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What GAO Found 
Since GAO’s July 2022 report, the National Science Foundation (NSF) has 
finalized the cost and schedule increases that were due to the COVID-19 
pandemic and other factors for all five major facilities projects in construction. 
NSF anticipates additional increases for two of its major facilities projects—the 
Vera C. Rubin Observatory and the Antarctic Infrastructure Modernization for 
Science. NSF also advanced the design of two projects and approved the 
advancement of two new projects to the design stage—the Giant Magellan 
Telescope, and the Thirty Meter Telescope. 

Examples of National Science Foundation Major Facilities Projects 

NSF’s Antarctic Infrastructure Modernization for Science (AIMS) project 
substantially met three of the four characteristics of a reliable cost estimate and 
met all the characteristics of a reliable schedule. The AIMS cost estimate was 
unreliable because it did not substantially or fully meet all four characteristics of a 
reliable cost estimate, as described in GAO’s cost guide. Specifically, the AIMS 
project partially met the “well-documented” characteristic associated with reliable 
cost estimates. This was, in part, because the estimate did not specify the source 
data used and it lacked details to trace technical baselines to cost and other key 
information for management review. Without good documentation, senior 
management and others providing oversight will not have confidence that the 
estimate is reliable. In addition, a reliable cost estimate may help the project to 
prevent any unnecessary tradeoffs or loss of research capabilities that may result 
from unexpected cost increases in the future. 

NSF guidance requires that project teams identify all known risks and 
opportunities that may affect the supply chain for their projects in construction. 
Several projects have experienced unforeseen supply chain related risks due in 
part to the pandemic and other external factors. For example, the Rubin 
Observatory reported supply chain issues stemming from the war in Ukraine and 
the project’s inability to receive shipments from that region to support 
construction. Because of the unforeseen nature of these risks, NSF determined 
that the agency would provide management reserve funds in response. To 
manage known supply chain risks, the award recipients may identify specific 
supplier performance and component availability for projects prior to construction 
and include in the project's budget contingency to respond to those risks should 
they occur. View GAO-24-106380. For more information, 

contact Candice N. Wright at (202) 512-6888 
or WrightC@gao.gov. 

Why GAO Did This Study 
NSF supports the design, construction, 
and operations of science and 
engineering research infrastructure 
such as telescopes and research 
vessels. These projects include major 
facilities projects that cost over $100 
million. Currently, NSF has five major 
facilities projects under construction at 
a combined authorized cost of $1.4 
billion and four additional projects in 
design. Building these on time and 
within budget helps support the 
scientific community’s ability to conduct 
research and advance U.S. scientific 
goals. 

The Consolidated Appropriations Act, 
2022, includes provisions for GAO to 
review projects funded from NSF’s 
Major Research Equipment and 
Facilities Construction account. This 
report, the sixth, (1) describes the cost 
and schedule performance of NSF’s 
research infrastructure projects, (2) 
examines the AIMS project’s adoption 
of cost estimating and schedule 
development best practices and (3) 
examines supply chain risk 
management for NSF’s major facilities 
projects in construction. GAO reviewed 
NSF and award recipient documents, 
examined policies and procedures to 
manage and oversee projects, and 
interviewed NSF officials. 

What GAO Recommends 
GAO recommends that NSF ensure 
the AIMS project meets the well-
documented characteristic of a reliable 
cost estimate. NSF concurred with the 
recommendation and noted it plans to 
develop a corrective action plan that 
will include appropriate measures for 
revised cost proposals for the project. 
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441 G St. N.W. 
Washington, DC 20548 

December 5, 2023 

The Honorable Jeanne Shaheen 
Chair 
The Honorable Jerry Moran 
Ranking Member 
Subcommittee on Commerce, Justice, Science, and Related Agencies 
Committee on Appropriations 
United States Senate 

The Honorable Hal Rogers 
Chair 
The Honorable Matt Cartwright 
Ranking Member 
Subcommittee on Commerce, Justice, Science, and Related Agencies 
Committee on Appropriations 
House of Representatives 

The National Science Foundation (NSF) supports the design, 
construction, and operations of various research infrastructure projects, 
such as telescopes and research vessels. NSF funds construction, 
acquisition, and commissioning through its Major Research Equipment 
and Facilities Construction (MREFC) account. In addition to major 
facilities projects, NSF expanded its MREFC portfolio in 2020 by 
awarding mid-scale research infrastructure projects.1 Together, these 
research infrastructure projects are designed and constructed to meet the 
needs of the scientific community and further scientific and engineering 
research capabilities. 

NSF uses cooperative agreements and contracts to fund and oversee the 
projects throughout their life cycles, including the design, construction, 
and operations stages. NSF received an MREFC appropriation of $249 
million in fiscal year 2022. For fiscal year 2023, NSF received an 

 
1For the purposes of this report, the term “research infrastructure projects” refers to the 
major facilities projects and mid-scale projects that NSF funds from its MREFC account. 
Major facilities projects have a total project cost of more than $100 million while mid-scale 
projects funded from the MREFC account have a total project cost between $20 and $100 
million. NSF manages another set of mid-scale projects under $20 million that are not 
funded from the MREFC account. 
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appropriation of $187 million and requested $305 million in fiscal year 
2024 for this account. 

In June 2022, we reported that NSF continued to face cost increases, 
schedule delays, or both, for the major facilities projects still in 
construction because of the pandemic and other factors. In response to 
the pandemic, NSF decided to re-baseline all major facilities projects in 
construction by adjusting cost and schedule beyond the original 
authorized award amounts. In addition, NSF developed new guidance for 
how award recipients should respond to cost and schedule increases 
caused by the pandemic, such as the use of management reserve for 
three projects in construction. NSF is working to address one remaining 
recommendation we made in 2019 that focused on NSF’s need to identify 
and address gaps in staff project management expertise.2 

The Consolidated Appropriations Act 2022 includes provisions for GAO to 
review projects within NSF’s MREFC account, which includes 
construction of major facilities and implementation of mid-scale projects.3 
This report, the sixth in the series, (1) describes the cost and schedule 
performance of NSF’s ongoing major facilities and mid-scale research 
infrastructure projects, (2) examines the extent to which the Antarctic 
Infrastructure Modernization for Science (AIMS) project applied best 
practices for cost estimating and schedule development, and (3) 
examines NSF’s supply chain risk management process for its major 
facilities projects in construction. 

For each of our objectives, we reviewed information pertaining to the 
major facilities projects that were under construction or in design at the 
time of our review, as well as mid-scale research infrastructure projects. 
We reviewed progress reports and other available documentation that 
describe cost and schedule performance. We selected the AIMS project 
for our second objective due to its current construction progress and the 
recent adjustments made to its cost, schedule, and scope. In addition, we 
reviewed NSF documents to assess the extent to which NSF identified, 
assessed, and responded to supply chain related risks for its major 

 
2GAO, National Science Foundation: Cost and Schedule Performance of Large Facilities 
Construction Projects and Opportunities to Improve Project Management, GAO-19-227 
(Washington, D.C.: Mar. 27, 2019).  

3The Consolidated Appropriations Act, 2022, refers to the explanatory statement 
containing the mandate printed in 168 Cong. Rec. H1709 (2022). Pub. L. 117-103, 136 
Stat. 49, 51 (2022). 

https://www.gao.gov/products/GAO-19-227
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facilities projects in construction. For a detailed description of our scope 
and methodology, see appendix I. 

We conducted this performance audit from November 2022 to December 
2023 in accordance with generally accepted government auditing 
standards. Those standards require that we plan and perform the audit to 
obtain sufficient, appropriate evidence to provide a reasonable basis for 
our findings and conclusions based on our audit objectives. We believe 
that the evidence obtained provides a reasonable basis for our findings 
and conclusions based on our audit objectives. 

 

NSF has 17 research infrastructure projects in design, construction, or 
implementation that are either funded or planned for funding out of the 
MREFC account, as of May 2023.4 Of these 17 projects, nine are major 
facilities projects and eight are mid-scale research infrastructure projects 
(see fig. 1). Once completed, these projects will serve various scientific 
research goals, from observations of the sea floor environment to the 
charting of billions of galaxies in space. 

 
4Major facilities projects typically progress through five stages: development, design, 
construction, operations, and disposition. According to NSF officials, mid-scale research 
infrastructure projects are classified as “in implementation” rather than “in construction” 
given their wide range in technical nature. 

Background 
NSF’s Research 
Infrastructure Projects 
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Figure 1: NSF’s Research Infrastructure Projects in Construction or Design, as of May 2023 

 
 

Under NSF’s major facilities construction process, the recipients of design 
awards develop construction cost and schedule estimates for proposed 
projects and submit them to NSF for review. After a project’s final design 
review, the NSF authorizes a not-to-exceed award amount and schedule 
duration. The not-to-exceed amount, which includes budget contingency, 
is the amount against which NSF measures cost increases to implement 
its no cost overrun policy. According to NSF policy, any cost increases 
beyond the not-to-exceed amount should generally be accommodated by 
reductions in scope. 

NSF’s current Research Infrastructure Guide defines the following 
components, which together make up the total project cost and schedule 

Construction Costs and 
Schedules of Major 
Facilities Projects 
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for the construction of major facilities projects.5 The total project cost 
awarded in a project’s construction agreement may be less than the not-
to-exceed cost but it is not to exceed it. These components of the total 
project cost and schedule include the following: 

• Performance measurement baseline. During design, the scope, 
cost, and schedule are refined and eventually become the project 
baseline. Once the baseline has been authorized and included in a 
construction award, it is known as the performance measurement 
baseline. NSF documents the performance measurement baseline in 
the terms and conditions of the award instrument and requires that 
any changes be made through a formal change control process. 

• Contingency. This is the amount of budget or time for covering the 
cost increases or delays that would result if project risks identified 
during the design stage were to occur, such as price changes of 
goods in future years. During development of a total project cost 
estimate, the timing and effects of such risks are uncertain. As a 
project progresses, the effects of risks that materialize may exceed 
the cost or schedule performance measurement baseline and lead to 
use of the project’s budget or schedule contingency.6 The amount of 
contingency needed for a project is typically estimated using statistical 
analysis and judgment based on past project experience. 

In this report, we identify NSF’s estimated total project costs for the 
construction of major facility and mid-scale research infrastructure 
projects. For major facilities projects, these costs were developed by the 
award recipient during the design stage and periodically reviewed by NSF 
to inform agency decision-making. These estimates are subject to change 
before construction awards are made. For projects under construction, we 

 
5A project’s authorized not-to-exceed cost may include a fee or management reserve. 
NSF may give recipients the opportunity to earn a fee for major facilities projects. NSF, 
rather than the award recipient, holds management reserve to manage budget 
uncertainties, unforeseeable events, and risks not manageable by the recipient (i.e. held 
by the agency). Use of management reserve is not a typical cost increase, and the 
inclusion in total project costs requires authorization from NSF. National Science 
Foundation, Research Infrastructure Guide, NSF 21-107 (Dec. 2021). 

6For cooperative agreements, use of budget contingency is governed by OMB’s Uniform 
Guidance. See 2 C.F.R. § 200.433. OMB’s Uniform Guidance and NSF’s Standard 
Operating Guidance on budget contingency define contingency as that part of a budget 
estimate of future costs (typically of large construction projects, information technology 
systems, or other items as approved by the federal awarding agency) which is associated 
with possible events or conditions arising from causes the precise outcome of which is 
indeterminable at the time of estimate, and that experience shows will likely result, in 
aggregate, in additional costs for the approved activity or project. Amounts for major 
project scope changes, unforeseen risks, or extraordinary events may not be included. 
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identified total project costs based on the amounts awarded in the 
cooperative support agreements for construction and the not-to-exceed 
amount authorized by NSF. Only at the end of the project—when 
construction is complete, and the awards have been closed out—will the 
final total project costs and actual duration be known. 

In order to comply with its no cost overrun policy, NSF has five methods 
for addressing any potential cost increases during the construction of 
major facilities projects.7 These methods appear below in order of 
precedence. 

• Re-planning. Re-planning is a process to modify cost and schedule 
plans for future work without affecting the authorized total project cost, 
duration, or overall scope objectives. 

• Use of contingency. Contingency is an amount of budget added to a 
project’s cost estimate to allow for items, conditions, or events that 
experience shows will likely result in a cost increase. These events 
are typically known risks and uncertainties that projects may 
anticipate or identify during the design stage. 

• Use of management reserve. Management reserve is an amount of 
money authorized by NSF to address unforeseen events or 
uncertainties that are beyond the control of an award recipient or 
NSF, such as cost increases associated with extreme events, such as 
the pandemic or natural disasters. Management reserve is not for 
typical cost increases, and its use requires authorization from NSF. 

• De-scoping. De-scoping is the process of removing elements or 
objectives from a project. Before construction, the project team 
develops a scope management plan to identify potential elements or 
objectives that can be removed with minimal negative effects. 

• Re-baselining. Re-baselining is a modification to the project cost, 
duration, or scope that results in a change beyond the amounts 
defined in the construction award or contract. 

To increase the likelihood of a successful construction of a research 
infrastructure project, NSF requires that projects develop plans to identify, 
assess, and respond to risks that may occur during construction through 
a process known as risk management. Risk management allows projects 

 
7Under the no cost overrun policy, the cost estimate developed at the preliminary design 
review is required to have adequate contingency to cover all foreseeable risks. Any cost 
increases not covered by contingency are generally to be accommodated by reductions in 
scope. 

Methods to Address Cost 
Increases for Major 
Facilities Projects 

Risk Management for 
Major Facilities Projects 
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to forecast effects of a possible event on the total project cost and 
schedule and to aid the project in prioritizing alternatives to mitigate 
increases in total project cost and schedule. The Research Infrastructure 
Guide identifies three key products that projects must prepare to support 
development of the construction total project cost and risk management 
during construction. 

• Risk Management Plan. The risk management plan defines how 
risks will be identified and managed using standard risk management 
processes and practices. 

• Risk Register. The risk register documents all identified risks for a 
project. 

• Quantitative Risk Analysis. The risk analysis determines risk 
exposure and the appropriate budget contingency. 

 

 

 

 

 

 

 

Since our July 2022 report, NSF has finalized cost and schedule 
increases resulting from the pandemic and other factors for all five major 
facilities projects in construction (see table 1). However, NSF anticipates 
additional increases for two of its major facilities projects, the Vera C. 
Rubin Observatory (Rubin Observatory) and AIMS. In addition, NSF 
advanced the design of two projects and approved the advancement of 
two new projects to the design stage, the Giant Magellan Telescope and 
the Thirty Meter Telescope. As previously reported, NSF planned to 
adjust the awarded total project cost and schedule of its projects in 
construction through re-baselines in response to the pandemic. According 
to NSF officials, NSF decided to re-baseline to prevent projects from 
using budget contingency for the work stoppages and inefficiencies from 
the pandemic which would not be an allowable use since budget 

NSF Anticipates Cost 
or Schedule 
Increases for Two 
Projects in 
Construction, While 
Design and New 
Project Approvals 
Continued 
Uninterrupted 
Cost and Schedule 
Changes to Major 
Facilities Projects Are 
Finalized, with Additional 
Increases Expected for 
Two Projects 
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contingency is intended for known risks. In addition, NSF officials stated 
that NSF wanted to prevent unplanned major reductions in scientific 
scope. As of September 2023, NSF has completed re-baselines for all 
five projects. 

Table 1: Most Recent Status of NSF Major Research Infrastructure Facilities Projects in Construction 

Project name Total project cost (in 
millions) 

Percentage 
complete 

Cost change 
(in millions) 

Schedule change 
(months) 

Regional Class Research Vesselsa $400 58% ▲ $25.0 ▲ 11  
Rubin Observatorya $571 94% - ▲ 5  
Antarctic Infrastructure Modernization for 
Scienceb 

$275 58% ▼ $135.4 ▲ 13 

Large Hadron Collider High Luminosity 
Upgrade (ATLAS)b  

$82.8 37% ▲ $ 7.8  ▲ 21 

Large Hadron Collider High Luminosity 
Upgrade (CMS)b 

$88 40% ▲ $10.0  ▲ 16  

Total $1,416.8    
Legend: ATLAS = A Toroidal Large Hadron Collider Apparatus; CMS = Compact Muon Solenoid 
Source: GAO analysis of National Science Foundation (NSF) information. | GAO-24-106380 

aUpdated as of July 2023 
bUpdated as of August 2023 

 

NSF finalized its re-baseline for the Regional Class Research Vessels 
(RCRV) project in September 2022. This re-baseline resulted in an 
increase of $25 million to the total project cost and a schedule increase of 
6 months. These increases were mainly due to delays in construction 
resulting from labor shortages stemming from Hurricane Ida—a category 
4 hurricane that heavily damaged the region in August 2021. NSF 
expects an additional 6-month delay but intends to use available budget 
and schedule contingency instead of an additional re-baseline, according 
to NSF officials. 

In addition, two projects that recently finalized their re-baselines anticipate 
additional schedule increases beyond their previously re-established 
schedule completion dates. 

• Vera C. Rubin Observatory. NSF anticipates an additional delay of 5 
months. A portion of this delay is attributed to an electrical accident at 
an offsite location where integration work for the observatory’s camera 
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is scheduled to take place.8 The electrical accident—unrelated to the 
Rubin project—resulted in a 3-month delay from the power outage 
and temporary stoppage of testing, combined. In November 2022, the 
project conducted re-planning activities to correct for supply chain 
issues and schedule conflicts that resulted in the additional 2-month 
delay. Additionally, management reserve is expected to be used later 
this year to cover indirect impacts from the war in Ukraine. 

• Antarctic Infrastructure Modernization for Science. NSF 
anticipates further cost and schedule increases for the Antarctic 
Infrastructure Modernization for Science (AIMS) project. In June 2022, 
NSF originally completed a re-baseline of the project to reflect the 
reduced scope of the project, bringing the total project cost down from 
$410 million to $275 million. Although the cost of AIMS has decreased 
when compared with the original authorization, the re-baseline’s 
reduction in project scope resulted in a higher overall cost for the 
remaining work. The AIMS project continues to face additional 
challenges following finalization of the re-baseline in June 2022. NSF 
identified incorrect design parameters that affect the integrity of 
building construction and found a number of errors the contractor 
used to monitor cost and schedule data. Specifically, the wind speed 
design requires replacement of half of the project’s concrete footers 
and additional structural reinforcement. The approved baseline 
change request to address these issues utilized $8 million in budget 
contingency since NSF only approved the additional concrete and 
steel that would have been needed if the design error had not been 
made. Schedule impacts are still being evaluated. 

The Large Hadron Collider High Luminosity Upgrade (HL-LHC) program’s 
ATLAS and CMS projects finalized their re-baselines in September 2023. 
The re-baselines resulted in cost increases of $7.8 million and $10.8 
million, respectively, with a total project cost of $170.8 million for both 
projects. 

NSF advanced the design of the Leadership Class Computing Facility 
(LCCF) and the Antarctic Research Vessel (ARV). NSF conducted a final 
design review for LCCF in April 2023. The project team provided an 
updated project execution plan that recommended an option to co-locate 

 
8The camera for the Rubin Observatory—funded by the Department of Energy—is being 
built and tested onsite by the Stanford Linear Accelerator Center. 

Projects in Design 
Continued as Planned and 
NSF Approved New 
Projects 
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the data center at a nearby commercial facility.9 NSF estimated a total 
project cost of $520 million in their fiscal year 2024 budget request to 
Congress. The Director plans to consult with the NSB about advancing 
the Leadership Class Computing Facility (LCCF) to the Construction 
Stage in November 2023. The fiscal year 2024 MREFC appropriation to 
support potential construction of LCCF is pending. 

NSF conducted the second stage-gate review of the design process—
known as preliminary design review—for the ARV project in February 
2023 and a subsequent recommendation was made to the NSF Director 
to proceed to the final design phase. According to NSF officials, the NSF 
Director approved advancement in September 2023. 

In addition, NSF approved two new projects for entry into the design 
phase: the Giant Magellan Telescope and the Thirty Meter Telescope. 
Both projects are part of the U.S. Extremely Large Telescope program. 
Each project underwent a two-stage, preliminary design review: science 
and technical topics in December 2022 and cost, scope, schedule, and 
project management plans in February 2023. Each project is projected to 
cost more than $2 billion, with the requested NSF contribution being over 
$1 billion for each project. The cost of the final design phase for each 
project is estimated at $100 million. However, according to NSF officials, 
NSF has not yet decided whether it will financially support either project in 
moving forward. 

Since our last report in 2022, NSF awarded three new mid-scale research 
infrastructure projects (see table 2). These three new mid-scale projects 
have a combined total project cost of approximately $235 million. All three 
projects are expected to finish implementation by 2028.  

  

 
9As discussed in our 2022 report, a commercial data center provider plans to build a new 
facility in Round Rock, Texas. This facility will be 10 miles from the LCCF project site. The 
project team determined it would cost significantly less to co-locate planned computational 
equipment at this facility instead of building a stand-alone facility.  

Mid-Scale Projects 
Continued and NSF 
Approved New Mid-Scale 
Projects 
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Table 2: NSF Newly Awarded Mid-Scale Infrastructure Projects, as of May 2023 

Project name Awardee Project description Authorized 
award amount 

(dollars in 
millions) 

Scheduled 
completion date 

Airborne Phased 
Array Radar (APAR)  

University 
Corporation for 
Atmospheric 
Research 

To provide significant improvement in 
storm and climate research, APAR will 
measure clouds and severe storms 
worldwide including locations that have 
previously been unreachable by 
conventional radar. 

$91.8 May 2028 

Advanced Millimeter 
Survey 
Instrumentation in 
Chile 

The Trustees of the 
University of 
Pennsylvania 

To take high resolution measurements of 
the sky with advanced hardware, 
software, and facility upgrades. The new 
capability will enable greater 
measurement accuracy for fundamental 
physics research. 

$52.7 April 2028 

Compact X-ray Free-
Electron Laser 
(CXFEL)  

Arizona State 
University 

To perform new x-ray measurements that 
allow for research of material structures in 
a way that was previously impossible. 
This device will contribute to research on 
topics such as biomedical imaging and 
material and quantum science.  

$90.8 March 2028 

Source: GAO analysis of National Science Foundation (NSF) information. | GAO-24-106380 
 

NSF also progressed on the implementation of the five previously 
awarded mid-scale research infrastructure projects (see table 3). NSF 
authorized an additional $2.5 million for the Distributed Energy Resources 
Connect project since our last report. According to NSF officials, this 
project requested supplemental funding to cover labor and material costs. 
The total project cost and scheduled completion date for the other mid-
scale projects remain the same. 

Table 3. Status of NSF Mid-Scale Infrastructure Projects, as of September 2023 

Project name Awardee Authorized award 
amount (in millions) 

Percent complete Scheduled 
completion date 

Distributed Energy Resources 
Connect  

University of California, San 
Diego 

$42.0 67% October 2025 

Global Ocean Biogeochemistry 
Array 

Monterey Bay Aquarium 
Research Institute 

$52.9 25% October 2025 

High Magnetic Field Beamline Cornell University $32.7 62% October 2025 
Network for Advanced Nuclear 
Magnetic Resonance Spectroscopy  

University of Connecticut 
Health Center 

$39.7 51% June 2025 

Research Data Ecosystem  University of Michigan $38.4 31% January 2027 

Source: GAO analysis of National Science Foundation (NSF) information. | GAO-24-106380 
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NSF’s AIMS cost estimate substantially met three characteristics of a 
reliable cost estimate (comprehensive, accurate, and credible), but 
partially met one (well-documented). Because one characteristic was 
found to only partially meet best practices, the cost estimate could not be 
considered reliable.10 For a summary of our assessment of the project’s 
cost estimate following the June 2022 re-baseline and examples of best 
practices associated with each characteristic, see table 4. 

  

 
10GAO, Cost Estimating and Assessment Guide: Best Practices for Developing and 
Managing Program Costs, GAO-20-195G (Washington, D.C.: March 12, 2020). As 
outlined in the cost guide, we have found that a reliable cost estimate has four 
characteristics—comprehensive, well-documented, accurate, and credible. If the overall 
assessment ratings for each of the four characteristics are substantially or fully met, the 
estimate conformed to leading practices and therefore could be considered reliable. If any 
of the characteristics are not met, minimally met, or partially met, then the cost estimate 
does not fully conform to the leading practices and cannot be considered reliable. 

Cost Estimate and 
Schedule 
Development for the 
AIMS Project Were 
Generally Consistent 
with Best Practices, 
But Some Information 
Was Not Documented 
AIMS Project Substantially 
Met Three of Four 
Characteristics for 
Reliable Cost Estimate 

https://www.gao.gov/products/GAO-20-195G
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Table 4: Assessment of NSF’s 2022 Revision of the Antarctic Infrastructure Modernization for Science Project Cost Estimate, 
Compared to Cost Estimating Best Practices 

Characteristic Examples of a cost estimate reflecting best practices GAO assessment  
Comprehensive Includes all life cycle costs 

Is based on a technical baseline descriptiona 
Documents cost-influencing ground rules and assumptions 
Is based on a product-oriented work breakdown structureb 

Substantially met 

Well-documented Shows the source data used 
Describes step by step how the estimate was developed 
Discusses the technical baseline description 
Provides evidence that the cost estimate was reviewed and accepted 

Partially met 

Accurate Properly adjusts for inflation 
Is based on a historical record 
Uses the best methodology from the data collected 
Contains few, if any, minor mistakes 
Documents and explains variances 
Is updated regularly 

Substantially met 

Credible Includes a sensitivity analysisc 
Includes a risk and uncertainty analysisd 
Includes cross-checkse 
Is compared to an independent estimate 

Substantially met 

Source: GAO analysis of National Science Foundation (NSF) information. | GAO-24-106380 
aA technical baseline description is a document or set of documents that describe the program’s or 
project’s purpose, system, performance characteristics, and system configuration. 
bA work breakdown structure is a framework for planning and assigning responsibility for work 
necessary to accomplish a program’s objectives. It deconstructs a program’s end product into smaller 
specific elements that are suitable for management control. 
cA sensitivity analysis is an examination of the effect on program cost of changing one assumption or 
cost driver at a time while holding all other variables constant. 
dA risk and uncertainty analysis uses statistical techniques to predict the probability of successfully 
executing a program within its budget by capturing the cumulative effect of program risks and 
uncertainty. 
eCross-checks—or alternative methodologies—on major cost elements are performed to validate 
results. 
 

Comprehensive: substantially met. Our analysis found that the project 
documents included a detailed technical baseline description of the 
project scope.11 In addition, the estimate influencing ground rules and 

 
11Technical baseline description is a document or set of documents that describe the 
program or project’s purpose, system, performance characteristics, and system 
configuration.  
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assumptions were thoroughly described.12 Further, we found the project 
estimate used a detailed work breakdown structure (WBS) and WBS 
dictionary. However, we found some of the life cycle cost estimate data 
were limited. GAO’s cost guide recommends that a life cycle cost 
estimate encompass all past (or sunk), present, and future costs for every 
aspect of the program, regardless of funding source. 

Well-documented: partially met. According to GAO’s cost guide, a cost 
estimate should be well-documented to ensure an estimate’s reliability 
and support an organization’s decision makers. However, our analysis 
found certain issues related to (1) source data, (2) linkage between the 
technical baseline and cost estimating methodology, and (3) evidence 
that the cost estimate was reviewed and accepted. 

We found that NSF did not ensure the contractor fully documented the 
data used for significant portions of the estimate. For example, project 
documentation that outlined the basis of estimates for individual tasks did 
not contain the source data used to generate estimates. Further, we 
found that key data elements were either (1) not captured in the estimate 
or (2) were not captured in a way that would allow for easy updates to the 
estimate. Estimates may need to be updated as the project incurs actual 
costs or if the project executes scope changes. For example, much of the 
estimate uses numerical values rather than the equations used to 
calculate the values. In addition, key data were stored in separate files 
rather than in the estimate itself. GAO’s cost guide recommends that cost 
estimates should be detailed enough to provide an accurate assessment 
of the cost estimate’s quality. Without good documentation, management 
and those providing oversight will not be convinced that the estimate is 
reliable. 

We also found that the cost estimate and accompanying documentation 
lack the detail required to trace technical baseline requirements to cost. 
For example, the proposal data used to support much of the estimate 
provides only vague descriptions of the data and methods used to 
develop the estimates. As an example, in one case the provided 
documentation states that “proposed hours are estimated based on the 
scope of work, deliverables, the knowledge of the estimators and the 

 
12Ground rules are often grouped together with assumptions, ground rules represent a 
common set of agreed-to estimating standards that provide guidance and minimize 
conflicts in definitions. 
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team involved.” This provides insufficient detail to determine whether the 
data and methods used to generate the cost estimates are reliable. 

Moreover, we found there is little evidence provided of the cost estimate 
specifically being reviewed and approved by NSF management. NSF 
provided a memo from June 2022 that acknowledges several events. For 
example, the memo documents a number of things, such as negotiation 
between NSF and the prime contractor to accept the re-baseline of the 
AIMS additional costs associated with the re-baseline and renegotiate the 
incentive fee structure. However, it is not a comprehensive discussion of 
the cost estimate for the purposes of gaining management approval. 
Additional documentation contained reviews that included discussions of 
cost, but no comprehensive management review of the cost estimate. 

NSF officials provided several documents as sources of information in 
response to our assessment. Although these documents provided details 
on how costs were calculated, they lack sufficient information on the 
methods and data used to generate labor and material quantity estimates 
from the technical specifications of the project. 

Accurate: substantially met. Our analysis found the estimate is based 
on broadly accepted methodologies, with minimal use of subject matter 
expert judgment. The estimate is largely reliant on engineering build-up 
estimates, and these are backed-up with significant detail regarding labor 
hours and labor rates (including subcontractor effort), materials lists, and 
materials costs. Further, we found that their estimate and documentation 
are largely mistake-free despite some minor discrepancies between some 
of the supporting documents.13 

The estimate is updated frequently as the scope changes. Variances are 
tracked through earned value management data. However, there have 

 
13One example of a minor discrepancy was that the quantitative risk analysis had different 
values compared to other project documentation such as the project execution plan and 
cost book. For example, the base cost before fee is $213.2 million and the total project 
cost is $271.4 million. However, the quantitative risk analysis documentation uses values 
of $213.7 million and $268.9 million for the base cost before fee and the total project cost, 
respectively. 
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been recent concerns surrounding the validity of this data.14 Finally, we 
found evidence the estimate is based on historical data, but the specific 
data used is not well-documented, nor is there discussion of the reliability 
and applicability of the data. GAO’s cost guide recommends there be 
enough knowledge about the data source to determine if the data can be 
used to estimate accurate costs for the program. 

Credible: substantially met. Our analysis found that the project 
developed a detailed cost risk and uncertainty analysis. Further, we found 
an independent cost estimate (ICE) was conducted and documented and 
an independent cost assessment related to the most recent scope 
changes was performed.15 Moreover, cross-checks were performed on 
much of the estimate. The project conducted a detailed sensitivity 
analysis of all the cost elements. However, in many cases, the variations 
were based on subjective judgment or assumptions. We also found the 
sensitivity analysis had not been updated since 2019, despite numerous 
updates to the scope of the project and the accompanying cost estimate 
in that time. GAO’s cost guide recommends carefully assessing the 
underlying risks and supporting data, and documenting the sources of 
variation, for a sensitivity analysis to be useful in making informed 
decisions. 

  

 
14NSF reviewed the project’s earned value management system (EVMS) and found 
several issues, including problems with the baseline budget, integration of cost and 
schedule data, processes, and management reporting. As a result, NSF will not be able to 
accept the project’s EVMS and has reduced its confidence in the project’s earned value 
management data until the project makes necessary adjustments to meet the agency’s 
guidelines. NSF officials said the agency will provide the contractor time to correct these 
issues before its next review. 

15An independent cost assessment is a non-advocate’s evaluation of a cost estimate’s 
quality and accuracy, looking specifically at a program’s technical approach, risk, and 
acquisition strategy to ensure that the program’s cost estimate captures all requirements. 
An independent cost estimate is conducted by an organization outside the acquisition 
chain, using the same detailed technical information as the program estimate, an ICE 
serves as a comparison with the program estimate to determine whether the program 
estimate is accurate and realistic. 
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NSF’s AIMS project schedule is reliable because the project fully or 
substantially met all four characteristics of a reliable schedule.16 For a 
summary of our assessment and examples of leading practices 
associated with each characteristic, see table 5. 

 

Table 5: Assessment of NSF’s 2022 Revision of the Schedule for the Antarctic Infrastructure Modernization for Science 
Project, Compared to Best Practices 

Characteristic Examples of a schedule estimate reflecting best practices GAO assessment 
Comprehensive Capturing all activities 

Assigning resources to all activities 
Establishing the durations of all activities 

Substantially met 

Well-constructed Sequencing all activities 
Confirming that the critical path is valida 
Ensuring reasonable total floatb 

Substantially met 

Credible Verifying that the schedule can be traced horizontally and vertically 
Conducting a schedule risk analysisc 

Substantially met 

Controlled Updating the schedule using actual progress and logic 
Maintaining a baseline scheduled 

Fully met 
 

Source: GAO analysis of National Science Foundation (NSF) information. | GAO-24-106380 
aA critical path is the longest continuous sequence of activities in a schedule. Defines the program’s 
earliest completion date or minimum duration. 
bTotal float is the amount of time an activity can be delayed or extended before delay affects the 
program’s finish date. 
cA schedule risk analysis is an examination on uncertainty and key risks and how they affect the 
schedule’s activity durations. 
dA baseline schedule is the original configuration of the program plan and signifies the consensus of 
all stakeholders regarding the required sequence of events, resource assignments, and acceptable 
dates for key deliverables. 
 

Comprehensive: substantially met. Our analysis found that the 
schedule captures all activities and assigns durations to all activities. The 
Integrated Master Schedule (IMS) captures relevant contractor and 
subcontractor effort and reflects the contractor work breakdown 

 
16GAO, Schedule Assessment Guide: Best Practices for Project Schedules, GAO-16-89G 
(Washington, D.C.: Dec. 22, 2015). As outlined in the schedule guide, we have found that 
a reliable schedule has four characteristics—comprehensive, well-constructed, credible, 
and controlled. If the overall assessment ratings for each of the four characteristics are 
substantially or fully met, the estimate conformed to leading practices and therefore could 
be considered reliable. If any of the characteristics are not met, minimally met, or partially 
met, then the cost estimate does not fully conform to the leading practices and cannot be 
considered reliable.  

AIMS Fully or 
Substantially Met All Four 
Characteristics of a 
Reliable Schedule 

https://www.gao.gov/products/GAO-16-89G
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structure.17 Key milestones are identified and activities in the schedule 
are traceable to key management documents. Activity names are unique 
and descriptive, and level-of-effort activities are clearly marked. The 
schedule contains labor, material, and non-labor resources, however it is 
not clear at what level they are specified. Labor resources do not appear 
to have realistic unit counts or availability and labor resource assignments 
are not complete. 

Well-constructed: substantially met. Our analysis found the majority of 
the activities in the schedule are scheduled using intuitive finish-to-start 
logic.18 We found no instances of missing or anomalous logic and the 
majority of date constraints used in the schedule are documented and 
justified. In addition, we found the critical path is continuous and is not 
hindered by unjustified date constraints or other logic issues. NSF 
management uses the critical path to focus on activities that will 
detrimentally affect key program milestones and deliveries if they slip, and 
the project team is aware of key delayed activities. Further, we found 
reasonable amounts of total float values in the project schedule, with 
large values justified in program documentation. However, we found 
minor anomalies in the total float values. Specifically, one activity and one 
milestone appear to be able to slip more days than there are remaining 
on the project. 

Credible: substantially met. Our analysis found that NSF conducted a 
quantitative risk analysis for the re-baselined AIMS project in May 2022 to 
determine a probabilistic finish date and associated contingency. The 
program documentation details the overall methodological approach, risk 
data collection, and risk and uncertainty ranges. We also found schedule 
logic is in place and the technical content has been validated. The 
schedule is horizontally traceable, meaning it links products and 
outcomes associated with other sequenced activities. We found the 
schedule to be vertically traceable. For example, the schedule allows for 
lower-level activities to roll up into higher WBS levels and we were able to 
map key major milestones between the schedule and management 

 
17The integrated master schedule is a program schedule that includes the entire required 
scope of effort, including the effort necessary from all government, contractor, and other 
key parties for a program’s successful execution from start to finish. The IMS should 
consist of logically related activities whose forecasted dates are automatically recalculated 
when activities change. The IMS includes summary, intermediate, and detail-level 
schedules. 

18Finish-to-start logic is a logic relationship that dictates that a successor activity cannot 
start until the predecessor activity finishes.  
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documents and presentations. We found some inconsistencies in activity 
names between documents; names should be consistent to allow for total 
schedule integrity and to enable different teams to work towards the same 
schedule expectations. 

Controlled: fully met. We found that the schedule is updated 
periodically, and progress is archived monthly. In addition, the program 
has a schedule basis document that defines ground rules and 
assumptions, calendars, and other schedule parameters. In addition, the 
project monitors performance against an approved baseline and tracks 
schedule contingency. 

 

 
 

Several major facilities projects have experienced unforeseen supply 
chain related risks that have led to unexpected cost and schedule 
increases. According to NSF officials, these risks are primarily related to 
global supply chain issues that emerged during the pandemic and the war 
in Ukraine. For example, the Rubin Observatory project reported that 
supply chain issues from the war in Ukraine have affected the project’s 
ability to receive shipments to support construction. Specifically, 
manufacturers for the Rubin Observatory’s dome faced availability issues 
regarding metal sourced from Ukraine. In addition, the two detector 
upgrade projects for HL-LHC have identified issues related to availability 
of both construction materials and programmatic scientific equipment as 
an ongoing issue since the start of construction. 

NSF classifies unforeseen risks as those that major facilities projects 
could not have anticipated that may affect the project’s cost and 
schedule. These differ from the known risks that may occur during 
construction that project teams typically identify during the design stage of 
the project and include in their budget contingency estimates. Other 
recent examples of unforeseen risks include a severe hurricane in 2021 
that affected construction for the RCRV project and an electrical incident 
at the site where camera integration efforts are taking place for the Rubin 
Observatory. Because of the unknown nature of the likelihood and 
potential severity of these types of risks, NSF has decided that it would 
assume responsibility for unforeseen events, rather than having the 
project use budget contingency to respond to them. According to NSF 
officials, NSF’s approach aligns with the definition of budget contingency 

NSF Has Processes 
in Place to Manage 
Supply Chain Risks 
NSF Has Processes to 
Assess and Respond to 
Unforeseen Global Supply 
Chain Risks 
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in both the Uniform Guidance and the Federal Acquisition Regulation, 
which states it should be used to address known risks. 

According to NSF officials, NSF has considered revisions to its practices 
for assessing and responding to unforeseen supply chain risks and other 
unforeseen events. For example, NSF deliberated on providing 
management reserve in addition to the contracted award amount for 
projects as they begin construction, given the global supply chain issues 
affecting multiple projects. However, based on an analysis of industry and 
other agency practices for project management, NSF believes its current 
process of using management reserve held by NSF and awarding as 
needed is sufficient. 

NSF is responding to supply chain risks through the use of management 
reserve, similar to how the agency has responded to pandemic related 
risks. As previously reported, NSF has developed guidance for project 
teams to submit requests for supplemental funding to respond to 
unforeseen risks resulting from the pandemic.19 For example, a 
supplemental funding request is expected for the Rubin Observatory for 
the use of management reserve previously authorized as part of the 2021 
re-baseline. This funding request will be used to respond to the 
unforeseen supply chain risks stemming from residual pandemic impacts 
and the war in Ukraine. In addition, according to NSF officials, the project 
teams for the ATLAS and CMS detector upgrade projects updated the 
design to ensure a more timely delivery of parts to meet revised 
schedules. NSF took these actions in order to address unforeseen supply 
chain issues and the lack of material available affecting construction. 

According to NSF officials, project teams, at their discretion, may identify 
specific known risks at the time of estimate related to supplier 
performance or component availability as part of the project’s overall risk 
management. Project teams can use quantitative risk analysis to 
determine the effect of a risk on the project’s completion date and cost. 
NSF guidance requires that project teams identify all known risks and 

 
19GAO, National Science Foundation: COVID-19 Affected Ongoing Construction of Major 
Facilities Projects, GAO-22-105550 (Washington, D.C.: July 20, 2022). This guidance 
requires project teams to submit information to NSF that shows the unexpected cost 
increases and how those cost increases were related to unforeseen events. According to 
NSF officials, this will prevent projects from requesting management reserve as a means 
to respond to known risks, given that such “reserves” are prohibited under the Office of 
Management and Budget’s (OMB) Uniform Administrative Requirements, Cost Principles, 
and Audit Requirements for Federal Awards (commonly referred to as “Uniform 
Guidance”). 

NSF May Identify Specific 
Supplier Performance and 
Component Availability 
Issues during the Design 
Stage 

https://www.gao.gov/products/GAO-22-105550
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opportunities that may affect the supply chain for their projects in 
construction. Development of the risk management plan occurs as part of 
the project execution plan submitted in the design stage, well before 
construction takes place. In addition, the guidance requires that project 
teams perform quantitative risk analyses to determine the appropriate 
amount of budget contingency to respond to known risks. During design 
review phases, NSF will assess the project team’s risk management plan 
and analyses and may request revisions. 

Specifically, project teams may identify supplier performance or 
component availability risks that projects may anticipate due to issues 
with a specific vendor, or a particular industrial sector, in relation to a 
particular component, or the criticality of a particular component. For 
example, the RCRV project has identified supplier failure as a risk that 
accounts for inability of specific suppliers to provide materials in a timely 
manner. Additionally, the ATLAS detector upgrade project of the HL-LHC 
program maintains a supply chain risk register that identifies risks for 
specific parts and equipment for various components. These types of 
supplier performance or material availability issues differ from the global 
supply chain issues that have affected global commodities, partly as a 
result of the pandemic. Having project teams identify known risks as part 
of the risk management plan helps ensure that project teams will use 
budget contingency, not supplemental management reserve provided by 
NSF, to respond to these known risks if realized. 

NSF’s research infrastructure projects are essential for advancing the 
research capabilities of the U.S. science community. These projects 
provide the necessary equipment to conduct groundbreaking research 
across many fields of science, from astronomy to geophysics. Because of 
their importance, it is critical for NSF to construct these research 
infrastructure projects on budget and in a timely manner. 

Having a cost estimate that is comprehensive, well-documented, credible, 
and accurate would help ensure that the cost estimate is of high quality 
and reliable. NSF and Congress could have greater confidence in the 
project’s cost estimate if the AIMS project is detailed enough to accurately 
assess the cost estimate’s quality. Having a high-quality cost estimate 
supports management’s future budgetary decisions about the project’s 
construction. Moreover, a reliable cost estimate may help NSF and 
awardees avoid having to make unnecessary tradeoffs or reduce the 
research capabilities on their projects that could result from unexpected 
cost increases in the future. 

Conclusions 
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The Director of NSF should ensure that the Antarctic Infrastructure 
Modernization for Science cost estimate meets the well-documented 
characteristic of a reliable cost estimate, as defined in GAO’s cost guide. 
(Recommendation 1) 

We provided a draft of this report to NSF for review and comment. In its 
comments, reproduced in appendix IV, NSF concurred with our 
recommendation, stating that it would develop a corrective action plan 
that will include appropriate measures for revised cost proposals for the 
project. NSF also provided technical comments, which we incorporated 
as appropriate. 

We are sending copies of this report to the appropriate congressional 
committees, the Director of the National Science Foundation, and other 
interested parties. In addition, the report is available at no charge on the 
GAO website at https://www.gao.gov. 

If you or your staff have any questions about this report, please contact 
me at (202) 512-6888 or WrightC@gao.gov. Contact points for our 
Offices of Congressional Relations and Public Affairs May be found on 
the last page of this report. GAO staff who made key contributions to this 
report are listed in appendix V. 

 
Candice N. Wright 
Director, Science, Technology Assessment, and Analytics 

Recommendation for 
Executive Action 

Agency Comments 

https://www.gao.gov/
mailto:WrightC@gao.gov
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The Consolidated Appropriations Act, 2022 includes provisions for GAO 
to review projects within NSF’s Major Research Equipment and Facilities 
Construction (MREFC) account.1 This report (1) describes the cost and 
schedule performance of NSF’s ongoing major facilities and mid-scale 
research infrastructure projects, (2) examines the extent to which a 
selected major facilities project—the Antarctic Infrastructure 
Modernization for Science project—applied best practices for cost 
estimating and schedule development and (3) evaluates the extent to 
which NSF has identified, assessed, and responded to risks related to the 
supply chain for its major facilities projects in construction. 

To describe the cost and schedule performance of NSF’s research 
infrastructure projects since our 2022 report, we reviewed project 
documents and NSF’s written responses to our questions about projects 
that were under construction and in design. We reviewed, for example, 
progress reports; risk reports and risk registers; documentation on 
available scope reduction options; and other NSF documents. The major 
facilities projects under construction were the Vera C. Rubin Observatory, 
the Regional Class Research Vessels, the Antarctic Infrastructure 
Modernization for Science, and the Large Hadron Collider High 
Luminosity Upgrade. The major facility projects in design at the time of 
our review were the Leadership Class Computing Facility, Antarctic 
Research Vessel, the Giant Magellan Telescope, and the Thirty Meter 
Telescope. 

To describe the current status of NSF’s MREFC-funded mid-scale 
research infrastructure projects since our 2022 report, we also reviewed 
documents that detailed project cost and schedule. These mid-scale 
projects were the Distributed Energy Resources Connect, the Global 
Ocean Biogeochemistry Array, the High Magnetic Field Beamline, the 
Network for Advanced Nuclear Magnetic Resonance, and the Research 
Data Ecosystem. In addition, three new mid-scale research infrastructure 
projects were awarded during our review: the Airborne Phased Array 
Radar, the Advanced Millimeter Survey Instrumentation in Chile, and the 
Compact X-ray Free-Electron Laser. 

To examine the extent to which NSF’s AIMS project applied best 
practices for cost estimate and program schedule, experts from our 
Engineering Sciences group completed two separate analyses of the 

 
1The Consolidated Appropriations Act, 2022, makes reference to the explanatory 
statement containing the mandate printed in 168 Cong. Rec. H1709 (2022). Pub. L. 117-
103, 136 Stat. 49, 51 (2022). 
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Antarctic Project. We selected this project because it had been under 
construction long enough to allow our analysis but had enough time 
remaining in construction to allow for changes, if necessary. 

We chose to examine cost estimate and scheduling because 

• Developing reliable cost estimates is crucial for realistic program 
planning, budgeting and management. Without a reliable cost 
estimate, projects are at risk of experiencing cost overruns, missed 
deadlines, and performance shortfalls; and 

• A well-planned schedule is another fundamental management tool 
that provides a road map for systematic execution of a project as well 
as a means to gauge progress, identify and address potential 
problems, and promote accountability. 

We (1) compared the AIMS project’s cost estimates to best practices in 
GAO’s cost guide and (2) compared the project’s construction schedule to 
best practices in GAO’s schedule guide. Specifically, we reviewed agency 
policies—such as NSF’s Research Infrastructure Guide and a standard 
operating guidance document on cost estimates—and project 
documents—such as the AIMS project’s integrated master schedule, 
work breakdown structure, risk management plan and risk registers. We 
provided our criteria and draft analyses to NSF for review and 
incorporated their technical comments as appropriate. 

To evaluate the extent to which NSF has identified, assessed, and 
responded to risks related to the supply chain for its major facilities 
projects in construction, we reviewed key documents outlining NSF’s 
plans, including risk management plans and risk registers. In addition, we 
reviewed monthly and bi-monthly status reports to determine when supply 
chain risks were realized. Furthermore, we interviewed NSF officials to 
understand how NSF assessed and responded to those risks affecting 
the supply chain that had occurred. Finally, we compared those actions to 
guidance for risk management maintained in NSF’s Research 
Infrastructure Guide to determine whether those risks were assessed and 
responded to according to policy. 
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This appendix provides individual summaries of the National Science 
Foundation’s (NSF) major facilities projects that are under construction: 
the Vera C. Rubin Observatory, the Regional Class Research Vessels, 
the Antarctic Infrastructure Modernization for Science, and the Large 
Hadron Collider High Luminosity Upgrade Program, which consists of the 
A Toroidal Large Hadron Collider Apparatus (ATLAS) and Compact Muon 
Solenoid (CMS) detector upgrade projects. 

Each project’s summary is based on project documents and other 
information that NSF officials provided and includes the following: 

• an overview of the project and its purpose; 
• a timeline identifying key project dates, including the date of the 

original construction award, which we report as the start of 
construction; 

• project information, such as the project’s scheduled completion date 
for construction (including schedule contingency), the type and latest 
amounts of the awards for construction,1 the responsible NSF 
directorate; project partners; and expected duration of operations; 

• table summarizing the project’s current status and its cost and any 
cost2 or schedule3 increases since our July 2022 report;4 

• a summary of the project’s cost and schedule performance history; 
and 

 
1Costs are reported in then-year dollars, which means that NSF or the recipient converted 
base-year dollars by appropriate escalation rates, including an inflation index. According 
to NSF policy, inflation is a part of NSF’s budgeting and project planning.  

2NSF measures cost increases against the not-to-exceed cost that NSF authorized under 
the agency’s no cost overrun policy. Therefore, we define cost increases since starting 
construction as increases to the not-to-exceed cost that is authorized. 

3We identified schedule increases by comparing the project’s scheduled completion date 
in available NSF documentation with the scheduled completion date we reported in our 
July 2022 report. 

4GAO, National Science Foundation: Continued Cost and Schedule Increases for Major 
Facilities Projects in Construction, GAO-22-105550 (Washington, D.C.: July 20, 2022). 
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• information on remaining project risks and potential for cost or 
schedule increases, including the amount of remaining contingency 
and scope reduction options.5 

  

 
5We report each project’s estimate of remaining risk exposure as weighted by the 
recipients for the probability of the risks occurring. According to NSF’s Research 
Infrastructure Guide, risk exposure is the quantitative effect of risks. We report the risk 
exposure as determined by the Monte Carlo method when available. 
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This appendix provides individual summaries of the four National Science 
Foundation (NSF) projects that are in the design stage as potential major 
facilities projects: the Leadership Class Computing Facility, the Antarctic 
Research Vessel, and the U.S. Extremely Large Telescope program, 
which consists of the Giant Magellan Telescope and the Thirty Meter 
Telescope. As of November 2023, no construction funds had been 
awarded for these projects and all cost, schedule, scope, and design 
information was subject to change. 

The project summaries are based on project documents and other 
information that NSF officials provided and include the following: 

• an overview of the project and its purpose; 
• a timeline identifying key project dates; 
• project information, such as the expected date for completion of 

construction; the responsible NSF directorate; project partners; and 
expected duration of operations; 

• a summary of the project’s current status; 
• a summary of the project’s design and construction costs, if available, 

and the budget account NSF planned to use for construction of the 
project;1 and 

• information on potential project risks. 

 
  

 
1Costs are reported in then-year dollars, which means that NSF or the recipient converted 
base-year dollars by applying appropriate escalation rates, including inflation. According to 
NSF policy, escalation is a part of NSF’s budgeting and project planning. 
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