated Safety Management
[bookmark: _Toc185912061][bookmark: _Toc191279066]The Integrated Safety Management (ISM) policy for this project requires full commitment to safety by the project management team. Principles of ISM are incorporated into project planning and execution, following the guidelines described in the BNL Standards Based Management System (SBMS). All phases of the project will be carried out in compliance with ES&H policies and procedures, and the LIUP2 CPM will work collaboratively to help ensure work is being performed in an appropriately safe manner.  
7.6.2. [bookmark: _Toc282996446][bookmark: _Toc110588905]Environmental and Regulatory Compliance
It was expected that there would be no significant environmental, regulatory or political sensitivities that impact the project, and appropriate National Environmental Policy Act (NEPA), State, and local requirements have been addressed and completed. In September 2013 the NEPA Compliance Officer at BHSO determined that LIUP2would be categorically excluded from further NEPA review. 
7.6.3. [bookmark: _Toc175112216][bookmark: _Toc282996447][bookmark: _Toc110588906]Review of ESSH Issues Associated with Project Design
At the design stage, C-AD personnel plan, develop, define and control the design of the C-A facilities and its components in a manner that assures consistent achievement of safety, environmental protection and mission objectives. To assist in determining the necessary ESH reviews for a project, each Project Manager/Project Physicist/Project Engineer must complete a C-AD Design Review Questionnaire. The questionnaire identifies required documents, approvals, calculations, drawings, materials certifications, variances and procedures need to complete the project. The questionnaire also identifies any required safety reviews by standing C-AD or BNL ESH review committees. 

For example, the Collider-Accelerator Department’s Radiation Safety Committee will review facility-shielding configuration designs (if applicable) to assure that the shielding has been designed to: 

· 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 
· 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 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 to exceed 1000 mrem 

In addition to review and approval by the Radiation Safety Committee, the Radiation Safety Committee Chair or the ESSHQ Associate Chair must approve final shielding drawings.  Shielding drawings are verified by comparing the drawings to the actual configuration.  Radiation surveys and fault studies are conducted after the shielding has been constructed to verify the adequacy of the shielding 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 ESSHQ requirements applicable to Projects at C-AD’s accelerator facilities are listed in Table 6‑1. All non-standard industrial hazards, including radiological hazards, associated with accelerator facilities are addressed comprehensively in DOE Order 420.2C, Safety of Accelerator Facilities. Appropriate and adequate protection of workers, the public, and the environment from ionizing radiation are also covered under 10CFR835, Occupational Radiation Protection, which applies to all DOE facilities regardless of the source and type of ionizing radiation.  Protection against routine industrial hazards is covered in 10CFR851, Worker Safety and Health Program. The C-A Department implements the DOE requirements indicated in Table 6‑1 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 ESSHQ requirements and hazard controls are documented in detail in the C-A Operational Procedures (OPM).

In order to meet the requirements in DOE Order 420.2C, Safety of Accelerator Facilities, C-AD incorporates a description and safety assessment of new equipment into the current Safety Assessment Document (SAD) for C-AD. At the appropriate time, the C-A Department obtains an approved Accelerator Safety Envelope for new equipment from DOE and performs an Accelerator Readiness Review in accord with Order 420.2C prior to commissioning and operations.
Table 6.1: Significant DOE ESSHQ Requirements for BNL Accelerators
	Topic
	DOE Requirements Document


	Authorization Basis Documents
	DOE O 420.2C, Safety of Accelerator Facilities 
DOE O 420.1C, Facility Safety  (Natural Phenomenon and Fire Protection Sections)

	Conduct of Operations
	DOE O 422.1, Conduct of Operations Requirements for DOE Facilities 

	Quality Assurance 
	DOE O 414.1D, Quality Assurance 

	Maintenance Management
	DOE O 430.1B, Ch. 2, Real Property Asset Management 


	Training and Qualification Programs
	DOE O 420.2C, Safety of Accelerator Facilities 


	Radiation Protection
	10CFR835, Occupational Radiation Protection 

	Transportation and Packaging
	DOE O 460.2A, Departmental Materials Transportation and Packaging Management 


	Worker Protection
	DOE O 450.2, Integrated Safety Management
10CFR851, Worker Safety and Health Program

	Environmental Protection
	DOE O 451.1B Chg 3, National Environmental Policy Act Compliance Program - Change 1 

	ESH Reporting
	DOE O 231.1B, Environment, Safety, and Health Reporting 

	Accident Investigation
	DOE O 225.1B, Accident Investigations 

	Radioactive Waste Management
	DOE O 435.1 Chg 1, Radioactive Waste Management 




The C-A Department also 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 facilities and projects are prepared and audited by independent parties. This documentation includes:
· Environmental Process Evaluations for all processes with significant environmental aspects
· Facility Risk Assessments for all facilities and areas
· Job Risk Assessments for all jobs

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. BNL is currently using PC1 for all existing C-AD facilities for life safety issues; however, all projects are reviewed and categorized according to their own unique details.

Significant environmental aspects of new equipment could include: 

· Excavation
· Chemical Storage/Use 
· Liquid Effluent
· Airborne Effluents
· Hazardous Waste 
· Radioactive Waste
· Radiation Exposures  
· New or Modified Federal/State Permits

If cooling water is used, the existing New York State Pollutant Discharge Elimination System (SPDES) permit would be revised, as necessary, based on the disposition of cooling tower discharge. Discharge of contaminants to the ground or to the sanitary system would be neither planned nor expected. 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.  

If airborne emissions result from facilities or projects, then the National Emission Standards for Hazardous Air Pollutants (NESHAPS) is implemented. Examples of sources that are identified and assessed include point sources such as stacks, diffuse sources such as activated air from accelerator enclosures, and bench-top work conducted in ventilation hoods.
7.6.4. [bookmark: _Toc70313117][bookmark: _Toc86221089][bookmark: _Toc175112217][bookmark: _Toc282996448][bookmark: _Toc110588907]ESSHQ Plans for Construction
All requests for goods or services are processed through a formal and well-documented system of review to incorporate any special ESSHQ requirements of the contractor or vendor. BNL reviews the proposed contract scope of work using the Work Planning and Control for Experiments and Operations Subject Area (Work Planning & Control). Building modification and utility drawings for new equipment are sent to the BNL’s Safety and Health Services Division for review by the appropriate Environment, Safety and Health (ES&H) disciplines. 
C-AD defines the scope of work for each project with sufficient detail to provide reviewers and support personnel with a clear understanding of what is needed, expected, and required. This includes 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. C-AD ensures that facility hazards are characterized and controls implemented specific to the expected construction location and activities.  
BNL and C-AD ensure that minimum ESSHQ competency requirements for contractors are detailed and provided to the Procurement & Property Management Division (PPM).  PPM includes those requirements in the bid and contract documents to qualify contractors for award.  Competency requirements are consistent with the project, facility and job to be performed. 
7.6.5. [bookmark: _Toc70313118][bookmark: _Toc86221090][bookmark: _Toc175112218][bookmark: _Toc282996449][bookmark: _Toc110588908]ESSHQ Plans for Commissioning, Operations and Decommissioning
C-AD identifies hazards and associated on-site and off-site impacts to workers, the public and the environment from the C-AD accelerator facilities and projects for both normal operations and credible accidents. Sufficient detail is provided in a 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 relates 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 C-AD SAD follows the generally accepted principles identified in DOE Order 420.2C.  Prior to commissioning, or operations, an independent Accelerator Readiness Review is performed for accelerators. C-AD uses procedures and training for commissioning and operations according to requirements in DOE O 422.1, Conduct of Operations Requirements for DOE Facilities. For projects that are not accelerators, a BNL Operational Readiness Evaluation is performed. All equipment and systems created/upgraded by a Small Project are the subject of a separate and distinct Hazard Analysis at the onset of the project. For projects that have non-standard industrial hazards, a safety analysis is performed and credited controls or engineered safety systems are defined and configuration controlled.

Post-operations activities would include a transition period, deactivation, decommissioning and remedial surveillance and maintenance activities. These activities will require development of a written plan that meets whatever requirements are in place at the time of post-operations.  For large projects, the expectation for a post-operations plan would be that it follows the principles of DOE O 430.1B, Ch. 2, Life Cycle Safety Asset Management.
7.7. [bookmark: _Toc175112219][bookmark: _Toc282996450][bookmark: _Toc110588909]Project Quality Assurance Program
7.7.1. [bookmark: _Toc175112220][bookmark: _Toc282996451][bookmark: _Toc110588910]QA 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 414.1D, 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 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 would be implemented within the projects using C-A QA implementing procedures.  These procedures supplement the BNL Standards Based Management System 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: ESSHQ Division).

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 projects.

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 Representative for consultation and guidance in matters related to quality.
7.7.2. [bookmark: _Toc175112221][bookmark: _Toc282996452][bookmark: _Toc110588911]Personnel Training and Qualifications
The BNL Training and Qualification Management System (Training and Qualifications) within the Standards Based Management System supports C-A management's efforts to ensure that personnel working on the projects are trained and qualified to carry out their assigned responsibilities. The BNL Training and Qualification Management System (Training and Qualifications) is implemented within the C-A Department with the C-A Training and Qualifications Plan of Agreement (Training Plan). 
7.7.3. [bookmark: _Toc107764645][bookmark: _Toc107771959][bookmark: _Toc107776377][bookmark: _Toc107764647][bookmark: _Toc107771961][bookmark: _Toc107776379][bookmark: _Toc107764649][bookmark: _Toc107771963][bookmark: _Toc107776381][bookmark: _Toc107764651][bookmark: _Toc107771965][bookmark: _Toc107776383][bookmark: _Toc107764653][bookmark: _Toc107771967][bookmark: _Toc107776385][bookmark: _Toc175112222][bookmark: _Toc282996453][bookmark: _Toc110588912]Documents and Records
The BNL Records Management System (Records Management) 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.
7.7.4. [bookmark: _Toc175112223][bookmark: _Toc282996454][bookmark: _Toc110588913]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.
7.7.5. [bookmark: _Toc175112224][bookmark: _Toc282996455][bookmark: _Toc110588914]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 the project. 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.
7.7.6. [bookmark: _Toc175112225][bookmark: _Toc282996456][bookmark: _Toc110588915]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 to 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. 
7.7.7. [bookmark: _Toc175112226][bookmark: _Toc282996457][bookmark: _Toc110588916]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 non-conformances that could adversely affect performance, safety, reliability, schedule or cost.
7.7.8. [bookmark: _Toc253581078][bookmark: _Toc253581501][bookmark: _Toc253581673][bookmark: _Toc282996458][bookmark: _Toc110588917]ESSHQ Plans for Fabrication
[bookmark: _Toc236893276][bookmark: _Toc236893283][bookmark: _Toc236893285][bookmark: _Toc236893287][bookmark: _Toc236893288][bookmark: _Toc236893337][bookmark: _Toc236893339][bookmark: _Toc236893344][bookmark: _Toc236893346][bookmark: _Toc236893350][bookmark: _Toc236893352][bookmark: _Toc236893354][bookmark: _Toc236893356][bookmark: _Toc107764586][bookmark: _Toc107771900][bookmark: _Toc107776318][bookmark: _Toc107764588][bookmark: _Toc107771902][bookmark: _Toc107776320][bookmark: _Toc107764590][bookmark: _Toc107771904][bookmark: _Toc107776322][bookmark: _Toc107764592][bookmark: _Toc107771906][bookmark: _Toc107776324][bookmark: _Toc107764594][bookmark: _Toc107771908][bookmark: _Toc107776326][bookmark: _Toc107764596][bookmark: _Toc107771910][bookmark: _Toc107776328][bookmark: _Toc107764598][bookmark: _Toc107771912][bookmark: _Toc107776330][bookmark: _Toc107764600][bookmark: _Toc107771914][bookmark: _Toc107776332]The LIUP2 project will use the BNL SBMS to identify and control hazards for all equipment and work at BNL for LIUP2. C-AD has review processes that comply with the BNL SBMS. The project will prepare designs and work procedures and have them reviewed by the appropriate laboratory or department review committees. The equipment and work practices will be reviewed by the C-AD Experimental Safety Review Committee (ESRC). The reviews of the ESRC are covered in C-AD Operations Procedures Manual (OPM) Chapter 9 Section 2.  The installation will be covered under the rules and safeguards in place for work in the RHIC tunnel.

The risk analysis in the Hazard Analysis Document (HAD) addresses the hazards of LIUP2. It also addresses hazards, controls and risks for experimental halls, experiments and their associated targets and detectors. The Safety Assessment Document (SAD) follows the generally accepted principles identified in DOE Order 420.2C.
7.7.9. [bookmark: _Toc282996459][bookmark: _Toc110588918]DOE ESSHQ Oversight
The CPM has the overall responsibility for the ESSHQ implementation to ensure that the project is constructed safely. He will maintain cognizance of all project activities, including the final ESSHQ plan and subsequent updates. The CPM is assisted in these responsibilities by the DOE Facility Representative from BHSO. The Operations Management Division at BHSO will coordinate ESSHQ oversight with the DOE Facility Representative. The DOE Facility Representative will coordinate with other subject matter experts (e.g., health physics) in the Operations Management Division as needed. BHSO personnel will monitor the LIUP2 fabrication activities on a regular basis to ensure that planned BNL oversight is being performed and that applicable BNL plans are being followed. 

At BNL, BNL management is responsible for ensuring the safety (including meeting all requirements) of the project. BHSO oversight is planned to monitor BNL’s activities and to assess BNL’s systems for ensuring safety and environmental compliance. This will include review of the various plans and procedures developed by BNL, and field operation awareness activities to ensure that BNL oversight is functioning properly. Applicable ESSHQ disciplines, such as construction safety, industrial hygiene, and waste management, will be identified for the project.  Oversight activities under each applicable discipline will be performed as needed to monitor BNL performance.
7.8. [bookmark: _Toc107764614][bookmark: _Toc107771928][bookmark: _Toc107776346][bookmark: _Toc107764616][bookmark: _Toc107771930][bookmark: _Toc107776348][bookmark: _Toc107764618][bookmark: _Toc107771932][bookmark: _Toc107776350][bookmark: _Toc107764620][bookmark: _Toc107771934][bookmark: _Toc107776352][bookmark: _Toc107764622][bookmark: _Toc107771936][bookmark: _Toc107776354][bookmark: _Toc107764624][bookmark: _Toc107771938][bookmark: _Toc107776356][bookmark: _Toc107764626][bookmark: _Toc107771940][bookmark: _Toc107776358][bookmark: _Toc107764628][bookmark: _Toc107771942][bookmark: _Toc107776360][bookmark: _Toc107764630][bookmark: _Toc107771944][bookmark: _Toc107776362][bookmark: _Toc107764632][bookmark: _Toc107771946][bookmark: _Toc107776364][bookmark: _Toc107764634][bookmark: _Toc107771948][bookmark: _Toc107776366][bookmark: _Toc107764636][bookmark: _Toc107771950][bookmark: _Toc107776368][bookmark: _Toc107764638][bookmark: _Toc107771952][bookmark: _Toc107776370][bookmark: _Toc107764640][bookmark: _Toc107771954][bookmark: _Toc107776372][bookmark: _Toc389484428][bookmark: _Toc389558570][bookmark: _Toc389484429][bookmark: _Toc389558571][bookmark: _Toc282996460][bookmark: _Toc110588919]Value Engineering
As part of the Peer Review process, the design and fabrication is being reviewed and evaluated with Value Engineering principles in mind. Project personnel continue to evaluate alternative design approaches and the flexibility of the design for present and future research as appropriate. The VE approach will determine the impacts on cost (both project and life cycle) of any suggested changes to the design.
7.9. [bookmark: _Toc283292941][bookmark: _Toc283293056][bookmark: _Toc283293871][bookmark: _Toc282996461][bookmark: _Toc110588920]Transition to Operations
Before Project completion a transition to operations plan will be developed. Guidance for the operation planning will be provided by the DOE Office of Nuclear Physics.
7.10. [bookmark: _Toc282996462][bookmark: _Toc110588921]Project Closeout
[bookmark: _Toc281818108][bookmark: _Toc281832768]Project closeout will begin when all equipment has been installed and subsystem measurements to verify the KPPs have begun. A Draft Closeout report will be developed prior to Project completion and is expected to address demonstration of KPPs, Lessons Learned, the closure status of purchase orders, the expected total cost of the Project and when the Project is expected to close the control accounts and complete the financial closeout. 
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[bookmark: _Toc110585227][bookmark: _Toc110585228][bookmark: _Toc110585229][bookmark: _Toc265745034][bookmark: _Toc265745128][bookmark: _Toc265745035][bookmark: _Toc265745129][bookmark: _Toc282996464][bookmark: _Toc110588922][bookmark: _Toc119545090]APPENDIX A	WBS DICTIONARY

This dictionary gives a succinct definition of some of the most important tasks included in the WBS.  

14.01 	Project Management

Project Milestones and Level of effort tasks associated with the daily management, oversight, and assessment of the project. The effort includes the labor of the Contractor Project Manager, Project Controls, ESSHQ, financial oversight, documentation, and reporting.

14.02 	RF Modification

This WBS element covers all the needed upgrades to operate at a longer RF pulse width. The capacitance in the driver and power amplifier capacitor banks must be increased. The anode and cathode power supplies need to be replaced and new low-level electronics added in the RF modulator. This WBS will cover engineering, design, procurement, and component installation required for the upgrade.

14.03 	Quadrupole Power Supplies

The Linac quadrupole power supplies power all the drift tube quadrupoles. The existing power supplies will be replaced by new units capable of longer width flattop. This WBS covers all engineering, design, procurement, and installation tasks necessary to replace all the power supplies.
 

14.04 	Controls

The Control WBS will cover all a complete upgrade of the existing control system. The controls to be replaced include the quadrupole power supplies, data acquisition and beam diagnostics.  The Controls WBS encompasses the engineering, design, procurement and installation of the new control system.  


14.05 	Beam Instrumentation

The Beam Instrumentation WBS will cover all needed upgrades of the existing beam instrumentation system. The Beam Instrumentation WBS encompasses the engineering, design, procurement and installation of the upgraded beam instrumentation system. The instrumentation to be added, replaced or upgraded include the following:

(a) beam position monitor (BPM) chamber after DTL tank 9 and between first (BM1) and second (BM2) bending magnet in the BLIP transport line, (b)  BPM electronics for the connection to existing BPMs after the DTL cavities 2 through 8 and BPM listed above, (c) Single wire Secondary Emission Monitors (SEM) electronics (20 unites), (d) Beam profile Monitor (harp)between BM1 and BM2,  ( e) new current transfers (11 unites) for DTL cavities 2-9, and between BM1 and BM2, (f) new slit and collector emittance monitors (X,Y).


Beam Position Monitors
Dual plane BPM button style pick-ups will be distributed at select locations throughout the BLIP beam transport.  The signal from each button is delivered to the signal processing electronics using heliax cables.  

Beam Position Monitor Electronics 

Beam Position electronics for the existing BPMs after the DTL cavities 2 through 8 and BPM listed above

Single wire Secondary Emission Monitors (SEM) electronics

Replaced 50-year-old electronics for the single wire secondary emission (SEM) monitors 
 
Beam Profile Monitors (Harp)
Transverse beam profiles are measured by plunging a multiwire in the beam.  Image processing software can provide beam size sigma, centroid, Gaussian fits and Chi-squared fitting accuracy.  

Beam Current Monitors
A commercially available assembly that consists of 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 beam current or bunch charge depending on the style of detector installed. A separate set of wire turns on the DCCT toroid is used for injecting a calibration signal.  Matching commercial signal processing electronics are included for each detector to provide data to operations.

Slit and Collector Emittance Monitors (X, Y)

Slit and collector Emittance monitor in front of drift tube tank 1







[bookmark: _Toc282996465][bookmark: _Toc110588923]Appendix B 	Risk List
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The total worst-case estimate of all Risks is $2,000k. + 18 Months

Cost & Schedule Impact Mitigation: 
 
1. Although there are risk-based schedule impacts, due to the staged work during shutdowns, we do not anticipate the forecasted project completion date to be affected by any of the above risks. 
 
 
2. There remains uncertainty about market supply chain issues that could result in cost and schedule impacts to the project. 
Mitigating Strategies:
a. The Contract Project Manager shall work closely with all CAM’s, and the BNL Procurement team, to identify early procurement dates to mitigate potential procurement delays. These schedule impact risks are difficult to quantify as they are driven by the unpredictable nature of market supply chain issues and other geopolitical factors within the market that may affect timely delivery of critical equipment/materials.
b.  We have added 18 months of project schedule contingency to our project plan to offset these potential schedule impacts and have assigned project contingency in the amount of $5.3M to mitigate these and other cost related potential risks and uncertainties.


[bookmark: _Toc110588924]Appendix C	  Report of the prototype quadrupole power supply
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Report on development of two Linac quad power supply prototypes

loannis Marneris

Executive Summary

In 2017 the development, construction, and testing of two prototype power supplies started in preparation for
the BNL Linac Intensity Upgrade Phase . The work scope, schedule and cost estimate is shown in the
Appendix. The effort was funded with $281k and executed in three phases (see Appendix).

The two prototypes were designed, built and are presently running operationally for the BLIP isotope
production. With the completion of phase 3, the project has been successfully completed —on time and within
budget.

Technical summary of Phase three

Phase 3 scope description

The scope of project phase 3is to evaluate the prototype performance in operation over 3 months against specifications
for the Linac Intensity Upgrade Phase Il. The prototypes are based on the CERN topology power-supply design. The two
prototype power supplies were installed and commissioned with two Linac quad magnets during the first week of
December 2018, These prototypes are currently running for operation for BLIP.

Phase Three Description of actual work

We redesigned the mechanical layout of the first prototype because of some issues we had referenced in my previous
report. One of the issues was to minimize the inductance between the capacitor bank and IGBT's. We did this by
replacing cables with copper bus. We also redesigned the regulator and interlock boards of the power supply, using new
printed circuit boards. We decided to split the regulator board into two. One located close to the flat top regulating IGBT
and another one located in a more convenient location. We also incorporated a programable logic controller (PLC) to
handle all the interlocks and states of each of the new prototypes. Another design we incorporated, was a malfunction
printed circuit board to initiate  signal and aboard beam in case of a current output malfunction of the power supplies.
Because of these modifications the mechanical lay out of the prototypes was changed. Al these modifications are very
close to the final design of the power supplies.

‘The two new prototypes have the following new pc boards.

Regulator board.

Flat top driver board.

Buffer board.

Interlock board for magnet RMS current.
e Interlock board for Fan.

f. Malfunction board.

g Pulsed IGBT driver.

h.  Sorenson interface board.

i, Euro chassis Back plane board.
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j. Low voltage supplies board.

These new prototype power supplies were tested successfully to make sure they meet our specifications and installed by
December 5%, 2018. One was interfaced with Mod2-quad 4 magnet and the second was interfaced with Mod2-quad 16
magnet. The prototype power supplies are running successfully ever since without any problems.

One of the prototypes before it was delivered and installed in the 15-inch racks to be ready for physics.
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Both prototypes met all our specifications during the initial testing and also during the final commisioning.
Issues to be addresed

As mentioned above the two prototype power supplies worked well for three months without any problems. However,
there are two issues that need to be addressed:

1. These power supplies will be running in the future at up to 10 Hz. Our assumption was that after a current pulse,
we have 90 msec maximum to recharge the capacitor bank part of the power supply, ready for the next current
pulse. However, after detailed discussions with our controls group it was indicated that due to the existing Linac
timing system, we only have 50 to 70 msec to recharge the capacitor bank of each supply.

2. To prototypes allow for switching Linac beam energies in one step without missing a pulse (pulse-to-pulse
modulation or PPM) from 66 MeV to 200 MeV but should allow a PPM change over the full Linac energy range
from 10 MeV to 200 MeV.

Because of the above reasons, the specified capacitor bank charger of 4 A, 300 V in the prototypes, is not sufficient. A
new charger is needed to be specified rated at 10 A, 300 V. This charger is a standard product in the market and there is
no problem in the overall design of the future power supplies. However, the mechanical lay out of the new supplies, will
have to be changed, to fit the new capacitor bank charger, since ts size is larger than the originally specified charger
supply. We do not anticipate any significant problems incorporating this change in the new supplies.

Conclusion

‘The phase 3 of this project was completed successfully. With the prototyping and testing we understand the issues of
building 170 power supplies for the Linac Intensity Upgrade Phase Il. We verified the repeatability of the magnet current
during the flat top the settling time and the durability of the prototype power supplies after 3 months of continued
operation. We will incorporate a larger capacitor bank charger in the future supplies for the reasons mentioned above.
Because of this, we need to modify the mechanical layout of the components in the new supplies. Th
understood problem and we do not anticipate any significant problems.

awell

The project has been successfully completed - on time and within budget.




image19.png
APPENDIX — Project proposal scope, schedule and budget

Background

‘The Linac quad power supplies are about 46 years old. They are resonant type of power supplies. They do not have a
current feedback loop and as a result the output current is not as stable. Also physics requirements in the future require
the power supplies to have a flat top of 900 to 1100 usec. The present design of power supplies does not enable us to
have a flat top of 900 to 1100 usec. The topology of the new Linac quad power supplies could be switch mode type or
linear during the flat top and switch mode during ramping up and down. The reasons are we would like to keep the
power dissipation of the power semiconductors to minimum. We also would like to keep the cost of the power supplies
to minimum. Another reason for choosing a switch mode design or a combination of switch mode and linear during the
flat top, is the size of the power supplies is smaller compared to other topologies. We have been in communication with
Fermi lab discussing the power supplies. It was indicated by Fermilab that they have a switch mode design of power
supplies meeting our requirements, and they are willing to give us an equipment rack, housing between three to six
supplies. The idea is to learn details from the Fermilab design by testing them. Also we have been in contact with CERN
and they talked to us about a switch mode and linear combination topology of a power supply they are using, which
could also be used to replace the Linac quad supplies. However they are not willing to give us details of their design
unless we pay them around 6,000 dollars and in the future pay them around 130,000 dollars if we use their design to
make the power supplies. In the end we should evaluate these designs/topologies and be able to create two prototypes
based on the chosen design/topology. These prototypes will be fully tested and evaluated to determine if they meet our
requirements.

Objectives

« Thefirst objective is to study the Fermilab power supply design and learn details of its operation. This will be
accomplished by testing the power supplies that we will receive from Fermilab, using as a load six types of spare
Linac quad magnets. Interface if possible two of these supplies with existing loads and use them for our existing
physics program. Also evaluate if the Cern topology is applicable to replace the Linac quads.

The second objective will be to create two prototypes of power supplies, based on the Fermilab design or the Cern
topology.
«  The third objective is to test the two prototypes and ensure that the meet our specifications and requirements.

Scope

‘The result of this project is to fully test and evaluate two, prototype Linac quad power supplies and ensure they meet
our specifications and requirements. These prototypes will be based on the Fermilab power supply design of power
supplies or the Cern topology. Note that we will receive an equipment rack from Fermilab, housing between three to six
power supplies. These power supplies will be fully tested to lear and understand details of their design. Two prototype
power supplies will be made based on the Fermilab design or the Cern topology. These prototypes will be fully tested to
ensure they meet our specifications and requirements.
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Timeframe

Description of Work

Start and End Dates

Phase One Test the Fermilab supplies to fully understand the | The start day will be 9/26/17
design. Interface if possible two of these supplies | The end day for testing these
with existing loads and use them for our existing | power supplies, will be
physics program. Buy new controls for three 12/31/17
power supplies (PS's). Evaluate if the Cern The end day for using if
topology is applicable to replace the Linac quads. | possible two power supplies

with the existing physics
program will be 06/30/18

Phase Two Make two prototype power supplies based on | The start day will be 1/01/18
the Fermilab design o the Cern topology. Specify | The end day will be 11/31/18
and Buy a programmable logic controller (PLC)

Phase Three Test the two prototype Linac quad power ‘The start day will be 12/01/18
supplies and ensure they meet our specifications | The end day will be 03/30/19
and requirements

Project Budget
Description of Work Anticipated Costs

Phase One Test Fermilab supplies and evaluate the Cem $ 103,000.00
topology power supply. Interface if possible two
of the Fermi lab supplies with existing loads and
use them for our existing physics program. Buy
new controls for three power supplies (PSI's)

Phase Two Design and make two prototype power supplies | $ 70,000.00
based on the Fermilab design. Specify and Buy a
programmable logic controller (PLC)

Phase Three Test the two prototype Linac quad power 3 108,00000

supplies and ensure they meet our specifications
and requirements

Total

$ 281,000.00




