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1 Introduction/Summary

The HRMAC Project is a great example of how project management can be applied to truly unique
research and development projects. This project’s scope included the development of a first-of-its-kind
mass spectrometer, a first-of-its-kind high field magnet, and a one-of-a-kind control system; and then
integrated them all to produce a one-of-a-kind 21 Tesla mass spectrometer system. The Project not only
accomplished this scope but far surpassed the Key Performance Parameters while completing the
acquisition within the original budget and schedule objectives.

The mission of the Environmental Molecular Sciences Laboratory (EMSL), located at the Pacific
Northwest National Laboratory (PNNL) in Richland, Washington, is to lead molecular-level discoveries
for the DOE Office of Science (SC) Biological and Environmental Research (BER) Program that translate
into predictive understanding and accelerated solutions for national energy and environmental
challenges. To enable these discoveries, cutting edge molecular science instrumentation is needed to
provide new insights and solutions for mission area needs.

Although world-leading, EMSL’s mass spectrometry (MS) capability (a chemical analysis method
whereby molecular constituents are sorted and analyzed by their size/mass) was reaching technical
performance limits, revealing a capability gap that precluded the solution of challenging scientific
questions regarding chemical and biochemical mixtures with high mass and/or diverse, complex
composition. The HRMAC Development Project closed this gap by improving the ability to resolve, or
distinguish, molecules with nearly similar size and mass, and to measure them to a very high level of
accuracy.

The system consists of three main parts: a unique high field superconducting magnet (21 Tesla, 110 mm
bore), a spectrometer system designed to introduce and ionize complex samples, and a sophisticated
data control and analysis system.

The required high-field magnet had to be designed for exceptional magnetic field stability over time and
over the working volume within the magnet, and operate at super-cooled liquid helium temperatures (<
2.5°K).

The magnet was designed and fabricated by Agilent Technologies (Oxford UK), while the other system
components were designed, fabricated, tested, and integrated by Project staff at EMSL/PNNL.

The Project achieved all of the project measureable and quantifiable performance parameters and
exceeded most by a considerable amount.

This effort will enable advances in microbial community biology, biomass conversion to biofuels, carbon
sequestration and climate change, environmental remediation, energy efficiency, and even national
security.



2 Sponsor Letter

Department of Energy
Pacific Northwest Site Office
P.O. Box 350, K9-42
Richland, Washington 99352

February 2, 2016

PMI-Columbia River Basin Chapter
Richland, Washington

To: Project of the Year Awards Committee

HIGH RESOLUTION MASS ACCURACY CAPABILITY (HRMAC) DEVELOPMENT
PROJECT NOMINATION FOR PMI PROJECT OF THE YEAR

The U.S. Department of Energy, Pacific Northwest Site Office is pleased to endorse the Pacific
Northwest National Laboratory HRMAC Project nomination for the PMI-CRBC Project of the
Year.

The HRMAC Project is a great example of how project management can be applied to truly
unique research and development projects. This project’s scope consisted of developing a one-
of-a-kind 21 Tesla mass spectrometer system by integrating a first-of-its-kind mass spectrometer
instrument, a first-of-its-kind high field magnet, and a one-of-a-kind control system.

This Project is worthy to receive recognition as the PMI-CRBC Project of the Year because the
Project Team’s application of disciplined project management practices and innovative solutions
to complex problems that threatened the completion of the Project made it possible to
accomplish the scope within the originally planned schedule and budget. In the face of
significant magnet fabrication delays due to its complexity and a worldwide liquid helium
shortage, the Project Team was able to compress the schedule to maintain the planned
completion date and also remain within the original cost.

The Project Team not only accomplished the scope but far surpassed the predetermined Key
Performance Parameters associated with improving the ability to resolve, or distinguish,
molecules with nearly similar size and mass, and to measure them with an astounding level of
accuracy. The innovative approach taken by the Project Team enabled the development of the
world’s highest resolution mass spectrometer to specifically address key national challenges in
biology, the environment, energy, and security.

The Project Team executed effective and efficient communications between all Project
participants and stakeholders. The Project was led by a seasoned and certified project manager,

teamed with a world-class technical expert in the development of mass spectrometers.

Sincerely,

4

Roge yder
Manager



3 Benefits/Value

The Office of Science (SC) is a program office within the Department of Energy (DOE) which supports a
diverse portfolio of research that advance the science needed for revolutionary energy breakthroughs,
seek to unravel nature’s deepest mysteries, and provide the Nation’s researchers with the most
advanced large-scale tools of modern science. DOE manages this research portfolio through several core
program offices including the Biological and Environmental Research (BER) program. The BER mission is
to support fundamental research and scientific user facilities to achieve a predictive understanding of
complex biological, climatic and environmental systems for a secure and sustainable energy future. The
BER program directly supports the April 2014 DOE Strategic Plan, specifically Goal 1, Science and Energy,
which seeks to “advance foundational science, innovate energy technologies, and inform data driven-
policies that enhance U.S. economic growth and job creation, energy security and environmental
quality.” At EMSL/PNNL, BER’s funding supports Strategic Objective 3 within Goal 1 to “deliver the
scientific discoveries and major scientific tools that transform our understanding of nature and
strengthen the connection between advances in fundamental science and technology innovation.”

The BER program provides funding for scientists to conduct research and development in systems
biology, proteomics, atmospheric processes, geochemical interactions, and related biological and
chemical processes to advance a wide variety of DOE mission areas, including biomass conversion for
biofuels, contaminant bioremediation and terrestrial carbon sequestration. In addition to funding
research, the BER program plans, constructs, and operates several major scientific user facilities that
contain specialized instrumentation used by BER-funded scientists and others.

The Environmental Molecular Science Laboratory (EMSL), located at the Pacific Northwest National
Laboratory (PNNL) in Richland, Washington, is one of the Office of Science user facilities funded by the
BER program. EMSL’s mission is to lead molecular-level discoveries for DOE and BER that translate into
predictive understanding and accelerated solutions for national energy and environmental challenges.
To enable BER-supported scientists to continue to make new discoveries in the biological and
environmental sciences of interest to DOE, high resolution and accuracy instruments, equipment and
systems are needed to resolve the lowest abundance components of complex mixtures.

Although world-leading, EMSL’s current high-field mass spectrometry (MS) capability is reaching
technical performance limits, revealing a capability gap that precludes the solution of challenging
scientific questions regarding chemical and biochemical structure and composition, particularly for
mixtures with high mass and/or diverse composition. The HRMAC Development Project will close this
gap by improving mass resolution from the current practical limit of 1 million to at least 3 million.
Likewise, the mass accuracy will be improved from the current limit of 1 parts per million (ppm) to at
least 0.5 ppm.

The HRMAC Development Project will result in a leading-edge instrument that will enable EMSL users to
contribute substantially to research funded by many of the BER research programs. Specifically, it will
allow the scientific community to gain a molecular-level understanding of biochemical pathways, cellular



communication, microbial communities, organic and biogenic aerosol particle formation and
transformations, and other interactions between molecules and their environments. Advances in these
research areas will enable innovation in systems and microbial community biology, biomass conversion
to biofuels, carbon sequestration and climate change, environmental remediation, energy efficiency,
and even national security.



4 Schedule

Project oversite was in accordance with tailored requirements of DOE Order 413.3B, Program and
Project Management for the Acquisition of Capital Assets, which requires the project to progress
through Critical Decision (CD) approval phases. Each CD marks an authorization of commitment of
resources by DOE and requires completion of documentation to proceed through to the next CD. The CD
approvals for this project are:

I CD-0, Approve Mission Need;

9 CD-1, Approve Alternative Selection and Cost Range;

9 CD-2/3A, Approve Performance Baseline. Definitive scope, schedule and cost baselines have been
developed and approval to proceed with execution of long lead item acquisition;

9 CD-3B, Approve Start of Execution. The project is ready for implementation of final design and
system integration; and

9 CD-4, Approve Start of Operations or Project Completion. The project is ready for turnover or
transition to operations.

The HRMAC detailed project schedule was prepared using the Primavera (P6) scheduling tool for the
establishment of a performance baseline. Schedule activities are planned below the control account
level or the work package level by the Control Account Manager or Work Package Manager. Their
estimates for activity duration (work days) and logic between activities is based on the following:

e Past experience with building FTICR systems
e Technical approach selected for this project
e Knowledge of work flow and tasks necessary for this project.

The result is a resource-loaded schedule baseline containing all project work scope, schedule, and
budget information, including key milestones and deliverables. The baseline schedule contingency is
included and based on schedule risk (see Risk Section for details). Primavera P6 and a proprietary pricing
tool developed by PNNL were used to develop a resource-loaded schedule.

The schedule critical path ran through procurement and delivery of a high field super conducting
magnet, integration of the magnet to other system components and acceptance of the system as a
whole. Significant schedule risk was associated with procurement of the magnet.

The challenges on the magnet included limited availability of raw material, technical issues during
manufacture and a worldwide helium shortage during a critical time when the vendor was attempting to
bring the magnet to full field (the vendor was only able to receive about one-fourth of the helium they
needed). At the point where these issues resulted in delays that put the Project end date in jeopardy,
the visibility of the Project was raised. This necessitated monthly reporting to higher levels of DOE/SC
management, which benefitted the Project by increasing the urgency with the vendors, while also
highlighting within DOE/SC the significance of this instrument to DOE’s mission.



The HRMAC Project was able to recover from all of these challenges and still obtain CD-4 approval ahead
of schedule through concerted effort by the sponsoring BER program manager, the FPD, the Project
Team, and the vendor. Efforts to accomplish this included weekly teleconferences covering
manufacturing progress and issue resolution, regular extended travel to the vendor’s factory to establish
personal contacts/commitments and maintain a visual presence, and repeated contract negotiations to
offset Project costs incurred by the delay. These above-and-beyond efforts made a real and significant
difference that contributed to the eventual success of the HRMAC Project.

The Project Team continued development of in-house spectrometer and controls system throughout the
prolonged delay in magnet delivery. The Project Team found innovative solutions to schedule shortages
including, working many activities in parallel that would normally be done in sequence, using a lower
field test magnet to facilitate a near seamless integration with the high field magnet upon its arrival, and
the recruitment of part time and interim skilled staff members to accelerate all aspects of the
spectrometer and control system development. This resulted in successfully accelerating the system
integration and performance schedule from 12 months to 3 months, an especially impressive
achievement considering the multiple risks introduced by the schedule acceleration.



5 Cost

As described in the Schedule section, cost was estimated using Primavera P6 and a proprietary pricing
tool developed by PNNL to develop a resource-loaded schedule. Estimates for parts and components of
the spectrometer systems were derived from technical staff past experience in procuring similar items.
For the magnet cost, early estimates were derived from a request for information (RFI) released to
potential vendors and posted on FedBizOps in March 2009. The purpose of the RFI was to obtain several
key pieces of information:

. What vendors might be interested in bidding

. What the rough price should be for planning purposes

o How long vendors believed it would take to manufacture the magnet

o The technical approach the vendors would use to manufacture the magnet.

Subsequently, to determine the project baseline, a Request for Proposal (RFP) was issued in December
2010. Only two vendors responded with an obvious price difference between the two offers. This was
apparent in both the RFl and RFP responses. While it is not entirely clear why the price difference was so
disparate, the technical team believed the price differential basically is due to the approach to building
the magnet. One vendor’s approach considered development and fabrication of the HRMAC magnet
would increase the Vendor’s capability among its line of special, high-field, high-stored energy magnets.
The other vendor’s approach considered the HRMAC magnet as a one-of-a-kind system, and the price
reflected anticipated risks and project development costs, including a plan to purchase double the
superconducting wire required to build the magnet. With price analysis conducted by adequate price
competition between responsive offerors, it was determined that the lowest, technically responsive
offer was selected.



6 Scope

The technical objective of the HRMAC Development Project was to design, develop, procure, assemble,
optimize, commission, and acceptance test a next-generation, high-resolution and mass accuracy
capability. The HRMAC system consists of an advanced FTICR mass spectrometer that is made up of the
following components and sub-systems:

9 A high-field, superconducting magnet with a minimum bore size of 110 mm, exceptional magnetic
field stability (drift of <10 ppb/hr (parts per billion/hour and homogeneity (<15 ppm in “sweet spot”
uniform field position), operating at <2.5 K within a highly efficient cryostat system. This was
acquired via firm fixed price contract.

9 A spectrometer system consisting of ion source, transfer, and detection systems to enable efficient
ion generation, delivery, and mass analysis for highly complex environmental and biological
samples. These components were integrated into a multiple-stage, differentially pumped high-
vacuum chamber system part of which is located in the high-field magnet. This was designed and
built in-house by procuring and/or fabricating components.

1 A dedicated, computerized system controller and data acquisition system for the HRMAC system
operation and assimilation, visualization, and transfer of MS data. The data system is capable of high
data acquisition rates with large onboard data storage and transfer capability. The
control/acquisition system is integrated with the offline data storage and archival systems to enable
automatic data transfer and analysis procedures. This was designed and built in-house.

The Acquisition Strategy document was submitted and approved by the Acquisition Executive on
September 24, 2010, as part of Critical Decision 1, Alternative Selection and Cost Range.

A Fourier Transform lon Cyclotron Resonance Mass Spectrometry (FTICR MS) system that meets or
exceeds the threshold parameters is the desired outcome.

Combined, these measurable and quantifiable performance parameters represent a mass spectrometry
capability that will be world-class. As indicated in Table 1, the 21T FTICR MS performance meets or
exceeds all of the threshold KPPs and most of the objective KPPs. The objective KPPs originally
represented an additional leap in HRMAC MS capabilities and exceeding these further demonstrates the
successful incorporation of many advanced technologies into the 21T FTICR mass spectrometer.



Table 1. HRMAC Planned and Actual KPPs

Definition of Scope Threshold® Objective” Actual
Mass Resolutionni/z400) >3,000,000 >3,500,000 12,000,000
Mass Accuracy <0.5 ppm <0.1 ppm 0.01 ppm
lon Transmission Range 400<9m/z<2000 200<m/z<4000 200<m/z<2000
ESI Sensitivity <10.0 fmol <1.0 fmol <0.5 fmol
LCMS Resolutionfi/z400) >250,000 >500,000 1,200,000
LCMS Resolution1fn/z1500) >125,000 >250,000 340,000
CID Sensitivity <100 fmol <50 fmol
LCMS MMA <2 ppm <0.2 ppm
> 50 kDa Sensitivity S/N>10/1 S/N>500/1

Not es: a)

project if contingency is available to enable additional performance improvements.

Threshold KPPs ar e

the mini mum param
when complete. At project baseline approval stage-2§Ehe documented threshold KPPs comprises the
official performance baseline. b) Objective KPPRs those additional parameters that will be added to the

Legend: m/z: mass/charge ratio; ppm: parts per million; fmol: femtomol&5 Xole; MMA; kDa: kiloDalton;

S/N: sigral/noise ratio.




7 Stakeholders

Key stakeholders are comprised of the Integrated Project Team (IPT). The purpose of the IPT is to
support the Federal Project Director (FPD) for the management and execution of the High Resolution
and Mass Accuracy Capability (HRMAC) Development Project. The IPT is led by the HRMAC FPD and
composed of Department of Energy, Office of Biological and Environmental Research (DOE-BER) and
Pacific Northwest National Laboratory (PNNL) staff. The IPT membership includes functional specialists
as required.

The HRMAC IPT committed to support the FPD in meeting the work scope, cost, and schedule baselines
of the project while maintaining safety of the workers and public, security, and the environment. The IPT
provided effective leadership and guidance to the HRMAC Project. The project was executed through
teamwork; clear identification of roles, responsibilities, and authorities; accurate and timely reporting of
project status; open and honest communications; and professional accountability by all IPT members.

The members of HRMAC IPT are listed below:

Role Name Affiliation

EMSL Federal Program Manager Paul Bayer BER

Federal Project Director Russ Warren PNSO
EMSL Program Administrator Jeff Day PNSO
Contracting Officer Ryan Kilbury PNSO
Environment, Safety, and Health Carrie Swafford-Bennett PNSO
Budget Lance Vickerman PNSO
Contractor Project Manager Scott Tingey PNNL
Contractor Lead Technical Manager David Koppenaal PNNL
Contractor Technical Advisor Ljiljana Pasa-Tolic PNNL
Contractor Technical Advisor Robby Robinson PNNL
Contractor Facilities and Operations Mark Hartzell PNNL

Contractor Project Controls Jeanette Doty PNNL




Implementing a robust communication plan was a cornerstone in the HRMAC success strategy. In order
to maintain open lines of communication, the Project institutionalized a set of meetings with agendas
that covered ongoing topics and included emerging topics as well. These meetings and their function

are described in the table below:

Title Frequency Topics Attendees
Sponsor Meeting | Every other week ?(tez:[ggdfor sponsor & any federal help ESSLBFI)EMR Fli’,\l}lNL PI,

Magnet status, contract questions, he

PNNL PM, PNNL PI,

Vendor Telecon Every week PNNL Contracts, FPD,

needed from contractor
Vendor

Detailed progress reports, PNNL PM, PNNL PI,

Proiect meetin Week identification of new risks, disposition] PNNL Project Team,

y 9 y of existing risls, support from PM on | PNNL Contracts, FPD

barriers (every other meeting)
Technical Strategy, Analysis of

Technical Team Weekly problem areas, brainstorming PNNL PM, PNNL P,

Technical Team

approaches, Identification of risks

Ad hoc meetings were held as necessary and the Contractor Project Manager and Principal Investigator
relocated offices to be closer to each other.

The Project Team also made a concerted effort to communicate with the magnet vendor on a routine
basis. As a result, issues were able to be resolved more quickly and the recurring delays the vendor was
experiencing subsided. Project representatives also visited the magnet procurement site in the UK
multiple times over the life of the Project, which built a strong working relationship and enhanced
communication between the Project Team and the vendor. This relationship was invaluable when issues
arose with the magnet performance.

Frequent communications were held with PNNL Laboratory management, SC, and BER Program staff to
keep them apprised of Project status, particularly the issues associated with the high-risk magnet
procurement. This fostered conversations with higher levels of management within the vendor
organization to help drive issues to closure. Quarterly tele-cons with the sponsoring BER Program
management were held to discuss needs, issues, and mitigation options. At the point at which delays
put the Project end date in jeopardy, the visibility of the Project was raised. This necessitated monthly
reporting to higher levels of DOE/SC management, which benefitted the Project by increasing the
urgency with the vendors, while also highlighting within DOE the significance of this instrument to DOE’s
mission. These communications did much to ensure that decisions were fully vetted and informed, and
that all involved were fully cognizant of the issues, paths forward, and overall status.




8 Risk

A definitive Risk Management Plan (RMP) was developed. Risk management for the HRMAC Project is

managed by the Integrated Project Team (IPT). The IPT treats the risk planning and monitoring process
as a continuous process. Central to the planning process is the development of the risk register, which

includes several elements for each risk.

Risk monitoring involves the systematic, continuous tracking and evaluation of the effectiveness and
appropriateness of the risk handling strategy, techniques, and actions established within the RMP. The
project Risk Manager drives this process. Risk monitoring also includes information that can assist in
identifying new risks or changes in the assumptions for risks captured previously on the risk register. The
HRMAC project is using the risk owner monitoring method for monitoring each risk.

The HRMAC Project risk feedback was a continuous and iterative activity throughout the risk
management process. Participants in the risk management process provide feedback throughout the
project. The risk POC has a significant role in risk monitoring. As part of the risk monitoring process, the
risk POC provide feedback throughout the project and the risk manager updated information in the risk
register. For the project, risks are monitored continually. The risk register is reviewed monthly as part of
regular project meetings. Any changes that a risk POC makes to the risk register was discussed at these
meetings to confirm that changes in the conditions of one risk do not impact another risk or created
another potential risk. As risks were retired, contingency was released back to the project via baseline
change control.

This feedback process began with the initial identification of the overall risk of the project at the time
the project baseline was approved and continued through to the project acceptance, CD-4.

To determine risked based contingency, an integrated cost and schedule risk analysis was performed on
the HRMAC project schedule using Monte Carlo simulation. The simulation evaluates the cost and
duration of the project schedule given the impact of the risks contained in the risk register. The
schedule is broken down into three major work breakdown structure (WBS) elements: project
management, system components acquisition, and fabrication. System components acquisition is
further broken down into three subcomponents: magnet, spectrometer, and control systems.

The risk register contained 54 risks that impact each of the major WBS elements of the project. The
probability of occurrence and the cost and duration consequence of each risk were quantified by subject
matter experts and recorded in the Centralized Risk Register (CRR), an Access based risk tracking and
management tool. Each risk was also assigned to an activity in the schedule that would be impacted if
the risk occurred.

During each iteration of the Monte Carlo simulation, each identified risk assumed a duration and cost
sampled from the consequences defined in the CRR. This resulted in an increase in project cost and
duration, relative to the deterministic baseline, as risks occur.



A total of 1,000 iterations were evaluated, and the project cost and finish date of each iteration was
written to an output file. These results were used to compute project contingency by calculating the
incremental project cost, relative to the deterministic baseline cost, due to identified risks. The data
was also used to identify those risks having the most significant impact on project cost and schedule.

The resulting cost and schedule contingency derived from this analysis was $4,578,408 and 252 days,
respectively.

From the beginning, the Project Team was keenly aware that there were several key areas of risk
associated with the acquisition, and planned diligently to mitigate these risks. This disciplined approach
to risk management prepared the Project to deal with risks as they occurred, and also built a strong
team dynamic which enabled the entire Project Team to respond to unplanned problems.

For example, an unexpected worldwide shortage of liquid helium (required for operating super-
conducting magnets), occurred at a critical point when the magnet vendor was to perform final
specification testing of the magnet. This shortage was an issue for the magnet vendor not because of
the increased cost of helium, but because of the rationing which occurred. They were only able to
receive about one-fourth of the helium they needed regardless of the price. Once this became known, it
was clear that this shortage could have a significant impact on the schedule. Together, the contractor
Project Team, the Federal Project Director and the BER program sponsor developed and expeditiously
executed a plan to withdraw helium from the U.S. reserve, a process which required special requests
and applications to the US Bureau of Land Management for a waiver release of helium gas. The impact
on the schedule was averted by the early recognition of the problem and the resolute resourcefulness of
the Project Team resulting in the helium being delivered just days before the magnet vendor was
scheduled to begin cooling and start-up.

In another instance, after several attempts and failures to bring the magnet to field, the magnet vendor
determined that they needed to dismantle the magnet to fix an internal problem. While this was a
vendor decision, the Project Team worked with the vendor to understand all the variables and possible
outcomes. This allowed the Team to develop planning scenarios which could mitigate the impacts to the
overall Project from this delay. The Project also brought together a specially constituted panel of
magnet experts from industry, government, and academia to gain a full understanding of the
approaches being taken by the vendor to solve the internal magnet issues. This facilitated clear
communication to the sponsor, provided the ability to set expectations with the vendor, and led to a
well-informed risk-based planning effort to be undertaken.

These examples demonstrate that the entire Project Team and stakeholders were able to work together
with shared goals and expectations to resolve problems.



9 Project Change Management

Performance Measurement Baseline (PMB) integrity was maintained and managed through a change
control process with the intent of providing meaningful performance data.

This baseline change control process applied to all work at all levels of the HRMAC Project WBS and was
initiated at CD-2/3A. The baseline change control process is applicable from the initiation of a Baseline
Change Request (BCR) form to the approval process, including incorporation of the change (if approved)
into the baseline and all associated technical baseline documents. All staff associated with the project
are required to use this process for initiating changes to the HRMAC Project PMB.

The project team (including the technical team and the project management team) met weekly to
discuss project status, issues, and any changes that may be required. As issues or changes arose, the
Technical Manager and technical advisors provided advice and guidance to the Project Manager on the
appropriate changes to the project baseline. However, the Project Manager ultimately was responsible
to determine if a change should be forwarded to DOE for approval. For those changes below the
threshold where DOE approval was required, the Project Manager was responsible to either approve or
deny the proposed baseline change request.

Any project participant may suggest a change to a controlled project plan or document. However, the
Control Account Manager (CAM) affected directly by the change is responsible for formally initiating the
change. The project continued to measure and report progress against the approved PMB until the
change request was approved and the baseline changes were incorporated. All changes were made to
the plan for the future (i.e., no retroactive changes will be allowed). The established baseline change
control approval authority levels and thresholds are depicted below:

Level Authority Scope Cost Change within Project Schedule Change Within
Project
Contingency Change Contingency Change
Impact Impact
0 Associate Director Any change in scope and/or performance that N/A TPC N/A End date
for BER, Acquisition affects the ability to satisfy the mission need or is of project
Executive not in conformance with the current approved PEP

and KPPs as shown in Table 1 and 2.

1 EMSL Federal Any addition in scope as described in PEP Section 2.1 N/A > $2M N/A >4
Program Manager or major changes in technology or approach to Level months
1 WBS components (e.g., WBS 1.1, 1.2, or 1.3) as
outlined in PEP Section 2.4
2 Federal Project Any change in technology or approach as described >$200,000 >S1M > 1 month 22
Director in PEP section 2.1or major changes in technology or months or
approach to Level 2 WBS components (e.g., WBS key
1.1.1,1.1.2,1.3.1, or 1.3.2) as outlined in PEP milestone
section 2.4 s (Table 4)
3 Contractor Project Any change to Level 3 WBS Management <S1M Management <2
Manager Reserve Reserve Months
Cumulative up Cumulative
to $200,000 uptol

month




As project risks were retired, cost contingency became available to bring in enhanced scope enabling the
system to achieve greater performance. During the course on the project, 17 baseline changes were
applied under the criteria described above.

HRMAC's greatest risks were associated with the procurement of the first-of-its-kind high field magnet.
As these risks were realized, the baseline was managed through a disciplined change control process.
Risk events associated with the magnet included delays in the vendor acquisition of specialized wire, and
fabrication delays. The schedule contingency was partially consumed over time, but there was no cost
contingency impacts related to the magnet as cost risks were well mitigated through a firm fixed price
contract. In fact, as a result of the vendor not achieving some contract milestones, associated costs were
negotiated down on the contract.

Significant technical issues triggered a need for the project to be re-baselined. After the magnet lost
superconductivity several times and was unable to achieve specification, the vendor decided to
disassemble the magnet to investigate and resolve a technical issue. By the end of February 2014, all
remaining schedule contingency had been consumed. Upon making the decision to take the high field
magnet apart, the Project Team understood that the CD-4 date was in jeopardy and began development
of a novel approach to maintain the original CD-4 date and the original baseline budget.

During the resolution of the magnet issue, HRMAC re-planned and re-prioritized all remaining work (e.g.,
testing spectrometer components on lower field magnets) to compress the schedule from 12 months to
3 months, and was able to lay out the scope such that it could be achieved within the original CD-4 end
date and recover some schedule contingency as well. The change was significant enough to warrant a
re-baseline of the BCWS profile to reflect the plan that performance would be tracked against.



10 Lessons Learned

Develop strong working ret@onship with vendors

This project hinged on the successful procurement of a 21T magnet, which is a cutting edge piece of this
instrument which is not available as a COTS item. Although there were two vendors who submitted
responsive proposals neither had actually built a 21T magnet to our specifications in the past. In order
to reduce risk the project manager and the technical lead built strong relationships with the vendor and
did multiple site visits in the UK to ensure the project was proceeding as expected. These relationships
were critical when the magnet had technical problems and the project was able to stay well informed
about issues and mitigations due largely to these relationships.

Plan for fluctuations in base materials cost

This project suffered both cost and schedule impacts due to changes in base materials costs, including
an increase in the base materials to make the super conducting wire, and a schedule delay due to
availability of Helium which is needed to test and operate the 21T magnet. Future projects should be
sure to identify key base materials that are prone to swings in cost or availability in the risk register.
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