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Introduction
In 2001, the James Webb Space Telescope (JWST) was ranked as the highest priority large space mission in astronomy by the National Academies of Science in
their decadal survey Astronomy and Astrophysics in the New Millennium. Originally
estimated by the decadal committee to cost $1 billion and to be launched in 2007,
JWST was dubbed as the next Great Observatory that will be three times more
powerful than the Hubble Space Telescope in the infrared and eight times more
powerful than the Spitzer Space Telescope.
However, after high-level scrutiny arising from years of program cost and schedule overruns, NASA recently developed a revised plan for JWST that—if fully funded—would enable completion and launch by October 2018. The revised budget life
cycle costs now total just over $8.8 billion.
The purpose of the hearing will be to receive testimony from NASA, academic,
and industry stakeholders on the progress and remaining challenges associated with
completing JWST by the target launch date of October 2018, and at a cost no greater than $8.85 billion.
Witnesses
• Mr. Rick Howard, Program Director, James Webb Space Telescope, National
Aeronautics and Space Administration
• Dr. Roger Blandford, Professor of Physics, Stanford University and Former
Chair, Committee for the Decadal Survey of Astronomy and Astrophysics, National Research Council
• Dr. Garth Illingworth, Professor & Astronomer, UCO/Lick Observatory, University of California, Santa Cruz
• Mr. Jeffrey D. Grant, Sector Vice President & General Manager, Space Systems Division, Northrop Grumman Aerospace Systems
Overarching Questions
• What confidence should Congress have in the new cost and schedule estimates
for JWST?
• What are the chief technical and programmatic challenges facing JWST? Does
the re-plan address systemic issues with the program and put it on a path for
success?
• What attributes of JWST merited its selection as the top-priority large-scale
mission in the decadal survey Astronomy and Astrophysics in the New Millennium released in 2001? Are those reasons still valid today? Does the fact that
JWST has not been completed as envisioned in the previous decade affect the
recommendations in the most recent decadal survey, New Worlds, New Horizons
in Astronomy and Astrophysics, released in 2010?
Background
Previously known as the Next Generation Space Telescope (NGST), the James
Webb Space Telescope (JWST) was planned as the follow-on space telescope, building on the successes of the Hubble Space Telescope. The main technical features of
JWST include a 6.5 meter diameter mirror optimized for observations in the infra-
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red using four specialized scientific instruments (detailed below). JWST is set to
orbit nearly one million miles from Earth in the Earth-Sun Lagrange (L2) point.
These features are expected to produce unparalleled scientific discovery, glimpsing
back to the origins of the galaxies, and providing insights into the early formation
of stars and planets.
Program Timeline
• June 1997—The Next Generation Space Telescope: Visiting a Time When Galaxies Were Young report utilized initial feasibility studies to present a technological roadmap for the development of the next generation space telescope
(NGST) in the next decade at a cost of $500 million and launch date of 2007.
• 2001—Telescope identified by NAS as top-priority in Decadal Survey, Astronomy and Astrophysics in the New Millennium; estimated cost is $1 billion.
• Summer 2002—Mission Definition Review completed and project moved out of
Phase A (feasibility studies) into Phase B (definition studies); the cost was estimated to be $2.5 billion with a launch date of 2010; Northrop Grumman was
awarded prime contractor.
• March 2005—NASA identified further cost growth, increasing life-cycle cost estimate to $4.5 billion and a schedule slip of two years.
• April 2006—Independent review teams concluded that JWST’s scientific performance and technical content were sound, with concern centered on the program’s early year funding constraints.
• July 2008—Program confirmation review placed the baseline life-cycle cost at
$5 billion with a launch date of June 2014.
• June 2010—Senator Barbara Mikulski (D–MD), Chairwoman of the Senate Appropriations Subcommittee on Commerce, Justice, Science, and Related Agencies, requests an independent review of the program; NASA commissioned an
Independent Comprehensive Review Panel (ICRP) led by John Casani, Special
Assistant to the Director at the Jet Propulsion Laboratory.
• October 2010—ICRP report delivered to NASA and to Congress; NASA notified
Congress of increase to cost baseline of over 15 percent and delay to schedule
baseline of over six months, triggering a ‘‘Breach Report’’ (more below).
• September 2011—JWST re-plan approved with new baseline of $8.8 billion total
life-cycle cost with launch readiness date of October 2018.
Astronomy and Astrophysics Decadal Surveys
The 2001 Decadal Survey, Astronomy and Astrophysics in the New Millennium,
identified the then-called Next Generation Space Telescope (NGST) as the top-priority for large-scale missions for the decade 2001–2010. Although the Hubble Space
Telescope continues to provide excellent science, the NGST would be far more sensitive and be able to see light in the infrared that Hubble could not. Pursuing NGST
was the next logical step in advancing scientific discovery and was believed to have
sufficient technology readiness to make the telescope affordable. The decadal survey
estimated NGST would cost $1 billion and be ready for launch in 2008.
Despite changes to the program in the ensuing decade—including revised cost and
schedule baselines, as well as de-scoping the segmented mirrors from an 8 meter
to 6.5 meter diameter—JWST was supposedly still on track (based on the revised
cost and schedule) when it was time again for the National Academies to conduct
the next decadal survey. Given assurances by NASA, the survey committee had little evidence to believe otherwise. Yet, even as doubts emerged, the committee presented its recommendations assuming JWST would be launched no later than the
middle of the decade. New Worlds, New Horizons in Astronomy and Astrophysics
(Astro2010) therefore moved forward under the assumption that JWST would be
completed as planned and recommended pursuit of the next top-priority mission, the
Wide-Field Infrared Survey Telescope (WFIRST). WFIRST would conduct exoplanet
and dark energy research. It is now expected that WFIRST cannot begin development until after JWST is launched.
Independent Comprehensive Review Panel (ICRP)
In a letter to NASA in June 2010, Senator Barbara Mikulski (D–MD), Chairwoman of the Senate Appropriations Subcommittee on Commerce, Justice, Science,
and Related Agencies, requested an independent review of the JWST program citing
concerns about continued growth in cost and delay in schedule. The letter requested
an independent panel review the root causes of the cost growth and schedule delay,
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to assess NASA’s plans for completing development and testing of the telescope, to
review possible changes to the telescope and to provide a minimum cost to launch.
NASA subsequently commissioned an Independent Comprehensive Review Panel
(ICRP) led by John Casani, Special Assistant to the Director at the Jet Propulsion
Laboratory. A copy of the report can be found here: http://www.nasa.gov/pdf/
499224main¥JWST¥ICRP¥Report-FINAL.pdf.
The ICRP report revealed poor budgeting and program management, not technical
performance, as the root cause for JWST’s woes. At the outset, it was determined
that JWST did not have a proper budget baseline and that budgeted reserves were
insufficient. They found that costs were managed on a year-to-year basis, which led
to deferred work and corresponding increases to life cycle costs. The cost of deferring
work further reduced reserves available in later years, resulting in a project life
cycle cost that continued to spiral out of control. The ICRP, however, did not find
the funds spent as wasted. Cutting-edge hardware had been delivered and tests
were underway.
Specifically, the ICRP provided NASA with 22 recommendations as to how to get
the program back on track and outlined what it thought to be a new cost-to-launch
budget profile for a launch in 2014. In summary, the report states:
Based on the issues present in the current plans to complete, the Panel has
identified changes to address the root cause issues discussed in the report, plus
ones that could be implemented to diminish the risk of future cost increases and
delays in the launch date. These are summarized below.
• Move the JWST management and accountability from the Astrophysics Division
to a new organizational entity at HQ having responsibility only for the management and execution of JWST.
• Restructure the JWST Project Office at the Goddard Space Flight Center
(GSFC) to ensure that the Project is managed with a focus on the Life Cycle
Cost and Launch Readiness Date, as well as on meeting science requirements
appropriate to the Implementation Phase.
• Assign management and execution responsibility for the JWST Project to the
GSFC Director, with accountability to the Science Mission Directorate Associate
Administrator at HQ.
• Establish the Office of Independent Program and Cost Evaluation (IPCE) as the
recognized Agency estimating capability, responsible for validating the most
probable cost and schedule estimates developed by projects and for developing
Independent Cost Estimates (ICE) for major milestone reviews.
• Develop a new JWST baseline cost and schedule plan-to-complete that incorporates adequate contingency and schedule reserve in each year. Include a realistic allowance for all threats in the yearly budget submission. Budget at 80%
confidence, and require 25% reserves in each year through launch. Commission
a new ICE, reconcile the new plan with it, and update the plan appropriately. 1

•
•
•
•

NASA agreed with all of the recommendations presented by the ICRP and made
several changes even before completing its re-plan of the program. According to
NASA, they have now:
Elevated program visibility, reporting, performance assessment and cost control;
Replaced all JWST senior management at both Goddard and Headquarters;
Elevated JWST to a division level within Science Mission Directorate that reports directly to the NASA Associate Administrator on a weekly basis; and
Used ICRP cost and schedule estimates as one of the inputs to develop the new
baseline.

Summary of JWST Breach Report and Re-Plan
Pursuant to Section 103 of the NASA Authorization Act of 2005 (P.L. 109–155),
NASA is required to provide Congress with a new cost and schedule baseline for
major programs that exceed costs by more than 15 percent or schedule by more than
six months. NASA notified Congress on October 28, 2010, that the agency anticipated JWST would breach both its cost and schedule baselines and deferred its formal response until it could conduct a complete assessment.
In response to the ICRP report and as part of the required report to Congress,
NASA delivered a Cost and Schedule Analysis Report for the James Webb Space Telescope (Breach Report) to Congress on October 21, 2011, which estimates the full
1

JWST-ICRP Final report, October 29, 2011, p. 9.
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life-cycle cost of the mission to now be $8.835 billion with a launch date of October
2018.
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According to NASA’s report, the newly programmed JWST baseline:
• Represents a high-confidence, realistic schedule with adequate reserves that
launches JWST as soon as possible.
• Presents a funding profile that was adjusted to reduce risk and provide adequate early year reserves.
• Included a Joint Cost and Schedule Confidence Level (JCL) analysis consistent
with an 80% confidence level; and
• Was reviewed by the JWST Standing Review Board (SRB)—NASA’s independent external review board—with findings and recommendations factored
into final plan.
As evident in Table 1 above, the new baseline will require approximately $1.2 billion in additional funding in FY 12–FY 16 (above the President’s FY 12 request).
NASA is proposing that funds be redirected from within its budget so that half
would come from the Science Mission Directorate (with the exception of Earth
Science) and half from the Cross-Agency Support account. NASA and the Administration continue to discuss the budget adjustments with the final determination to
be reflected in the budget request for fiscal year 2013. The fiscal year 2012 budget
as passed by Congress on November 17, 2011, reflects the additional funds needed
for JWST in FY 12 by providing $529.6 million.
Analysis of Alternatives
As part of the required Breach Report, NASA asked the Aerospace Corporation
to conduct an analysis of alternatives (AOA) to JWST to ensure that all possible options were given proper consideration. As summary, the AOA:
• Reviewed four categories of observatories (airborne, ground, space, and variants
to the JWST baseline) and assorted combinations thereof;
• Measured performance of alternatives against JWST Level 1 science requirements; and
• Distilled alternatives down to 12 potential options based on ability to meet the
mission science requirements and technical feasibility to analyze in further detail.
The results of the analysis concluded that the JWST baseline continues to be the
best value. Specifically, the Aerospace Corporation found that none of the alternatives provide the equivalent Level 1 science requirements at a lower cost or at
an earlier full operational capability date. Furthermore, while alternative designs
might lower costs in one area or another, the science that must be given up to accommodate those designs rendered the alternative undesirable based on the science
requirements determined by the National Academies Decadal Survey process. Furthermore, many of the 2011 decadal survey recommendations are predicated on the
groundwork that is to be laid by JWST.
Program Design Elements and Status
Sunshield
A critical element of the telescope’s design is a giant tennis-court-sized sunshield
that will block the mirrors and science instruments from light from the sun, Moon,
and Earth as well as prevent radiation from the telescope’s own heat-producing
equipment. The sunshield will consist of five layers—none touching the other—of a
heat-resistant material called silicon-coated Kapton. Each layer will be no thicker
than half of a human hair.
In order to ensure a successful sunshield design and deployment, the sunshield
has to undergo extensive testing. Currently a template membrane has been constructed and tested to validate that its shape holds under tension and to verify the
folding/packing concept works on a full-scale mockup. Additionally, a 1/3-size scale
model was constructed to test deployment and undergo thermal testing in a cryogenic chamber. Construction on the final sunshield has not yet started.
Mirrors
The purpose of the mirrors is to collect the light and channel it to the instruments. Because JWST is designed to detect the faintest of infrared light, billions of
light years away, the mirrors must be precisely engineered. JWST’s primary mirror
is made up of 18 individual hexagonal segments that fold up inside the rocket; once
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deployed, the mirrors will function as a single 6.5 meter (21.3 feet) diameter mirror—the largest ever to be deployed in space. All 18 mirrors have been manufactured, polished, and coated, and all but six have completed testing and are ready
for final assembly. The final six will be tested at cryogenic temperatures with final
adjustments made by the end of this calendar year.
Scientific Instruments
The Integrated Science Instrument Module (ISIM) contains four science instruments and a guide camera. The ISIM and science instruments are 90% complete
and are undergoing integration at the Goddard Spaceflight Center. The NIRSpec instrument was found to have quality issues, which will delay its delivery. However,
this delay is captured in the new re-plan and should not affect overall schedule.
• Mid-Infrared Instrument (MIRI)—provided by the European Consortium with
the European Space Agency (ESA) and by the NASA Jet Propulsion Laboratory
(JPL). MIRI has both a camera and a spectrograph that sees light in the midinfrared, allowing it to see newly forming stars and faintly visible comets as
well as objects in the Kuiper Belt. MIRI’s camera will provide wide-field,
broadband imaging similar to those the public has come to expect from Hubble.
The spectrograph will provide new physical details of the objects it will observe.
• Near-Infrared Camera (NIRCam)—provided by the University of Arizona is
Webb’s primary imager, detecting light from the earlier stars and galaxies.
NIRCam is equipped with coronagraphs that will allow astronomers to take pictures of very faint objects around a central bright object, like solar systems.
NIRCam’s coronagraphs work by blocking a brighter object’s light, making it
possible to view the dimmer object nearby—just like shielding the sun from
your eyes with an upraised hand can allow you to focus on the view in front
of you. With the coronagraphs, astronomers hope to determine the characteristics of planets orbiting nearby stars.
• Near-Infrared Spectrograph (NIRSpec)—provided by the European Space Agency (ESA), with components provided by NASA/GSFC. Used to disperse light
from an object into a spectrum by which physical properties such as temperature, mass, and chemical composition can be determined.
• Fine Guidance Sensor Tunable Filter Imager (FGS-TFI)—provided by the Canadian Space Agency. The Fine Guidance Sensor allows the telescope to point precisely, while the Tunable Filter will be able to select and focus on extremely
specific wavelengths of light. Most cameras can only see a certain wavelength,
but FGS-TFI will be able to pick from a range. The FGS-TFI will be used to
study just-forming planetary systems and dust disks that could become planets,
the internal dynamics of galaxies, and the characteristics of elements and molecules in clouds of stellar gas. 2
Spacecraft Bus
The spacecraft bus houses the electronics, attitude and thermal control, communications, and propulsion systems. These systems are considered relatively ‘‘standard’’ given that all space telescopes and satellites require similar systems. For this
reason, design of the bus only recently began final critical design review that is
scheduled for late 2014.
Assembly and Testing
A majority of the hardware for JWST has been constructed. However, due to the
nature of the telescope’s orbit nearly one million miles from Earth and the requirement that it operate in temperatures approaching ¥400 degrees Fahrenheit, NASA
has no ‘‘second chance’’ to make sure JWST performs as planned. The majority of
the cost and time remaining to complete JWST will be in assembly and testing.
Along the way, components must be tested to make sure they function individually,
as a group, and as the complete telescope. In addition, hardware such as platforms
and machinery must be specifically made to accommodate construction of the huge
telescope.
Goddard Space Flight Center is in charge of assembling each of the science instruments into a larger unit, which will be subjected to both temperature and vibration
testing. The mirrors will be mounted to their support structure and tested. The test2

http://www.jwst.nasa.gov.
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ing ensures that JWST can withstand the stress of launch and the extreme conditions in space.
Johnson Space Center will then test the entire assembly in a large 120-foot-tall
vacuum chamber originally used for the Apollo program. The chamber is currently
being modified to ensure testing at the proper cryogenic temperatures and should
be ready for use by summer 2012. Once that test is complete, the sunshield and
spacecraft bus will be added to the package and tested yet again before being readied for launch. 3
Recent FY 2012 Appropriation Activity
On July 7, the House Appropriations Subcommittee on Commerce, Justice,
Science, and Related Agencies reported an FY 2012 appropriations bill that provided
zero funds for JWST. As stated in the report:
The James Webb Space Telescope (JWST) Independent Comprehensive Review
Panel revealed chronic and deeply rooted management problems in the JWST
project. These issues led to the project cost being underestimated by as much
as $1,400,000,000 relative to the most recent baseline, and the budget could
continue to rise depending on the final launch date determination. Although
JWST is a particularly serious example, significant cost overruns are commonplace at NASA, and the Committee believes that the underlying causes will
never be fully addressed if the Congress does not establish clear consequences
for failing to meet budget and schedule expectations. The Committee recommendation provides no funding for JWST in fiscal year 2012.
The Committee believes that this step will ultimately benefit NASA by setting
a cost discipline example for other projects and by relieving the enormous pressure that JWST was placing on NASA’s ability to pursue other science missions.
On September 15, the Senate Appropriations Subcommittee on Commerce, Justice, Science, and Related Agencies reported an FY 2012 appropriations bill providing a total of $530 million for JWST, a number reflected in the NASA re-plan
but not officially requested by the Administration. Per the report:
The Committee strongly supports completion of the James Webb Space Telescope [JWST]. JWST will be 100 times more powerful than the Hubble Space
Telescope and is poised to rewrite the physics books. Last year, the Committee
asked for an independent assessment of JWST. That assessment, led by Dr.
John Casani, found that while JWST is technically sound, NASA has never requested adequate resources to fund its development. As with many other
projects, budget optimism led to massive ongoing cost overruns because the
project did not have adequate reserves or contingency to address the kinds of
technical problems that are expected to arise in a complex, cutting-edge project.
Without funds, the only other way to deal with problems is to allow the schedule to slip. That slip, in turn, makes the project cost even more, when accounting for the technical costs as well as the cost of maintaining a pool of highly
skilled technical labor through the completion of the project.
In response to the Casani report, NASA has submitted a new baseline for JWST
with an overall life cycle cost of $8,700,000,000. NASA has assured the Committee that this new baseline includes adequate reserves to achieve a 2018
launch without further cost overruns. The Committee intends to hold NASA and
its contractors to that commitment, and the bill caps the overall development
cost for JWST at $8,000,000,000.
On November 17, the House and Senate agreed to final FY 12 appropriations for
NASA as part of a ‘‘mini-bus’’ that included funding for Agriculture, Commerce-Justice-Science (CJS), and Transportation-Housing and Urban Development (T-HUD).
The bill ultimately yielded to the Senate version, providing JWST with the full
amount needed as cited in the re-plan. However, very specific language about how
Congress expects NASA to manage the program was included in the conference report. It states:
James Webb Space Telescope (JWST).—According to the recent JWST budget
replan, the program’s lifecycle cost estimate is now $8,835,000,000 (with formulation and development costs totaling $8,000,000,000). This represents an increase of $1,208,000,000 over the previous lifecycle cost estimate, including an
increase of $156,000,000 above the budget request for fiscal year 2012. In order
to accommodate that increase in this agreement, the conferees received input
3

http://ngst.gsfc.nasa.gov/status.html.
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from the Administration and made reductions to the requested levels for Earth
and planetary science, astrophysics, and the agency’s budget for institutional
management. Although the amounts provided for these other science activities
still constitute an increase over the fiscal year 2011 levels, the conferees note
that keeping JWST on schedule from fiscal year 2013 through the planned
launch in fiscal year 2018 will require NASA to identify another $1,052,000,000
over previous JWST estimates while simultaneously working to meet the deficit
reduction requirements of the Budget Control Act of 2011 (P.L. 112–25). As a
result, outyear work throughout the agency may need to be reconsidered. The
conferees expect the administration to come forward with a realistic long-term
budget plan that conforms to anticipated resources as part of its fiscal year
2013 budget request.
To provide additional assurances that JWST’s management and funding problems are under control, the conference agreement includes language strictly limiting JWST formulation and development costs to the current estimate of
$8,000,000,000 and requiring any increase above that amount to be treated according to procedures established for projects in 30 percent breach of their
lifecycle cost estimates.
In addition, the conferees direct the GAO to continually assess the program and
to report to the Committees on Appropriations on key issues relating to program and risk management; achievement of cost and schedule goals; and program technical status. For its first report, the conferees direct the Comptroller
General to assess: (1) the risks and technological challenges faced by JWST; (2)
the adequacy of NASA’s revised JWST cost estimate based on GAO’s cost assessment best practices; and (3) the extent to which NASA has provided adequate resources for and is performing oversight of the JWST project to better
ensure mission success. The first report should be provided to the Committees
no later than December 1, 2012, with reports continuing on an annual basis
thereafter. Periodic updates should also be provided to the Committees upon request or whenever a significant new finding has been made. NASA is directed
to cooperate fully and to provide timely access to analyses, data, applications,
databases, portals, reviews, milestone decision meetings, and contractor and
agency personnel.
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Chairman HALL. Okay. The Committee on Science, Space, and
Technology will come to order, and I say good afternoon to everyone. We were scheduled for this morning. My script says—if I
stayed with the script, I would be telling you good morning. Being
of unsound mind, I don’t read the script.
Welcome to today’s hearing entitled ‘‘The Next Great Observatory: Assessing the James Webb Space Telescope.’’ In front of you
are packets containing the written testimony, the biographies, and
the truth in testimony disclosures for today’s witnesses.
And we will be making opening statements, and I will recognize
myself for five minutes for an opening statement.
I would like to thank all the witnesses for taking time from their
very busy schedules to appear before our Committee to discuss the
James Webb Space Telescope, and I realize considerable effort goes
into the drafting and writing of the statements, but they are very
helpful to us. They are helpful to these folks that aren’t here that
have conflicts, and they are at other hearings right now, or they
would be here, but they get your copies. They have the copy of
what you have submitted to us, and we thank you for that.
I want you to know that your testimony, your wisdom, and your
experience is going to be invaluable to us because we have you here
because we think you probably know a lot more about what we are
doing than we do, and we realize you are giving up valuable time
to prepare for this, to travel here, and to grace us with your presence. And your experience will be invaluable to help our committee
and our Congress as we deliberate in the months ahead on related
issues to NASA and its portfolio of programs.
The James Webb Space Telescope has been identified by the astrophysics community as its top priority program since 2001, and
just recently NASA itself named JWST as an agency priority. The
telescope would far surpass in science, power, and capability any
previous space-based observatory launch by NASA and will enable
the new observations into the deepest corners of our universe, and
I suspect it will be at least a generation or two before a successor
mission is even contemplated.
The potential new knowledge that will be returned is, in my
mind, difficult to imagine, while observatories are designed and
built to answer one set of questions. The record is replete with discoveries that even the builders of telescopes never contemplated.
But that is not why we are here this morning. Sadly, the James
Webb Space Telescope is another case study of NASA’s mismanagement of a flagship mission where original costs and schedule estimates are grossly understated, project execution is a litany of
missed signals and deferred work, and senior agency oversight is
invoked only after the project files breach reports. The resulting
disruptions and breakage do tremendous collateral damage to other
agency programs and missions as management just struggles to
find the resources to return JWST to a sound footing.
Not too many years ago, NASA’s stakeholder community would
not be overly surprised with cost and schedule slippages. This
seems to be an accepted way of life that technically challenging
missions were expected to exceed original estimates, but Congress’
tolerance for these type of overruns has run out.
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I support the James Webb Space Telescope. The science enabled
by this mission will be extraordinary, but given Congress and the
White House’s struggles to bring our federal budget under control,
there are members who have a tough time continuing to vote for
a program that requires another infusion of over a billion dollars.
Some of us argued that we should cut our losses and move on. Others have suggested that we are rewarding bad behavior by continuing to invest in the mission. In my view, NASA’s latest re-plan
for the James Webb Telescope is the agency’s last opportunity to
hold this program together.
I am anxious to hear from our witnesses about their assessment
of the steps taken by the agency to ensure high confidence in the
costs and the schedule estimates going forward and in the project’s
new management structure. I am also anxious to hear about the
biggest challenges still confronting the program.
Mr. Howard, don’t take this personally, but I want the record to
note that NASA’s testimony was provided to our Committee late
yesterday afternoon contrary to Committee rules and past practice.
By holding back testimony, Members and staff were afforded only
a handful of hours to review and analyze Administration statements undermining the ability of the body to engage in a well-informed dialogue with Executive Branch witnesses. The White
House’s process for vetting testimony of agency witnesses continues
to frustrate this Committee and frustrates Congress. This is not
the first time testimony has arrived only hours before the scheduled start of a hearing, and I urge the White House to exercise
greater diligence, and I doubt seriously if they will listen to me.
My thanks, again, to the witnesses.
[The prepared statement of Mr. Hall follows:]
PREPARED STATEMENT

OF

CHAIRMAN RALPH M. HALL

Good afternoon. I’d like to thank our witnesses for taking time from their busy
schedules to appear before our Committee to discuss the James Webb Space Telescope. I realize considerable effort goes into the drafting and writing of statements,
and I want you to know that your testimony, wisdom, and experience will be of invaluable help to our Committee and Congress as we deliberate in the months ahead
on issues related to NASA and its portfolio of programs.
The James Webb Space Telescope (JWST) has been identified by the astrophysics
community as its top priority program since 2001, and just recently NASA itself
named JWST as an agency priority. The telescope would far surpass in size, power,
and capability any previous space-based observatory launched by NASA and will enable new observations into the deepest corners of our universe, and I suspect it will
be at least a generation or two before a successor mission is even contemplated. The
potential new knowledge that will be returned is, in my mind, difficult to imagine.
While observatories are designed and built to answer one set of questions, the
record is replete with discoveries that even the builders of telescopes never contemplated.
But that’s not why we are here this morning. Sadly, the James Webb Space Telescope is another case study of NASA’s mismanagement of a flagship mission where
original cost and schedule estimates are grossly understated, project execution is a
litany of missed signals and deferred work, and senior agency oversight is invoked
only after the project files breach reports. The resulting disruptions and breakage
do tremendous collateral damage to other agency programs and missions as management struggles to find the resources to return JWST to a sound footing.
Not too many years ago, NASA’s stakeholder community would not be overly surprised with cost and schedule slippages. It seemed to be an accepted way of life that
technically challenging missions were expected to exceed original estimates, but
Congress’ tolerance for these types of overruns has run out.
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I support the James Webb Space Telescope. The science enabled by this mission
will be extraordinary. But given Congress’ and the White House’s struggles to bring
our federal budget under control, there are Members who will have a tough time
continuing to vote for a program that requires another infusion of over a billion dollars. Some have argued that we should cut our losses and move on; others have suggested that we’re rewarding bad behavior by continuing to invest in the mission.
In my view, NASA’s latest re-plan for the James Webb Space Telescope is the
agency’s last opportunity to hold this program together. I am anxious to hear from
our witnesses about their assessment of the steps taken by the agency to ensure
high confidence in the cost and schedule estimates going forward, and in the
project’s new management structure. I am also anxious to hear about the biggest
challenges still confronting the program.
Mr. Howard, don’t take this personally, but I want the record to note that NASA’s
testimony was provided to our Committee late yesterday afternoon, contrary to
Committee rules and past practice. By holding back testimony, Members and staff
are afforded only a handful of hours to review and analyze Administration statements, undermining the ability of this body to engage in a well-informed dialogue
with Executive Branch witnesses. The White House’s process for vetting testimony
of agency witnesses continues to frustrate this Committee and Congress. This is not
the first time testimony has arrived only hours before the scheduled start of hearings, and I urge the White House to exercise greater diligence.
My thanks again to our witnesses.

Chairman HALL. And now I am honored to recognize Ms. Johnson for her opening statement.
Ms. JOHNSON. Thank you very much, Mr. Chairman, and I want
to say good afternoon to our witnesses, and I join Chairman Hall
in welcoming you. I look forward to hearing from each witness
today.
As Chairman Hall has stated, we are here to review the status
of the James Webb Space Telescope, which has been the subject of
much attention over the last year and a half as NASA has wrestled
with cost growth and schedule delays on the project. NASA has
now developed a plan for getting the project back on track, and
Congress has provided the agency with the funding that it has requested for the JWST in fiscal year 2012.
I look forward to hearing about the re-plan from our witnesses
as well as about any challenges and risks that still exist.
In that regard, Mr. Chairman, I believe that this Committee is
going to need regular updates on this project from NASA so that
we can have confidence that its milestones are being met and so
that we can have early warning of any problems that may develop.
I want to work with you and the agency to ensure that we get
those status reports on a regular basis.
It is very important that NASA ensure that this project proceeds
without further turmoil. As we will hear today, the telescope’s
project’s cost growth will have a negative impact on all of NASA
science activities, not just those in its astrophysics division. In
dealing with the cuts that will be required, I think it is important
that NASA allocate the cuts to its science programs in a balanced
manner that doesn’t unduly target any single area such as NASA’s
planetary science program. I look forward to hearing more about
NASA’s offset proposal in today’s hearing.
In closing, as we take a look at the status of the James Webb
Space Telescope and the issues the project needs to address, I hope
that we don’t lose sight of why the United States is undertaking
this complex mission in the first place. The National Academies
has rated it as a top priority for the Nation’s future astrophysics
program, and the scientists here today will be able to tell us about
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the path-breaking scientific research it is being designed to carry
out.
But there is something at stake beyond the exciting scientific
breakthroughs and promises. Mainly, like the Hubble Space Telescope before it, it will have the ability to inspire coming generations to dream and to want to undertake careers in science and
technology. It is clear that for many of our young scientists and engineers to be a starry-eyed, starry night, or a picture of the galaxy
obtained from a telescope like Hubble and perhaps some day from
the JWST is the spark that will start them on their way. In the
midst of our scrutiny of the issues surrounding this, I hope that we
don’t forget that simple truth.
I thank you, again, to our witnesses for agreeing to testify today,
and with that, Mr. Chairman, I yield back my time.
[The prepared statement of Ms. Johnson follows:]
PREPARED STATEMENT

OF

RANKING MEMBER EDDIE BERNICE JOHNSON

Good afternoon. I want to join Chairman Hall in welcoming our witnesses. I look
forward to hearing from each of you today.
As Chairman Hall has stated, we are here to review the status of the James Webb
Space Telescope, which has been the subject of much attention over the last year
and a half, as NASA has wrestled with cost growth and schedule delays on this
project.
NASA has now developed a plan for getting the project back on track, and Congress has provided the agency with the funding that it has requested for JWST in
fiscal year 2012. I look forward to hearing about the re-plan from our witnesses, as
well as about any challenges and risks that still lie ahead.
In that regard, Mr. Chairman, I believe that this Committee is going to need regular updates on this project from NASA so that we can have confidence that its
milestones are being met and so that we can have early warning of any problems
that may develop. I want to work with you and the agency to ensure that we can
get those status reports on a regular basis.
It is very important that NASA ensure that this project proceeds without further
turmoil. As we will hear today, the telescope project’s cost growth will have a negative impact on all of NASA’s science activities—not just those in its astrophysics division. In dealing with the cuts that will be required, I think it is important that
NASA allocate the cuts to its science program in a balanced manner that doesn’t
unduly target any single area, such as NASA’s planetary science program. I look
forward to hearing more about NASA’s offset proposals at today’s hearing.
In closing, as we take a look at the status of the James Webb Space Telescope
and the issues the project needs to address, I hope that we don’t lose sight of why
the United States is undertaking this complex mission in the first place. The National Academies has rated it as a top priority for the Nation’s future astrophysics
program, and the scientists here today will be able to tell us about the path-breaking scientific research it is being designed to carry out.
But there is something at stake beyond the exciting scientific breakthroughs it
promises—namely, like the Hubble space telescope before it, it will have the ability
to inspire coming generations to dream and to want to undertake careers in science
and technology. It is clear that for many of our young scientists—and engineers-tobe, a starry night or a picture of a galaxy obtained from a telescope like Hubble—
and perhaps someday from JWST—is the spark that will start them on their way.
In the midst of our scrutiny of the issues surrounding JWST, I hope that we don’t
forget that simple truth.
Thanks again to our witnesses for agreeing to testify here today, and with that,
I yield back the balance of my time.

Chairman HALL. I thank you. The gentlelady yields back. If there
are other Members who wish to submit additional opening statements, the statements can be added to the record at this point or
whenever you present them.
[The prepared statement of Mr. Costello follows:]
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PREPARED STATEMENT OF SUBCOMMITTEE ON SPACE AND AERONAUTICS
ACTING RANKING MEMBER JERRY F. COSTELLO
Chairman Hall, thank you for holding today’s hearing to receive testimony on the
progress and challenges of the James Webb Space Telescope (JWST).
NASA’s astronomy and astrophysics program has revolutionized our understanding of the origins and evolution of the universe. The program has made incredible progress, including the scientific breakthroughs of the Hubble Space Telescope
and the five Nobel Prizes in Physics awarded to U.S. scientists for discoveries enabled by NASA. JWST holds the promise of building on these successes and maintaining our ingenuity and scientific leadership, in cooperation with international
partners.
While JWST holds great promise for the future of astronomy and astrophysics, the
project has gone well over budget and is far behind schedule. I am pleased that following stringent review by NASA and third parties, the agency is implementing necessary changes to bring the project back on track. But while NASA and its contractors are moving in the right direction, we must match those technical achievements
with real progress on the management and cost control of these challenging projects
if we are going to sustain our scientific and technical leadership.
I look forward to hearing from our witnesses on what steps NASA is taking to
ensure JWST and its workforce stay on track for a 2018 launch and how Congress
and NASA can work together to sustain the astronomy and astrophysics program
in the future.
I welcome our witnesses and look forward to their testimony. Thank you, Mr.
Chairman.

Chairman HALL. At this time, I would like to introduce our panel
of witnesses. Our first witness is Mr. Rick Howard, Program Manager of the James Webb Space Telescope for NASA, a position he
has held since early this year. Previously at NASA, Mr. Howard
served as Deputy Chief Technologist, Deputy Director of the Astrophysics Division, and has held a number of positions in the Office
of Space Sciences. Mr. Howard is a graduate of the University of
Wisconsin, received an M.S. in astronomy from Pennsylvania State
University, and Mr. Howard, we welcome you, sir, and thank you.
And thanks for the previous visit.
Our second witness is Dr. Roger Blandford, the Director of
Cavalli Institute for Particular Astrophysics and Cosmology and
the Luke Blossom Chair, I will get all that out in a minute, and
the School of Humanities and Science at Stanford University. Dr.
Blandford also served as Chair of the National Academy of Sciences
Decadal Survey of Astronomy and Astrophysics. Dr. Blandford received his B.A., M.A., and Ph.D. degree from Cambridge University. And welcome, Dr. Blandford. We appreciate your presence
here today.
Our third witness is Dr. Garth Illingworth, an astronomer at the
University of California Observatories and Lick Observatory. He is
principal investigator of a major Hubble Space Telescope imaging
program and has been involved with major space and ground
projects since the 1970s. He served as Chair of the Astronomy and
Astrophysics Advisory Committee and has a long record of involvement in science and astronomy policy. In 2010, Dr. Illingworth
served as a scientist member of the Independent Comprehensive
Review Panel that reviewed the James Webb Space Telescope Program. Dr. Illingworth was awarded an honorary doctor of science
degree in 2010 by the University of West Australia, and we appreciate your being with us today.
Our final witness is Jeffrey D. Grant, Sector Vice President and
General Manager of the Space Systems Division, Northrop Grum-
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man Aerospace Systems. Mr. Grant has worked for Northrop
Grumman since 2002, and previously he worked for 21 years at the
CIA and National Reconnaissance Office. He received a B.S. degree
from the Florida Institute of Technology and has earned a number
of performance awards during his federal service. It is good to have
you here.
I had a nice visit with Mr. Grant earlier and found out that his
father and I served in World War II, probably at different bases
and in different airplanes. I flew hellcats for the Navy, and he flew
the PBY, and we talked about the PBY, and he asked me if I would
like to have flown the PBY. I said, that is what every Naval pilot
wanted to fly because it took off at 90, it landed at 90, it flew at
90, and pilots lived to be 90. So I hope your dad is still with us.
I didn’t get to ask you about that, and may God bless him.
Okay. As our witnesses should know, spoken testimony is limited
to five minutes, after which the Members of the Committee will
have five minutes each to ask questions.
I now recognize our first witness, Mr. Rick Howard, to present
his testimony. Mr. Howard, you have five minutes, but we don’t
have a hook. Just do your best to stay as close as you can, but your
testimony is so valuable, and your presence is so appreciated, we
will have a gentle Chair for you up here. Go ahead now.
STATEMENT OF MR. RICK HOWARD,
PROGRAM DIRECTOR, JAMES WEBB SPACE TELESCOPE,
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Mr. HOWARD. I appreciate that. Mr. Chairman and Members of
the Committee, thank you for this opportunity to appear before you
today to testify concerning NASA’s progress and plans to complete
the James Webb Space Telescope. Let me begin by expressing
NASA’s thanks to this Committee and to Congress for its continued
support of this program in the fiscal year 2012, budget. We at
NASA recognize that we made your already difficult task of funding important programs in these distressed fiscal times even more
difficult through our poor past performance on JWST.
We are, thus, even more determined to restore your confidence
in NASA by delivering a successful JWST on the costs, new costs,
and schedule baseline that we have developed. It is important to
remember why we have undertaken this effort. JWST will be the
world’s premiere space-based observatory and will be both the scientific and technological successor to the Hubble Space Telescope.
JWST will be the most powerful telescope ever deployed in space
and will have 100 times the sensitivity of Hubble. No other nation
on Earth could lead such a pioneering endeavor.
In my written testimony submitted to this Committee, I outlined
a new baseline developed for JWST and provided detailed responses to the questions posed to NASA by this Committee. I
would like to provide a brief summary of the main points of those
responses.
You asked about NASA’s justification for continuing JWST.
JWST is the primary tool for addressing many of the major questions scientists have about the origins and physics of the cosmos.
JWST was the top priority large-mission recommendation in the
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2001 decadal survey and was considered foundational in the 2010
decadal survey.
The independent analysis of alternatives submitted to the Congress in October showed that the JWST remains the most cost-effective way to answer these science questions. The JWST team, including more than 1,200 people across the United States, is on a
new path and has made good progress in fiscal year 2011 against
the milestones that we established back in January of 2011. Concerning the progress or the process we used in developing a new
baseline, NASA worked closely with its industrial partners to arrive at a new cost and schedule baseline for JWST by undertaking
a thorough, bottoms-up analysis of the work yet to be completed.
NASA and our standing—independent standard review board and
other independent groups then subjected the resulting baseline to
rigorous risks, costs, and schedule analysis. The end result is a robust baseline that NASA is confident we can achieve.
Let me address the work to go and the remaining challenges in
the program. A significant portion of the work to go is the integration, tests, and verification of the observatory. This includes the integration and tests of the instruments, the optical performance
tests of the full 18-segment telescope at the Johnson Space Center
in Texas, and the integration and testing of the spacecraft and
sunshield. These efforts represent the major technical challenges
remaining in the program.
The major programmatic challenge is maintaining a stable budget environment and consistent support of the program within
NASA, the Administration, and Congress. The new baseline is complete, and it is now our responsibility to deliver JWST within costs
and on schedule.
Let me close by, again, thanking the Congress for your support
of JWST, your willingness to fully fund JW in fiscal year 2012, in
support of the new baseline demonstrates your commitment to sustaining this Nation’s leadership in space science. NASA is committed to completing this program efficiently and successfully.
Thank you for the opportunity to appear before this Committee
today, and I will be pleased to answer any questions you have.
[The prepared statement of Mr. Howard follows:]
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PREPARED STATEMENT OF MR. RICK HOWARD,
PROGRAM DIRECTOR, JAMES WEBB SPACE TELESCOPE,
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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NASA utilizes a set of Key Decision Points (KDPs) as "gate reviews" of spaceflight projects. At
each KDP a project must demonstrate progress against a defined set of criteria in order to be
approved to proceed to the next phase of development. At KDP-C, projects are reviewed to
determine their readiness to transition from formulation to development. It is at KDP-C where a
life cycle cost commitment is established. KDP-C for JWST was accomplished in 2008, wherein
a launch readiness date of June 2014 was established, along with a life-cycle cost of$4.964
billion and a development phase cost of$2.58 J billion (the difference is that the fonner includes
formulation and operations phase costs). This was the tirst formal baseline cost and schedule
established for JWST.
Frommid-2008 through 2010, NASA maintained a focus on science instrument, mirror and
sunshade development for JWST. The development challenges were such that the project spent
more than expected on these items, resulting in delaying spacecraft development and integration
and test planning. Further, during this period the project office and prime contractor failed to
communicate clearly with each other and with NASA Headquarters on the technical liens and
threats and their associated cost and schedule impacts. This led to an underfunded reserve posture
and a growing backlog of work. NASA failed to maintain sufficient insight into the real project
status and progress. Even so, the issues on JWST were sufficiently apparent that NASA took
action to improve the JWST project's reserve posture in the FY 20 II budget request, and in
FY2010 initiated the independent Test Assessment Team activity to review the plans for the
Integration and Test phase of the project.
By the spring of 201 0 it was apparent that JWST was in trouble and would not be able to deliver
on the 2008 KDP-C cost and schedule commitment baseline. The JWST Independent
Comprehensive Review Panel (ICRP, described below) was established to identify the causes and
recommend the quickest path to launch of JWST. The ICRP report stated that the problems
causing cost growth and schedule delays were associated with budgeting and program
management, and not technical performance. They stated that the technical performance has been
"commendable and often excellent". The ICRP report identified changes that needed to be made
in both NASA's management approach and its cost estimating and reserve philosophy on JWST.
Since receiving the report of the Independent Comprehensive Review Panel in September 2010,
NASA along with the prime contractor and its subcontractors has been working diligently to
define a new program baseline. The new baseline required an increase over the FY 2012
President's Budget Request for the period FY 2012-2016 of $1.2 billion. The new baseline lifecycle cost of$8.835M and launch readiness date of October 2018 accompanies a solid technical
baseline and management approach that will allow us to implement this program with high
confidence of success.
We have kept the Congress abreast of these developments through the submission of our response
to the Independent Comprehensive Review Panel's report in April 2011, the Project Cost and
Schedule Analysis Report submitted in October 20 11, and numerous briefings to Committee staff
in both Houses of Congress.
We are extremely grateful for the support of this Committee and this Congress for NASA and
JWST in the FY 2012 budget as we have moved to address the problems of the past and move
forward with a robust new baseline for this vital project.
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Moving Ahead on a Sound Plan for JWST
Thanks to the support of Congress and the Administration, and to the hard work by NASA, its
contractors, and its partners, JWST has moved from "replan" mode to "implementation" modc.
With the enactmcnt of the FY 2012 Consolidated and Continuing Appropriations Act (P.L. 11255), and a new life-cycle cost and out-year funding profile identified in the Project Cost and
Schedule Analysis Report submitted to the Congress last month, NASA now has a robust new
baseline cost and schedule for JWST. This new baseline provides high confidence that NASA can
implement JWST within the resources available in a constrained budget environment and achieve
a launch readiness date of October 2018. The following paragraphs provide the rationale for this
statement.
First, the JWST program has been subject to rigorous external review. The three key reviews are
described here. The first was the Test Assessment Team report requested by the management of
NASA's Science Mission Directorate and delivered in September 20 I O. This Team, chaired by
Mr. John Casani of NASA 's Jet PropUlsion Laboratory, conducted a review ofthe planned testing
of the Integrated Science Instrument Module (lSIM) at GSFC and the Optical Telescope Element!
ISIM (OTIS) testing at JSc. Their report identified some additional tests that should be
performed and also identified ways to streamline the test programs and reduce the testing time at
both Goddard Space Flight Center and Johnson Space Center. NASA accepted and implemented
all the report's recommendations. The second was the Independent Comprehensive Review
Pancl (lCRP), also chaired by Mr. Casani. The ICRP, established by the NASA Administrator at
the request of Senator Barbara Mikulski, Chair of the Senate Appropriations Subcommittee on
Commerce, Justice, Science, and Related Agencies, reviewed the management, cost, and schedule
for the entire JWST program. The ICRP made 22 recommendations to NASA on these subjects,
including establishing a separate program office at NASA Headquarters reporting directly to the
NASA Associate Administrator to provide a high-level management organization focused solely
on JWST, and establishing a funding profile that provides adequate cost and schedule reserves in
each year of development. NASA accepted all 22 of the report's recommendations and described
our implementation of the actions in a report to the Congress delivered on April 25, 2011. The
third external review is the on-going work of the independent Standing Review Board (SRB)
chaired by Mr. Jean Olivier. Senior Review Boards are extremely valuable in keeping NASA
programs on track because they stay with the program throughout its development phase to
evaluate specific critical points in the program's life cycle to verify performance and the path
forward. The SRB reviewed the new JWST technical, cost, and schedule baseline as it was being
developed, and NASA has been able to incorporate its recommendations in the new JWST
program baseline to which we are now working. The SRB will be reviewing the status of the
program against the new baseline in April 2012.
The second line of evidence in support of the achievability of the new JWST program baseline is
the robustness of the baseline itself. The new schedule for JWST has 13 months of funded
schedule reserve available to address any issues that arise in the final development or testing of
JWST hardware or support systems. The current cost assessment meets the 80 percent cost
confidence level recommended by the ICRP. For the first time in the program's history, adequate
cost reserves exist in each fiscal year of the development phase. Finally, all known highprobability technical threats are funded in the base program (not liened against reserves). The
NASA Associate Administrator, the JWST Program Director at NASA Headquarters, the JWST
Project Manager at GSFC, and the major industrial contractors working on JWST meet quarterly
as an Executive Council to review the program's technical, cost, and schedule progress and
current issues and concerns and paths toward resolution. JWST is the most challenging robotic
spaceflight program NASA has ever undertaken. Because of the reviews described above and the
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robustness of the new cost and schedule baseline, NASA thoroughly understands how to execute
this program and has a solid plan to do so.
The third line of evidence is the progress NASA has made to date. NASA and the JWST program
did not stand still while the "replan" was being formulated. Rather, NASA made effective use of
the funds the taxpayer invested in JWST in FY 20 II. At the beginning of the replan activity, the
new JWST Program Office at NASA Headquarters and the revamped JWST Project Office at the
Goddard Space Flight Center identified 21 technical and management milestones to be
accomplished between January and September of20 II. By the end of September, 20 of the 21
were completed; the remaining one was deferred into FY 2012 due to potential design changes in
the ISIM. Among the accomplishments are:
• Completion of night primary mirror segments manufacturing and polishing;
• Completion of the pathfinder primary mirror backplane support structure;
• Completion and shipment of Ambient Optical Alignment Stand;
• Completion of cryogenic vacuum testing of one-third scale Sunshield
• Advancement of instrument development in support of FY 2012 deliveries; and
Completion of fabrication and environmental testing of the flight ISIM structure.
The following graphics and pictures demonstrate not only the complexity and scale of JWST but
also the testing that has been done to date and that which remains as we complete the
development phase and proceed into the integration and test phase of the program. The figure
below shows both the fi'ont and back side of the Flight Primary Mirror Assemblies. On the front
side is the optical quality surface of the beryllium mirror coated with a thin IR reflecting coating
of gold (there are only about 2 ounces of gold in total on the entire JWST primary mirror).
However, the real complexity of the mirror segments is on the backside where all the mirror
position control electronics and mounting structure are located. Each mirror has 6 degrees of
freedom and can be positioned to an accuracy of about 10 nm (roughly 1/1000 of the diameter of
a human hair). All are designed to work at 40 Kelvin (- 387 0 F). The last six of the Primary
Mirror Assemblies are now in final testing.
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Flight Primary Mirror Assemblies
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Last six flight mirror assemblies are In their flnal tests at MSFC

The following figure shows the test chamber that will be lIsed to test the optical performance of
the complete JWST telescope with all 18 mirror segment assemblies, secondary mirror, aft optics
and flight instruments. This historic human-rated thennal vacuum chamber was used for testing
of Apollo-era space vehicles. It is undergoing a $ 100M upgrade to test JWST down to
temperatures of25 Kelvin. When completed in 2012, Chamber A will be the world's largest
cryogenic vacuum test facility.

Qf ':>''''''''1'('''','''' In Chamber A at JSC
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In short, JWST made excellent technical progress in FY20 I I toward the deliveries of hardware
on schedules that lead to the new baseline's October 20 I 8 launch readiness date. The new
baseline includes a detailed schedule of work that must be accomplished in FY 2012 and beyond,
and the JWST Program is well underway on that work.

Answers to Questions Posed By the Committee
The Committee's formal invitation to testify at this hearing included four questions, for which
answers are provided here.

1. How did NASA arrive at the latest cost and schedule estimates jor JWST, and how confident is
NASA that these estimates will not be exceeded? Were they independently verified?
NASA accepted all of the ICRP recommendations and started immediately in November 2010 to
develop a new baseline that involved all of the team members (the prime contractor, their
subcontractors, NASA-directed contractors and NASA Centers). The objective was to develop a
realistic, high confidence work plan and budget and schedule profile that accounted for all the
work to go including assessments of known threats, liens, and risks in the program and supported
the earliest possible launch consistent with known resource constraints. To minimize difficult
near-term budgetary impacts, an initial constraint for the replan was no additional funding in FY
20 II and FY 2012 above the President's Budget Request level, with an unconstrained budget in
FY 2013 and the out years. The initial replan was reviewed by the JWST independent Standing
Review Board (SRB), which determined that: I) the FY 20 II and FY 2012 funding levels and
reserves were insufficient; 2) the FY 2013-2019 funding reserves should be increased; 3)
implementation of the steep FYI3 funding increase was high risk; and 4) insufficient FY 20112012 funding necessitates delaying critical development activities and increases risk. As a result
of the SRB finding, the new NASA Headquarters JWST Program Office revised the initial replan
by adding additional Mission Directorate-managed unallocated future expense (UFE) starting in
FY2014, adding $56 M of UFE in FY 2012 and shifting $IOOM of work from FY20 13 into FY
2012. The resulting changes to the replan were reviewed by the SRB with a first cut of the arcas
of work to be accelerated into FY 2012. The SRB determined that between the additional
reserves, the work accelerated, and the reduction of the FY 2013 budget and work to be
performed in FY 2013, the revised replan was a positive step toward successful planning and
implementation of the JWST. The identification of specific work to be shifted is still being
discussed and will be finalized in the replan proposal from the prime contractor due in midDecember. The SRB will be reviewing the details of the revised baseline in Apri12012. The
revised baseline has a cost confidence that betters the ICRP's recommendation of 80 percent, has
13 months of funded schedule reserve against the October 2018 launch readiness date, and has
incorporated over $200M of high probability threats (i.e., threats that have a 50 percent or greater
probability of occurring) into the baseline funding level (not held against reserves). Given these
and other aspects of the replan, NASA feels it is robust and has a high level of confidence that
JWST can be successfully completed with this budget and schedule.

2. What are the chief technical and programmatic challenResfacing JWST? How does the replan
address systemic issues with the program and put it on a pathfor sllccess?
The main technical challenges facing JWST are completing development and testing of the
individual elements in the program (instruments, sunshield, spacecraft, primary mirror backplane
support structure) and the integration and testing of the integrated elements (the ISIM, OTE,
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OTIS, SpacecraftlSul1shield systems) to validate both the in-space performance and tbe integrated
models oflhe observatory. There are still significant risks associated with these activities. The
project has in the new baseline plans to mitigate or retire these risks. The main programmatic
challenges are executing tbe project on schedule within future appropriations and maintaining the
confidence of our stakeholders.
As JWST moves into the integration and test phase a general challenge is putting together and
testing the largest space telescope NASA has ever built. These challenges range from technical
ones such as testing at operating temperatures to logistical ones such as transporting such a large
system. Below are specific examples of the challenges and mitigation approaches in the program:
o Achieve the cryogenic temperatures necessary in the largest cryogenic test chamber in the
world so as to enable flight-like performance of the fully integrated telescope and
instrument science suite (OTIS configuration) - the project is mitigating this challenge by
including extensive pre-test activities and test runs of the facility;
o Verify and validate the performance of the huge and delicate sunshield prior to launch
the project is mitigating this challenge by including additional testing of key sunshield
components at cryogenic temperatures to an already extensive sunshield test program;
o Successfully achieve the necessary operating temperature of tbe science
instrument detector systems (JWST is the largest cryogenic telescope ever built
by NASA and the passively cooler architecture is the largest ever flown) - the
project is mitigating this challenge by embarking on a thermal margin mitigation
endeavor to ensure there is adequate margin on system thermal performance to
ensure mission success;
o Build science instrument detectors that meet mission requirements (some of the most
stringent ever flown) through all mission life, including after the four year launch delay
the project is mitigating this challenge by procuring a new set of detectors with an
"improved" process that should have a more robust design against performance
degradation and will have demonstrated proof of the new process by the end ofFY 2012,
and;
o Timely delivery of the four science instruments - NASA does not control the budget for
two of the four instruments and only part of another instrument. The project is mitigating
this chaIlenge through extensive communication/coordination with our international
partners both at the project and program level and robust schedule margin at the ISIM
level. With the four-year slip of the launch date, the ISIM schedule has many months of
margin before it will be integrated with the telescope.
The new baseline has adequate flexibility in each fiscal year to resolve unforeseen problems. This
includes adequate reserves in the near term years (FY 2012-2013) that are critical to continuing
progress, resolving problems and staying on schedule. This is the first time in the history of the
program that adequate reserves have been provided in the fiscal years where they can have the
most benefit in either fixing unforeseen problems or advancing work that can retire risk earlier or
provide additional schedule flexibility later in the program. The project provides close, frank, and
open communications with the entire project team to tackle technical challenges as they present
themselves so quick resolution can be achieved and schedule performance can be maintained. The
project was able to achieve 20 of21 key milestones identified for FY 2011 in the fiscal year with
the impact oflhe single missed milestone mitigated by plan workarounds so that no additional
risk to the project schedule resulted.
NASA has dealt with the systemic issues the program had before the replanning activity in two
major ways. First, we changed the way JWST is managed. We established a JWST Program
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Office at NASA Headquarters that reports programmatically to the NASA Associate
Administrator and draws technical and administrative support from the Science Mission
Directorate. The Project Office at Goddard Space Flight Center has a new management team in
place. As stated above, the senior NASA officials at Headquarters and GSFC meet quarterly with
senior executives of the prime contractor as an Executive Council. These and related
management changes are described in the April 201 I report to the Congress detailing our
response to the ICRP recommendations. Second, as stated above, NASA has dealt with systemic
issues in program reserve levels through the new program cost and schedule baseline that
includes adequate reserves in each tiscal year of development. This funding plan is detailed in
the Major Project Cost and Schedule Report submitted to the Congress in October 2011.
Together, these program management and cost and schedule baseline changes address the key
systemic issues that existed prior to 201 I.

3. The total life cycle cost is now estimated to be $8.8 billion, o{which only $3.5 billion has been
spent. A10st oflhe hardware is under development or has been delivered. Whal work remains 10
be completed, and al what cost?

A significant portion of the work remaining is integration, test, and verification of the
observatory. This includes the integration and testing of the ISIM that has already begun, the
optical performance tests of the full 18 segment telescope at JSC, and the integration and testing
of the spacecraft and sunshield once the development work on both elements is completed.
Development of the spacecraft bus is the least mature major segment of JWST at this point, with
spacecraft Critical Design Review scheduled in mid-20 14. The continued development and
completion of the ground system is another major portion ofthe work to be completed. The
remaining cost-to-Iaunch is about $4.5B. The operations costs for the required 5-year lifetime
and 2 additional years of data analysis are approximately $0.8B.

4. VVhat is NASA's justification jilr continuing 10 develop JWST?

Based on .IWST's scientitic promise and the benefits that will accrue to the Nation's scientitic
and education goals, the excellent technical progress made thus far, and the technologies JWST
will provide for future, lower-cost missions, NASA believes the benefits of JWST will still far
outweigh the cost.
JWST will be the world's premier space-based observatory with a utility spanning the breadth of
astrophysics. It will be the primary tool for addressing many of the major questions scientists
have about the origins and the physics orthe cosmos, and will be a substantial contributor to
many others. JWST will be 100 times more sensitive than the Hubble Space Telescope. Its mirror
will have more than six times the collecting area of Hubble and almost 50 times that of the
Spitzer Space Telescope. Whereas Hubble observes primarily in the visible and ultraviolet
portions of the light spectrum, JWST will specialize in the infrared portion of the spectrum.
Because the universe is expanding, the light ofthe farthest (and earlier) galaxies is "redshiftcd"
from the visible toward the infrared. Thus, JWST will be able to observe the first galaxies formed
in the early universe, which Hubble cannot. In addition, JWST will see solar systems forming in
our galaxy, signiticantly advance our understanding of such cosmic mysteries as dark matter and
dark energy, and possibly detect the presence of liquid water on planets around other stars-an
indicator stich a planet may harbor life. Like its Hubble predecessor, JWST will transform our
understanding of the universe in ways we cannot yet imagine and open its wonders to students
from kindergarten to graduate school. JWST is already inspiring students to consider STEM
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degrees and career choices as they see its engineering challenges overcome, and ponder the
science questions it is designed to answer.
Such a next-generation space telescope was the top-priority large mission recommendation of the
200 I decadal survey of the National Academies of Science. The 2010 decadal survey, New
Worldv, New Horizons in Astronomy Gnd Astrophysics, built its assessment of scientific priorities
and its slate of recommended missions and activities on the assumption that JWST would be
operating later this decade. JWST plays a critical scientific role in two of the three themes in the
new survey and a strong supporting role for the third theme. Many of the dccadal survey
recommendations build on groundwork to be laid by JWST for the next decade of astronomical
exploration. The essential contribution of JWST to the scientific goals of the current decadal
survey is well described by Hammel, et.aJ., in "Scientific Role of the James Webb Space
Telescope in 'New Worlds, New Horizons'" found at the Space Telescope Science Institute's
webpage at: DI1tdL\Vw\cV.stsci.edu/jwst/doc-archivc/white-llilJ)ers/.
To date, 75 percent (by mass) of JWST's flight hardware is complete, or ready for production, or
undergoing testing. All 18 mirror segments have completed their polishing stages and in total are
within the mirror's stringent performance specification. Twelve of those segments have
completed cryogenic testing; the tlnal set of six mirrors is being tested now and scheduled to
complete testing in early 2012. All of JWST's science instruments will be completed and
delivered by next summer. Testing of the onc-third-scale model Sunshield is also complete, and
testing of the engineering development unit (the template for the actual Sunshield layers) is
underway. With the funds provided by the Congress in FY 20 II and FY 2012, moditlcation of
the vacuum chamber at the Johnson Space Center continues on schedule and will be completed in
2012. Development of the Ambient Optical Test Stand is complete and it has been installed into
the clean room at the Goddard Space Flight Center. In short, JWST hardware continues to make
excellent technical progress on a schedule consistent with the new baseline schedule and cost
prot1Ie. The progress the JWST team has made this last year is another major reason justifying
NASA's decision to continue with the program.
Finally, the technologies invented and developed to make JWST possible will also be available
for use on future space programs, and have already been applied to other applications. The JWST
program has enabled a nUlnber of innovations to metrology technology that have appl ications not
just in astronomy and precision mirror fabrication, but in medical device metrology, measurement
of human eyes, diagnosis of ocular diseases and improved surgical techniques. That is in fact one
of the benefits of flagship class missions-they are technology providers enabling and reducing
technical risk of smaller missions that could otherwise never afford to develop such technologies.
To enable the capabilities needed to accomplish the JWST science, the JWST team had to invent
ten new technologies. These include: micro-shutters with widths the size ofa human hair;
actuators and bonding materials that will function at nearly -400° F; a folding segmented mirror
that has three times less areal density than HST, and a deployable sunshield the size of a tennis
coun that will prevent heat from the Sun from reaching the telescope and science instruments
allowing them to passively cool to forty degrees above absolute zero (40 Kelvin. or - 387 0 F).
One of these new technologies is already in space aboard Hubble in the Advanced Camera for
Surveys instrument repaired on the last Hubble servicing mission. Development ofthese
technologies and capabilities has employed over 1200 people in high quality and high technology
jobs in 27 states arollnd the country. Use of these technologies on JWST will furnish proof that
future missions can employ them 011 known costs and schedules.
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In preparing and adopting the new baseline for JWST, NASA made JWST an agency-level
priority. That is, NASA elected to look across the agency portfolio and rebalance among the
portfolio elements to find the necessary resources to continue the program.
Summary
As we repOlted to the Congress last month in the JWST Project Cost and Schedule Analysis
Report, NASA concludes that to understand how galaxies, stars and planetary systems formed, to
retain leadership in astrophysics, and to provide the crucial underpinning for all of the
astrophysics and exoplanets projects that are depending on JWST's results to meet their own
requirements, the Nation needs an observatory with the capability of JWST. This assessment is
consistent with the recommendations of the broad scientific community as reflected in the
National Academy of Sciences astrophysics decadal surveys 0[2001 and 2010. An independent
team of experts conducted a thorough analysis of alternative concepts that could provide these
capabilities in the same timeframc and for the same or less than the cost to complete JWST: there
were none. Given the cost-Io-go of the new JWST baseline, it remains the most cost-effective
way to achieve the astrophysics science community'S objectives. The current and out-year
funding levels identified in that report are crucial to NASA's ability to implement JWST on this
cost and schedule commitment. The history and independent review of JWST has shown that an
adequate year-to-year funding profile is necessary to avoid slipping work into the future and
incurring schedule delays and cost growth. We believe, along with our independent Standing
Review Board, that we now have a robust cost and schedule baseline and a sound technical
implementation plan. The Congress and the Administration have given us in FY 2012 what we
need to succeed. With your continued support, I am confident we will.
Mr. Chairman and Members of the Subcommittee, I appreciate your continued support of
NASA's James Webb Space Telescope program. I would be pleased to respond to any questions
you or the other Members of the Subcolllmittee may have.
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Chairman HALL. Thank you, Mr. Howard.
I now recognize Dr. Roger Blandford to present his testimony.
Five minutes. Thank you.
STATEMENT OF DR. ROGER BLANDFORD,
PROFESSOR OF PHYSICS, STANFORD UNIVERSITY,
AND FORMER CHAIR, COMMITTEE FOR THE DECADAL SURVEY
OF ASTRONOMY
AND ASTROPHYSICS, NATIONAL RESEARCH COUNCIL

Dr. BLANDFORD. Good afternoon, Chairman Hall, Ranking Member Johnson. Allow me to begin by thanking you and your colleagues for your support of the James Webb Space Telescope and
for the opportunity to add my personal perspective. I believe that
this support is a courageous recognition by you of the scientific importance and value of the telescope and an expression of confidence
that NASA now has the management of this project under tight
and realistic control.
Webb is a 6.5 meter infrared space telescope. It provides a huge
increase in performance over previous telescopes and promises to
be a scientific game changer. The two main reasons the 2001 survey chose Webb as its highest priority recommendation are its capacity to trace light back to the first stars and galaxies when the
universe was just four percent of its present age and its potential
to revolutionize our understanding of how stars and planets form
in our galaxy today. These reasons remain valid and are now joined
by the opportunity to study the many, now more than 700,
exoplanets that have been discovered around other stars.
However, Webb will also operate as an astronomical observatory.
Many, and perhaps most, areas of astronomy will be transformed
by Webb in much the same way as they have been revolutionized
by its predecessor Hubble Space Telescope.
On script to discover is like the realization that 96 percent of the
universe is in an unseen dark form, that massive black holes reside
in the centers of most galaxies, and that most sun-like stars orbited
by planets are likely to be made by Webb.
Decadal surveys compel the astronomy community to plan an
executable program for the coming decade and beyond. The astronomy community respects the outcome of these deliberations and acknowledges that the most ambitious projects typically take more
than a decade to bring to fruition, which can lead to delays in realizing newer entries into the program.
The American Astronomical Society, which reflects the views of
the general astronomy and astrophysics community, continues to
support Webb despite the strain its delay is placing on other proposed missions.
For the above reasons, Webb is a cornerstone of the scientific
program that was recommended by the 2010 astronomy survey,
New Worlds, New Horizons. I believe that if Webb were not to be
completed, then a very large part of the combined science program
of these two decadal surveys would not be executable, and there
would be a consequent call to propose new infrared facilities to replace Webb.
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I believe that launching and operating Webb would be scientifically transformational and internationally inspirational. It would
also make a powerful statement that the United States still has the
resolve to execute large, technically challenging, and innovative scientific projects. No other country currently has this capability.
Thank you, again, for the opportunity to address you. I hope that
my testimony will be helpful, and I look forward to answering your
questions.
[The prepared statement of Dr. Blandford follows:]
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The principal scientific goals of JWST are bold and exciting and a culmination of nearly fitly
years of extraordinary discovery about the universe and our place in it. They are:
to observe the very first stars, galaxies and black holes which formed at a time when the
universe was about four percent of its present age
to discover how stars and planets actually form today within our Galaxy
to study planets orbiting nearby cool stars and assess their habitability
However, JWST will also operate as an astronomical observatory and many, and perhaps most,
areas of astronomy will be transformed by JWST in much the same way as they have been
revolutionized by HST.
JWST is specialized to observe in the infrared region of the spectrum. This is relevant because,
although much light emitted by the most distant galaxies is in the optical and ultraviolet spectral
bands, the wavelengths of this light are stretched roughly tenfold through the expansion of the
universe into the infrared band, as we push out to greater distance and earlier times. There is a
second reason why it is preferred to observe in the infrared and this is that the star-forming
regions that will be intensively studied by JWST are filled with tiny grains of dust. These dust
grains absorb and scatter optical and ultraviolet light but leave infrared radiation alone, enabling
us to see deep inside them at these wavelengths. In addition, the light that is absorbed by dust
will be re-emitted at infrared wavelengths and we can also observe the dust itself as a tell-tale
tracer of star formation.
As well as being the natural successor of HST, JWST is the infrared successor of the much
smaller (0.85 meter diameter) Spitzer Space Telescope, with over 50 times the light-gathering
ability and 40 times the resolution as well as the Herschel telescope, led by the European Space
Agency, which only observes at longer infrared wavelengths than JWST. Given this huge
increase in performance over and complementarity to previous telescopes, lWST promiscs to be
a scientific "game changer".
One reason AANM chose JWST as its highest priority recommendation was its capacity to trace
light from the first stars and galaxies during our "Cosmic Dawn" and to watch them grow up and
change as the universe expanded. We now have a fairly precise "standard model" of cosmology,
which allows LIS to predict the approximate date when the first stars and galaxies formed. This
lies well within JWST's reach and it will be able to observe the resulting "redshitled" optical and
ultraviolet light. It will help explain just how the gas in the universe was converted Ii·om atomic
to ionized form during the so-called "Epoch of reionization" which marked the end of our
cosmic "dark age". One of the many important discoveries that have been made in this area since
the publication of AANM has been that massive black holes are rapidly grown in the nuclei of
galaxies surprisingly soon after the formation of the first stars. We see these as the most distant
"quasars" and lWST will help us understand how they formed and their impact on their
surroundings.
A second reason for JWST's recommendation in AANM was that it is expected to revolutionize
our understanding of how stars and planets form in our Galaxy today. The scientific questions
have become much more tightly framed largely through developing the capability to see deeper
into the stellar nurseries and measuring stellar masses. The Atacama Large
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Millimeterlsubmillimeter Array (ALMA), a ground-based telescope that was a top priority in the
1991 decadal survey, has just begun Early Science Operation at a site in Chile and is expected to
complement JWST in this research.
A third major use for JWST has been largely developed over the past decade. The study of ' 'New
Worlds"-exoplanets orbiting other stars-has blossomed. Over seven hundred certified
examples are now known, with many more suspected cases under investigation. The diversity of
these planets and their host stars is remarkable. Understanding their nature and potential
habitability was a major component of the NWNH prioritized science program. As an infrared
telescope, JWST is especially well-suited to observe planets orbiting smaller and cooler stars
than the sun, that emit mainly in the infrared band. A planet orbiting such a cool star at the right
distance should be habitable and perhaps capable of supporting life. JWST has the capacity to
see through the atmospheres of many of these planets and determine their composition so as to
see if they have life-sustaining oxygen and water, for example. This technique, which was
pioneered by Spitzer should work extremely well with JWST exploiting its superb performance
in the middle range of the infrared spectrum. JWST also has the capability to observe planetary
systems, including those like our solar system, in the process of formation. Here it will be able to
observe the extensive disks of gas, stones and rocks, orbiting the host star, out of which planets
are eventually assembled. The ability of JWST to tune into different wavelengths enables it to
study both the hot regions close to the central star and the cooler parts that are further away.
So, the list of scientific attributes of JWST that justified top ranking in AANM a decade ago, not
only remain relevant today but has actually grown. Indeed JWST as well as the ground-based
telescope, ALMA, are cornerstones of the recommended new program from NWNH. In terms of
the first stars and galaxies, ALMA is expected to detect the cold gas and the tiny grains of dust
associated with the first large bursts of star formation. JWST, by contrast, should provide
unparalleled sensitivity to the light emitted by the first galaxies and pinpoint the formation sites
of the first stars. Furthermore, the highest-ranked, new large space project recommended by
NMNl-I, the Wide Field InfraRed Space Telescope, WFIRST, is expected to complement the
targeted infrared ohservation of JWST with a wide field investigation of dark energy and
exoplanet studies. In addition, the highest ranked ground-based recommendation ofNWNH, the
Large Synoptic Survey Telescope will be the telescope that will find many of the most
interesting galaxies and stars that will be followed up in detail by JWST. Likewise, the thirdranked large, ground-based project from NWNH, the Giant Segmented Mirror Telescope was
recommended as a spectroscopic complement to JWST. In other words, JWST is central to the
scientific program that was recommended by NWNI-I.
Decadal surveys have been a feature of American astronomy since the 1960s. They compel the
astronomy community, through its representatives on the survey committee, to plan a realizable
program for the coming decade and beyond. They invariably involve hard choices as the number
of feasible missions and facilities greatly exceeds what can be afforded. The astronomy
community respects and has always respected the outcome of these deliberations. It recognizes
that the process represents the best way to advance the whole field under the constraint of finite
resources. The community also acknowledges that the largest and most ambitious projects
typically take more than a decade to bring to fruition and that this can lead to delays in realizing
newer entries into the program. Space missions, in particular, can encounter unanticipated
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difficulties and costs can increase from those advertised when a project is first recommended.
Although, the delay in the JWST launch was not appreciated at the time NWNH was written, it
was acknowledged that there would be little new activity in space astronomy until JWST was
launched, presumably in mid-decade. The American Astronomical Society (AAS) which reflects
the vicws of the general astronomy and astrophysics community, continues to support JWST
despite the strain its delay is placing on other potential space science missions. The American
Physical Society has also endorsed the program. Importantly, JWST is an international
collaboration and our European and Canadian partners have invested heavily in it and have been
resolute in their support.
The most recent astronomy and astrophysics decadal survey (NWNH) broke new ground in
many ways. It was the most inclusive survey to date through inviting white paper submissions
from the astronomical community to help define the science program as well as the challenges in
areas such as technology development, education, laboratory astrophysics, etc. over 450 were
received - and through requesting specific mission proposals - over 100 were reviewed. It
exposed the freshly recommended projects to an independent cost, schedule and risk assessment
and used the results to help define a program that conformed with agency-generated funding
projections. The lessons learned from this exercise were shared with the leadership of the
following two NRC decadal studies, in planetary science and heliophysics. Following its
statement of task, NWNH adopted the performance, cost and schedule of JWST as supplied by
NASA as part of its baseline set of programmatic and budgetary assumptions. The survey did not
perform any independent study of JWST.
In view of the centrality of JWST in addressing the NWNH- recommended science program, the
additional complement of space- and ground-based telescopes and facilities in the recommended
program were definitely predicated upon the completion of JWST. I believe that, if JWST were
not to be completed, then a very large part of the combined science program of AANM and
NWNH would not be executable and there would be a consequent call to propose new infrared
facilities to replace JWST. Indeed, if JWST were assumed not to exist at the time of white paper
suhmissions to NWNH, then undoubtedly a similar infrared facility would have been proposed.
Since the recommendations of the decadal survey were science-driven, the science priorities
would not have changed without a JWST. However, I believe the recommended mission
portfolio would have changed.
As I have outlined, JWST is confidently expected to achieve its science goals - explore cosmic
dawn, examine stellar nurseries and probe exoplanets orbiting cool stars. However, as has been
the case with HST, I expect that its ultimate scientific impact will be even greater including
much "unscripted" discovery, Dramatic findings like the realizations that 96 percent of the
universe is in an unseen "dark" form, that massive black holes reside at the centers of most
galaxies and that most sun-like stars are also orbited by planets are still likely to be made. I
believe that NASA should continue to support JWST because of the insight that it will provide
into fundamental, longstanding questions of extraordinary scientific and popular appeal and its
capacity for opening up discovery space. A considerable effort has gone into developing the
NASA replan and, whereas any project can encounter unforeseen problems, JWST is now much
better understood than it was a year ago and I am optimistic that it will be able to launch on its
new schedule. Further grounds for confidence rest on the extraordinary success rate of recent
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space astrophysics miSSions. The performances of NASA's fleet of currently operating
astrophysics missions - Chandra, Fermi, GALEX, HST, Kepler, RXTE and Swift - have all far
exceeded scientific expectation. Similar remarks can be made about recently completed
astrophysics missions and missions led by othcr countries with US partnership. Collectively,
these voyages of discovery have maintained the long-held position of global scientific leadership
for the US in this field.
In summary, launching and operating JWST would be scientifically transformational,
internationally inspirational. It would also make a powerful statement that the United States still
has the resolve to execute large, technically challenging and innovative scientific projects. No
other country currently has this capability.
Thank you again for the opportunity to address you. [ hope that my testimony will be helpful and
I look forward to answering your questions.
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Chairman HALL. Thank you very much.
I now recognize Dr. Garth Illingworth for his five minutes of testimony. Thank you for staying within your five minutes, Dr.
Blandford.
STATEMENT OF DR. GARTH ILLINGWORTH,
PROFESSOR AND ASTRONOMER, UCO/LICK OBSERVATORY,
UNIVERSITY OF CALIFORNIA, SANTA CRUZ

Dr. ILLINGWORTH. Thank you, and good afternoon. Chairman
Hall, Ranking Member Johnson, Members of the Committee, thank
you for the opportunity to testify today regarding the James Webb
Space Telescope, and I would also like to thank you for your support of the recent public 2112–55, which included a full amount of
funding needed to get JWST back on track for fiscal year 2012.
This was a crucial step in setting it on the path for launch in 2018.
The James Webb Space Telescope is Hubble’s successor. Webb
will explore scientific frontiers that will not be accessible to any
other telescope in the foreseeable future. It will seek and find some
answers to some of the great questions we have about the universe,
many of which were unforeseen when James Webb was conceived.
Yesterday, for example, we saw the announcement of the discovery of a planet, Kepler 22b, in the habitable zone around a nearby star in our galaxy. Only JWST has the capability to see if liquid
water exists on nearby planets like this one.
The Nobel Prize was awarded recently to three astronomers who
discovered dark energy. Only JWST can take some of the needed
steps to advance this field.
Early this year, my team found the most distant galaxy ever, a
dwarf galaxy that those that led to the building of the Milky Way;
it was a faint blob, very young in its formative years. We did this
by looking back through 96 percent of all time to when the Hubble
was in its infancy. We cannot go further back with Hubble. Only
JWST can explore the first stars and galaxies.
Chairman Hall, you asked me about the major faults identified
by the independent, comprehensive review panel, how NASA has
responded. The major faults with the JWST Program were not
technical but were related to management and budget. The NASA
re-plan takes great strides in addressing the major faults identified
by the panel. There is now much stronger management and oversight. JWST is now a separate program office at NASA headquarters, with experienced staff led by Rick, reporting to the Associate Administrators of the agency and of the Science Directorate.
Key leadership changes were made in the James Webb project at
Goddard. Communications have improved.
The JWST Program has developed a far more conservative and
robust plan than before and one that is meeting both the detailed
recommendations and the spirit of the ICRP’s panel report. The excellent progress on some critical technologies like the mirrors and
on the recent milestones over this last year also add to the confidence in the program.
Of course, technical and programmatic challenges remain, as one
would expect of such a unique program with cutting-edge tech-
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nologies that have never been developed before. This is the first
time. These challenges, however, do not appear to me to be extraordinary for such a major project at this point. Big projects will always have such challenges.
The most critical factors in my mind for assuring that JWST is
launched on schedule and on budget are, one, James Webb needs
to be fully funded with adequate reserves in every year. Shortchanging James Webb at this point will only create additional
budget and management problems in the future.
The James Webb management team must keep all the diverse
elements of this program focused on meeting their milestones and
schedules during the lengthy period that remains. Both the project
and the independent assessment groups must work diligently to
identify problems and address them rapidly, and fourth, it is essential the Congress, including this Committee, continue to be engaged
and provide the necessary support for NASA to be successful on
James Webb.
If James Webb is fully funded, NASA will be on track to launch
the largest and most powerful space observatory ever built by late
2018, within the $8 billion cost cap.
Chairman Hall, I thank you and the Committee Members again
for your recent support that has set us on the path to making
JWST a reality. Launching James Webb will demonstrate again
our leadership in science and technology to a world that has been
fascinated by Hubble’s remarkable results. As others have said,
only we, only the U.S., have the capability to do such a mission.
Thank you very much, and I will be pleased to answer any questions.
[The prepared statement of Dr. Illingworth follows:]
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The James Webb Space Telescope: Hubble's successor as the next Great Observatory

The James Webb Space Telescope (JWST) is NASA's next Great Observatory, 100x more powerful than the
Hubble Space Telescope, and 1000x more powerful than the infrared Spitzer Space Telescope. The legacy
of Hubble will live on in JWST once Hubble reaches the end of its life (likely sometime later in this decade).
JWST will take that legacy and move our knowledge of the universe forward in ways that Hubble could
never do.

Why are Great Observatories important? The Great Observatories Hubble, Chandra and Spitzer have
played a special role in NASA's repertoire of science missions. They return remarkable scientific results,

across a wide variety of areas. Thousands of astronomers and planetary scientists have used Hubble, and
every year a thousand new requests are sent to NASA to use this incredible facility. Our smaller missions
playa key role in advancing our understanding of the universe by focusing on particular problems, like the
Kepler mission has done recently with its remarkable discoveries of numerous planets orbiting stars
throughout our Milky Way galaxy. Vet the techniques used by Kepler to find planets were pioneered on
Hubble. The Great Observatories differ in that they let us explore a wide variety of scientific problems, as
the discovery of Dark Energy attested. This totally unexpected result grew from Hubble observations.
Hubble and Spitzer have also led us to find some of the youngest galaxies ever, by looking back through
96% of all time to when the universe was in its youth.
remarkable
scientific
These
results, and many, many more
like them, have made Hubble a
household word across the world
and have generated interest and
enthusiasm for science that is
unmatched. Such visibility and
excitement is a key part of
building a strong STEM program
that is the foundation for our
prosperity. For example, several
million people visit hubblesite.org
every month, and Hubble's
education
program
reaches
approximately 6 million school
children each year! JWST will
continue and enhance this
investment in our future.

Vet it is not just science and education that is enhanced by these Great Observatories. Such projects led to
the development of numerous cutting-edge technologies by our industries. US companies have generated
patents from their work on the Great Observatories. These enhance the ability of industries across the
nation, both small and large, to fabricate and manufacture items that could not be done by anybody else,
anywhere else. The Great Observatory projects are so large and complex that they also push the
development of new management approaches.
Each of the Great Observatories was at the cutting edge of technology and posed substantial management
challenges, but they nevertheless went on to achieve striking levels of success. The Great Observatories
have provided major scientific discoveries that have attracted national and international attention,
including this year's Nobel Prize in Physics for the discovery of the acceleration of the expanding Universe.
The Great Observatories have demonstrated to the world that the United States has the technological base
and management expertise through NASA and its contractors to execute such major projects and
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implement uniquely powerful space observatories. Even now, no other nation can execute missions of
such complexity. Europe and Canada are important partners who have demonstrated their commitment to
JWST. While Canada and Europe are playing key roles, neither their capabilities nor their resources would
enable them to do such a mission in its entirety.
Why are we daing JWST? The James Webb Space Telescope is an astonishingly powerful observatory that
will be placed nearly a million miles from Earth, beyond our Moon. Its scientific power arises from the size
of its mirror, and from the cold temperature of its mirrors and instruments, which run at a chilling -380° F,
hundreds of degrees colder than the coldest place on Earth. Cold telescopes have been operated in space
before JWST (like Spitzer and the European Herschel), but never one as large nor one with such exquisite
optics. And never one with such a large sunshade (the size of a tennis court) to make sure it can keep so
cold. JWST's instruments will collect and analyze light in ways that our current telescopes in space cannot
do, and will do so to incredibly faint
limits, to

explore

our

universe to

unheralded depths.
JWST

was

conceived

to

answer

questions about our origins and our

place in the universe. These origins
questions lie at the heart of many of
our deepest feelings about what it is to
be human. The questions that JWST
will help answer are very fundamental,
like how the Earth formed and how
unique it is, and how galaxies like our
Milky Way grew from the first galaxies.
JWST will search for and find other
solar systems and will study planets for
signs of liquid water on their surfaces
or in their atmospheres. Our galaxy,
the Milky Way, grew from the tiny young galaxies that Hubble has revealed. Yet Hubble can only explore
the fringes of the dark ages 13.S billion years ago when the first stars and galaxies formed. JWST is
designed to take us back into the realm of the first stars and galaxies. Hubble first revealed to us the
mysterious dark energy that today governs the expansion of the universe itself. JWST will take key steps in
furthering our knowledge of the role of dark energy and also of the ubiquitous dark matter that dominates
the mass in the universe.
The Hubble Space Telescope is widely recognized as being one of NASA's greatest achievements. What is
remarkable is that it was done at a total lifecycle cost that is a tiny fraction of NASA's budget over its
lifetime. As the successor to Hubble, JWST should carry the torch in the same way for NASA.
As the ICRP noted: "JWST will playa key role in understanding how and when the first galaxies were born,
characterizing the planets that are now being discovered around nearby stars, in providing further insights
into the nature of the dark energy and dark matter, and into how stars and planetary systems are born.
There is no easy path to understanding such complex scientific questions. To do these things at the level
needed to advance scientific understanding requires a complex telescope with truly unique capabilities.
JWST is that telescope."
JWST and the Decadal Survey: The potential of large, extraordinarily cold telescopes with exquisite optical

systems and powerful instruments was recognized over 22 years ago by scientists and engineers at the

Space Telescope Science Institute in Baltimore, but the ability to build such a telescope only became
possible in the late 1990s. Astronomers recognized the incredible value of such a telescope and selected it
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as their top-ranked project in the 2000 Astronomy Decadal Survey "Astronomy and Astrophysics in the
New Millennium" (JWST was then called the "Next Generation Space Telescope," or NGST).
The Decadal Survey strategic planning activity involves hundreds of astronomers and is widely seen as one
to the most mature and valuable of its type. The desires of scientists for major facilities always exceeds the
available resources, and it was recognized as long ago as 1960 that a science community-based effort to

develop a prioritized list of programs would be immensely helpful to policy-makers and funders in knowing
what the astronomy science community thought were the most important projects. Each decade since
then, astronomers have undertaken the huge effort to develop a strategic prioritized plan.
As a result of the recommendation in 2000 for JWST as the top-ranked program, JWST was subsequently
adopted into the NASA space science program (as NGST) and began to become a reality through the first
part of this century. To do so required the development of ten major new technologies and their
maturation to a level suitable for a space mission. The JWST program did this by early 2008 and was
subsequently moved into the development phase after its Confirmation Review in 2008.
The scientific promise of JWST was reinforced throughout the recent 2010 astronomy Decadal Survey New
Worlds, New Horizons in Astronomy and Astrophysics chaired by Dr Roger Blandford of Stanford University,
and a witness at this Hearing. The results of this strategic plan were released in 2010. JWST was not
explicitly ranked since it was under development and expected to be launched in 2014. As such it was a
foundation for the future program. An evaluation of the Decadal report shows that JWST is a cornerstone
of the science goals for the coming decade and underpins the report's recommended missions. For
example, in the new and exciting area of exoplanets, the 2010 Decadal Survey states that "JWST will be a
premier tool for studying planets orbiting stars that are smaller and cooler than the Sun." The importance
of JWST for planetary science was also noted in the recent 2011 planetary Decadal Survey Vision and
Voyages for Planetary Science in the Decode 2013-2022 which states that "JWST will contribute to
planetary science in numerous ways .... " and that "the Hubble Space Telescope has a long history of
successful planetary observations, and this collaboration can be a model for future telescopes such as the
James Webb Space Telescope."
The decadal planning process produces a prioritized list of missions, and these are normally done in
sequence with some overlap. Changes to budgets or mission timescales or both are not uncommon for
NASA Space Science and the outcome has usually (but not always) been delays to other missions in the
priority queue. This is not desirable and hurts the pace of scientific endeavor in many areas. It is
unfortunate that the impact of a more realistic cost for JWST was compounded by our larger national
budget problems. However, experience has shown that delays are often unaVOidable, and ultimately
missions get done if their scientific value is still high.
I will discuss below why we got into this situation with JWST, but more importantly how we can ensure
that further problems do not arise. I will do this in the context of the questions that I was asked about the
Independent Comprehensive Review Panel's report and the response of NASA.
The revised schedule for JWST has also led to discussion within the science
community about the Wide-Field Infrared Survey Telescope (WFIRST), the top-ranked mission in the 2010
Decadal Survey. In 2007 the National Academy undertook a study at NASA's request to choose a mission as
the next to be done in the Beyond Einstein theme in the Astrophysics Division. The Joint Dark Energy
Mission (JDEM) was chosen, but it had not progressed far before the 2010 Decadal Survey was initiated.
The Decadal Survey reconsidered the possible suite of space missions for astrophysics, and selected as its
top priority an extension of the JDEM concept, called WFIRST. As a result of its high ranking, WFIRST was
expected to be one of the first major missions to follow JWST, though a similar European mission (Euclid)
Has JWST impacted WFIRST?

was already in progress and was somewhat more advanced in its development. JWST will make significant
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steps in characterizing the effect of Dark Energy on the universe, and then it was anticipated that this
would have been followed by Euclid and WFIRST, or by some joint program,
With the delay in JWST, the timescale for WFIRST has changed and it too will be delayed, Unfortunately
this is not the only question facing WFIRST, The European Space Agency recently approved its dark energy
mission Euclid, While different in a number of aspects from WFIRST, that mission will now inevitably launch
on a shorter timescale than WFIRST, regardless of when JWST is launched, This has resulted in some
discussion regarding what to do regarding WFIRST, The path forward is less clear and needs further
consideration by the astronomy community,

Why is JWST important for the US at this time? I have commented above on why the Great Observatories
are important for our nation, and also to some extent why JWST is similarly important, Nonetheless, with
the current discussion regarding the fiscal situation in the US, it is appropriate to address this more
explicitly and directly, Does the same rationale exist for doing another Great Observatory? Should we still
do JWST?
I say unhesitatingly "yes" that the rationale is even stronger than it was in the past for a new Great
Observatory to succeed Hubble, There is deep concern about America's role and place in an increasingly
competitive world, Our scientific and technological leadership must be enhanced to remain at the
forefront. By making such leadership a key part of our national aspirations we will be strong, and be seen
to be strong, STEM education initiatives are even more important than they have been in the past.
Technological leadership is increasingly important as China, Brazil, India and other nations become
increasingly sophisticated and competitive. High technology jobs also are less able to be "off-shored", pay
well and so have a large economic multiplier effect (leading to other jobs locally), Flagship space missions
like the next Great Observatory JWST playa crucial and highly visible role in all these areas, It is at times
like these that we should strive to do such a mission, Doing JWST now is vitally important for the nation,

JWST's Problems: What led to the formation ofthe ICRP?
As noted above, JWST was the 2000 Astronomy Decadal report's top-ranked project (then still called
NGST). JWST was understood then, as now, to be the successor Great Observatory to the iconic Hubble
Space Telescope, Work on JWST began by NASA with support from Congress and the Office of
Management and Budget (OM B), The prime contractor TRW (now Northrop Grumman) was selected in
2002, Given the complexity of the project, JWST then had a prolonged technology development period,
These technology developments took longer and so cost more than initially forecast, NASA Administrator
Michael Griffin noted that JWST had been "underfunded" during its early phases, Nonetheless, the
continuing scientific discoveries of Hubble, combined with the realization of the scientific potential of
JWST, led to support for completing and launching JWST, The JWST project had met the required
technology challenges and successfully passed its NASA Confirmation Review in 2008, moving JWST into its
implementation phase,
The latest 2010 Astronomy Decadal Survey reaffirmed the scientific importance of JWST as a cornerstone
of the Decade's science program, Yet concerns were growing about the budget and launch date, During
2009 and particularly 2010 it was becoming clear that the JWST program was faCing significant problems
and that its new launch date of June 2014 was increasingly unlikely to be met, Along with that uncertainty
regarding the launch date was a growing concern that the total cost of the program had been
underestimated,
The support for what JWST could do was increasingly being tempered by concerns about the robustness of
the Project's cost estimates, Senator Barbara Mikulski, Chairwoman of the Senate Subcommittee on
Commerce, Justice, Science and Related Agencies of the Committee on Appropriations, noted the
frustration and concern about the budget problems in a letter to Administrator Bolden requesting an
independent review of JWST, She also noted that "The James Webb Space Telescope will be the most
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scientifically powerful telescope NASA has ever built-100 times more powerful than the Hubble, which
has already rewritten our textbooks."
The Independent Comprehensive Review Panel was thus established in late July 2010 by the NASA
Administrator in response to the letter by Senator Mikulski. The Chairwoman's concerns regarding JWST
were clearly expressed in her letter. The Panel was asked to address the following four areas:
1.

The technical, management, and budgetary root causes of cost growth and schedule delay.

2.
Current plans to complete development, with particular attention to the integration' and test
program and management structure.
Changes that could reduce cost and schedule or diminish the risk of future cost increases without
compromising Observatory performance.

3.

4.
The minimum cost to launch JWST, along with the associated launch date and budget profile,
including adequate reserves

Results from the Independent Comprehensive Review Panel

The ICRP was a highly experienced group with diverse backgrounds in large space projects. Between the
Panel's kickoff meeting in August 2010 and the delivery of the Panel report on October 29, the Panel
undertook an intense and focused series of fact-finding interviews and carried out an analysis of data and
documents. The Panel took an objective, thorough look at the project, and how it was managed, with the
goal of providing recommendations that would lead to a successful launch for JWST at the earliest
opportunity and with the smallest additional investment by the nation. The report responded to the areas
above, and structured the results of its deliberations as a series of findings, assessments and
recommendations.

The focus of the ICRP was on recommendations to fix the management and oversight problems that had
arisen in the JWST project. The Panel noted, however, that substantial technical progress had been made
on JWST with the $38 spent by 2010. The Panel stated "The technical performance on the Project has been
commendable and often excellent." This statement was made again more clearly by the ICRP Chair, John
Casani, in his transmittal letter of November 5 to the NASA Administrator "In summary, the Panel
concluded that the JWST Project is in very good technical shape. There is no reason to question the
technical integrity of the deSign or of the team's ability to deliver a quality product to orbit. The problems
causing cost growth and schedule delays have been associated with budgeting and program management,
not technical performance."
The core product of the Panel's deliberations was 22 recommendations that grew out of the Panel's
deliberations, findings and assessments. These have been the focus of NASA's response to the ICRP.
In addition, the explicit response to "minimum cost to launch" was also presented. This was the Panel's
estimate of the minimum cost to launch JWST, its launch date, and a funding profile to support that launch.
The Panel's analysis of this was necessarily limited, given the very short period over which the Panel had
for its report. The Panel concluded that the earliest possible launch date was September 2015, and
estimated that the lifecycle cost (lCC - which includes post-launch operations) associated with this launch
date was $6.58. The Panel also provided a funding profile that needed to be met to accomplish the launch
by this date. Central to this being achieved was a substantial increment in funding in FY2011 (to $71OM)
and in FY2012 (to $640M) to enSure that the JWST program got back On track.
It is worthwhile to note here the ICRP's cautionary words at the end of subsection 4.4 "Minimum Cost to
launch" on page 10 of its report: "It was not possible to develop an independent and more in-depth
estimate in the time available. Given that a bottoms-up cost estimate has not been done since the contract
was awarded, a bottoms-up estimate is needed for the entire the JWST Project. The estimate should be

44
Garth lIlingworlh
Testimony for the House Committee on Science, Space, and Technology

7
December 06, 20 I !

validated by an independent analysis of the basis of estimates and the underlying assumptions and at least
two Independent Cost Estimates (ICE). Although not explicitly accounted for in these numbers, there are a
number of recognized low probability, high-consequence threats that, should they occur, could cause an
additional year delay in launch and a correspondingly higher cost."
How NASA has responded to the recommendations is discussed below in the context of my response to
the Committee's three questions to me. The difference between the Panel's assessment of the earliest
possible launch date and the corresponding total cost of the JWST program, and what has developed as a
result of the bottoms-up cost and schedule effort undertaken by NASA this year, will also be discussed
below.
QUESTION 1: What were the major faults cited by the Independent Comprehensive Review
Panel that led its members to conclude NASA would not be able to meet the cost and schedule
estimates as they existed in 2010? How does the replan address these issues?
Within the limited time available to the ICRP the decision was made by the Panel to focus on the JWST
Project following the Confirmation Review in July 2008. Confirmation is a critical milestone in any such
project and marks a point where the project is set on a course to a defined launch date with the needed
budget and a well-defined budget profile. The ICRP recognized that the prior history is important and that
budget problems in particular cannot be fixed rapidly - the pace of the federal budget process necessarily
leads to large lag times for fixes to be implemented. With just 2 months of effort it wasn't practical to
delve too much into the pre-Confirmation issues. Nonetheless, decisions prior to July 2008 in the Science
Mission Directorate played a significant role in the challenging environment faced by the project
immediately after Confirmation.

Faults - Lack of reserves and deferred work. My short summary of why the JWST project was increasingly
deviating from the Confirmation review baseline during 2008, 2009 and 2010 was that the JWST project
did not have adequate "reserves" in those years, and therefore needed to defer work when problems
arose. Reserves are a crucial part of any large technical project in industry or government, particularly in a
new or one-off project. I discuss in more detail below why reserves are needed. The essential point is this:
if the reserves are not adequate when an unexpected issue arises, then scheduled work must be deferred.
Deferring work is widely known to lead to serious cost implications for large complex projects at the
cutting edge of technology. If work must be deferred to fix a more serious immediate problem, then the
cost impact to the project overall is, on average, 2-3x the actual cost of the work deferred, because of the
impact of the unperformed work on dependent areas. This is well established within the experience of
managers of major high-tech projects. Deferral of work quickly leads to serious problems for a project's
schedule and budget. The only way to ensure that work is not deferred is to have adequate levels of
reserves that can be applied quickly to solve problems.
The reserves for the JWST program were inadequate prior to confirmation. The limited resources and lack
of reserves for JWST, particularly from 2005-2008 meant that the JWST project was in a "go as you can
pay" mode for its technology development activities. While not ideal, it is not unusual during development
prior to the Confirmation Review. However, this is not appropriate after Confirmation when the Project is
now set on a path to build and launch to a budget and schedule. Adequate reserves in every year are then
not just desirable, they are essential if the project is to be completed within cost and to schedule.
At Confirmation, NASA attempted to rectify the lack of reserves, but it was faced, unfortunately, with a
serious constraint in that the 2008 President's Budget Request did not contain adequate reserves for the
JWST program. This was the case even though the NASA Administrator Michael Griffin had set the
requirement by 2006 that the budgets for all major projects, and in particular JWST, must be developed to
a high level of confidence with the appropriate reserves. However, the prior SMD Associate Administrators
had not developed a budget by Confirmation for JWST with the reserve level required by NASA policy. At
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Confirmation reserves were added, but only in the later years of the five-year NASA budget. Not enough
was added in the near-term, in part, apparently, because of the constraints imposed on changes to the
funding for JWST by the existing 2008 President's Budget Request (since the SMD-developed budget failed
to include the required reserves).
After JWST's Confirmation, SMD tried to fix the reserve situation by adding funds to the JWST program but
it proved hard to do so in the near term. This lack of immediately available reserves hindered the project.
Efforts were made in 2008, 2009 and 2010 within SMD to reprogram funds and request additional funds,
but it was never quite enough. Without adequate reserves, year after year, the Project kept deferring work
and consequently digging itself a deeper fiscal hole as described above, until in 2010 the problems became
so apparent that the ICRP was formed, following Senator Mikulski's request.
Why are reserves important? In the oft-quoted words from the recent past, projects of this complexity
are inevitably faced with problems that fall in the "known unknown" and the "unknown unknown"
categories. No project will be free of unexpected issues, especially very complex technologically advanced
projects. This is not a reflection of management incompetence, management inexperience, poor
oversight or lack of independent assessment. Numerous highly experienced and capable companies have
experienced major problems with large projects (witness Boeing with the 787 and Airbus with the A380).

A project of the complexity and uniqueness of JWST will always encounter problems that have not been
foreseen, and it is to deal with these problems that reserves are needed. Many of us have had first hand
experience of this when doing a home remodeling project like a kitchen or bathroom. Something
unexpected always seems to arise (often many problems) which cause one to require fixes to plumbing or
electrical or structures, none of which were quite accommodated in the original work plan. Imagine what
it is like when one is building a brand-new type of machine with technology that is being invented for the
very first time, where there are incredibly tight specifications on large numbers of individual items, and
where the contractors are not just in one's home town but spread over about 30 states!
The only way to improve the reliability of the projections for launch date and total cost is to adopt a very
conservative approach that ensures problems can be fixed quickly and efficiently when they arise. This is
what the ICRP highlighted. In fact the first three recommendations reflect the importance we attached to
this aspect: (1) Develop a new baseline cost and schedule plan-to-complete that incorporates adequate
contingency and schedule reserve in each year. (2) Include a realistic allowance for all threats in the yearly
budget submission. (3) Budget at 80% confidence, and require 25% reserves in each year through launch.
Faults - Oversight and Independent Assessment. There was another rather broad issue that suggested to
the ICRP why the project was in trouble. This related to the inadequate tracking of progress and problem
identification within the Project. This was exacerbated by the lack of cross checks and independent
assessments within NASA. Together these meant that the magnitude of the Project's problems was not
understood, nor was it realized just how unlikely the 2014 launch date was. The bulk of the ICRP's
recommendations related to the need for broader understanding within the Project of the performance of
its many subsystems, at its contractors and within GSFC. In addition, a more thorough ongoing
independent assessment of the Project's performance was needed to reveal any problems as quickly as
possible. The ICRP identified changes that were needed within the JWST Project, with oversight at the
GSFC management level, with a restructuring and strengthening of the JWST program office at NASA HQ,
and with a strengthening of the role and capabilities for estimation and validation of the Independent
Program and Cost Evaluation (IPCE) Office at HQ.
Faults - Communication. A further contributing factor to the problems being experienced by the JWST
project was poor communications with the prime contractor Northrop Grumman, with the Astrophysics
Division and the office of the Associate Administrator for the Science Mission Directorate at NASA HQ, with

the science team, and even within the JWST Project.
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How does the replan address these issues?

I have been very encouraged by the effort that NASA has
undergone to respond to the recommendations of the ICRP, Some could be dealt with very quickly and
were rectified very quickly, Others became the focus of longer-term changes,
A Significant effort was put in to improve the communications and the relationship with the prime
contractor Northrop Grumman, My sense is that this relationship has improved greatly, as have
communications between other key elements of the program, Experience shows however, that this will
require continual attention to ensure that problems do not arise again,
A very important improvement is the establishment of a JWST Program office at NASA HQ reporting both
to the Science Mission Directorate Associate Administrator and the NASA Associate Administrator, right in
the Office of the NASA Administrator. In addition, the Project Manager and the Budget Manager within the
JWST Project at Goddard Space Flight Center (GSFC) were changed, The GSFC Director took responsibility in
his office for an ongoing evaluation and oversight role, These changes were all consistent with the ICRP
recommendations, Current indications are that these changes have made substantial improvements in the
JWST Program, More definitive results will become available as progress against milestones is evaluated,
One area that I remain somewhat concerned about is that of the Independent Program and Cost
Evaluation (IPCE) Office, The IPCE evaluates performance against technical and programmatic milestones, I
learnt from a wide range of very experienced people the value this office had provided in the past, It
appears not to have been rebuilt to recover those prior capabilities that reportedly have served NASA very
well in the past, I understand that part of the challenge is finding senior experienced people who can
provide the core of that group's expertise, I hope that IPCE is enhanced in the future and provides senior
NASA management the same level of independent insight into its programs (and particularly JWST) as is
being implemented by the Center Director for JWST,
The central issue for the JWST project is the robustness of the new budget and launch date, The replan has
involved a great deal of effort on NASA's part. The Administrator's commitment to JWST through his
characterization of JWST as one of the top three programs for NASA brings a welcome focus, The
willingness in difficult budget times to explore an approach where 50% of the needed increase comes from
elsewhere in the agency is also greatly appreciated by the science community, For some time it proved
difficult to get information about the JWST replan since many of the details were embargoed as part of the
process for the FY2013 President's Budget Request, However, we now have seen much more information
on the replan in the last few months, This more open appraoch is important and greatly appreciated,
It appears to me from all that I have seen that considerable effort was made to meet both the detailed
statements and to encompass the spirit of the ICRP recommendations, NASA derived a budget that was
conservative, with a very balanced reserve situation from now through to launch, with both cost and
schedule reserve that meet the ICRP's recommendations, I have no doubt that there will be major
challenges ahead for the JWST program, The reserve situation should allow these to be met, but no one
can give a 100% guarantee that the cost cap can be met or that the launch date will be met under all
scenarios, Nonetheless, the replan and the associated budget profile leaves me with high degree of
confidence that this program is now on a track to get JWST launched in 2018,
QUESTION 2: How confident are you in the new cost and schedule estimates for JWST?
Since the ICRP report the JWST program, led by Rick Howard at NASA HQ, has undertaken a comprehensive
effort to develop a new plan (called the "replan") for finishing and launching JWST, Details of this plan and
the associated cost profile and the schedule have been released to the public in several stages over the last
few months as OMB approved release of cost projections, What I have seen indicates that NASA's
approach is responsive to the recommendations of the leRP "that NASA do a bottoms-up cost estimate
with a high level of confidence, with cost and schedule reserves consistent with the 80% confidence," The
replan for JWST has resulted in a lifecycle cost (lCC) of $8,835B with a launch in October 2018, lCC
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includes operations and scientific research following launch (about 10% of the total), The total cost to
launch is consistent with the $8B cap set by the recent FY2012 appropriation language for NASA, with
about $4,5B more needed to reach launch (about $3,58 has been spent to date),
The "replan" schedule, budget, and cost profile appear to me to be broadly consistent with the
recommendations of the ICRP, with adequate reserves spread across the program, and not just bunched
up at the end near launch, Several cross-checks were performed by other groups with project modeling
capability (Aerospace, IPAO and GSFC), I understand that the Standing Review Board (SRB) chaired by Jean
Oliver evaluated an early profile developed as part of the replan and declared that it was not executable
because of the very fast ramp-up from the President's budget request number for FY2012 to a large "getthe-project-back-on-track" funding level in FY2013, The subsequent revised budget profile, shown here,
rectified that problem, As I assess the discussion of the replan in a variety of public presentations made to
FACA committees I think that the JWST program has developed a vastly more robust plan than that
following Confirmation, and one that meets both the detailed recommendations and the spirit of the
leRP's report,
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The replan addresses the findings of the SRB and the ICRP report
•

Avoids making the mistakes identified by ICRP by providing adequate funding in
early years

• Provides a profile that can retire risk earlier by accelerating critical activities

"
To respond to the question posed by the Chairman let me do it in the context of a series of statements
made by the ICRP,
In the ICRP report on page 9 in section 43 "Changes to Diminish Risk of Future Cost Increases", the Panel
identified a number of changes to diminish the risk of future cost increases and delays to the launch date,
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They are (with numbers added here so that I can easily refer to the bullets below):

(1) Move the lWST management and accountability from the Astrophysics Division to a new
organizational entity at HQ having responsibility only for the management and execution of
lWST.
(2) Restructure the lWST Project Office at GSFC to ensure that the Project is managed with a
focus on the LCC and LRD, as well as on meeting science requirements appropriate to the
Implementation Phase.
(3) Assign management ond execution responsibility for the lWST Project to the GSFC Director,
with accountability to the Science Mission Directorote Associote Administrotor at HQ.
(4) Establish the Office of Independent Program and Cost Evaluation (fPCE) as the recognized
Agency estimating capability, responsible for validating the most probable cost and schedule
estimates developed by projects and for developing ICEs for major milestone reviews.
(5) Develop a new lWST baseline cost and schedule plan-to-complete that incorporates adequate
contingency and schedule reserve in each year. Include a realistic allowance for all threats in the
yearly budget submission. Budget at 80% confidence, and require 25% reserves in each year
through launch. Commission a new ICE, reconcile the new plan with it, and update the plan
appropriately.
Of these changes (which were laid out more explicitly amongst the 22 recommendations from the ICRP),
my assessment is that (1) and (2) have been done, (3) has been accepted and is being developed more fully
as the JWST project begins to work to the replan, but (4) remains a work in progress, and appears to be the
one area of the ICRP report that remains "unfinished" in its implementation. (5) is the set of changes most
directly relevant to the Chairman's question, though all playa role in developing confidence in the replan.
The full details of the replan are expected to be available after the President's FY2013 Budget Request is
released early next year and so additional insight will be obtained for (5) after that release, but the replan
appears to have been built on the recommendations encompassed within (5).
Some concerns have arisen because of the difference between the ICRP recommendation of a launch in
September 2015 with an LCC of $6.5B, and what was the baseline in the replan. As was mentioned above
the ICRP estimate was necessarily short and superficial, and was responsive to the request in the fourth
item for an estimate of the minimum cost to launch lWST, along with the associated launch date and
budget profile, including adequate reserves. A key requirement for JWST to launch with minimal delay
from the then June 2014 launch date was an immediate infusion of substantial funding to get JWST back
on track. The ICRP funding profile called for $710M in FY2011 and $640M in FY2012. The ICRP recognized
that this was challenging, given the great difficulty associated with increaSing funding on a short timescale
within the Federal budget process. Since the recommendations were made early in FY2011, during the
time when the President's FY2012 budget request was being worked, this added to the challenge. In fact
the ICRP noted on page 34 that .... if no additional funds can be found in FY 2011, further delays in the

launch dote and significantly increased costs will occur.
The summary on page 34 of the leRP's thinking regarding its estimate puts the ICRP $6.5B LCC in
perspective: "To get the JWST Project "back on track" in an efficient and cost-effective way toward
realizing a minimum cost-to-Iaunch budget requires significant additional funding in FY 2011 and FY 2012
(approximately $250M in each year), This would enable the Project to recover from inadequate reserves
and past management and oversight decisions that have resulted in deferral of key work. These estimates
lead to a cost-to-Iaunch (FY 2011 through launch plus commissioning) of approximately $2.9 billion. Note
that jf no additional funds can be found in FY 2011, further delays in the launch date and significantly
increased costs will occur. The most efficient approach is to increase the Project's FY 2011 funding."
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Given that only a small amount of additional funding could be found in FY2011, and that the increase in
FY2012 to $530M was less than the ICRP's recommendation of $640M, it is clear why the launch date
moved out and the cost to launch grew significantly from the ICRP estimate.
My assessment is that NASA has taken a uniquely conservative approach to costing this mission and has
developed the JWST replan with a high level of confidence that has not been used before for such a major
program. I personally am more confident that this program can finish and launch on its scheduled date
within the cost cap set by Congress than I have been for many other programs that I have watched during
their formulation and implementation phases.
QUESTION 3:

What are the chief technical and programmatic challenges facing JWST?

The mirrors and their backplane support were recognized early in this program as being a particularly
difficult area, but the decision to work these early was a wise one. Work remains but the delivery of all the
mirrors and their overall in-spec performance is a real success story for JWST.
In the past I would have responded that the biggest challenge for JWST was the lack of reserves.
Fortunately the ability of the program to respond quickly, efficiently and effectively to problems has
greatly improved with the new reserve structure. It is important to fund JWST with the profile developed in
the replan so that the ability to respond and fix problems quickly continues over the remaining years of the
project. Nonetheless challenges will inevitably occur.
I have enumerated, as requested, the areas that I see as the most challenging. The number of these areas
should not be taken to indicate that the JWST Project is in trouble or has an unusually large number of
challenging areas. It does not. This is a complex program involving many new developments using cuttingedge technologies. With appropriate management attention, reserves and oversight these challenges can
be overcome (and, I expect, will be overcome).
The challenge of testing JWST must sit close to the top of any list of challenges. Unlike Hubble, JWST
cannot be serviced and so post-launch opportunities to rectify problems are not available to us. Since JWST
operates at such a cold temperature and is so large, the testing regimen is comprehensive and lengthy.
Careful and thorough preparation will be needed before testing begins, and focused decisive management
will be needed during the test phase. The Test Assessment Team (TAT), also chaired by John Casani, gave
visibility to the challenges in this area in their report. This resulted in more attention being paid to planning
for this activity. Significant effort is being invested on cryogenic subsystem testing.
The sunshade must also take its place high up in the list of the challenges. This has also been given early
attention since the difficulty of building such a huge deployable membrane has been recognized. Extensive
development and the production of smaller scale models, plus full-scale structures and membranes,
indicate that this is being approached thoroughly and diligently.
The Integrated Science Instrument Module (IS 1M) has received some visibility recently. It is a complex and
crucial component for the mission since it contains all the science instruments. The science instruments
are being readied for delivery so that they can be "integrated" into the ISIM. The ISIM was one of the areas
noted by the ICRP as being a significant problem in the past for the JWST project, with large cost growth,
similar in percentage terms to that at the prime contractor. A number of issues are being worked, as
expected, as the integration and testing proceeds. The most significant problems have been the subject of
discussion (the cracked NIRSPEC optical bench, the FGS tunable filter, the Northrop Grumman cryocooler,
and, in particular, the Teledyne detectors). Recovery efforts are underway that indicate that these
problems can be rectified and will not impact the schedule (the ISIM is not on the critical path). The
complexity of the 151M and the instruments suggests that the 151M will remain a challenging area that will
require close attention by the Project and the Goddard Center.
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Other areas that are frequently commented on include the spacecraft that supplies much of the basic
infrastructure needs of JWST. This is being developed late in this program (the Critical Design Review is in
2014) because of an early focus on higher risk elements and the limited early funding. The risk of delaying
the spacecraft has been recognized and work is being done related to critical interfaces to minimize the
problems that could arise in dealing with interfaces to completed systems. The challenges attendant in
deploying a large precision optical system and the membrane sunshade are also frequently mentioned.
I have mentioned a number of areas that I see as being in the arena of "challenges" to respond to the
question, but I would note that these do not appear to me to be extraordinary for such a major project at
this point. The technical successes of the JWST program are real, worthy of praise and a source of national
pride. Challenges lie ahead, but that is normal for such a complex project with its many unique
technologies. NASA is on track to launch the largest and most powerful space telescope ever built, for less
than the lifecycle cost of Hubble in current dollars (which is about $128).
I will end this section by noting what I see as the most critical factors for JWST to be launched on schedule
in late 2018 within its $8B cost cap. These are (i) that JWST be fully funded with adequate reserves, (ii) that
the management team keep all the diverse elements of the program focused on meeting their milestones
and schedules during the lengthy period that remains, and (iii) that both the Project and the independent
assessment groups work diligently to identify problems and then address them rapidly.
Summary

The JWST program at NASA has made exceptional efforts to respond to the concerns expressed last year by
policy-makers and funders across the Administration and Congress. In substantial part, this was done by
NASA responding very positively and quickly to the recommendations in the ICRP report and
acknowledging that substantial changes needed to be made. NASA has taken to heart the need for change
and has developed a program that should lead to a successful outcome. As I noted above, my assessment
is that NASA has at last taken a uniquely conservative approach to this major mission and has developed
the JWST replan with a level of confidence that has not been used before for such a major program. JWST
will be a dramatically more powerful successor to Hubble. JWST will demonstrate our national spirit of
doing the very best, and will likewise demonstrate our commitment to our scientific, educational, and
technological heritage.
I thank the Chairman and the Committee for their interest in JWST, and for this opportunity to help relay
my excitement, that of the scientific community, and that of the public about the opportunity that lies
ahead. We have been entranced by Hubble, and are looking forward to Hubble's successor, the James
Webb Space Telescope, to build on the legacy of Hubble and revolutionize our understanding of the
universe of which we are a part.
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Chairman HALL. Dr. Illingworth, I thank you very much, sir.
Mr. Grant, present your testimony, five minutes. Thank you.
STATEMENT OF MR. JEFFREY D. GRANT,
SECTOR VICE PRESIDENT AND GENERAL MANAGER,
SPACE SYSTEMS DIVISION, NORTHROP GRUMMAN
AEROSPACE SYSTEMS

Mr. GRANT. Chairman Hall, Ranking Member Johnson, and distinguished Members of the Committee, thank you for inviting me
here today on behalf of the men and women of Northrop Grumman
who are supporting the James Webb Space Telescope. I, too, commend the Committee for your continued support and oversight of
the space program and especially with regards to your interest in
the James Webb Space Telescope. I would also be remiss if I did
not recognize NASA’s leadership in making the Webb Telescope
Program possible and also acknowledge the extraordinary contributions of our innovative science community. It is through our combined efforts and expertise that we come together to build the
world’s next great observatory.
It was in 2002 when Northrop Grumman, then TRW, was awarded a key contract on the James Webb Program, a larger-than-ever
space telescope required to operate at ultra-cold temperatures, designed to explore the first stars and galaxies of the universe, and
study extrasolar planets. Without question, these are significant
capabilities and it was a significant challenge. The Webb Telescope
represents a capability beyond anything attempted by NASA, our
Nation, or anywhere in the international community.
As for our role at Northrop Grumman in the Webb Telescope program, the estimated contract value over the lifetime of the program
is estimated at $3.5 billion, with nearly half of those funds already
applied to advancing key technologies, completing designs, and fabrication of critical hardware.
We currently employ approximately 265 engineers, scientists,
technicians, and support staff at our Space Park facility and partner with 193 suppliers in 31 states across the country.
In your invitation letter, Mr. Chairman, you asked that I respond
to three specific questions. One, what are the technical and programmatic challenges facing the Webb Telescope Program; two,
Northrop Grumman steps to ensure costs and schedule deadlines
are met and; three, the role of integration and testing as we move
the program towards completion.
As others have testified here earlier, I reemphasize the point, our
chief technical challenges on the Webb Telescope, I believe, are in
two major areas. One is the completion of the build and testing of
the telescope itself, and two, in building and testing the thermal
management system. Though much as been accomplished, challenges remain, and we recognize we need to do better moving forward.
In the second area you asked about, we have responded to the
Casani Panel findings and have made significant management
leadership changes, management oversight changes, and through
improved communications and decision-making processes, have
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strengthened our relationship between our team, NASA, and our
partners.
We continuously evaluate actions to contain costs and have implemented a series of improved financial controls in the form of
metrics, reports, and early alerts. These measures have been designed to ensure contractual discipline to avoid unintended cost
growth.
The Webb Telescope has a clear path forward and we have evidence that the current plan is proceeding on track.
Lastly, the Webb Telescope Program has a detailed integration
test and verification plan which was designed to reduce program
risks through methodical, incremental build and tests, retiring
risks at each successive integration level of the observatory. These
integration and test practices have served our other satellite systems very well as we typically see our satellite systems last for
many years longer than specified.
In conclusion, Mr. Chairman, I understand the concerns the
Committee has raised and feel confident that Northrop Grumman
has taken the necessary actions to address the technical and programmatic challenges before us. We are also taking the proper
steps to assure cost and schedule guidelines are met, and we are
enabling our team to successfully reach program completion by
meeting integration and test milestones for the Webb Telescope. I
am honored to join my distinguished colleagues on this panel
today, and thank you for asking me to appear before your Committee. I welcome the Committee’s questions and ask that my full
statement as provided to the Committee be inserted into the
record.
[The prepared statement of Mr. Grant follows:]
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partner with 193 suppliers across 31 states that harness the most advanced technical expertise
in America. You can tour the country visiting the facilities and laboratories touched by the
JWST program, from the JPW Welding Company in Syracuse, New York who created their
most high-precision structure ever in order to be able to hold our telescope, or through the L3 Integrated Optical Systems facility in Richmond, California where there is now a
production line to make high precision mirrors. These abilities are cutting edge and uniquely
American.
Mr. Chairman, at our most senior levels, Northrop Grumman takes great pride in our
role as NASA's partner on the JWST program and remains fully committed to the success of
its mISSIon. We arc deeply motivated, both personally and financially, to deliver a
successful, on-budget and on-schedule mission.
In your letter inviting me to appear before the Committee, you asked that I respond to
three specific questions: (I) What are the chief technical and programmatic challenges facing
JWST?, (2) What steps is Northrop Grumman taking to ensure costs and schedule are met?
How confident are you of the new cost and schedule estimates?, and (3) What is the role of
integration and testing for the program completion? I offer responses, along with those of my
fellow panelists, to inform the Committee's interest with regards to JWST.

Addressing Technical and Programmatic Challenges
JWST's chief technical and programmatic challenges are centered on building and
testing the telescope and the thermal management system. To put our challenges in
perspective, the JWST mirror is six times larger than the Hubble Space Telescope mirror and
the satellite will weigh just over half as much. This telescope must be packaged for launch
on an Ariane V rocket and then deployed a million miles from Earth where it will be operated
at approximately 40 degrees Kelvin, which is negative 388 degrees Fahrenheit.
Northrop Grumman worked closely with NASA and our subcontractor partners to
design and execute an innovative risk-reduction program to bring the JWST mirrors and
thermal management system to maturity long before the Mission Critical Design Review (MCDR) in 20 I O. Ahead of M-CDR, we focused on developing and maturing key technologies
to reduce our risk position. NASA, Northrop Grumman, and our subcontractors identified
the hardest engineering challenges early in the program, and developed effective solutions,
which were verified by building and testing the components. As a result, some of the most
technically challenging hardware including the mirrors, components of the backplane, and
template sunshield membranes - are complete.
It is hard to overstate the tremendous accomplishments we have made to date. In the
early stages of JWST, there were those who doubted that it was possible to polish beryllium
mirrors so smooth that the largest surface irregularity on their surfaces would be hundreds of
times smaller than the diameter of a single bacterium, yet we have successfully completed all
18 hexagonal mirrors all with a smoothness well within that requirement. The smaller
secondary, tertiary, and fine-steering mirrors that complete the optical path have been cast,
machined and polished, complete with their final reflective coating.
The Northrop
Grumman-led team has achieved what was deemed nearly impossible, and we are now
conducting cryogenic testing on all of the JWST flight mirrors. Just as we have made
tremendous progress in assembling the telescope, today, in Huntsville, Alabama, wc arc
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testing the template sunshield membranes, the flight-like material of the space umbrella-like
shade that will allow .rWST to operate at temperatures close to absolute zero.
At Northrop Grumman, our team is focused on all aspects of delivering a successful
mission, from our technical progrcss; such as completing the composite backplane structure
and completion of the sunshield, to the integration process; including the hardware assembly
fi'om the smallest elements to complex systems, and the testing at each level of our hardware
functionality required to ensure mission success. Though much has been accomplished,
challenges remain.
One of the most challenging aspects of the JWST mission continues to be thermal
management. The observatory endures temperature differences of over 500 degrees from the
warm Earth-facing side to the cold cryogenic mirror side. Never before has anyone created a
tclescope of this size, which can operate at these ultra-cold temperatures, while suppOlting a
state-of-the-art suite of heat-generating cameras, spectrographs, and electronics.
It was challenging to manufacture 18 beryllium mirrors that can hold their shape to
better than 20 nanometers at cryogenic temperatures. It was also challenging to design a
deployable sunshield the size of a tennis court, but those challenges are behind us. The
Independent Comprehensive Review Panel, led by John Casani, recognized these
technological achievements and noted "a substantial amount of cutting-edge hardware has
been delivered and is now being tested as part of the first steps toward the overall integration
The risk reduction investments have enabled the
and test of the Observatory."
NASAlNorthrop Grumman team to solve challenges on the complex and difficult journey to
build the most powerful space telescope ever. As the Casani Panel concluded, " ... the JWST
project has invested wisely in advancing necessary technologies and' reducing risk."

Cost and Schedule Steps
Though JWST has achieved incredible successes, the Casani Panel also found we
need to do better going forward. Working closely with NASA, Northrop Grumman has
implemented changes, which we have been effectively executing. In response to the Casani
Panel findings, NOlthrop Grumman has made significant structural changes; including,
improved communications and decision making processes between our team, NASA, and our
partners. We have increased the frequency of senior management engagements to streamline
program decisions, identilYing issues to find resolution.
Additionally, Northrop Grumman manages a consistent and rigorous review system
at all levels, from senior monthly program reviews down to weekly written progress reports
with actively-managed metrics. We continuollsly evaluate actions to contain costs, while
advancing the observatory beyond design and production already accomplished, moving
forward through assembly, integration, and test for launch readiness. We have also
implemented a set of improved financial controls in the form of metrics, reports, and alerts.
These careful measures have been designed to ensure contractual discipline to avoid
unintended cost growth.
JWST has a clear path forward, with evidence the current plan is proceeding on track.
Northrop Grumman is, and has been, executing within cost, technical, and schedule
milestones since the re-plan that has been in place since the beginning of the year. In
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addition, as a result of the management changes, Northrop Grumman in partnership with
our major subcontractor teammates - has made available three near-term 'critical path'
development tracks for earlier delivery to NASA. We have been able to achieve these
changes thanks to the careful cross-organizational examination that went into our re-plan.

Integration and Testing
For systems comprised of multiple complex components, it is essential to verify that
all components precisely fit and operate together to achieve their intended function and
performance within the integrated system. This is particularly important for JWST, a system
that is not designed to be repaired on orbit. An additional complexity within the JWST
program is that the testing that takes place on Earth does not exactly simulate our operational
conditions on orbit, such as cryogenic temperatures at large scales and zero gravity.
Therefore, thc complcxity and duration of the ground testing is disproportionately longer for
this program compared to other satellite systems.
JWST's long integration, test, and verification span is designed to reduce program
risk through a methodical, incremental build and test approach, which retires risk at each
successive indenture level of the observatory. We have an extremely rigorous integration and
technology flow (0 ensure that we identify issues at the lowest assembly level possible in
order to prevent problems that require LIS to undo previous assembly. However, the
complexity of ground testing is one that we must consistently address throughout the path to
launch. We are using the largest cryogenic vacuum chamber in the world at NASA's
Johnson Space Center, and even that chamber is not large enough to hold the full-up JWST
observatory with the sunshield deployed.
Due to these size constraints, we test the JWST optics (large primary mirror,
secondary, and optical components) and instruments at flight temperatures at the Johnson
Space Center, but will use a combination of analytical and subsystem tests to prepare the
sunshield for deployment in space. As was noted by the JWST Test Assessment Team, also
led by John Casani, "the scale, complexity, and cryogenic nature of JWST prohibit and endto-end system test and instead requirc an innovative approach to system verification, with
more dependence on analysis and piece-wise testing:'
At Northrop Grumman's Space Park facility, integration and testing of flight
hardware begins with the Optical Telescope Element Structure. This structure supports the
six and a half meter diameter large primary mirror, the secondary mirror, and the remaining
mirror assembly that brings light to the instruments within the observatory. This complex
structure is then delivered to NASA's Goddard Space Flight Center to be integrated with the
flight primary hexagonal mirrors, as well as other flight mirrors, to create the fully assembled
Optical Telescope Element. Also at Goddard Space Flight Center, the NASA team will be
integrating and testing all four flight science instruments, including two from our
international partners at the European Space Agency and Canadian Space Agency. The
Goddard Space Flight Center will join the fully assembled mirror hardware to the instrument
hardware and test this complex system at NASA's Johnson Space Center, where the JWST
team is making modifications to create the world's largest cryogenic-chamber.
In parallel, at Northrop Grumman's Space Park our team will bc conducting
integration and test for the propulsion module, the spacecraft panel, and the sunshield. These
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systems will come together in the Spacecraft Element Integration and Test, where the
sunshield will be deployed multiple times at room temperature to verify its performance, It is
worth noting that a one-third scale sunshield replica has been tested at cryogenic
temperatures to further validate our flight analytical models. With both the Spacecraft
Element and Optical Telescope Integrated Science systems fully assembled and tested, these
two primary aspects of the observatory will meet at Northrop Grumman's Space Park for
complete observatory integration and test From our facility, the tinal flight JWST will be
delivered to our launch site for additional integration and test, and, finally, integration with
the launch vehicle itself.
To ensure a comprehensive plan is in place, the program elements have been
thoroughly reviewed by experts independent of the core program team, including: the
Mission Critical Design Review Board (April 2010), the Test Assessment Team (June 2010),
and several Standing Review Boards, Specific integration and verification factors were
included in the JWST re-plan, and were derived from bottom-up estimates and confirmed to
be at the high confidence level by an independent integrated cost and schedule assessment
In conclusion, Mr. Chairman, I understand the concerns the Committee has raised,
and feel confident Northrop Grumman is doing our part to address the technical and
programmatic challenges before us. We are taking the proper steps to ensure cost and
schedule guidelines are met, and we are enabling our team to successfully reach program
completion by meeting integration and testing milestones for the JWST program, Like all
astronomical telescopes that leap over the capability of their predecessors, fundamental
breakthroughs will come from the scientific discoveries that JWST will reveal about the
universe we live in,
I want to again thank you for asking me to appear before your Committee today, and
welcome the Committee's questions,
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Chairman HALL. And I thank you for that and thank you for
staying within your time. We are in a different day and time, as
all of you know very well, for projecting the needs and selling this
Congress and selling the American people on the amount of money
that we are going to put into these programs, and we have just
gone through increasing the debt allowance there, and then we
voted that, and that spawned that famous committee of 12, supposedly six Republicans and six Democrats.
Well, that wasn’t really true. There were six Republicans, all
right, we could name there. There were six Democrats plus an additional Democrat, who happens to be President of the United
States, and these other six Democrats didn’t have the power to
override a veto of that seventh Democrat. It was a seven to six
thrust to start with. So we didn’t have a chance to get that off the
ground.
But those are the things we are going to be facing in the future,
and this is a wonderful program, and all of you have done a good
job, Dr. Blandford, especially. You laid out several real reasons why
good things are happening and how you want them to continue to
happen.
But recent JWST progress reports indicate that I think 75 percent of the hardware is already completed, yet a little less than
half the estimated $8 billion development costs have been spent. If
so much hardware is completed, why will it cost an additional $4.5
billion to complete it?
Who should I ask that? Mr. Howard?
Mr. HOWARD. Probably me is the right person.
Chairman HALL. Okay. All right.
Mr. HOWARD. So of the $4.5 billion to go to launch in the development phase, the biggest elements of the work to go is the development of the spacecraft, sunshield, and the integration and testing of all of those elements of the observatory. That is the instruments, the instruments and telescope together, and then the spacecraft and the sunshield.
Jeff Grant mentioned a little bit about the complexity of that effort. The integration and test activity is the most complicated endeavor that we have ahead of us. This observatory cannot be tested
all fully assembled in the environment that it is going to see in
space at 40 degrees above absolute zero. The best we can do is to
do subscale tests, subsystem level tests, and tests at the largest
level of integration we can, which will be down in the chamber in
JSC where the telescope and the instruments will be able to be
tested but not the spacecraft and the sunshield. That will have to
be done separately. So that is the significant portion of the work
to go on this program.
The next largest element of the work to go is the development
of the ground system for JWST, which is an activity that is going
on at the Space Telescope Science Institute to develop and operate
JWST and operate the instruments to be able to provide the observations that the science community will propose to examine.
Chairman HALL. Mr. Illingworth, you are a member of the Independent Comprehensive Review Panel. Right?
Mr. ILLINGWORTH. Yes. That is correct.
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Chairman HALL. And what opportunities have you had to thoroughly review the re-plan, and are you satisfied that NASA has put
forward a responsible and executable plan moving forward?
Mr. ILLINGWORTH. Mr. Chairman, the committee, of course, was
an ad hoc committee that met for 2 months and developed this report, which NASA has been responding to for the last year. So the
committee formally has not gathered back to look at the developments.
However, I have tried over the last year to gain as much insight
as I can because as a scientist interested in this program, I really
want this to succeed. I want NASA to succeed. And so I have been
talking to people across the agency trying to understand how
things are developing, looking at the material that became available publicly, and as I said in my testimony and I laid out in somewhat more detail, I feel that NASA has actually done a very good
job on this re-plan. They have developed a plan that is—I would
say uniquely conservative for NASA in the level of reserves and the
approach that they are taking. They realized that they had seriously flawed management before the time of the ICRP and are trying to rectify it as Rick said.
So I am highly encouraged by what I have seen over the last six
to nine months on this program.
Chairman HALL. You know, how much time do I have? Okay. I
got about a minute and a half left. You remember the Augustine
Committee and their recommendation that we needed an additional three billion a year for two, maybe three years to save our
space station. Our space station is in danger right now, and our
whole program is in danger. Our country is in a dangerous situation. Money is going to be hard to come by from this point forward.
I think the last three Presidents have failed, and we, this Committee and the Members of this Committee on both sides, have
urged them to put more money into the space program where we
could have a chance to save it. That didn’t happen, so we have got
a bleak future right now for a wonderful project, and I will talk
with you more about that later.
I think my time is up, and I thank you.
At this time I recognize Ms. Johnson for her five minutes.
Ms. JOHNSON. Thank you very much, Mr. Chairman.
The Hubble Space Telescope has revolutionized humankind’s vision and the comprehension of the universe, and JWST promises
to do the same. And while I would like to spend time learning more
about the inspiring science that JWST is being built to study, instead we find ourselves focusing on budgets and program challenges.
So I would like to get clear on how we got to this point with
JWST, and as Members of Congress we need to understand how
this situation can be avoided in the future. And so is this a case
of costs being poorly estimated to begin with, leading to insufficient
budget and reserves, or is this a case of the program being mismanaged, or is it some combination of the two?
I would like Mr. Howard to start and followed by Dr. Illingworth.
Mr. HOWARD. Okay. I thank you for the question.
The cost commitments by NASA at the time when JWST was
confirmed, when we passed the confirmation review in 2008, was
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$5 billion. The cost is now $8.8 billion. I could give you lots of reasons and history on how we got to where we are, but this does not
excuse the poor management, cost, and schedule performance of
JWST over that period of time.
I hope that the details on the history and the changes that we
have made that are in my written testimony demonstrate that we
have changed the management priority. The management and the
priority and the approach and have developed a robust baseline
and are ready to demonstrate that we can deliver JWST within
cost.
Dr. ILLINGWORTH. Thank you. Let me add to that.
I would say the Independent Review Committee came up with a
number of reasons, but let me just very succinctly put the reason,
the most clearest and simplest reason I can think of.
At confirmation in 2008, this project went from a phase where
it was developing novel, new, extraordinarily high technologies into
a phase where it was building hardware, testing that to launch.
The project management and the program management overall did
not recognize this change of approach, that now they were in a construction phase, they needed to meet deliverables, they needed to
stay tightly on schedule, and they could not defer work.
And so the project, I think, was on a path that was never going
to meet. We said this clearly in the report. It was never going to
meet its launch date given that it was deferring work and driving
up the costs as a result.
So it was only when that was identified, NASA took that to
heart, and came back with a re-plan that they got to the point
where I think they can be on track now to launch this within the
cost cap by the 2018 date because they have adequate reserves in
there to meet the problems on a yearly basis.
Of course, provided the budget is provided each year after this
one that is appropriate as needed for 2018 launch.
Ms. JOHNSON. Thank you. Mr. Howard, what signals did NASA
miss about the potential cost growth and other problematic problems that it should have picked up, and what is NASA doing about
it now in attempting to manage it?
Mr. HOWARD. I think one of the signals, as Garth mentioned, was
the fact that we knew that we had insufficient reserves in the early
years in this program, even when it was confirmed, and the attitude was, do the best you can with the budget that you have.
Now, part of that was because this program was managed within
the astrophysics division within the science directorate at the agency. That is one of the biggest changes that we have made. This is
no longer one mission out of 30 or so that the astrophysics division
has to try and balance across its portfolio, and in 2008, 2009 timeframe; just for example, in that one year, astrophysics had five
launches that it had to support, including the Hubble Servicing
Mission, the Kepler Mission, which we just had a discovery yesterday on, and the Hubble Servicing Mission and Hershon Blanch,
and in those—typically in astrophysics, I have been there for 10
years or so, you put your resources on the missions that you have
operating, our assets that are in space, that are doing the great
science, and then the next thing you do is you put your assets on
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those missions that are about to launch and need to be supported
to be successful.
And within that constraint that you had, it was very difficult to
add additional resources as JWST found and identified problems.
One of the biggest changes, in my view, is elevating this program
to an agency priority, an agency program where the funding, the
additional funding required to complete JWST comes out of both
the science directorate as well as other parts of the agency, and
that increase in terms of elevating its priority has been significant
in terms of being able to address the issues and resolve the budget
problems, especially in the near years.
This budget profile, as far as I am concerned, is the best profile
as far as reserves in every year that this program has ever had.
Ms. JOHNSON. Thank you very much. My time has expired.
Chairman HALL. The gentlelady’s time has expired.
I recognize Mr. Palazzo.
Mr. PALAZZO. Thank you, Mr. Chairman—see an effectiveness of
their government. The sentiment is that our process and procedures themselves help cause these problems. Professor Illingworth
said in his testimony the pace of the federal budget process necessarily leads to large lag times for fixes to be implemented.
What lessons can we learn regarding our system of budgeting,
procurements, and project management based on the James Webb
Space Telescope experience? We can start with Mr. Howard.
Mr. HOWARD. Okay. Thank you for the question. I think this is
a learning process that we have gone on over a number of years
at NASA. When JWST was confirmed to start development in 2008,
we did not have the tools in place at the time to look at the—and
do an assessment of the cost to go and the schedule to go. We did
not have this current policy in place which requires doing a joint
cost and confidence, cost and schedule confidence assessment,
which is a much more detailed assessment of both the cost and
schedule and how they are integrated together and the risks associated with that than just doing what was traditionally done before
that, which was just an independent cost estimate.
So the agency has made decisions to proceed under the directions
that looks at more detailed cost estimating.
With James Webb we had not done that. We have done that now,
so this program and re-baseline was subject to that level of analysis. One thing that has come up from the ICRP report, which I
think the agency has to look at, is for these large, complex missions
that are very complicated and being done for the very first time
with new technologies and completely in areas that we don’t have
experience in before. Should we be looking at these with a higher
level of confidence that we want to assign to them, higher than the
70 percent that is typically used in the agency?
I think that is something for the agency to think about and consider it as we proceed forward.
Dr. ILLINGWORTH. Thank you, and as Mr. Howard said, I think
a very important factor here is from the earliest days in programs
like this, ensuring that you are working to a high level of confidence. In fact, the agency has adopted 70 percent that the ICRP
explicitly said for programs of this nature with their complexity an
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even-more conservative approach at the 80 percent level joint cost
schedule was more appropriate.
I think if that is done from an early phase and it is recognized
by the key players, Congress, the Administration, NASA as the
group doing the program, then the budget lag issue becomes a lesser issue. But in the JWST case, it was a catch up that NASA recognized there was a problem but couldn’t catch up, and until it got
to the point where it became a public issue, and then at that point
ICRP got into this, and recommendations were made. I think this
was very beneficial. I think it brought it home to a lot of people
across the whole of the programs like this, that changes were needed and a more conservative approach was needed, and I am glad
to see from what I have watched this year, seen this year that
NASA has taken that to heart and really is planning this program
with much higher level of reserves to a much greater degree of confidence.
Mr. PALAZZO. Thank you. NASA is planning a number of highpriority missions recommended for the next decade by various
decadal surveys. How will James Webb cost overruns affect highpriority missions outlined in the astrophysics decadal surveys such
as WFirst, and to the extent you have insight into the other science
mission divisions, such as Earth science, helio-physics, or planetary, can you also comment about James Webb’s impact to the
greater science portfolio?
We start with Dr. Blandford.
Dr. BLANDFORD. Thank you. I think it is clear that it will lead
to a deferral of the start of these proposed missions like WFirst,
and I think that will also—it will have some impact, although we
don’t yet as know what the NASA plan is, and this will probably
be manifested in the next budget, on missions from other parts of
Earth space science.
This is obviously a great disappointment to the scientific community, but I think it is one that they will have to accept, and we will,
I hope, build WFirst before too long, and it will have its glorious
scientific program ahead of it.
Mr. PALAZZO. Dr. Illingworth, do you have anything to add?
Dr. ILLINGWORTH. Yes. Thank you. I think Dr. Blandford has
said it very well. It is a key concern for the community. I think
that none of us involved in the James Webb Space Telescope likes
to see changes like this happen that push out other programs. It
is very regrettable, but the James Webb Space Telescope was the
highest priority program, so ultimately, it becomes a question of
priorities. When resources are tight, that is where we go. We
choose the highest priority. Thank you.
Chairman HALL. The gentleman’s time has expired.
The Chair now recognizes Ms. Lofgren, the gentlelady from California.
Ms. LOFGREN. Thank you very much, Mr. Chairman, and I want
first to particularly welcome the two witnesses from Santa Clara
County, Dr. Blandford up at Stanford, and Dr. Illingworth from the
University of California, Santa Cruz, located at the Lick Observatory, also the tip-top Santa Clara County. It is great to have you
here.
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I think this hearing has been very helpful because obviously we
have a number of questions to ask. First, are we on track, what lessons have we learned for the future? And then also I think there
is a fundamental question, not for me, but for the country at large,
including some of our colleagues of why we are doing this. And only
when you see the discovery yesterday by the Kepler Telescope, it
renews—my enthusiasm wasn’t lagging to begin with, but, you
know, in these times, you know, why is this important to America?
What does this matter in terms of—make out the case for science
but also for society and why we should make this investment.
Dr. Blandford and Dr. Illingworth, if you would.
Dr. BLANDFORD. Perhaps I could supplement. There was actually
a second discovery yesterday that was reported, which was by my
colleague, Professor Chung-Pei Ma from the University of California Berkeley and her team reporting on the most massive black
holes found——
Ms. LOFGREN. Oh, that is right.
Dr. BLANDFORD [continuing]. In the galaxies, now 10 and 20 billions solar masses, beating the previous record of six. So the pace
of discovery does not let up in astronomy, and it won’t with these
wonderful new telescopes. What it does for society, I think there
are many answers to that, but undoubtedly it inspires young people, many scientists and technologists, it is an entry point into
what they ultimately build careers on. I think the developing high
technology is a generator of jobs. I am not economist myself, but
I think there is a large multiplier that can come from such projects.
Ms. LOFGREN. Well, there certainly has been with all the NASA
programs.
Dr. BLANDFORD. Involving NASA programs and it is inspirational
for all of us. I think astronomy is remarkable for how communicable the results of contemporary research—how communicable it
has become, and I think the—we can all enjoy at very different levels the results that come from these wonderful telescopes.
Ms. LOFGREN. Thank you. Do you have anything to add, Dr.
Illingworth?
Dr. ILLINGWORTH. Yes. Thank you very much for the opportunity.
Interesting, I think, today there is going to be an announcement
that Hubble scientists have published the 10,000th paper with that
telescope. This is absolutely remarkable productivity for an amazing mission.
I think the science is, in a sense, I am questioning, we all know
of Hubble and the amazing things it has done, and James Webb
is its successor. I think more immediately as you mentioned for the
societal interest in this, beyond the inspirational aspect that comes
from a science program like this, there clearly are jobs. There are
high-technology jobs that are very important that can only be done
here. We do them close links with their contractors, and as Dr.
Blandford mentioned and my wife has pointed this out to me, too,
she is an economist, that there is a multiplier effect which is many
times when you do a unique high tech or skilled job like this, and
so there are job benefits in the short term and over all time.
Now, after long term are the educational benefits, the STEM
issues, doing science and technology education. This is just so critical for us, and missions like this bring into everybody’s living
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rooms as we have just seen in the last day with announcements of
new discoveries, amazing scientific results that only we really can
do with these missions.
Ms. LOFGREN. Thank you very much. I am already convinced, but
turning to you, Mr. Howard, in your written testimony you mentioned that these missions are technology providers, enabling in reducing technology risks of smaller missions that could otherwise
never afford to develop such technologies.
What sort of other benefits may we see from this mission? What
were you thinking of?
Mr. HOWARD. Yeah. Thank you for asking that. In addition to developing technologies that other missions, smaller missions just
would not be able to do in the timeframe or without the resources
that were already invested in missions like JWST, the new technologies developed on these large missions benefit other agencies.
And so a couple of examples are right now we are actually flying
on Hubble a technology developed by JWST, an integrated circuit
system which was put on for the advanced camera for surveys,
when we repaired that on the last servicing mission, is technology
that came out of JWST.
In addition to that, the innovations in metrology technology that
have been on JW have trickled over into the medical device metrology measurement of human eyes, diagnosis of ocular diseases, and
improve surgery, and there is a technology that you wouldn’t necessarily have thought applied over, but it is these new innovative
metrology techniques that we used to develop the large mirrors
that has trickled over into other areas.
Ms. LOFGREN. Mr. Howard, I see my Chairman is about to gavel
me out of order. I would welcome the additional lists I think you
were about to tell us. If you could send that to us after the hearing,
I would love to see it, and I yield back, Mr. Chairman.
Chairman HALL. And I thank you.
Before I recognize Mr. Brooks, I want to recognize Dr.
Illingworth mentioned something about his wife. We have a wife
here of Congressman Hultgren of Illinois. We are very happy always to have you here.
I recognize Mr. Brooks for his five minutes.
Mr. BROOKS. Thank you, Mr. Chairman, although I believe that
is Mr. Buschon’s wife.
Chairman HALL. Oh.
Mr. BROOKS. Oh, they are both here. I have been looking to the
left—sorry about that.
Now to more serious matters, but we had the White House
Christmas party last night. That explains a lot.
The Science, Space, and Technology Committee has put together
a timeline concerning the James Webb Space Telescope, and in
June of 1997, the original estimate was a launch date of 2007, at
a cost of roughly $500 million. In 2001, the telescope was identified
by NASA as the top priority in the decadal survey with an estimated cost of $1 billion. In the summer of 2002, we had a mission
definition review that indicated the cost was now $2.5 billion with
a launch date of 2010, and March 2005, NASA identified further
cost growth. Now, $4.5 billion with a scheduled slip of two years
to launch date of 2012. We move onto July 2008. We have another
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program confirmation review that says that the cost is up to $5 billion and a hope for launch date of 2014. Then we move to September 2011, and we now have a baseline of $8.8 billion total
lifecycle cost with a launch readiness date in 2018. So we have had
a slippage both in cost and in launch dates.
I want to put that in the context of some of the financial issues
that America is facing. As many of you all know, in this last three
years we have had budget deficits of $1.4 trillion, $1.3 trillion, and
$1.3 trillion. Our accumulated debt is now over $15 trillion and is
growing at over a $1 trillion a year rate with no end in sight.
Our interest on our debt was a little over $200 billion in the fiscal year that ended September 30; however, those were at record
low interest rates, somewhere in the neighborhood of below a percentage point for short term of treasury bonds, short term being a
year or two or less. Long term, it was a little over two percent.
Compare that to Italy, which is a little bit further along the path
that America faces with these deficit problems, where their bond
rates are now over seven percent.
If something like that were to happen to America, and if we continue on this path, then it will happen to America, you can see our
interest on the debt jump from the $200 and something billion dollar range to $600 billion a year or more.
That all having been said, I think you all can get a pretty good
grasp that we have some serious financial issues facing us.
Now, what is the reaction that we are looking at right now in
the United States Congress? Well, we are looking at spending more
money. One hundred and eighty billion dollars of additional debt
on our country for this year alone for things like extending the Social Security and Medicare tax break that last year was given to
American citizens at a cost, by the way to the solvency of Social
Security and Medicare, extending Unemployment Compensation
benefits, the sustainable growth rate, fixing that, or the doc fix as
it is commonly known, to help ensure that Medicare patients have
access to physicians when they need it. The list goes on and on and
on.
That having been said, I would like you all’s rather quick insight
on whether the James Webb Space Telescope is truly the numberone priority for NASA, in which case if we have to reduce funding
for NASA because of all these other issues hammering us all at the
same time, we will know that you are comfortable with reducing
those other items because they are lesser NASA priorities, or if not,
what NASA priorities are higher priorities?
And Mr. Howard, if you could please go first.
Mr. HOWARD. Thank you. Sure. I would be glad to. The NASA
Administrator has stated that his top three priorities in the agency
are JWST, SLS, and MPCV, and certainly as the budget deliberations go on and we see what the actual budget comes in at, that
has to be re-looked at see how we can continue to produce, to proceed with those three priorities.
I can’t predict exactly what will happen for ’13, but I know for
in ’12, those three programs are funded at the appropriate level to
continue forward.
Mr. BROOKS. Mr. Blandford, Dr. Blandford.
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Dr. BLANDFORD. It is very hard for me to speak on behalf of the
Administrator in NASA. I don’t think I can——
Mr. BROOKS. I am asking for your opinion.
Dr. BLANDFORD. My opinion is that science, the space science
program, is one of the things that is most important for NASA to
do. It does it extraordinarily well, and I hope that in the coming
budgets its past successes will be reflected in the future program
that is recommended.
Mr. BROOKS. Mr. Chairman, I see that my time has expired. I
don’t know if——
Mr. ROHRABACHER. [presiding] The Chairman——
Mr. BROOKS [continuing]. We have enough time for the last two
witnesses——
Mr. ROHRABACHER. We have a new Chairman now. I am going
to make sure that you have the time to make sure that your question is answered by all of the witnesses. Go right ahead.
Mr. BROOKS. Thank you. Dr. Illingworth.
Dr. ILLINGWORTH. Thank you. I recognize what you are saying,
and I think that a key path forward out of our problems lies with
education, with technical and scientific education, and a skilled
workforce. I think that programs like James Webb and many of the
other ones in NASA, but particularly the high-priority programs,
are absolutely essential to this, and James Webb is a 30th—three
percent of the NASA budget and less than 1/10 of a percent of our
discretionary budget. It is very small, I think, for the huge gains
that it brings for inspiring our younger people to look to the future
and improve our scientific and technical education.
Thank you.
Mr. BROOKS. Thank you, and Mr. Grant.
Mr. GRANT. Thank you. I would like to add to the comments
made by my colleagues I personally find the program inspirational,
and we have, early in the program, built a full-scale model of this
James Webb Space Telescope, we have taken it to Seattle——
Mr. ROHRABACHER. If I could take the Chairman’s prerogative,
we will give him time to get his question answered, not something
else. Go right ahead and answer his question.
Mr. GRANT. I believe that inspirational programs should be part
of NASA’s priorities.
Mr. BROOKS. Well, my question was what are lesser priorities
that you believe should be cut, or do you have the James Webb
Space Telescope as the top priority, which by inference means everything else is what we should be looking at if we continue with
these cost overruns with the James Webb Space Telescope?
Mr. GRANT. I can’t answer that question for NASA, for the Administrator, but what I can say is the program that I find inspirational and believe the programs that are——
Mr. ROHRABACHER. If you could, let us get on the question, could
you answer that question? James Webb is the number one priority,
the rest to be cut?
Dr. ILLINGWORTH. This—as Rick said, the Administrator has
clearly stated the top three priorities. I think, as Dr. Blandford
said, science plays a truly major role, and we do it through NASA
in a uniquely inspirational and powerful way worldwide. Nobody
else can do this.
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Mr. ROHRABACHER. So do you have——
Dr. ILLINGWORTH. I have to, you know, give high priority——
Mr. ROHRABACHER. So you are not going to answer the question.
Would you like to answer the question?
Dr. BLANDFORD. I think the reason why we are having problems
with this question is because we are not—I am not terribly familiar, and I don’t think he is, with the other two major components——
Mr. ROHRABACHER. All right.
Dr. BLANDFORD [continuing]. Of the Administrator.
Mr. ROHRABACHER. Mr. Howard.
Mr. HOWARD. So one thing I wanted to point out was that the
NASA Administrator has decided that funding the additional funds
for JWST in this time period still stays within his top-line budget,
what he gets.
Mr. ROHRABACHER. Uh-huh.
Mr. HOWARD. And I think it is important to recognize that it was
seen as this needs to be an agency solution and not just out of
science, not just out of astrophysics, and this is why——
Mr. ROHRABACHER. I don’t think that was the question. Could
you repeat your question to the witness?
Mr. BROOKS. Thank you. I am trying to get your individual opinions, not your assessment of what NASA’s may be, although with
respect to Mr. Howard, they may coincide with them, but your
opinions as to what priorities should be advanced, and where do
you place the James Webb Space Telescope? That is, the James
Webb Space Telescope continues with these cost overruns, what in
your judgment are lesser priority items that we should reduce
funding for in order to fully fund the James Webb Space Telescope?
Mr. HOWARD. And so just let me finish what I was saying, which
is I think some of those decisions have already been made, and you
will see them in the operating plan that comes forward next month
in terms of where the reductions are made in space science across
the other divisions in order to pay for the increase in fiscal year
2012 to cover James Webb. That will be in the operating plan.
Mr. ROHRABACHER. I will let the record show that this is a very
significant question and that at least three of the witnesses were
unable to answer the question.
Mr. Sarbanes.
Mr. SARBANES. Thank you, Mr. Chairman. Thanks to the panel.
I am going to try at the end of my five minutes to ask you a question you can’t answer so I can get 10 minutes of your time.
I appreciate your testimony, and I know you see strong support
for this project by and large here but obviously concern about the
cost overruns, and I thank you for addressing those head on and
indicating any management lapses that were part of the reason for
the overrun are being handled.
I am interested in this—in the telescope for a variety of reasons.
One, I am excited by just the pure discovery element of it, which
I think can energize a whole new generation of scientists and other
careers in the STEM arena, and so certainly as an education driver
it is a significant and, I think, meaningful investment for the country to make.
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But I am also interested in it as an economic driver. Given the
cost associated with it, even with the overruns, I think that the
multiplier effect it has in terms of economic opportunities and,
frankly, jobs that can be created is significant. I thought I heard
in some testimony that there were over 150, up to 200 different
companies or suppliers that were part of delivering components for
this telescope, and I assume, and I would like whoever would want
to address this to do so, I assume that has kind of a pulling effect
in terms of those companies that are contributing to the effort are
developing technologies for purposes of delivering the products to
the telescope, but in generating those technologies, they are creating other opportunities for themselves and for their peers within
a particular industry. And that is all about being an economic driver.
So I think one lens through which we can look at this James
Webb Telescope is through this lens of it being an economic driver,
and particularly an economic driver for the American, for the U.S.
economy.
So if you would like to speak to that, I would appreciate it.
Mr. HOWARD. Sure. I will answer that. Thank you. So, as I mentioned, we have over 1,200 full-time equivalent positions across the
country that are supporting James Webb right now. That doesn’t
include an additional 200 or 300 folks that are working at the subcontractors level and the supply chain providing, you know, nuts
and bolts and fittings and various things like that.
So it is a fairly large workforce. Of that total there are only 100
civil servants. So all of this effort is being done in the U.S. with
the U.S. industrial base and workforce.
Both the high-tech jobs as well as what you think are relatively
straightforward jobs like welding structure together that we need
to support and build the telescope and hold it on. This is spread
across 27 States and the District of Columbia. So the effort is
across the entire country and does have that kind of a multiplication factor in terms of the work that is done and the things they
learn from that, especially in the technology area where they can
then take those, the companies can take those technology advances
and apply them to other programs within the United States.
Mr. SARBANES. Mr. Grant, maybe you could speak from the perspective of the contractor in terms—obviously you have a certain
expertise already in place, and that is how you get the bids to deliver a product, but in providing the product, I am sure that you
are pulling on your own organization to be on the cutting edge, and
then you work with other subcontractors and so forth.
So can you talk about that ripple effect? I would appreciate it.
Mr. GRANT. Congressman Sarbanes, one of the examples I would
cite is where we have seen the technology that has been invested
in JWST come to broader use is just in the area of the optics. We
just completed delivery of the last of the flight segments this year,
and the segments themselves are about, from a density perspective,
20 times lighter than the comparable optics that you would see on
the Hubble Space Telescope. And what that means to the Nation
and future systems is that they will be able to harvest that technology and put it into other programs that need comparable large
optics or smaller optics at much lighter weights.
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And that is something that has taken us a number of years, but
like I said, we have successfully delivered all the mirror segments
and really demonstrated the applicability of this technology.
Mr. SARBANES. Thank you all very much. I yield back.
Mr. ROHRABACHER. Are you sure you don’t have a follow-up question to that? Got lots of time for you.
All right. Mr. Hultgren, please.
Mr. HULTGREN. Thank you, Chairman. Thank you all for being
here, and this is really important, and we need to be looking at everything we are doing to make sure that we are doing it as well
as we can and especially looking at cost overruns and things, to
have that accountability, especially in times like this where times
are tight and as we are forced to prioritize.
I do believe so strongly, we have talked, we have had amazing
hearings over the last months here in the Science Committee, and
really getting back to American exceptionalism historically in
science and just wanted to talk a little bit about that and wondered
if I could get your perspective of the role that JWST plays really
in America being at the forefront of kind of next discoveries.
Hubble, you know, had so many incredible discoveries and would
like to kind of get your thought from two perspectives. One, what
maybe we could expect from JWST as far as some discoveries
might go but then also that our role in this as America, how that
plays in the international community of drawing the best and
brightest from around the world to be a part of this type of thing.
So I wondered if you could maybe talk about that if any of you
have any thoughts.
Dr. ILLINGWORTH. There is no doubt as Hubble’s success—Hubble
has brought worldwide attention to U.S. scientific leadership and
productivity as we travel, and I am sure all of you had this experience, that coming from this country you go abroad, people talk, you
talk to them about what I do, and they are just delighted with
Hubble. This is so important for us that we have these programs
that we can always look up to as demonstrations of our leadership
and capabilities in science.
James Webb will be that program. Hubble will not live forever.
Probably some time this decade, we will probably see the end of the
life of Hubble. At that point, we really would like to have James
Webb up there to carry the flag forward for science and for U.S.
leadership in this area.
Mr. HULTGREN. Thank you.
Dr. BLANDFORD. Just to add to that, James Webb, I believe, will
be the magnet that Hubble is being and will bring people here from
all around the world and will be the expression of the ability of the
United States to execute a program of this magnitude, and perhaps, if I might use an example, which many of my colleagues work
in particle physics, the Large Hadron Collider in CERN has been
a magnet for particle physicists all around the world, and that
would be a sort of candor example, if you like.
Mr. HULTGREN. Yeah. I feel that one personally. I represent
Fermilab, and they are trying to shut it down in the last month,
and I have seen so much go on there, and again, that—it is going
to happen. My hope is, again, that we are active in drawing the
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best and the brightest here to America just as Fermilab had done
for 30 plus years.
Continue, I don’t know if, Mr. Howard, if you——
Mr. HOWARD. Yeah. I just wanted to add a couple of points.
I actually think that JW is actually worth more to us now than
it was in the past in terms of what it will be able to deliver. Probably even more now so now than in the past. Scientifically, it is
going to be able to do things that we never thought we could do,
make new discoveries of things in the universe, but there are
things that have popped up just in the last four or five years in
terms of science questions that we can’t wait for James Webb to
get into orbit to be able to detect.
Water on other planets orbiting other stars. Right now, we have
about 50 candidate planets orbiting other stars that look like they
could support water, the right Goldilocks’ balance between not too
hot and not too cold, to be able to support liquid water. It will take
JWST 24 hours of observing time to be able to look at one target
and say whether or not there is water in the atmosphere of that
planet.
By the time we launch, that would be more than 50. I mean,
there will be a tremendous number more, maybe two or three times
more, candidates that will allow us to be able to look for that question.
That is just one of the sort of important questions that I think
James Webb will be able to do as we move forward.
Mr. HULTGREN. I have just a few more seconds, but I wondered
if briefly another thing we focused on here is STEM education. It
has been touched on briefly, but it is so important, again, for our
young people to have something to be inspired by.
I wonder if you could just talk briefly of how you see this playing
into STEM education.
Dr. ILLINGWORTH. I would say quickly that with the advent of social media and the dissemination of images and results so quickly,
people get involved now in a way that they never did before. So
this is becoming crucial to have these results out there with the
visual images, the power that they have.
Thank you.
Dr. BLANDFORD. I would like to just say that one of the things
that I think NASA deserves great credit for is its attention it has
paid over the last 10, 15, 20 years in disseminating, particularly to
schools, the results of space explorations. As I said before, these
are highly communicable, and they do excite young people and get
them started on scientific paths which can lead to all manner of
different careers.
Mr. ROHRABACHER. Thank you very much, and now we have Mr.
Lipinski.
Mr. LIPINSKI. Thank you, Mr. Chairman. I want to thank all of
our witnesses for their testimony, especially Dr. Blandford. I know,
you know I have been out to Stanford, and I have met with Peter
Michelson and others at the KIPAC Kavli Institute, and I understand the importance of the work that you are doing. It is clear
that we are in tough budget times. We have to make sure that taxpayer money is being spent wisely, not being wasted. We need to
make difficult choices.
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I want to start out, you know, we have had questions about the
budget and specifically about what has been learned about the
processes. I want to focus first as Dr. Blandford, I just want to
make sure this is clear for the record. I know that the 2001 National Academy Decadal Study had the James Webb Telescope as
the highest priority. Then the next one in 2010 assumed that the
Webb would be launched in 2014, listed WFIRST as the top priority.
So I just wanted to make sure that I am clear. Do you believe
that Webb is the top priority right now?
Dr. BLANDFORD. What you said is correct. We took it as a given
that Webb would be launched when we created our program, so we
did not in any sense cross-prioritize as a committee, and so I cannot speak for the rest of the committee.
My own personal——
Mr. LIPINSKI. In your own personal opinion.
Dr. BLANDFORD [continuing]. Opinion is that the right thing to
do is to stay the course on Webb and launch it.
Mr. LIPINSKI. Yes. I understand those things happen because the
expectations were that Webb would have been——
Dr. BLANDFORD. Correct.
Mr. LIPINSKI [continuing]. Already was far enough under way,
didn’t have to be put there as a top priority.
One other thing I wanted to address, when we are talking about
what our witnesses can provide for us, I think going back to the
question that Chairman Brooks had asked, unfortunately he is not
still here, I serve as Ranking Member on the Subcommittee, Research and Science Education Subcommittee, with Chairman
Brooks, and I think it is an important question of what difficult
choices do we make.
However, I believe that right now the witnesses that we have
here today are not the ones to answer a question about what NASA
should cut. You know, Mr. Howard, being with—in his position,
yes, that could be a question you could answer. The other three
witnesses I don’t think really are in the position to answer that
question, and hopefully if that question does—if the majority wants
to have that question answered, that we will have another hearing
with the appropriate witnesses for that question. I don’t think that
the other three witnesses here are appropriate for that question. I
think a lot of the other questions that I was going to ask have already been asked.
I just wanted to give, first of all, Mr. Howard, the opportunity,
you ran out of time, Ms. Lofgren was asking you about what were
some of the things that we had gained already from Hubble, and
maybe talk about what we could do with the Webb Telescope.
Was there anything that you wanted to add there that you didn’t
have a chance?
Mr. HOWARD. I think that was in reference to what we have
gained as far as the technology developments for JWST.
Mr. LIPINSKI. Yes.
Mr. HOWARD. One thing that I would want to add is, you are
talking about the mirror, the mirror development. This was a very
long process of over 10, 15, almost 15 years to develop these mirrors, and initially when this started, this started as a joint tech-
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nology activity between NASA, the Air Force, and the NRO to develop large, lightweight segmented mirrors for use in space. And
JWST gained a tremendous amount of insight as to the development of those types of mirrors for our application, which is a cryogenic. The DOD has learned a lot from that activity also and continued on with that activity.
So I think that is another good example of the benefits of technology development for these large missions such as JWST, which
is not just back into other applications in the United States, for example, in the medical field but in terms of other agencies using and
benefiting from those activities.
Mr. LIPINSKI. Thank you, and I just want to use my last time to
also say that I think the benefits for STEM education as one of the
co-chairs of the STEM Ed Caucus, I think it is very important that
we continue to do this work with the Webb Telescope and other
work that we are doing to inspire as Dr. Blandford and Dr.
Illingworth had talked about, inspiring the—our students today.
Thank you. I yield back.
Mr. ROHRABACHER. Thank you very much, and Mr. Sensenbrenner.
Mr. SENSENBRENNER. Thanks very much. I hate to be the skunk
at the lawn party, but somebody has got to be the skunk before we
have to go over and vote.
Mr. ROHRABACHER. I think the Chairman already decided to do
that.
Mr. SENSENBRENNER. Okay. Well, Mr. Howard, did you ever see
the movie called ‘‘The Money Pit?’’
Mr. HOWARD. Yes. Absolutely.
Mr. SENSENBRENNER. And you remember that the owner of the
house started out, and there kept on being problems, and there was
more and more money thrown into it, and somehow it never really
did get done properly, at least that is how I recall that movie. Is
my recollection correct?
Mr. HOWARD. Yes. I think the standard line in that movie was,
it is only two more weeks.
Mr. SENSENBRENNER. Uh-huh. Well, you know, I have heard this
before with the International Space Station, is that we threw a lot
of money into the International Space Station, and it was only getting the Russians to do something, and then there was something
else, and then there was something else, and what started out
being an $18 billion project ended up being $100 billion project,
and its completion date was significantly delayed.
Now, while I recognize, Mr. Howard, that you have only come onboard the Titanic in 2010, after it hit the iceberg, here we are talking about a project that has a $7 billion cost overrun from the initial proposal that we had in 2001. And an 11-year delayed completion since the Webb Space Telescope was originally slated to be
launched in 2007.
Now, how can we justify this to our constituents?
Mr. HOWARD. So thank you for that question. I knew it would
come sooner or later.
So I think part of this is we have to realize that early estimates
on the cost of James Webb going all the way back to the early period of time back in ’97, or before period, were just that, estimates,
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and the first time that the agency was ready to commit to a price
for James Webb was in 2008, and that is the $5 billion.
So there is lots of history that I could go over as to what happened and led from all those early estimates.
Mr. SENSENBRENNER. So what you are telling the Committee is
from now on in we shouldn’t believe any early estimates before we
start appropriating money, and we should get an actual proposal
and see what is going to happen based on that?
Mr. HOWARD. I think the early estimates going back to, if you
want to go back to where it was around $1 billion, was for a very
simple telescope, for a meter telescope with one instrument on it,
not a suite of four instruments. It did not have the benefit of having detailed cost assessments on it——
Mr. SENSENBRENNER. Okay.
Mr. HOWARD [continuing]. Nor the industry proposals.
Mr. SENSENBRENNER. Well, you know, the fear that I have is that
you are in charge of a program that is going to end up gobbling
up resources that are available to other NASA programs just like
the Space Station did. Now, I have only got about a minute and
40 seconds left, and I want to put something else on the table.
When the Hubble was launched, we found out when it got up
there that one of the lenses was improperly or incorrectly ground,
and we had to send the Space Station up or the Space Shuttle up
on a real quickie repair mission. We don’t have the Shuttle anymore, and what is going to happen if we need to repair the James
Webb Space Telescope or we find out that some of the parts in the
telescope were not properly done and as a result we are not getting
the results out of it that we had anticipated just like what happened before the repair on the Hubble?
Mr. HOWARD. So JWST is designed in such a way that it has adjustments to each of the mirrors so that we can adjust the positions
of the mirrors rather than——
Mr. SENSENBRENNER. Again, the Hubble problem was not a problem of the mirrors being improperly adjusted. It was a problem of
the mirrors being improperly ground.
Mr. HOWARD. And we have tested that and checked the mirrors.
We have just done that down at Marshall at operating temperature, each element individually. We are also going to be testing all
the elements together.
Mr. SENSENBRENNER. You still haven’t answered the question on
how we are to maintain it or repair it or if something comes up
that was not delivered according to specifications, what do we do
if it is in orbit and we don’t have a Shuttle?
Mr. HOWARD. So the answer is that we know that we only have
one chance to get this right. It is going out to L–2. It is not going
to be in orbit around the Earth. It is going to a distance four times
further away than the Moon, and so we are taking every step we
can to mitigate the risks to make sure that we do have a system
that can work.
Mr. SENSENBRENNER. You have just increased my skepticism
given the history, and I have been on this Committee longer than
anybody else. I hope that we will have some much better answers.
Otherwise I can see another money pit coming up because the
Space Station sure was that.
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I yield back.
Mr. ROHRABACHER. Thank you very much.
Ms. Edwards.
Ms. EDWARDS. Thank you very much, Mr. Chairman, and thank
you to our witnesses, and I apologize that I wasn’t here earlier. I
did have a chance to review testimony, and just want to reiterate
how proud and excited we are that the James Webb Space Telescope is managed and directed out of the Goddard Spaceflight Center in Prince George’s County in Greenbelt, Maryland. The project,
as you have described, there are 500 jobs that are supported by
James Webb in Maryland, 1,200 jobs all across the country, and I
am sure you have pointed out in your testimony and response to
questions that other than about 100 of those, they are private-sector jobs. And so I think it underscores the importance of the work
that we are doing, the phenomenal work that is being done in astrophysics that is actually about job creation, it is about innovation,
it is about the 21st century, and so I appreciate that.
My question, and I just wanted to note for the record, one of my
favorite pages in the Washington Post is in the Metro section. It
is the federal workers, and today on the federal worker there is a—
Roger Hunter is being highlighted for the work that he has done
on the Kepler Space Telescope Project, and we know now about the
just-found planet, Kepler 22b, and the excitement that is being
generated because we discovered something that we didn’t know
before with a project that started out where we didn’t know what
we would necessarily find, and I think that that is the hallmark
both of what NASA does and certainly what is taking place with
the James Webb Space Telescope.
I want to ask you, Mr. Howard, just a couple of questions, and
one has to do with, you know, as the lessons we have learned over
this last couple of years with James Webb, you have highlighted
the problems already and the difficulties of going from an idea and
some initial estimates to a full-blown project and really understanding what the real costs are going to be and then sharing those
with us and developing the kind of management strategies that are
going to be important going forward so that we don’t run into problems.
I wonder if you could tell us about some very specific milestones
that we as a Committee can look at over this next year where we
can hold the agency accountable, the project management accountable, and know that the James Webb Space Telescope is on track?
Mr. HOWARD. Thank you for the question. As I said in my written testimony in fiscal year 2011, we had 21 milestones that we
were tracking and watching to see that we could meet. We met 19
of those ahead of schedule or on schedule. One of those was a
month late due to snow, wind, and not fitting into a C–5 transport
airplane the way it was supposed to be designed, and one we deferred for good reason because we are in the process of looking at
a design change to that unit.
For fiscal year 2012, we have already established about 37 milestones that we have, and of those, the ones that I think certainly
that rise to the highest level of scrutiny and we want to watch are
the delivery of all four instruments, all four science instruments including the ones from Europe and Canada will be arriving this

75
year. That will be major milestones to get those in as we can then
start the integration and testing of those instruments with the integrated science instrument module where they fit.
Completion of the mirror testing is just about done. That will be
ending up within the next few months. That also is a major milestone to get those mirrors all tested.
Completion of the center section of the primary back-up structure, which supports the mirrors, is another major activity that has
been going on for well over, almost a year I guess, and should be—
will be complete in the flight structure this year, the central core.
And then I would think completion of the fifth sunshade engineering unit that we are doing, full-scale size of the sunshade,
layer five is probably the most complicated or one of the most complicated ones that we have, and completing the engineering unit of
that full scale and testing to show that it will perform properly in
space, I think, is another milestone.
Ms. EDWARDS. Thank you, Mr. Howard, and you can count on me
and I am sure others of our colleagues taking notes about those
particular of the milestones that you have outlined for this next
year and asking you about them, keeping track of them, and I
know that you will do the same, because I think that will help give
us all the kind of confidence that we need going forward, both in
terms of completion but also in terms of the fiscal accountability I
think that all of us expect on the project.
I won’t have time for the question but really want to underscore
the value and the importance, I think, of the private sector workforce, and particularly the work of Northrop Grumman and all of
the other attendant folks all across this country who are working
on this important project. I look forward to its completion, I look
forward to launch, and I look forward to us paying attention to the
elements of the project that are going to enable it to go forward.
And I know the difficulty of starting out in one place where you
are imaging something and then trying to respond to a Congress
to get us to make that investment but because it is science, you
don’t know what all the variables are until you get into it, and
that, I think, for those who are skeptical accounts for some of the
differences apart from some other issues that you have outlined
that make it really difficult at the very outset of a project like this
and its magnitude to fully appreciate what the real cost is going
to be in delivering it. And I think that as taxpayers, we are going
to see the value for that dollar even if we can’t see it right now.
Thank you very much, and I yield.
Mr. ROHRABACHER. Thank you very much, and the Chairman
will yield such time as he will consume to himself.
Let me just note for the record that I believe that glossing over
incompetence and mismanagement on a scale such as we are talking about today is not a favor to the taxpayer, and it is not a favor
to the American Space Program. And using an occasion like this in
which we are talking about $7 billion that is now going to have to
be taken out of other space programs and using this as an opportunity to puff NASA’s basic mission is not doing a favor to America’s Space Program, nor to the taxpayers.
We need to get down to business, and that is why I was hoping
that there would be an answer to the very significant question that
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was poised to the panel, and let me note no one in the panel answered. The only answer that ended up was that we are going to
have the answers in a few weeks when we release some kind of a
document.
Let me just get right to the matter. We just heard people talking
about how great STEM education is rather than this cost overrun
and what NASA is doing for that.
Now, is it possible that we are going to have to de-fund all of
that great STEM Program and all of this education because of the
$7 billion overrun that we are talking about today? Is that possible? If it is the number-one priority, isn’t that what we are talking about?
So here we are puffing a very nice, good program for NASA, but
at the same time ignoring the fact that this cost overrun may cost
us that program.
Mr. Howard, could you name for us some of the programs that
are going to be totally de-funded because of this cost overrun?
Mr. HOWARD. The $156 million in fiscal year 2012, which is the
increase of JW over the President’s budget request, is being split
50/50 between science and the cross-agency support activity. The
cross-agency support level with that reduction takes us down to a
level for institutional support to the NASA centers. It is about the
level that fiscal year 2010 was.
Mr. ROHRABACHER. All right, but what we are talking about is
not just that amount of money. What we are talking about is an
overall budget in the future that then you have to calculate in
which programs will be able to be funded.
Now, like for example, you have the LISA Program, TPF, the
SIM, we got International X-ray Observatory, SHIPSAD, all of
these are on the line, are they not?
Mr. HOWARD. Some of those missions were not even prioritized
in the current decadal if I remember correctly.
Mr. ROHRABACHER. Right.
Mr. HOWARD. SIM has been stopped, was stopped numbers of
years ago before we ran into this situation.
Mr. ROHRABACHER. Okay.
Mr. HOWARD. But I think it is important to recognize that in the
’12 to ’16 timeframe we are talking about $1 billion, still not an insignificant amount of money, that needs to be provided above what
was in the President’s budget request in that period of time.
Mr. ROHRABACHER. If you try to limit the time period that you
are talking about, but if you take a look at the magnitude of the
money and how that will affect things, for example, I understand
the WFIRST, this Wide Field Infrared Survey Telescope, that is
being postponed now, what, for five years, and when you have
budgets, you have budgets, and there is an impact when people go
over budget.
And you could spend half of the time of this hearing if we want
finding how wonderful NASA’s basic mission is and how it is going
to inspire people, but if we keep having cost overruns, you are
going to become the laughingstock of the federal budget process because we will know that we can’t count on what you are telling us.
Look, I supported the Hubble Telescope, even after the catastrophic mistakes that were made in that project and which caused
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enormous new costs to the project that had to be taken out of other
projects, and let me note during that time period I asked, who was
responsible, and who was reprimanded, and who was fired?
Now, we have testimony today that this overrun is not being
caused by technical difficulties, meaning there has not been some
technical thing that we just can’t overcome, but instead by, am I
correct, Dr. Illingworth, you had suggested that it was budget and
management problems?
So maybe say that management has something to do with competence, if someone mismanaged a project of this magnitude, their
competence would be called into question. If this was the private
sector, it certainly would, and hopefully—this government agency
as well.
Who has been reprimanded or fired from NASA for this? Is there
an answer?
Mr. HOWARD. Yeah. There is a very good answer to that.
Mr. ROHRABACHER. Okay.
Mr. HOWARD. All of the top management in JWST, both at Goddard and at headquarters, was replaced.
Mr. ROHRABACHER. Okay.
Mr. HOWARD. And there is a new team that is in place, myself
being one of them.
Mr. ROHRABACHER. Right. Are they still working for NASA?
Mr. HOWARD. Those people were assigned to other activities,
some—yes. All of them, I think——
Mr. ROHRABACHER. All of them are still working for NASA?
Mr. HOWARD. They were all——
Mr. ROHRABACHER. So did they take a pay cut?
Mr. HOWARD. I do not know that.
Mr. ROHRABACHER. Okay. So we know no one lost their job. They
just got transferred to someplace, and they are making the same
amount of money. When we talk about responsibility and we talk
about trying to do our best job for the taxpayer but also for America’s Space Program, we are not just talking about balancing the
budget here. We are talking about having a viable space program
for the United States of America.
I don’t think that we can just have three priorities for America’s
Space Program. I think there are a lot of things to do, and I tried
to be, as I say, there is no one been more supportive of space telescopes and astronomy than I have been in my 20 years here.
Six billion dollars more? We are going to take that money from
everybody’s pocket. All this other puffery that we have heard today
will be de-funded because of what we are—because of the incompetence of people that we cannot even take off the payroll.
We need to work together, NASA and Congress, and by the way,
I am open, and Ms. Edwards, I think, we suggesting that maybe
Congress, there are some things that we were doing that have contributed to some of these cost overruns, providing not as much
money as we had promised or something like that. Maybe, Dr.
Illingworth, is there something that we have done that has caused
this specific overrun? That the Congress has done? The vote has
been called, so you are all safe.
Ms. JOHNSON. Mr. Chairman.
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Mr. ROHRABACHER. But let me just note, Ms. Johnson has asked
for a closing statement, and I think that is absolutely fine, considering how much time I permitted——
Ms. JOHNSON. Thank you.
Mr. ROHRABACHER [continuing]. Someone else to take earlier.
Ms. Johnson.
Ms. JOHNSON. Thank you very much, and thank you, Mr. Chairman, and I am just as concerned about overruns as everyone else,
but I wanted to share that some years ago when I was having to
wear glasses for nearsightedness, I was always going to sleep, stepping on them, sleeping on them, and would go to another room and
left them in another room. And I finally tried contacts. Because of
allergies, I didn’t do as well with them, and I went to an ophthalmologist who suggested that I get some cornea implants. That research came directly from the telescopic research.
I had to save up my money; the insurance didn’t cover it, I paid
it from my pocket, $5,000 per eye, and now I can see without any
glasses whatsoever.
So that is one thing that this research has brought, and I had
to wait in line to get this surgery. It is much in demand, and so
I just want to say, Mr. Chairman, that when we know that when
research has begun, we have no idea what we are going to find.
Now, I am much more concerned about a first strike in a war
that we started and we knew we were getting into war and now
that overrun has been almost $100 billion, and so that concerns me
a lot more than making mistakes in research.
Thank you.
Mr. ROHRABACHER. I think that is a very good point, and I certainly wouldn’t ever ignore that point, and it is a very important
point for us to understand, and my closing statement basically is
this. I have a seven-year-old son, and I have two seven-year-old
daughters, triplets. All right. Well, this weekend, guess what? A
glass just fell off the table, and the broken glass is there, and did
you drop that glass? Did you push that glass off the table? Oh, the
glass just fell off the table. No, the glass didn’t fall off the table.
He had hit it with his elbow. He actually did something to make
the glass fall off the table.
He will learn his lesson. We have got to learn our lesson. We are
responsible when there are failures like this. We are responsible for
the broken glass. We are responsible when we don’t have the
money to do other space projects because we have gone along with
incompetence and permitted overruns that are unconscionable and
de-fund other programs. And when we can’t even fire the people
and get them off the payroll who are responsible for this type of
travesty, we have got real problems. We in Congress have to solve
when we have shortcomings as well.
We want to thank all of the witnesses and thank you for putting
up with me here at the end. With the questions complete, I thank
the witnesses for their valuable testimony and the Members for
their questions.
The Members of the Committee may have additional questions
for any one of you, and we will ask that you respond to those in
writing. The record will remain open for two weeks for additional
comments from Members.
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This hearing is adjourned.
[Whereupon, at 3:49 p.m., the Committee was adjourned.]
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rankings of those missions in the 2010 decadal survey. Thus, of the Astrophysics
missions mentioned above, only WFIRST was directly affected by the expected
JWST cost growth and schedule delay in the FY 2012 President's Budget Request,
which was released in February 2011 (before the development of the new JWST
baseline). Given current fiscal constraints, NASA cannot undertake development of
WFIRST until development of JWST is complete. NASA is continuing initial
planning efforts to further define WFIRST concepts and science goals. For
example, NASA has undertaken a science definition study of WFIRST that will be
completed by the end of this year.
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From Representative Lamar Smith
J. NASA recently announced that the Kepler Space Telescope has discovered
an Earth-like planet 600 light years away whose size and distance from its
own star put it in the "habitable zone" to support life. The Hubble Space
Telescope has made countless discoveries over the past two decades.
a. What kinds of scientific revelations might we anticipate with the
James Webb Space Telescope, compared to those from Kepler and
Hubble? Would you recommend maintaining operations of the
Kepler and Hubble Space Telescopes even if funds from those
missions are needed to be used to keep JWST on track?

Response: Prior to the launch of Hubble no one knew all the amazing discoveries it
would ultimately make. Similarly, JWST's discovery potential is even greater than
Hubble's. Like Hubble, JWST will be a general observer facility with observations
selected through competitive peer-review. Therefore, we cannot predict exactly
what discoveries JWST will make. However, the JWST design has been guided by
four scientifically compelling themes: detection and characterization of the first stars
and galaxies to form after the Big Bang, the build up and evolution of galaxies across
cosmic time, the birth of stars and planetary systems in our Galaxy, and the study of
our solar system and of exoplanets. In each of these areas JWST's unmatched
combination of wavelength coverage (near to mid-infrared), collecting aperture
(6.5m diameter), and sensitivity will permit scientists to see things invisible or
undetectable with any existing or planned facility - even Hubble. The Kepler
mission is very different from both Hubble and JWST because it stares at one point
in the sky and makes extremely accurate measurements of the brightness variations
of sources in its field of view. These brightness variations tell us about planets
orbiting stars and about how stars themselves vary in brightness with time. While
each contributes valuable science, Hubble, Kepler and JWST perform
complementary, non-overlapping missions.
The longevity of NASA Astrophysics missions is determined both by the
performance of the hardware over time, but also through a peer-review competition
with other missions which have met their primary science goals. Every two years
NASA conducts a Senior Review of its operating missions in their extended
operations phase. The most scientifically useful missions are recommended for
extension. Those missions whose scientific return is no longer deemed as
compelling receive reduced or no additional funding for extended operations. Thus
the decision to extend missions is based upon scientific importance rather than
merely the "gap-filling" aspect. Kepler's prime mission is scheduled for completion
in November 2012, and continued operation is dependent on results ofthe
Astrophysics Senior Review of operating missions to be held this year. Then Kepler,
Hubble and all other Astrophysics operating missions will be reviewed in order to
determine whether the continued science return is worth the investment in the
context of the entire Astrophysics portfolio.
b. Could you comment on the role of JWST in maintaining and
expanding U.S. global leadership in astronomy and astrophysics?
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Response: JWST will be the largest and most technologically complex scientific
satellite ever developed. Because of its unprecedented collecting area and cutting
edge technology science instruments, JWST will enable science investigations that
probe fundamental questions about the origins of stars and galaxies and begin the
detailed study of exoplanet atmospheres searching for signatures of life. As Dr.
Roger Blandford noted in his testimony to the Committee, JWST is a cornerstone of
the 2010 National Research Council decadal survey in Astrophysics. The survey
assumed a fully functioning JWST. No other nation could lead the development of a
space-based observatory of the complexity and scale of JWST. It will keep NASA
and the US on the forefront of space-based astronomy and astrophysics. The new
technologies developed for JWST including deployable cryogenic mirrors,
microshutter devices, and ultra high sensitivity near and mid infrared detectors
demonstrate U.S. leadership in this area. When these technologies are assembled
into JWST they will create an observatory with sensitivity 100 times greater than that
of Hubble.
As an additional example of U.S. leadership fostered by investments in JWST, ESA
and NASA has agreed to discuss US participation in its Euclid mission in the area of
detectors. The detector electronics ESA is considering are derived from those
developed for JWST. Thus NASA and the US astronomy community would gain a
"seat at the table" with ESA's Euclid science team by virtue of JWST derived
technology.
Clearly, Hubble and other Great Observatories have been a huge success and
cemented the US leadership role for space astrophysics. JWST will continue that
success and position US industry and academia well for the next advances that will
follow.
c. How do the Hubble, Kepler and Webb Space Telescopes compare to
the capabilities of the European Space Agency's Herschel telescope?
Response: The European Space Agency's (ESA) Herschel Telescope is a 3.5m
diameter telescope that operates between the wavelengths 55 to 672 microns (the
mid-to-far infrared) and, because it uses stored cryogens, has a roughly three-year
lifetime. The angular resolution is at best comparable to ground-based telescopes
because of the longer wavelengths and relatively small mirror diameter (for those
wavelengths). Herschel will make important advances, but in areas that are distinct
from those that JWST is optimized for such as very high angular resolution near
infrared observations of faint sources. JWST works from ~0.6 to 28.5 microns (near
infrared to mid infrared) and will return images as sharp as those returned today by
Hubble. As stated above, Kepler is designed to stare at one specific region of space
over its primary mission lifetime, whereas Hubble, Webb, and Herschel are designed
to point at many different areas and objects of interest over their lifetimes. Hubble is
optimized to observe in the visible and ultraviolet portions of the spectrum. Each of
these facilities possesses unique strengths that permit different astronomical
phenomena to be studied. They are truly complementary rather than competitive.
d. What are other nations doing in astronomy and astrophysics that
could jeopardize America's leadership in the field?
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Response: NASA and other space faring nations routinely work collaboratively on
missions taking advantage of the capabilities of each organization to improve the
science return from most of our missions. Indeed, approximately 85 percent of
recent NASA astrophysics missions involved partnerships with other countries.
NASA has for years led the world in the development of astrophysics missions in
terms of capability. ESA and others are developing increasingly more sophisticated
systems that are approaching and in some cases exceeding US capabilities.
However, JWST represents an unmatched leap in science capabilities because of its
revolutionary technological advances in large deployable mirrors and cryogenic
operations.
ESA is moving ahead with its Euclid dark energy mission, and NASA (consistent
with the recommendation of a recent NRC report) is considering participation at a
modest level in that mission. Japan has an active interest in space-based X-ray
astronomy, and NASA has long partnered with them in their program. Currently,
NASA is developing an instrument to fly on Japan's Astro-H mission in 2014. Both
ESA and JAXA have plans for more complex and larger missions in their plans as
well.
Other nations have recognized the often broadly applicable technology developed in
support of astronomy missions. As they strengthen their investments in those areas
(detector development, large mirror construction) they will catch the United States if
we do not similarly maintain our investments in leading edge science and
technology. Moreover, the world's best and brightest scientists and engineers watch
and follow where the most exciting new work is being done. To ensure that we
capture those exceptional individuals it is critical that the US be the place where
cutting edge work is being performed.
2. Last July, NASA's associate administrator Ed Weiler, who was in charge of
NASA's science mission budget of almost $5B annually, called the Obama
Administration's flat budget for the James Webb Space Telescope a "road to
nowhere" in a press interview. Soon thereafter, Dr. Weiler tendered his
resignation, after 33 years of service to NASA.
a. What are your thoughts of how the Obama Administration handled
the budget challenges for the James Webb Space Telescope over the
past 3 years?
Response: The Administration has been supportive of JWST. It allowed NASA's
process of review and establishment of a new cost and schedule baseline to run its
course, then worked closely with NASA to find a solution for funding the new
baseline within NASA's top-line budget. The FY 2013 budget request fully supports
that new baseline.
b. Why did the annual funding for the JWST drop during the Obama
Administration compared to how much was being spent on the JWST
only a few years ago? Shouldn't the funding profile for the Webb
telescope have been increasing as the project was ramping up? (FYI:
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$43SM was spent in FY 2010 for JWST, but only $354.6M was
requested in FY 2011)
Response: The Administration's FY 2011 budget request for JWST was $444.SM,
up from the $3S5M that was projected for FY 2011 in the FY 2010 budget request.
At that time (February 2010), NASA was still working to the old baseline schedule
that assumed a 2014 launch and its associated budget profile. The flat-line budget
was a placeholder for the out-years in the FY 2012 budget request pending the replan activity. At that time (February 2011), NASA was undertaking are-plan of the
JWST program.
c. Did this flat-line budget from the Obama Administration cause delays
to the program? If so, how much delay?
Response: The flat-line budget in the FY 2012 budget request was a placeholder
while the new cost and schedule baseline was being developed. The FY 2011 and
FY 2012 President's Budget Request funding levels were the only initial constraints
in developing the new baseline. The resulting baseline, which included adequate
schedule reserves, supported an October 20 IS LRD but had an unrealistic funding
profile from FY 2012 to FY 2013. The final baseline approved by NASA in
September 2011 included adjustments to the FY 2011 and FY 2012 funding that
were above the President's budget for those years in order to provide a more
executable profile and work plan. To support the October 20lSIaunch date and the
budget profile established in the new baseline, the Administration added $44M in FY
2011. These additional funds, along with those provided in 2012, allowed NASA to
accelerate work, retiring risk and saving resources, and to maintain the cost and
schedule confidence level of the new baseline.
d. Did the House Appropriations Committee provide an adequate wakeup call for the Obama Administration and Congress that the budget
challenge facing the James Webb Space Telescope required fixing?
Response: The Administration had already begun a re-plan of JWST in response to
the budget challenges associated with the project. House Appropriations Committee
actions regarding the FY 2012 budget lent an additional sense of urgency.
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From Representative Larry Bucshon
We heard testimony indicating that the James Webb Space Telescope is both
grossly over budget and significantly past deadline. Further all of the
panelists noted varying degrees of program mismanagement that have
resulted in these expenditures and delays. Therefore, I'd like to ask that you
supply my office, and this committee with a detailed receipt of how last
year's budget was spent. I would like that budget to include detailed
explanations of what work was completed and its cost, the cost of the
components, labor, materials and how each directly builds toward the hopeful
end result of an operational telescope.

l.

Response: The Independent Comprehensive Review Panel report noted the excellent
technical progress of the project to-date, but identified several management
problems, which have been fully acknowledged and corrected by NASA. Once these
corrective measures were put into place early in 2011, the new JWST Program
Director worked with the JWST Project Office at the Goddard Space Flight Center
and with the prime contractor to identify a set of technical milestones to be
accomplished in FY 2011. This served to assure that good progress would be made
toward launch while the new baseline cost and schedule was being formulated and
reviewed. That list of milestones is shown in the chart below.
JWST FY 2011 Milestones

uccessfully Completed - 1/24

,ship Mid-Infrared Instrument (MIRI) Focal Plane

!Electronics to ESA (Rutherford Appleton Lab.) Ball's

!
i

uccessfully Completed - 1120

!Flight Actuator Drive Unit Software Test Review

IFe-b-;ji--1Deliver Near-Infrared Spectrograph flight spare
detector to GSFC
IPathfinder Primary Mirror Backplane Support Structure

,

I

1 delivered to Northrop"'Grumman Aerospace Sys.

I

jEstablish No-Earlier-Than Launch Readiness Date
(LRD) as part of replan

!

I

I

IEstablish Work Breakdown Structure for new GSFC

! ~1esponSibilitieS
!Mar ' II
'omplete flight 151M Remote Services Unit Thermal
!

Vacuum testing
Deliver Fine Guidance Sensor (FGS) test unit
electronics to 151M Integration & Test (I&T) Complete
018 LRD budget details

j

i
!

I
i complete

i

lAPr·~UTathfinder Primary Mirror Segment Assemblies

;

,Successfully Completed .. 1129
I

IPathfinder delivered to NGAS on 3/25

1

Based on current funding constraints a NET LRD of
I
Oct. 2018 established. FY 2011 and FY 2012 schedule I
does not preclude an earlier date if deemed possible !
in the future - Completed 2/25
Successfully Completed - 2/28

t -__~~_______________ ~Ii
uccessfully Completed - 2119
uccessfully Completed - 2/24
reliminary Budget was presented to Program Office
d Center Management on 417
uccessfully Completed - 4125

\Deliver lSIM Command & Data Handling test unit to
ISuccessfully Completed - 4/22
! ISIMI&T
I
:Complete 2018 LRD project lead Joint cost & schedule
Initial JCL run completed - 4/28
i..Q2!!!ldence Limi,\.il9 L'.J..)-------,---ic:--,
iMay "IIiStart flight FGS environmental testing (instrument
Successfully Completed - 5/4

1___
!

1

.

!_.___.__

!level)
!Complete Spacecraft Secondary Mirror Segment Cone
L~truc~~e internal Design Review 3/4

Successfully completed - 4/20

I

I
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p-;;-;il-lC,omplete Com-;"on Command & Telemetry System

i
I

BUild 2.3
IStart ISIM level I&T

!
!i~1 '11

I

Successfully completed - 4/13

I

Successfully Completed - 6124 Began the ISIM
Flight I&T with the integration of the Spacecraft
Simulator 2A (SCSIM-2A) into the Flight Electrical

I

s~:;~:~~~~n~~mpIeted

_ 7/22
Successfully completed -7128

Deliver ISIM Region I Wiring Harnesses Deliver ISIM
Structure to ISIM I&T

-i,I

[----,--+---::-:=-:---::-cc---::-:-:-=-:--:-,------t::-----:-::--:::----:--c--:-::c::-----'Aug' I I

!

I.isept
:

Flight Software Build I Technical
ISpacecraft
Readiness Review

Successfully Completed - 6/30

~._

Delayed due to design changes

I&T
ompleted - 9/27
e1iver flight ISIM Command & Data Handling unit #1
___________________________ L_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

ro~I~S~IM~I&~T

As shown in the chart, all but one of these milestones were accomplished. The cost
of these and related activities in FY 2011 is shown in the table below.
JWST FY 2011 Expenditures
Actu.IObs.
FY11

labor & Retated Expenses
JWST Program Office
Project Support & MPS
Observatory Systems Encln.erlnc
Safety &Mission Assurance
Sdence& SWG
151M
Observatory

,.
,.
,.

OTE
Launch Vehicle Accommodations

Ground segment
Systems Integration & Test
OTE/ISIM (OTIS) Intearation & Test
Contingency

ISub-Total JWST
JSC Chamber A Mods
ITotatJWST

j
1

'IIJ~liver Flight ISIM Electronics Compartment to ISIM

I

I

I

,.
,.

21,050
1,300
8,192
10,734
4,624
1,915
80,303
273,394
8,673
65
37,244
11,049
14,200
3,414
476,756

FYIl
20,800
700
6,700
7,200
3,700
1,700
78,800
277,500
5,800
41,300
7,900
18,300
470,400

38,500

38,500

515,256

508,900

The following chart displays the cost breakdown for the entire amount invested in
JWST from its inception through the end ofFY 2011.
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Cost Breakdown By Element Through FY 2011 ($3.5B total)

Finally, the foHowing chart displays a percentage breakout by cost of major activities
of the work yet to be completed on JWST, from FY 2012 through launch and
commissioning (Le., up to the beginning of science operations).
Work-to-Go (FY 2012 through launch and commissioning)

Backplane. Sunshleld. Spacecraft (60%)
Ground System (76%)
ISIM (22%)
System Levell&T (85%)
Labor & Related Expenses (47%)
Proj. Support (50%)
Optical Telescope Element (21 %)
JSC Chamber A modifications (30%)
JPL Cryocooler (35%)
Science & SWG (67%)
Relative Proportion of Project Funding to Go Perceutage Work to Go by Project Element
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From Ranking Member Eddie Bernice Johnson
I.

The Joint Explanatory Statement of the FY 2012 Commerce, Justice, Science,
and Related Agencies Appropriations Conference Committee recently urged
NASA to look at lessons learned from reviews of the challenges of prior
flagship projects; identify those lessons that address universal management
issues; and implement those lessons in flagship projects across the
Directorate. How do you plan to undertake the conferees' direction?

Response: NASA is examining its performance on flagship science missions and has
already begun changing its processes to better manage technical, cost, and schedule
risk. Flagship missions provide significant science return, but cost and schedule
management of them has been problematic due to the variety of factors that affect
them during their development life cycle. By definition, flagship missions are firstof-a-kind missions that are extending the state of the art in science and technology.
In all cases investments are made in the critical enabling technologies to assure that
the mission objectives can be achieved. However difficulties still arise as the
development progresses because of the complexity of these missions. As an
example, the requirement for JWST to operate at cryogenic temperatures meant that
many of the traditional manufacturing process and procedures for large space
telescopes were inadequate for this temperature regime. NASA and its partners took
the leadership in developing these tests and procedures for various elements of the
observatory including the composite structures, mirrors, and science instruments.
Also flagship missions tend to have longer development times that make them more
susceptible to economic changes and leadership changes that can result in challenges
for the project. The complexity, uniqueness, and longer development times of
flagship missions complicates our ability to establish cost and schedule baselines
early in the development cycle. Clearly the results from these missions have proven
to be of great value to our nation and the world. As examples consider the long and
enormously high scientific productivity of Hubble, Cassini, and other large missions.
Their challenging nature is evident as well. In many cases, as with the Mars Science
Laboratory, the challenges are technical in nature (for example, in defining optimal
heat shield materials, design and manufacturability of wheel actuators, and avionics
development).
The steps NASA has taken and is taking to address lessons learned in flagship
mission development are summarized here and, for JWST, are detailed in the
answers to the questions that follow:
o

o

o

Establishment of joint cost and schedule confidence level (JCL)-based
life cycle cost budgeting that improve the understanding of the
complexities and risks associated with a development result in more
accurate estimates of cost and schedule as evidenced by the recent
performance of Juno;
Requirement that projects implement Earned Value Management (EVM)
systems to weigh technical progress against expenditure of funds on a
monthly basis provide early indicators of issues;
Extended duration Phase B definition and preliminary design to allow for
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technology maturation and through system engineering to better
characterize the risks to be retired during development and identifY
unique integration and test needs;
o Use of a formal acquisition strategy process before and during Phase A to
define program management structure and Center and contractor roles in
a way that best fit the project under consideration;
o Strong independent reviews at key points in the development to verifY
that the project is making progress per its plan and to offer additional
insights based on the independent review teams experience; and,
o Regular reviews with senior NASA management to assure that project
concerns are addressed quickly to avoid cost and schedule implications.
Flagship missions enable a broad variety of scientific investigations by carrying
large, multi-purpose capabilities like JWST or large numbers of instruments like
MSL or Cassini, and are therefore the most scientifically powerful missions NASA
undertakes. They accomplish science objectives that no other approach can meet.
They also develop technologies that smaller, competed missions can use in the
future. As they are by nature one-of-a-kind, they present unique challenges for cost
estimation and control. NASA has learned much from those it has developed as well
as from JWST now underway, and we are committed to implementing those lessons
learned on current and future missions.
2. The report of the Independent Comprehensive Review Panel (ICRP) makes
repeated references to the lack of a cost and programmatic analysis capability
at NASA Headquarters as a contributing factor in the JWST budget and
schedule problems. For example, the ICRP states "The flaw in the Project
Budget should have been revealed as part ofthe Confirmation process. The
fact that it was not reflects the lack of an effective cost and programmatic
analysis capability at HQ [headquarters]. This too requires immediate
corrective action." According to the ICRP report, NASA has not had this
capability for over a decade.
a. What has NASA done to act on this recommendation and what, if
any, additional plans does NASA have regarding its cost and
programmatic analysis capability?
Response: NASA agreed with the ICRP recommendation regarding cost and
programmatic analysis capability. NASA has enhanced its programmatic analysis in
the new Office of Evaluation, Office of the Chief Engineer (OCE), and the Office of
the Chief Financial Officer (OCFO). These offices perform independent analyses
and assessments that are reported to NASA senior leaders and program management
experts in a monthly Baseline Performance Review and during Key Decision Point
reviews. NASA has implemented a cost and schedule database that records key
project parameters, such as independent cost estimates and key schedule milestones
so analysts may readily analyze and compare ongoing project performance to prior
estimates and commitments. Variance analyses are provided to enable managers to
identify issues and take action to mitigate their consequences.
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b. What has changed in how projects get confirmed at NASA to avoid
repeating what happened with JWST?
Response: NASA began to change its policies regarding cost and schedule analysis
and assessments made as part of the confirmation process and establishment of a
baseline for a mission. The changes mentioned above have been implemented with
success on recent projects such as Juno and GRAIL. However, NASA continues to
evaluate its performance to improve its program and project management processes
to assure that confirmation of a project is justified through analysis. The Policy for
NASA Acquisition (NPR 1000.SA) states programs and projects are to be baselined
or rebaselined and budgeted based on a joint cost and schedule probabilistic analysis
developed by the program or project in accordance with the following:
o

Programs are to be base lined or rebaselined and budgeted at a joint cost and
schedule confidence level of 70 percent or the level approved by the decision
authority of the responsible Agency-level management council. For a 70
percent joint cost and schedule confidence level, this is the point on the joint
cost and schedule probability distribution where there is a 70 percent
probability that the project will be completed at or lower than the estimated
amount and at or before the projected schedule. The basis for a confidence
level less than 70 percent is to be formally documented.
o Projects are to be baselined or rebaselined and budgeted at a joint cost and
schedule confidence level consistent with the program's confidence level.
o Joint cost and schedule confidence levels are to be developed and maintained
for the life cycle cost (at the approved confidence level) and schedule
associated with the initiallifecycle baselines (e.g., for space flight programs
and projects baselines established at KDP-l for entry into the development
phase of a multi-project program, or KDP-C for a single project).
o A Joint Cost and Schedule Confidence Level is a quantitative probability
statement about the ability of a project to meet its cost and schedule targets.
Simply put, a JCL is the probability that the cost will be less or equal to the
targeted cost AND that the schedule will be equal or less than the targeted
schedule date. The process of developing a JCL requires that the project
combine their cost, schedule and risk into a complete quantitative picture that
helps the decision makers understand the project's prospects for success in
achieving their cost and schedule goals. The technique identifies the projectspecific risks and allows decision makers to better understand those risks and
the context for establishing the project's phased funding requirements.
In addition, the NASA Procedural Requirement for Program and Project
Management (NPR 7120.5) is being revised to better identifY work that is to be
completed during Phase B and more rigorously evaluating whether that work has
been satisfactorily completed prior to approving the project for implementation. By
better understanding the requirements and the risks associated with projects, the
resources and schedule needed to implement the projects can be more reliably sized.
Confirmation of significant NASA projects now requires rigorous analyses be
performed to confirm that the cost and schedule estimations have incorporated
thorough risk assessments. NASA now requires that these analyses of a project's
joint confidence levels (cost and schedule) be independently reviewed prior to
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confirmation and the results of the review are assessed during the confirmation.
NASA has established that some projects, like JWST, should be planned with high
confidence levels.
Consistent with these policies and procedures, the revised plan for JWST was
approved with a joint confidence level of 66 percent (following Agency policy as
described above) and a cost confidencc significantly higher than the 80 percent
recommended by the ICRP (cost confidence levels refer only to the cost portion of
the estimate and are independent of the schedule). The cost profile and October
2018 launch readiness date were found to be a sound plan by Goddard center
management, the Science Mission Directorate, the independent Standing Review
Board and senior management at NASA Headquarters.
3. The ICRP report raised a number of concerns about the oversight and
governance of the JWST project within NASA. Is there an independent body
that reviews the progress on JWST, and if so have they reviewed NASA's
new plan and cost estimate?
Response: Yes, there is a Standing Review Board (SRB) for JWST that was
involved in the review of the new baseline including the risks and risk matrix used to
generate the JCL and the results of the JCL. The SRB presented their assessment of
the new baseline including the results of the JCL to NASA management as part of
the Agency's review of the new baseline. The SRB continues to review the technical
and programmatic progress and issues of the program.
a.

What was their response to the plan and did they issue any findings
and recommendations for NASA on the new plan?

The Standing Review Board issued three findings and one recommendation. The
Board found that the project technical baseline reflected that JWST was at the CDR
phase of development with some exceptions. They found that NASA had taken
positive agency, program, and project-level management steps to reduce program
risk. No recommendations accompanied these two findings. The Board found that
the replan initially presented to them as constrained by the FY 2011 and FY 2012
funding guidelines was seriously flawed and recommended increasing FY 2011-2012
funding, by applying no less than 30 percent reserves throughout the program to
account for unknown risk, and reducing the FY 2013 funding peak by shifting
critical efforts into FY 2012 and adjusting the out-year funding profile accordingly.
The final plan was reviewed by a sub set of the SRB and agreed that it addressed the
SRB concerns.
b. How has NASA responded to those findings and recommendations?
Response: NASA responded to this finding by revising the baseline to provide
additional resources in FY 2011 and FY 2012 (including rephasing work content
from FY 2013 into FY 2012 which reduced the FY 2013 funding requirement) and
adding additional unallocated future expenditures (UFE) in FY 2014 and out. The
SRB reviewed this revised baseline and determined that this was a positive step
towards successful planning and implementation of JWST. The rephasing of work
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along with the additional UFE in the new baseline resulted in a cost confidence level
that is significantly higher than the 80 percent recommended by the ICRP. That
revised budget profile became part of the new (current) cost and schedule baseline.
UFE allocation is phased throughout the project Iifecycle to enable management of
risks and uncertainties associated with each lifecycle phase. NASA distinguishes
UFE funds managed by the project and UFE funds managed by the program
responsible for the project. The UFE managed by the project is needed to cover risks
and uncertainties that could be reasonably viewed as under the project's control. The
UFE managed by the program is needed to address risks and uncertainties that are
beyond the projects control i.e. partner's schedule delays or growth in launch vehicle
costs.
4. The ICRP noted that the JWST science team had not played a significant role

in providing inputs to difficult trade-offs regarding JWST's scientific
performance and recommended that their role be strengthened. Please
describe what changes have been made to increase the science team's role.
Response: As we reported in our response to the ICRP recommendations, NASA
has added a Deputy Senior Project ScientistlTechnical position to the project science
team. This individual is responsible for day-to-day interactions with senior project
management on all aspects of the mission; scientific, technical, budgetary, and
schedule. This individual also regularly meets with other members of the project
science team to ensure rapid and substantive communication between the science and
cost/schedule/risk worlds. This new position assists the Senior Project Scientist to
better integrate the science activities with the hardware development activities to
enable closer coordination and understanding of technical drivers to science
performance so fully informed decisions can be made.
In addition, the Senior Project Scientist at Goddard Space Flight Center now reports
directly to the Center Director, and project scientists make monthly technical reports
within the project. The science team members work closely with their managerial
and engineering counterparts in all areas of the international JWST Project to find
technical solutions that ensure that the agreed scientific performance requirements
are met.
5.

We often hear about the importance of having challenging space projects to
sustain the skilled workforce in this nation. What, in your view does JWST
mean for our workforce and for those young people who will become our
workforce in the future?

Response: JWST is the next-generation astrophysics mission, more powerful than
any science mission humans have launched into space. JWST represents a
substantial advance in technology and observing capability. JWST will change the
way future space telescopes are built and tested because: it represents the first
instance of a telescope whose mirror diameter is larger than the launch vehicles
fairing and because of its size it cannot be tested as a unit in one test chamber, it
therefore represents the first mission that relies on a complex multi-stage integration
and test program combined with sophisticated computer modeling to verify
observatory performance before launch. Both of these features, rocket fairing
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limitations, and vacuum test chamber sizes were fundamental limitations on
telescopes before. JWST developed technology along with new processes and
procedures to break those limitations and free future scientist and engineers to think
about space observatories in a new way. Young scientists and engineers will be able
to build on that to develop even more powerful science instruments over the next few
decades. Students will be inspired by JWST science results to themselves study
science and engineering (as today's early career workforce was inspired by Hubble).
They will carry on that legacy of discovery into the middle of this century and
beyond.
6. The ICRP recommended that for JWST, a conservative cost and schedule
confidence level of 80 percent, rather than the NASA policy of 70 percent,
should be followed. Does NASA have guidelines for determining whether a
mission should be budgeted at a 70 or 80 percent· integrated cost and
schedule confidence level? If so, what are those guidelines?
Response: Yes. NPR 7120.5 has been revised to direct that managers shall plan and
budget programs and projects based on a 70 percent joint cost and schedule
confidence level (JCL) or as approved by the Associate Administrator. Any joint
confidence level approved by the Decision Authority at less than 70 percent must be
justified and documented (as was done in the case of JWST). NASA carefully
considers risks and external and independent advice when deciding the confidence
level and may increase the level to a level, such as 80 percent, when appropriate.
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From Representative Jerry Costello
I. What mechanisms has NASA put in place to ensure that the JWST program
remains on track for launch in 2018, and what information will Congress
need to be able to verify that those milestones are being achieved?
Response: NASA has implemented all the recommendations of the Independent
Comprehensive Review Panel report, as we described to the Congress in our report
submitted on April 21, 20 II. These include: restructuring of JWST program
management at NASA Headquarters and establishment of a JWST Executive
Committee of senior government and contractor executives that meets quarterly;
establishment of a strong system engineering capability on the government side with
close collaboration with the prime contractor; and establishment of a cost and
schedule baseline with adequate reserves in each year of development and account of
liens and threats; strong independent reviews at key points in the development to
verify that the project is making progress per its plan and to offer additional insights
based on the independent review teams experience; and, regular reviews with senior
NASA management to assure that project concerns are addressed quickly to avoid
cost and schedule implications. The JWST Program Office at Headquarters and the
Project Office at NASA Goddard Space Flight Center closely tracked progress on an
identified set of program milestones for 2011 and all but one was completed. The
same is being done now for 2012, and the list ofFY 2012 milestones is shown in the
table below.
JWST Planned FY 2012 Milestones
Comment.

Moatb

MlIe.lone

Oct '11

Begin conslnlrnon of 140,OOO-Ib ...,botic facility to build segmented main
rolrrorat eSFC

As.embly began 10/+

Nov'11

Complete electronics slmtililtor model for Integrated Srlence Inmument

Completed 11/15

Module ("ISIM")
Deliver tools for software development environment and verification

Completed 10/27

Dec '11

In,talllleUum .broud floor at John.on Space Center th.nruoI vacuum chamber
C1SCTVC"1
Determine root cau.e of NIRSpec optical bench Baw

Jan '12

Conduct Critical D.slsn Revl.w ror Spacecr;aft-to-Optlcal TeI.seopo Element
vibration \solation system
Finish building Conter of Curvature Optical Assembly ("COCOA1 for testing
primal}' lnirror in ISC TVC

Completed 12/15

Completed 10/26
Completed 12/15

Completed 1/13

Review prelimin.ary requirements for gTOund structure for 'p.i1C~a'aft:
equipment panels

Completed 12/1

Complete Aft Optic System Intesration and alignment
Update Program Pia. and Program Commitment Agreement 10 reflect replan

Completed 12/2
Completed 1/28

Feb '12

Complete assembly and initial tuting of main mirrors at Marshall Spaee Flltht
Center
Install Helium .hroud wallo at ISC TVC

Completed 12/19

Mar '12

Complete ..... sm.nt of System Engineering Team thermal margin.
DeUverlSIM computer #2 to ISIM integration and testing
Complete analysi' ofJSe TVC telescope testing equipment pl ...
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Apr '12

Receive FlIght Mid-infrared Instnlment (MIRI) lI-om Europe, first olthe
telescope', four .den"" Instruments
Complete Critical Design RevIew for SlInsbleid Support Stru<ture
Complete an composite part. for mechmi!m that liIbJ telescope away from
spacecraft after launch (Deployable Tower Auembly)

M.y'12

Finish testing the COCOA
M...ure Sun,bleld template layer S .hape to confirm Its .....racy
Conduct budgetary and ,chedule rniew oflnitlal program and project
performance slncecompletlngtbe 2011 replan

lun'12

CompletemodlllcatfoM oflSCTVC
Complete Critical D.sIgn RevIew for telescope-ground communications syotem
Complete desillm for stnIctures that will hold telescopelnslde/SC 1VC
Complete Preliminary Design Review for equipment that tests Sunshleld
deployment

Jul'12

Reach agreement with Program Oft'ice on FYI3 spending plan
Deliver FlIght Fine Guldan•• Sensor
Deliver night software to ISIM Integration and Testing ("ISIM I &. Tj
Complete Solar array Preliminary Design Audit
Deliver MlRl Cryo Cooler 'Cold Head Assembly' (critical component oeMIR!
tooting) to lSlM I&T

PUght alA to ... delivered In Jun2013. No lmpact. WOrk.afOUnd
in place.

Complete fabrication of end fitting for Secondary Mirror Support Structure
Aug '12

Order remaining ISC thermal vacuum chambervlbralion Isolators

SOP '12

Deliver NlRCam. the second ofthe tel.,,,,,pe', four science instnlments
Deliver telescope simulator for 151M I&T
Start testing of cryogenic camera system. ....ed for subsequent ISC I & T
Complete center section of Backplane Support Structure for main mirror
Deliver NlRSpec, the third of the tel..,cope', four .dence Instruments

Dellwry dat. mowd to 2/13, N.
impact (0. work around in place.

Blue indicates milestones completed ahead of schedule,

Finally, the following chart displays a percentage breakout by cost of major activities
of the work yet to be completed on JWST, from FY 2012 through launch and
commissioning (i,e" up to the beginning of science operations),
Work-to-Go (FY 2012 through launch and commissioning)

Backplane. Sunshield. Spacecraft (60%)
Ground System (16%)
ISIM (22%)
System Levell&T (85%)
Labor & Related Expenses (47%)
Pro;, Support (SO%)
OptlcaJTelescope Element (21%)
JSC Chamber A modifications (30%)
JPL Cryocooler (35%)
Science & SWG (67%)

Relative Proportion of Project Funding to Go
Element

Percentage Work to Go by Project

NASA will keep the Congress informed of progress on these milestones and work to
go,
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2. You have indicated that one of your concerns with the replan's launch date of
2018 is the need for the JWST team to remain focused and motivated to keep
the momentum of this year. What is your plan for ensuring that the team
stays focused and motivated?
Response: One ofthe key means to keep the JWST Team focused and motivated is
good internal communication. The Project Office meets with the senior staff weekly
and with the cntire project staff monthly to ensure all information about the project
(whether good or bad) is made available. Secondly, the team is very aware of the
importance of JWST to not only NASA, but to the Nation and understands the
importance of their individual contributions. The budget and stability of the budget
provided for JWST makes this new mission baseline executable and allows the
project to "do what we say we are going to do." Success in meeting commitments is
very positive feedback to a team and keeps it focused on the future. Finally, the
delivery of hardware is always a large motivator and builds excitement. During the
past year, hardware has begun to arrive at the Integration and Test Facility at
NASA/GSFC. During the coming year, science instruments will be delivered and
the build up and testing of the instrument module will begin. In addition, many of
our contractors now have various components of t1ight hardware at their facilities
(e.g., completion of all telescope mirrors). The entire project is transitioning into the
Integration and Test Phase. This is a time of great excitement and keeps everyone
focused and motivated.
3. The ICRP report noted that "A decision on ~ystem engineering is a decision
on accountability. In a project ofthis complexity and visibility, it is
appropriate for the Government to be accountable. It is crucial, however,
that the transfer of responsibility be executed properly."
a. What has been the impact of moving systems engineering
accountability from Northrop Grumman to NASA? How did that
transfer go?
Response: The primary impact of the transition of systems engineering is a more
streamlined team in which management of systems interfaces is better aligned with
responsibilities. This reduces inefficiencies and risks associated with crossorganizational boundaries. It also reduces the time to make decisions to address
system optimization as opposed to segment and element optimization.
The goverrunent has responsibility for providing the Launch Vehicle, the Ground
Segment, and the Integrated Science Instrument Module. It also has responsibility
for the Johnson Space Center and Goddard Space Flight Center (GSFC) test facilities
both of which play significant roles in the system level test and verification
programs. Decisions involving allocations and interfaces between these segments
and the prime contractor provided portions of the observatory have been areas of
particular complexity. Negotiations of these interfaces had to cross-corporate and
multi-national boundaries. Issues regarding ITAR, and corporate intellectual
property were often obstacles that prolonged these efforts. Having GSFC lead the
system engineering team responsible for these negotiations improves efficiency as
well as minimizes the risks the dropout of critical information introduced by these
boundaries.
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Overall the transfer of the responsibility of the leadership of system engineering
from the prime contractor to GSFC has gone well. There were no significant
personnel or organizational issues. Soon after this transfer benefits of the new
organization began to be realized. The prime contractor system engineers began to
surface and address technical problems, which had long been suspected by the GSFC
technical team. The new organization fostered an environment where identifying
and addressing technical problems as part of an open, non-organization-centric team
was encouraged. Had these problems lingered, the costs of fixing them could have
been much higher. The current thermal margin recovery efforts as well as the
successful efforts to fix the Star Tracker Assembly mount roll stability are prime
examples of this.
b. Has this transition process been examined given its importance to the
program? If so, by whom and what were the findings?
Response: The JWST Standing Review Board (SRB) examined the transition of
system engineering leadership. Key members of the SRB were present and audited
various working meetings that occurred as part of this transition process, among
them the working meeting at the JWST Partners Workshop in Houston TX in
January 2011. Formal presentations of the transition were made to the SRB during
their review of JWST that occurred on March 31, 2011 and May 10,2011 at the
GSFC. The SRB reported their findings to the NASA Science Mission Directorate
on June 16, 20 II. Finding #3 of their report cited the reassigning of responsibility
and accountability for JWST Systems Engineering and Integration to the Goddard
JWST Project to improve team communications and focus as a strength. The chart
below is an excerpt from that presentation.

•

~~m

SRB Finding #3-5trength
JWST Program/Project
Management
____
__
__
_ _ _ _ _ _ _ _ _ ____

__________

~

~

~

NASA has taken positive Agency, Program and Project level management steps to
reduce program risk.

• Elevated JWST Program and Project management responsibility within NASA to
improve management visibility and priority.
• Strengthened monthly project management reviews with NGAS and established
formal quarterly NASA executive management reviews which should minimize
surprises.
• Reassigned responsibility and accountability for JWST Systems Engineering and
Integration to the Goddard JWST Project to improve team communications and
focus.
• Provided 13 months of funded schedule reserve including providing NGAS 10%
cost reserve
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Interferometry Mission (SIM) was not found to be competitivc with the recommended
missions before the JWST situation was understood. The analysis carried out under the
auspices ofNWNH found the technical risks ofTPF to be too high for inclusion in the
program for the next decade. The survey did recommend a robust technology
development program to prepare a major exoplanet mission for the next decadal survey
committee to consider. Although NASA plans to find half of the additional funds it will
need to complete JWST from outside SMD the funds that must be found from within
SMD will have to come from other initiatives. Overruns on projects like JWST,
combined with cuts to the overall budget, have the consequence that there are insufficient
resources to execute the exciting scientific programs recommended in astrophysics, earth
science, heliophysics and planetary science.
Rep. Smith:
1. NASA recently announced that the Kepler Space Telescope has discovered an Earth-like
planet 600 light years away whose size and distance from its own star put it in the
"habitable zone" to support life. The Hubble Space Telescope has made countless
discoveries over the past two decades.
a. What kinds of scientific revelations might we anticipate with the James Webb Space
Telescope, compared to those from Kepler and Hubble? Would you recommend
maintaining operations of the Kepler and Hubble Space Telescopes even iffundsfrom
those missions are needed to be used to keep JWST on track?

As was the case with the Hubble Space Telescope (HST) and Kepler, the most exciting
discoveries that are likely to be made by JWST cannot be scripted in advance. Indeed,
completely new research fields could be initiated by JWST. It will expand our capability
so much that it is confidently expected that its importance will at least equal that ofHST.
JWST's prime areas of study include the first stars and galaxies, the life histories of stars
and galaxies and exoplanets. Kepler and HST will both be subject to the upcoming Senior
Review and I must defer to this body. Speaking personally, I believe that most of the
missions that will be compared in the Senior Review are unique facilities that are still
delivering exciting results at a high rate and I would continue to operate them. There will
be few new missions this decade other than JWST and it is vital to maintain a flow of
new observational data. I would need a much better understanding of the NASA-SMD
budget than I have to prioritize keeping JWST on schedule and supporting successful
satellites in orbit.
b. Could you comment on the role of JWST in maintaining and expanding U.S. global
leadership in astronomy and astrophysics?

JWST is an ambitious, yet achievable, mission and, at this time, only the US has the
capacity to execute it. As described in NWNH pp81-85, the rest of the world is catching
up fast and I believe that a failure to complete JWST will be an effective surrender of US
leadership in space astronomy and astrophysics.
c. How do the Hubble, Kepler and Webb Space Telescopes compare to the capabilities of

the European Space Agency's Herschel telescope?
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Herschel Space Observatory is a 3.5 m telescope operating longward of 65 microns. HST
has a smaller aperture operating at much shorter, optical and ultraviolet wavelengths.
Kepler is also an optical telescope. JWST is, by far, the most sophisticated of the four
with a much larger aperture and operational capability at wavelengths from the red to the
mid infrared. They arc really complementary and not scientifically competitive.
d. What are other nations doing in astronomy and astrophysics that could jeopardize
America's leadership in the field?

The Europeans and the Japanese have broad and strong space astrophysics programs
which are already competitive with the US program in many areas. In addition to the
missions mentioned above, missions such as CoRoT, Planck, Suzaku, XMM-Newton,
are operating successfully and productively. To give three examples, the Europe-led Gaia
and Japan-led Astro-H promise to be big successes while the European Euclid mission is
likely to follow up largely US discoveries well ahead of WFIRST. Russia, China and
India have growing space capabilities. On the ground, Canada, Japan, Australia, Brazil,
China and India have great ambitions to join next generation optical telescopes led by
Europe and US private organizations. A decision will be taken later this month on
whether to host the next international radio telescope, the Square Kilometer Array, in
Australia or in South Africa. There are no plans for significant US federal involvement in
any of these ground-based projects which represent, as discussed in NWNH, the long
term future of fields which the US once led. This message is not being lost on mobile,
young scientists.
2. Last July, NASA's associate administrator Ed Weiler, who was in charge of NASA's
science mission budget of almost $5 billion annually, called the Obama Administration's
flat budget for the James Webb Space Telescope a "road to nowhere" in a press
interview. Soon thereafter, Dr. Weiler tendered his resignation, after 33 years of service
to NASA.
a. What are your thoughts o/how the Obama Administration handled the budget
challenges for the James Webb Space Telescope over the past 3 years?

I have no understanding of how the JWST budget has becn handled over the past three
years beyond public statements made by NASA and the ICRP and TAT reports. It is
unfortunate that the budgetary estimates provided by NASA to the decadal survey turned
out to be so inaccurate.
b. Why did the annual funding for the JWST drop during the Obama Administration
compared to how much was being spent on the JWST only a few years ago? Shou/dn't the
funding profile for the Webb telescope have been increasing as the project was ramping
up? (FYI: $438 million was spent in FY20 I 0 for JWST, but only $354.6 million was
requested in FY 2011).

I have almost no understanding of how NASA manages its budget or the basis for its
funding requests.
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c. Did this flat-line budget from the Obama Administration cause delays to the program? If
so, how much delay?

My understanding from the ICRP report is that the JWST delay and over-run is largely
attributed to inadequate funding and reserves and management failures over several
years. However, you must ask NASA for further quantitative information and a
recounting of the history.
d. Did the House Appropriations Committee provide an adequate wake-up calljor the
Obama Administration and Congress that the budget challenge facing the James Webb
Space Telescope required fixing?

[ believe that actions by the House and Senate did stimulate the critical re-examination of
the budget that was described by Dr. Howard at the hearing.
Rep. Hultgren:
1. Could you comment on the impact that JWST will have on our national STEM initiative
in terms oj inspiring and attracting the youth oj today into fields oj science, math and
engineering?

As documented in NWNH, ppI04-114, astronomy plays a major role in starting
young people along the road to careers in STEM fields. I expect that the impact of JWST
will be similar to that of HST due to the quality of the imaging and the accessibility of the
underlying questions and answers. Many of my generation were similarly inspired by the
stunning results from NASA's early space science missions.
2. JWST has significant international participation, most notably by the European Space
Agency and the Canadian Space Agency. Could you comment on the effect the JWSTwill
have on global cooperation in space and other scientific endeavors?

JWST has major European and Canadian partners and the collaboration is highly
successful. Although the US is currently the only nation that can lead missions of the
scale of JWST, it is necessary that they be collaborative. Joint success with JWST will
surely facilitate future collaboration. Conversely, whenever the US is unable to maintain
its international commitments, it impacts global scientific cooperation negatively and
damages the standing of the US.
3.

While our international partners are making valuable contributions to the JWST
program, could you comment on the role ojJWST in maintaining and expanding U.S.
global leadership in astrophysics? What are other nations doing in astrophysics that
could jeopardize our global position if the U.S. did not proceed with JWST?

JWST is an ambitious, yet achievable, mission and, at this time, only the US has the
capacity to execute it. As described in NWNH, pp81-85, the rest of the world is catching
up fast and I believe that a failure to complete JWST will be an effective surrender of US
leadership in space astronomy and astrophysics. The Europeans and the Japanese have
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broad and strong space astrophysics programs which are already competitive with the US
program in many areas. In addition to the missions mentioned above, XMM-Newton,
CoRoT, Suzaku are operating successfully and productively. Planck, Gaia and Astro-H
promise to be big successes and Euclid is likely to launch well ahead ofWFIRST. Russia,
China and India have emerging capabilities. On the ground, Canada, Japan, Australia,
Brazil, China and India have great ambitions to join next generation optical telescopes led
by Europe and US private organizations. A decision will be taken later this month on
whether to host the next international radio telescope, the Square Kilometer Array, in
Australia or in South Africa. There are no plans for significant US federal involvement in
any of these projects which represent, as discussed in NWNH, the long term future of
fields which the US once led. This message is not being lost on mobile, young scientists.
4. How will JWST contribute to our national objectives in science and engineering?

JWST is technically challenging on all fronts and developing the capabilities that are
needed to build a successful telescope will likely lead to progress in other fields in ways
that are not always predictable. Possible examples include beryllium mirrors, remote
cryogenic operations and deployment of complex structures. I suspect that others, more
closely tied to the project will have a better answer to this important question.
5.

The Hubble Space Telescope has made countless discoveries over the past two decades.
Could you comment on the kinds of scientific revelations we anticipate, compared to
those from Hubble? What about the serendipitous discoveries that we don't anticipate,
imagine or seek?

As was the case with the Hubble Space Telescope HST, the most exciting discoveries
that are likely to be made by JWST cannot be scripted in advance. Indeed, completely
new research fields could be initiated by JWST. It will expand our capability so much
that it is confidently expected that its importance will at least equal that ofHST. JWST's
prime areas of study include the first stars and galaxies, the life histories of stars and
galaxies and exoplanets. We expect many serendipitous discoveries.
6. My understanding is that as Hubble expires in the next few years, many of the scientists
working on Hubble will transition to JWST. Could you comment on the role that JWST
will play in maintaining and expanding our nation's scientific intellectual capability?

Many astronomers, notably younger astronomers, are already orienting their research to
be ready for JWST and exploit its unprecedented capability. For those most directly
involved, there is a plan to de-orbit HST at the end of the decade and an expectation that
scientists at STScJ will transition from HST to JWST. Having this experienced STScJ
team as well as scientists all over the US work on JWST is one important way to
maximize the intellectual return from JWST. Another is to find stable career paths for the
best young scientists today. This is the generation which will exploit JWST to the fnll.
7. Could you comment Of! the secondary benefits that will be derived from JWST in terms of
new technology development that will enable other scientific, engineering or national
security endeavors?
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In general space missions build upon the expericnce from previous missions and
bequeath technological successes to their successors. JWST is technically challenging on
all fronts and developing the capabilities that are needed to build a successful telescope
will likely lead to progress in other fields. I have no access to the classified program
within Northrop-Grumman but I suspect that there is a strong synergy with JWST.
Rep Johnson:
1. What puts astronomy and astrophysics in the must-have category as opposed to the niceto-have category? How can I convince my colleagues in Congress and my constituents
that JWST is of national importance in these fiscally constrained times?

The strongest, general arguments for supporting astronomy and astrophysics, as discussed
in NWNH pp I 04-115, are its role in education, its high rate of enduring discovery which
keeps public and professional interest high and the technical challenges that it frequently
confronts and meets. Support of high tcchnology endeavors, like JWST, usually has a
large multiplier when it comes to creating jobs. To me, the strongest argument for staying
the course on JWST is that it will be a fantastic telescope that will engender pride in
American accomplishment in people from all backgrounds around the world and will lead
to stunning discoveries about who we are, where we came from and what else is out
there.
2. We often hear about the importance of having challenging space projects to sustain a
skilled workforce in this nation. What, in your view, does JWST mean for our workforce
andfor those young people who will become our workforce in thefuture?

I have discussed above the inspirational impact of JWST. I am really not fully competent
to addrcss this question but I believe that, at a technicallcvel, JWST will be a very public
lour de force that will impact the way difficult, remote, robotic operations such as
undersea surveying, nuclear reactor inspection and defense are conducted. Infrared sensor
technology is also being pushed by JWST and this has widespread application. Finally
projects of this scale invariably lead to advances in data handling and image processing.
If this cxpectation is vindicated, JWST will ultimately be seen as having helped create
many exciting opportunities in science and technology for the students of today to join
and lead.
3. Has the science community within NASA or external to NASA been asked for input on
how the offsets needed to fund JWST cost increases are to be made within the Science
Mission Directorate, especially with respect to astronomy and astrophysics?

1 am unaware of attempts to engage the science community in finding the offsets needed
to fund JWST. Such a dialog ifit happened is most likely to have taken place under the
auspices of NASA's internal advisory committees, the NAC and thc APS and you should
consult their chairs.
a. Has NASA or the Office of Management and Budget shared any proposals on how those
o.t/sets might be made, and (/so, what is your reaction?
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Some actions have already been taken by NASA in response to changes in the FY2012
budget and the JWST overruns. Within astrophysics, these include the disbanding of the
LISA and IXO teams. I deeply regret this as gravitational wave astronomy and high
resolution X-ray spectroscopy are two exciting frontier areas ripe for exploration and
much progress had been made on these proposed missions by many fine scientists
working for well over a decade.
4. Are the National Academies addressing the changes and uncertainty in the astrophysics
budget outlook and the associated impact on NASA's ability to implement the decadal
priorities your panel identified? Ifnot, should they?

So far, the National Academies have addressed one issue, whether the US should make a
roughly $20M contribution to the European Euclid mission. As anticipated in NWNH,
pp 10 1-1 04, there is an need to set up an independent advisory committee very soon that
will address the urgent issues that the US astronomy and astrophysics community now
face if budgets and obligations preclude starting on the recommended program. A related
issue is that of providing bridging resources for funding young people over the decade as
missions disappear before new ones arise. It has proven difficult to reach agreement with
the agencies, but I can report that the Committee on Astronomy and Astrophysics, which
can fill the role of an independent advisory committee, is now being re-convencd.
5. As part of its work, did your decadal survey committee view the prospects for continued
U.S. leadership in astronomy and astrophysics?

NWNH did consider the prospects for continued US leadership in astronomy and
astrophysics, pp 79-87.
a. If budget constraints significantly alter what missions can be accomplished in the next
five to eight years, what is the outlook for astronomy and astrophysics?

NWNH concluded that the rest of the world was already catching up the US quite fast.
We also noted that large projects are now mostly multi-national in practice making "US
leadership" harder to define and assess. The best young scientific talent should be a
significant component of any such definition and it, like capital and jobs, is proving to be
highly mobile. The decadal survey was predicated on agency budgets that were allowed
to range between optimistic and pessimistic. Thc present reality appears to be well below
the pessimistic plan so that very little can be initiated this decade. There may be relatively
few employment opportunities. This will inevitably lessen "US leadership."
b. What are the risks to U.S. leadership?

In my view the highest priority to maintain US leadership in astronomy and astrophysics
from space is to stay the course on JWST. The next highest priority is to move forward as
fast as possible with executing a balanced new program as recommended in detail by
NWNH. A balanced program was likewise recommended by NWNH on the ground
including constructing the Large Synoptic Survey Telescope. Whole subfields, which the
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US has traditionally lcd, will be lost for a generation if the carefully-proposed, combined
NWNH program cannot be started in a timely manner.
c.

What would be the impact of increased international collaboration?

International collaboration is almost certainly a large feature of any future program. The
benefits, as described in NWNH, include pooling of financial and technical resources and
executing a broader range of science programs. The disadvantages include the greater
cost of and difficulty in managing the program. In my experience, though, the advantages
usually outweigh the disadvantages.
6. While JWST now has a new plan and cost baseline for the implementation of the
program, there is still much work to be completed. What happens if JWST runs into
costly problems during final development, testing, and integration that exceed reserve
levels? What should be the plan?

I agree that JWST still has a long road ahead of it. However, I do think that Congress has
forced NASA and its major contractors to apply and maintain a higher level of reserves
for the project. The challenge that I see will be to ensure that NASA has the necessary
budget over the next five years to keep to schedule and that it works closely with its
contractors and international collaborators to address any problems as soon as they arise.
7. Some might say that given the cost overruns on the James Webb Space Telescope, we just
can't afford to go down that path again with a major flagship such as the Wide-Field
Infrared Survey Telescope (WFIRST), or any flagship for that matter. What are your
views on that perspective?

We certainly don't want to go down the path of JWST management for future flagship
missions. However, flagships are likely to remain one component of the international
space science program because of the crucial scientific role they play. Incidentally, the
cost of WFIRST was estimated by NWNH to be $1 .6B which, although large in absolute
tenns, is smaller than the cost of other major missions, and so it was not considered by
NWNH, or by NASA, to be a major flagship. ESA has decided to proceed with a mission
called Euclid that is similar in scale to WFIRST and has overlap in objectives. ESA
classifies Euclid as "mid-scale". ESA is also continuing to develop more expensive largescale missions called Athena and NGO that are the counterparts of the missions LISA and
IXO, that NASA has now, sadly, abandoned. (For comparison, the NWNH-appraised
international costs of LISA and IXO were $2.4B and $5.0B respectively.) The
capabilities and scientific reach ofWFIRST, significantly exceed those of Euclid and the
best course is to proceed with a medium-low technical risk and medium cost risk
WFIRST as soon as commitments to JWST allow.
Rep. Costello:
I. What has been the role of America's astronomy and astrophysics activities, slIch as
Hubble, on inspiring the next generation to pursue science and engineering education
and careers?
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I believe that HST and other "flagship" missions have had a major role in inspiring young
people to consider careers in science and technology and have enriched the lives of all of
us by addressing and now answering fascinating and basic questions that engage
layperson and scientist equally.
a. Is there any way to measure how a reduction in the pace of activities or a stand down in
flagship missions might affect student interest in science and engineering?

Anecdotal evidence is strong that this generation of young scientists is as inspired by
NASA Science Mission Directorate's extraordinary success in launching, operating and
exploiting a fleet of scientific "engines of discovery" just as previous generations have
been. However, I do not know of a reliable, quantitative measure that connects the
launches of flagship missions to student interest. That interest, though, is clearly manifest
through activity on NASA websites and so forth and perhaps NASA communications
specialists might have a good answer to this question.
I thank you and your colleagues for your ongoing interest and support of JWST and hope
my answers will be helpful. Do not hesitate to get in touch iff can provide further
assistance.
I have sent separately some corrections to the transcript of the hearing.
Sincerely,

Roger Blandford

110
Responses by Dr. Garth Illingworth,
Professor and Astronomer, UCO/Lick Observatory,
University of California, Santa Cruz

111
Garth Illingworth: Responses to Questions December 6, 2011 Hearing
on Tile Next Great Observatory: Assessing the Janles Webb Space TelescoFe

2

advice on project performance directly to the Administrator. Of all the areas related to
"oversight", the one that is most "unfinished", in my view, remains the full implementation of the
intcrnallndependent Program and Cost Evaluation office. This is very important and [ hope that
Congress continues to encourage NASA to fully implement the Evaluation office.
Questions and responses:
From Chairman Ralph Hall

1.
YOllr testimony indicates concern about the capabilities within NASA~, Independent Program and
Cost Evaluation office. Can you explain to the Committee why you think this office is under-performing
and what needs to be done to correct the problem?
The importance of a strong Independent Program and Cost Evaluation office at NASA was highlighted in
the Independent Comprehensive Review Panel report. An independent, technically-strong group with
budget analysis capability, led by people with project management experience and reporting directly to
the Administrator has a crucial role to fill within the Agency. Such a group existed a long time ago (early
1990's) but was effectively disbanded during that decade. The primary reason for my concern is that the
Independent Program and Cost Evaluation office has not yet been fully reconstituted. It is "underperforming" because it has not really been reconstituted. Part of the problem appears to be that it is velY
difficult to find the personnel with the appropriate experience. People with such experience, particularly
for leadership positions, are not easy to find and move. 1 would caution also that this is not a function that
should reside in the CFO omce. The Independent Program and Cost Evaluation omce requires personnel
with a particular mix of experience and backgrounds ifit is to be as effective and as valuable to NASA as
it was before it was disbanded.
A strong Evaluation office was cnvisaged by thc ICRP as a crucial part of improving NASA's track
record for all its development programs, though it would have been particularly useful for JWST. For
example, it was clear during the discussion within the ICRP that panel members felt that the poor
decisions by the SMD AAs in the middle of the decade regarding JSWT (and MSL) were an excellent
example of how internal independent oversight could have prevented a major problem. The decisions by
the AAs resulted in the budgets for JWST and MSL not meeting the agency policy of budgeting to 70%
confidence, particularly in the 2009 budget request. Budgeting to this confidence level is done to ensure
that the reserves are adequate for dealing with the expected risks inherent in these challenging programs.
Not doing so results in a lack of adequate reserves for these programs. The lack of adequate budget
reserves would have been identified sooner had there been a strong Independent Program and Cost
Evaluation office. Such a group would have saved NASA significant costs by catching such problems
early, especially since work was being deferred because of inadequate reserves. The savings arise since
experience shows that deferred work typically costs the project 2-3 times as much because of its impact
on the work-flow within the overall program and its schedule. I hope that Congress continues to
encourage NASA to fully implement the Independent Program and Cost Evaluation office.

2. Has the experiences with JWST~, delays and cost overruns diminished the astrophysics community's
appetitejiJr proposing/illure /Iagship missions that rely on solving technical challenges to enable mission
sllccess? With respect to technical complexity, how does the WFIRST mission compare with JWST? Will
it be as challenging a satellite to design and build?
The cost growth in the JWST mission has been of wide-spread concern, including for the members of the
astronomy and astrophysics community. Nobody likes to see such problems arise. But this has not
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changed the astronomy community's interest in flagships - only our determination to try and work with
NASA to minimize the cost growth that has occurred in the past The community interest in flagship
missions has been demonstrated repeatedly in our most important strategic plans. For over 30 years, the
astrophysics community, through its Decadal Surveys, has reaffirmed that what is needed to carry out its
scienti11c objectives is a balanced program of small, medium and large missions and projects. What has
become apparent, strikingly, with Hubble, Chandra and Spitzer is that Observatory-class missions
("flagships") are very cost-effective research tools. They cost a lot, but they return remarkable results in
many areas for many years, while serving a very broad community. For example, the current number of
Hubble users exceeds 8,000 researchers. While J, and others, remain concerned about cost growth, I
still see continuing interest in having flagship missions as a central part of the astropbysics
community's strategic plans, Missions like LISA, IXO, TPF (or their equivalents) remain central to
community goals.
WFIRST will not be as challenging as JWST. While [ am not involved in the details of the WFIRST
mission. WFIRST looks to me to bea far simpler and lower risk mission than JWST. It uses a small
telescope in a wavelength range (optical and near-infrared like Hubble) that allows for much use of
heritage technology for its instruments, optical system and components. It does have some challenges. It
is ambitious in the size of its camera system, and its optical performance and stability requirements are
not easy to meet. The technical heritage for WFIRST is good, but it is not appropriate to say that it will be
an "easy" mission to build, test and launch successfully. The same statements regarding technical heritage
were made about Kepler, but that suffered substantial cost growth.
I think that there are two important points to make here regarding science missions and the U.S.
leadership role. First, signi11cant space science missions, that is, missions that will have an impact on
science are by their very nature "one off' endeavors and hence will remain challenging. Doing any
signi11cant mission in space is hard. Second, medium or small science missions are also within the
capabilities of other space science agencies such as ESA or JAXA, and as the recent debate over ESA's
Euclid mission verses NASA's WFIRST mission demonstrates, U.S. leadership becomes a far more
complex issue at this scale of science. Thc U.S. space science program remains unique because of its
capability to 11eld uniquely powerful missions such as HST, Chandra, MSL and JWST.
3.
In your testimony you noted that the feRP recommendations regarding independent oversight
"remains a work in progress, and appears to be the one area of the ICRP report that remains
"un/inished" in its implementation. 1/ Please comment further on NASA ~y actions in this area and why YOli
think that if remains "unfinished.
If

As I noted above in the response to question (J) from the Chairman, the Independent Comprehensive
Review Panel (ICRP) highlighted concerns about the independent oversight of the JWST project. The
ICRP identi11ed this broad issue as one of their key concerns, and noted the need for improved oversight
in a number of areas. The areas were: (i) a strong JWST Program team at HQ within SMD with the
capability to better manage and monitor the execution of the JWST project; (ii) better oversight and
assessment of the Project performance within GSFC at the level of the Center Director; (iii) a more
effective role for the Standing Review Board SRB; (iv) an independent, internal oversight group reporting
to the Administrator.
For (i), a stronger Program team with better oversight within SMD has been implemented. JWST
Program Director Rick Howard and his group are doing an excellent job and have brought much stronger
management within SMD. The direct reporting to both the NASA AA and the SMD AA (another
recommendation from the [CRP) has also played a role in setting the JWST Project on a viable path to
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launch. For (i) the ICRP's recommendations have been implemented.
For (ii), the Center (GSFC) has taken on a more direct role in the oversight orthe JWST Project, but I am
not conversant with the details of what has been done or how effective it has been. This might be a useful
aspect to ask for further details as part of Congress's continuing interest in the progress of the JWST
program. For (ii) it is clear that significant changes have occurred.
For (iii), the role of the SRB is an important one. However, it appears to me, the current structure and
methodology of the SRB is not working well, either to the member's satisfaction or to the agency's
satisfaction. The constraints imposed on a committee that is constituted of non-government employees
regarding the reporting of their views (they are a "non-consensus" body) has made the SRB's oversight of
the project challenging. In my view, the SRB needs to be restructured to make it more effective and to
ensure that its members, or a significant subset, can be more fully aware of budgetary information. It
needs people who can be fully informed, in any area and at any time, of the agency's deliberations
regarding the JWST Project and its budget This may require some members who are government
employees. Doing so will require some care in their selection to ensure that these members are
knowledgeable without being overly conflicted. But within an agency the size and geographical
dispersion of NASA, it should be possible to find experienced, highly capable people, who will provide
"independent" advice, from Centers other than GSFC. The JCRP did not make a clear recommendation
regarding the SRB. The panel recognized the importance of the SRB, and its efforts to provide
independent input, but also recognized the constraints that it operated under made it less effective than
desired (and were frustrating for the members who clearly cared for trying to help make the JWST Project
II success).
For (iii), from my perspective r would say that making the SRB as effective an
independent review body as both NASA and the SRB members would like is "unfinished" in its
implementation.
Finally for (iv), the crucial role of the Independent Program and Cost Evaluation office was the center of
much discussion within the [CRP and in the final report. The panel was strongly of the view that JWST in
particular, but NASA in general, had suffered from the lack of a highly capable and experienced team
who provided independent advice on project performance directly to the Administrator. As I noted in (1)
above, the mix of skills, backgrounds, and roles makes this distinct from, and outside, the CFO omce. Of
the four areas related to "oversight" outside the JWST Project at GSFC, item (iv), the
implementation of the internal Independent Program and Cost Evaluation office remains the one
that is most "unfinished" in my view. This is very important and I hope that Congress continues to
encourage NASA to fully implement the Evaluation office.
4. During the hearing mentian was made of a number of missions that have been impacted substantially
by JWST. Mention was made of missions like TPF, SIM. IXO, LISA. and WFIRST. rhough others have
also been mentioned. particularly in the planetary arena. Please comment on the impact. if any, that
JWST had on the progress on sllch major NASA science missions.
When a mission like JWST takes longer to launch concerns arise, appropriately, about the impact on other
missions. Experience from 20 years of doing space missions shows us that when ongoing missions are
delayed, future missions are also likely to be delayed. A current example would be WFIRST. The
Decadal Survey, among others, understood that WFIRST's schedule would be influenced by JWST's
schedule. Yet even for a new mission like WFIRST other factors playa role as well (such as the overall
funding level for the Science Mission Directorate SMD, and the funding for the Astrophysics Division,
in particular).
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While there is a perception that other missions like TPF, SIM, IXO, and LISA, and even some
planetary missions, have been impacted substantially by JWST's recent cost growth, the reality is
different.
For example, SIM had been supported at a low level for the latter part of the last decade leading up to the
Decadal Survey, after its budget was initially set to zero in mid-decade. SIM had suffered several
episodes of major cost growth, but its scientific potential and the innovativeness of its science and
engineering team led to a desire for it to be considered again in the Decadal Survey. It was thus supported
at a small level until the Astr02010 Decadal Survey made its choices. The Astr020tO Decadal Survey
chose not to recommend SIM for construction and launch.
TPF is another exciting mission for studying planets in other solar systems. Two TPF concepts were
studied intensively in the middle of the last decade, but it too was eventually impacted by the budget cuts
to science in 2005 that resulted from President Bush's Vision for Space Exploration. Furthermore, as the
studies progressed, the complexity and technical challenge of a TPF mission was realized. Even its
strongest proponents agreed that TPF was likely to "cost more than JWST" because of the challenging
technologies. The Astr020tO Decadal Survey realized that, as exciting as TPF is, NASA needs to do
further study before TPF can be considered seriously for a recommendation for implementation
through the Decadal Survey process.
The cancellations of LISA and IXO were more recent. LISA was a highly-regarded mission that was
ranked second to JDEM (the Joint Dark Energy Mission, which morphed into WFIRST) in an NRC study
in 2007 (NASA's Beyond Einstein Program: An Architecture for Implementation) and was again highly
ranked in the Astr02010 Decadal Survey. IXO was identified in the Astro2010 Decadal Survey as a future
mission that would likely be launched in the next decade. Both missions were to be done collaboratively
with the European Space Agency. Both were cancelled early in 2011. These decisions were made before
the JWST replan budget was finalized. While anticipation of the increased cost to launch of JWST could
have played a role, it was clear that the SMD budget for this decade was already being stressed as a result
of the large change to the budget profile for SMD bctween the President's FY20ll Budget request and
the President's FY2012 Budget request. The figure below shows this change. $2.2B was removed from
the expected SMD budget over 4 years (or about $3B over 5 years see the figure below). While I do
not have insight into the details of the decision to cancel NASA participation in IXO and LISA, I
suspect that the removal of almost $3B over the next five years in the FY12 Presidents Budget
Request from that in the previous (FY2011) budget request for SMD played a major role.
JWST has also been mentioned as the reason for delays (or more recently cancellations) of planetary
missions. Again, the increased cost to launch of JWST could havc played a role, but it is likely that other
factors also played a larger role. MSL had substantial cost growth of over a billion dollars in the few years
leading up to its launch. For example, the NASA SMD Planetary Division Director Jim Green said at a
large science meeting for planetary astronomers last year that JWST was not the source of their budget
problems and that they needed to focus on their Decadal Survey. The scale and frequency of future
planetary missions also may have contributed to concern about the likelihood of being able to carry out
the full planetary program within a smaller SMD budget. The unfortunate cost growth of JWST
certainly has had impacts, but a considered and thoughtful analysis is likely to show that other
factors, particularly changes in the budget projections, have contributed to the changing mission
mix in SMD.
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Comparison of FYll and FY12 President's Budget Requests for SMD (in $8)
Loss of over $2.28 to 2015 (and about $38 to 2016)
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From Representative Lamar Smith

1. NASA recentlv announced that the Kepler Space Telescope has discovered an Earth-like planet 60IJ
light years away whose size and distance from its own star put it in the "hahitable ::one" to support life.
The Huhhle Space Telescope has made countless discoveries over the past two decades.
a. What kinds of scientific revelations might we anticipate with the James Webb Space Telescope,
compared to those/rom Kepler and Hubble? Would you recommend maintaining operations o{the Kepler
and Hubble Space Telescopes even ifjimds from those missions are needed to be used to keep JWST on
track?
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Hubble has been, and is, a remarkable scientific flagship mission that has opened up new horizons in
numerous areas (for example, Hubble has: detected planets and provided clues as to their formation;
provided remarkable images of our solar system; discovered the most distant, and youngest, galaxies yet
seen in the universe; played a key role in the discovery of dark energy; provided insights into the growth
of galaxies like our Milky Way). Kepler is a much smaller and more scientifically-focused mission that
has revealed just how common planets are in our Milky Way, and how diverse they are. As such it is a
very complementary mission to a flagship mission like Hubble. Scientific progress relies on such
diversity of scales.
JWST is a flagship likc Hubble that will explore our universe in many ways to depths and limits far
beyond what Hubble has been able to do. It will unveil the characteristics of planets around distant stars.
provide solar system exploration opportunities that complement direct probes, explore the first galaxies
and their assembly over billions of years, and continue our efforts to understand dark matter and dark
energy. With IOOX the power of Hubble and IOOOX the power of the Spitzer space telescope JWST will
surely bring forth dramatic new discoveries in unimagined areas as well.
The scientific community has always endeavored to work with NASA to balance the funding and support
between the scientific opportunities from current missions like Hubble, Chandra, Spitzer and Kepler, and
those that offer new capabilities. The science return from the large publie investment in our operating
facilities needs to be balanced against future opportunities. Hard choices sometimes have to be made
through the Senior Review process. NASA docs have a history of ramping down still-performing
facilities to allow new ones, and this is a process that I support fully. However, I do not see a need
currently for reducing the scientific output of two of astrophysics' most productive missions to support
JWST, especially when JWST is 6 years away from launch. If the need for choices to be made between
operating missions and new missions arises in the future, the tradeoffs would need to be made
involving all the stakeholders, from the science community to NASA to Congress and the public at
large who are excited hy the results of these missions.

b. COl/ldyou comment on the role oj"JWST in maintaining and expanding U.S. global leadership
in astronomy and astrophysics?
JWST is central to our future leadership. The U.S. leadership globally in astronomy and astrophysics has
been demonstrated in many ways over the last decade, through its Great Observatories, Hubble. Chandra
and Spitzer, and through its highly productive smaller missions like Kepler, the Fermi Gamma-ray Space
Telescope (previously GLAST). and the Wilkinson Microwave Anisotropy Probe (WMAP). Yet these
missions have already reached the end of their life or are likely to do so this decade. The Europeans in
particular are launching many excellent missions like Herschel and Plank. The Chinese are far behind in
space missions and capability, but are moving forward quickly, as they have demonstrated in many areas.
The competitive arena in which we still have a winning hand is in flagship missions. JWST, as the
successor to Hubble, but with IOOX its power will not only maintain but will expand U.S. global
leadership in astronomy and astrophysics. Both the European and Canadian space science
communities are Significant partners with us in JWST precisely because JWST is a unique
scientific endeavor that only the U.S. can do.
c.
How do the Hubble, Kepler (lnd Wehb Space Telescopes compare to the capabilities oj'the
European Space Agency's Herschel telescope?

The simplest answer is that these arc all very different missions that view different parts of the spectrum.
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They are quite complementary and overlap little in their capabilities. For example, the European Space
Agency's Herschel telescope is a powerful telescope that works far in the infrared part of the spectrum.
Herschel is nearing the end of its life as the cryogens used to cool it for operations run out. Hubble
predominantly works in the optical (or visible part of the spectrum, that to which our eyes are sensitive),
extending somewhat into the ultraviolet and the near-infrared just outside the range of our vision. Kepler
covers a similar range (optical) but is a smaller, simpler and much cheaper telescope that was built to do
one task _. find planets!
Hubble, by comparison, is an '"observatory" that can excel at a huge range of problems. James Webb is
also an '"observatory", and it will overlap slightly with the spectrum coverage of Hubble, but do it with
hugely increased sensitivity from its bigger mirrors and new cameras (being as much as IOOX more
powerful). But James Webb is unique also since its vision extends into the infrared, overlapping the
regions covered by the Spitzer Space Telescope, but with 1000X the sensitivity. While James Webb
extends our vision out into the infrared, it does not have sensitivity at the same parts of the spectrum as
Herschel (which can only see even further into the infra-red and out to almost radio-like regions). James
Webb also has better sensitivity, makes finer images (i.e" has better resolution) than Herschel, and
will last longer,
d.
What are ather nations doing in astronomy and astrophysics that couldjeopardize America's
leadership in thefield?

The U.S. undoubtedly still has the leadership position in astronomy and astrophysics. However, as we
know from other areas, leadership can quickly move elsewhere if our competitors are detennined and
consistent in their progress. On the ground Europe is beginning to challenge the U.S. in its nearly 100
year dominance in building large ground-based telescopes. In space, Europe, through its space agency
ESA, is moving forward on missions that are very competitive with our small and medium scale
programs. Herschel, Planck, Euclid are all missions that match our typical missions in those areas.
America's leadership is still assured in astronomy and astrophysics through James Webb. Flagship
missions like our Hubble and Chandra could be done by Europe. But the U.S, has raised the ante with
JWST. Nobody else can yet do .JWST, However, leadership can be lost very quickly. Leadership in
high-energy (particle) physics devolved to Europe after we terminated the Supereonducting Super
Collider (SSC). 1 fully expect China to use its increasing capability and resources to begin major science
missions in space in the next decade.
2.
Last July, NASA ~<; associate administrator Ed Weiler. who was in charge of NASA 's science mission
budget oialmost $5 billion annual/y, called the Obama Administration 's f/at budgetfiu' the James Webb
Space Telescope a "road to nowhere!1 in a press interview. Soon thereafter, Dr. Weiler tendered his
resignation, ajier 33 years o[service to NASA.
a.
What are YOllr thoughts o[ how the Oboma Administration handled the budget challenges/or
the James Webb Space Telescope over the past 3 years?

The last few years were a very challenging time for JWST. Mistakes were made, problems were not dealt
with and management failures occurred. However, like all such major problems in a big project, the root
cause lay further back in the past. NASA Administrator Mike Grimn realized early in his tenure that big
programs at NASA were being done with inadequate reserves. That is, the mission budgets did not have
adequate timds to quickly rectify those known and unknown problems that arise whenever a new, one-off
high-technology mission is being developed and implemented. Administrator Griffin established a new
agency policy that missions like JWST were to be costed and budgeted to 70% confidence level, so that
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there is a 70% likelihood that the project can be accomplished within the allocated budget. It was clear to
NASA leadership that JWST was not being budgeted with the reserves consistent with 70% confidence.
Astonishingly for several years the SMD AAs, even into early 2008 with the FY2009 budget, did not
follow this direction and JWST was run with inadequate reserves, deferring work when the inevitable
problems arose. As the ICRP highlighted, this deferral of work drove up the cost of JWST (such deferral
in high-technology projects typically leads to the work costing 2-3X as much because of the impact of
delays on other aspects of a very complicated project. The recognition of this problem by the middle of
2008 led to efforts to apply additional reserves to the JWST project. However, the large lag in the federal
budget process meant that the adequate reserves could not be made available quickly. Typically it takes 2
years to make major changes. As a result the JWST Project and the Agency continued to dig itself a
bigger hole.. The inability of the Agency, the Administration and Congress to fix problems like this
quickly is unfortunate. I would hope that lessons are learned from this Project that will allow us to
do such high-tech one-off Projects, be they in NASA or elsewhere, in future in a way that does not
lead to such cost growth. One key lesson is that adequate reserves be carried hy budgeting to a high
level of confidence (80% confidence) as the ICRP recommended.

b. Why did the annualfunding jiJr the JWST drop during the Oboma Administration compared to
how mllch was being spent on the JWST only afew years ago? Shouldn't the funding profile jill' the Webb
telescope have been increasing as the proiect was ramping up? (FYI: $438 million was spent in FY2010
(or .JWST. but only $354.6 mil/ion was requested in FY 2011).
Ideally the funding should have been increasing to a broad peak at this point in the life of the project. I am
a little confused by the numbers since when I checked the FY201 I request and JWST was listed at
$444.8M, following an enacted $440.3 in FYIO. For FYl2 the requested level did drop, after the ICRP
report, to $373.7M. But I understand the point of the questions and so I will respond in this context.
The Independent Comprehensive Review Panel (ICRP) was asked to give a minimum cost to launch and
an associated launch date. This we did. However, this estimate by the lCRP ($6.5B and launch in late
2015) had to be developed very quickly, without time for a careful analysis and without any independent
cost estimates (ICE). The ICRP estimate required substantial additional funding in FY2011 and FY20l2.
The Panel recognized that this posed significant problems for Congress, NASA and OMB, since the
recommendation was being made early in FY20 11 while the fY2012 budget was being worked by OMB
and NASA. Furthermore, a detailed cost estimate with reserves for the 80% confidence budgeting that the
ICRP felt was more appropriate for such challenging projects (up from the NASA 70%) would take time
to do. The Panel discussed this but decided that given the question, and the limited time available, we
needed to answer it in as definitive a way as possible, without too many qualifying clauses. And to
answer the question that was asked - "give a minimum cost to launch and an associated launch date".
While I do not understand the dynamics and the details, the response of the Administration (OMB and
NASA) was to request FY2012 funding that continued JWST, but did not ramp it up to get it "back on
track" as the ICRP recommended. Fortunately, NASA, OMB and Congress responded positively to the
replan developments and did increment the FY2011 funding in mid-20 I I to around $477M through an
operating plan change. This was followed by Congressional action in late fall 20 II that gave JWST
project the required FY2012 funding needed to put it on a track to launch in late 2018. I was delighted
with this outcome and appreciated the very positive response of NASA, through the replan, to the ICRP
recommendations. Similarly, I was delighted with the response of Congress to NASA's replan and the
broad-ranging input from scientists and the interested public, and to the support for JWST in the
FY2012 budget request from the Administration.
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Did thisjlat-line budget Fom the Obama Administration cause delays
how much delay?
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the program? Ilso,

I think it is always fair to say that when the budget does not match the needs of the Project, and work has
to be deferred, the launch date will almost invariably slip, However, as discussed above, there was
uncertainty about the total cost to launch and the launch date while NASA undertook its extensive replan.
One could understand how this could lead to a cautious approach to funding in the near-term. From my
perspective, however, given my experience on the ICRP, it was unwise to keep the budget so low when
the ICRP had clearly indicated that JWST badly needed a funding increase to get them back on track. I
think it would have been prudent and cost-effective to ramp up the funding in an effort to get JWST back
on track while awaiting the details of the NASA replan. The Independent Comprehensive Review Panel
did indicate that if the ramp-up in funding needed to get JWST back on track was delayed, that launch
would be delayed - and by an even larger increment. While the delay in ramping up funding did have an
impact, I suspect that it was not large since the Administration and Congress did provide additional
funding later in FY2011.
d. Did the House Appropriations Committee provide an adequate wake-up call jbr the Ohama
Administration and Congress that the budget challengelacing the James Webb Space Telescope required
jixing?

Congress has played a very important role in helping identify the problems with the JWST program and
in getting it back on track to launch. The House Appropriations Committee did initiate an intense and
wide-ranging discussion of JWST and its role in the nation's scientific arsenal. It, along with the earlier
requests from the Senate for clarification on what was happening on JWST, led to a much broader
understanding of the issues surrounding the JWST project and ultimately what was needed to complete
and launch a mission of JWST's size and scientific importance. By early 2010 it was clear to Congress
that NASA needed further funding increments to deal with the obvious problems faced by JWST. The
incremental nature of the requests and the apparent lack of resolution of the problems led to a letter
request from Senator Mikulski to Administrator Bolden for an independent review team to assess the state
of JWST. This was the first key step. The ICRP and its report, and the subsequent action by NASA on the
replan, was the second key step. However, the outcome of this replan was not widely shared by mid-2011,
and the concerns in Congress became very apparent. The action by the House Appropriations
Committee in early July 2011 certainly provided a crucial incentive for NASA and the
Administration to explain to Congress what it would take to complete JWST. While it was a
challenging period for all, the ,IWST program was undoubtedly strengthened by the actions of the
Congress.
From Representative Randy lIultgren
1. Could YOli comment on the impact/hat JWST wilt have on our national STEM initiative in terms of
inspiring and attracting the Y01lth oltoday into/ieldl' a/science, math and engineering?

The best way to comment on the importance of flagship missions like JWST is to summarize quickly
what Hubble has done. The excitement and interest that Hubble generates continues to be quite
remarkable: beyond its scientific impact, Hubble's education programs reach over 500,000 pre-service
and in-service teachers a year in the U.S., and over six millions school children use Hubble material in
their STEM curricula annually. It is challenging to convey the excitement of science and engineering to
young people (and to people of all ages). Much of science and engineering seems very structured,
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focused on detail, and seemingly not very interesting. However, for people of all ages the immensity of
the cosmos and the great questions about our place in the universe and our origins are entrancing. It is
clear from these numbers that educators and others on the front-line of STEM activities view the results
from astronomy's premier flagship Hubble as a key tool for science, math and engineering education.
JWST is Hubble's successor, but with lOOX its power, its astonishing deployment technology, and its
ability to peer into parts of the Universe we have never seen bcfore, will do even more for our national
STEM initiative. Tbis YouTube video hltp://www.youtubc.com/watch"v=ihpNNBmJypE gives a sense of
the enthusiasm that is already being shown by young people. For the next generation, JWST is their
Hubble 2.0.
2. JWST has significant international participation, most notably by the European Space Agency and
Ihe Canadian Space Agency. Could you commenl on the effecI the JWST will have on global cooperation
in space and other scientific endeavors?
JWST remains a crucial component of our (diminishing) pool of international collaborations in space.
Over the last year we have seen major upheavals in our collaborations with the European Space Agency
(ESA). A numher of joint or collaborative projects have been cancelled by NASA. These include the
long-standing gravitational wave mission USA, a future x-ray mission IXO, and, after a series of
changes, cancellation of the joint Mars mission ExoMars. JWST remains a mission where our
collaboration with ESA remains strong. And not just with ESA. Both the European Space Agency and the
Canadian Space Agency contributions are playing significant roles. [t is also a collaboration where our
partners are helping the U.S. ESA is providing the launch vehicle (their largest heavy-lift rocket, an
Ariane 5), two scientific instruments, and operations staff for JWST at the Space Telescope Science
Institute. In value, this contribution is equivalent to the total cost of a substantial space mission within
ESA.
The Canadian contribution of the critical fine guidance sensor and a further science instrument constitute
the largest space science project supported to date by CSA. The CSA also provides operations staff at the
Space Telescope Science Institute. The international contributions have been essential for the
development and implementation of JWST. The European and Canadian contributions represent a major
commitment of their resources towards a project that will do much to raise the visibility of the U.S. and
its technological capabilities. Since the leadership in high-energy physics has shifted to Europe (to
CERN) space science remains an area where we still exercise both leadership and cooperation, but this is
diminishing. JWST plays a crucial role model and a very visible example of our interest in
maintaining our international scientific collaborations.
3. While ollr international partners arc making valuable contributions to the JWST program, could you
comment on the role o/JWST in maintaining and expanding US global leadership in astrophysics? What
are other nations doing in oSlrophysics that could jeopardize our global position if'lhe U.S did not
proceed with JWST?
As I highlighted in the response to the previous question JWST plays a central, and increasingly
important, role in maintaining and expanding U.S. global leadership in astrophysics. Our leadership is
diminishing as we step back from other collaborations. The U.S. is a partner with Europe, with smaller
roles played by Japan and Taiwan, in ALMA, a major radio telescope in Chile. But Europe has decided to
go alone with its next major telescope, the European-Extremely Large Telescope. The European Space
Agency (ESA) is increasingly moving forward on its own space science missions. These are becoming
larger, more ambitious, and more sophisticated. Other nations are doing space science missions or have
plans for an increasing space science program (Japan, China, India). We are far ahead, but in a rapidly
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changing world economic environment the ability of other nations to compete directly with us will
change, not in this decade but certainly in the next two decades. JWST is still far beyond what any other
nation can do, but this advantage will not reside with us for the long-term. Launching and operating
JWST will both demonstrate our leadership and position us for further advances in the coming decades.
JWST will demonstrate leadership, but will also help us keep our leadership.
4.

How will JWST contribute to our notional objectives in science and engineering?

Our national objectives include scientific and engineering leadership, an educated workforce, high
technology capabilities and leadership, and jobs that also create other jobs, i.e., jobs that have a high
multiplicative factor. A high-technology space science mission like JWST entails the development of new
technologies, new hardware and new testing capabilities in our aerospace industry and their
subcontractors all across the nation. Since so much "fthis is uniquely American it leads to "home grown"
solutions, i.e., to home-grown small businesses and high-tech jobs. Small high-tech businesses and their
related jobs have a high multiplicative factor that results in other jobs, mostly locally but also elsewhere.
Such businesses also use what they have learned to do on a program like this to improve and expand their
business and to provide products for other projects, or for unrelated areas where a new market may open
up as a result of their expanded capability.
Beyond enhancing our cmcial high-teehnology industrial base, the results and inspirational value of a
mission like JWST can be quite profound, as has already been demonstrated by the Hubble Space
Telescope. As discussed above, the excitement and interest that Hubble generates continues to be quite
remarkable: beyond its scientific impact, Hubble's education programs reaeh over 500,000 pre-service
and in-service teachers a year in the US, and over six millions school children use Hubble material in
their STEM curricula annually. As 1 noted, it is clear that educators and others on the front-line of STEM
activities view the results from astronomy's premier flagship Hubble as a key tool for science, math and
engineering education. JWST as Hubble's successor, but with IOOX its power, will do even more for
our national STEM initiative,
5. The Hubble Space Telescope has made countless discoveries over the past two decodes. Could you
comment on the kinds ofscien Iifie revelations we anticipate, compared 10 those/rom Hubble? What about
the serendipitolls discoveries that we don't anticipate, imagine or seek?
JWST is incredibly more powerful than our current telescopes. While it is hard to capture the gains in a
single number that a new telescope will make compared to existing missions, JWST can be characterized
as having about IOOX the power of the Bubble Space Telescope and about IOOOX the power of the
Spitzer Space Telescope. The Hubble Space telescope has revolutionized our knowledge of the growth of
the universe, of galaxies like our own Milky Way, of the role that the still-unexplained dark matter and
dark energy have played in the life of our universe, and played a major role in the discovery of planets.
Yet so much remains unanswered. We know already that JWST will explore parts of our universe that
cannot be explored by any other operational or planned observatory or facility. We expect JWST to
provide insights into the first stars and galaxies in the universe, to help us understand far better how
galaxies assembled from the first tiny objects to the great spiral galaxies of today, to determine the nature
of planets around nearby stars and to make major steps forward in measuring how dark energy influences
the nature of our universe and in understanding the impact of dark matter on galaxies.
For example when JWST was first conceived we had only just begun to discover planets around other
stars. Today we know of thousands, and because of JWST's unique capabilities, this telescope will
become a powerful observational tool is searching for liquid water on extra-solar planets - an observation
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that was unimaginable a decade ago. Beyond what we know will be important lie the great unknowns of
our Universe. The most exciting results usually arise fi'om the unexpected discoveries, i.e., from the
serendipitous discoveries. A telescope that is IOOX-IOOOX better than today's best will no doubt
reward us with serendipitous discoveries that we hadn't anticipated or imagined!

6.
My understanding is that as Hubble expires in the next few years. many of the scientists working on
Hubble will transition to JWST. Could you comment on the role that JWST will play in maintaining and
expanding our nation's scientific intellectual capability?
JWST will clearly playa crucial role maintaining and expanding our nation's scientific intellectual
capability. In fact, JWST is already becoming part of the planning and thinking of the scientific
community. While Hubble is still a centerpiece of the astronomy community's research program, and a
centerpiece of the media interest in astrophysics, we recognize that Hubble is aging and that it could reach
its end of life sometime later this decade. Once Hubble expires the astonishing opportunities and
productivity of that remarkable space observatory would disappear. Fortunately with a launch date oflate
2018 JWST is ideally placed to allow a natural transition of the research focus from Hubble to JWST.
This is particularly important. For young scientists starting a career, and for those scientists that arc
supporting and encouraging students to be interested in science through the visibility of astrophysics,
having new results and new data is critical. For all of us, but particularly for young people making
career decisions and for young scientists, JWST will be Hubble 2.0.

7.
COllid you comment on the secondary benefits thai will be derived ji·om JWST in terms of new
technology development that will enahle other scientUic, engineering or national security endeavors?
One of the challenges for JWST has been developing and demonstrating its new technologies, or ensuring
that older technologies can be enhanced to work in the new realms required by JWST. This is the key to
scientific advances, since forefront science has always been enabled by technological and engineering
innovation. Fortunately, these JWST technologies have now been demonstrated to the level needed for
use in the demanding environment of space. American aerospace businesses have made this technology
development possible. Interestingly, this also means that they are potentially usable for other missions
and programs, or for use in other areas. For example the development of lightweight optical materials and
precision control needed for JWST should make newer, more capable imaging systems in space now
more affordable. Many of the small, medium and large businesses that were funded to build some
very specialized hardware for ,IWST are now in a position to utilize that experience and capability
in other areas. And they have the incentive to do so to enhance their business! I expect that Northrop
Grumman can supply actual details in this area from their experience with their contractors.
From Rauking Member Eddie Bernice Johnson

/. What puts astronomy and astrophysics in the must-have category as opposed to the nice- to-have
category? How can J convince my colleagues in Congres,\' and my constituents that JfVST is ofnalianol
importance in these fiscally constrained times?
This is a very important question and very reasonable question. It is one that scientists often get asked.
Usually the person asking the question is supportive and often wants to understand the reasons for their
own support better. While I can list many aspects that I think are important for the nation, for education,
or competitiveness, and for national prestige that might justify spending money on basic science, it seems
to me that the roots of this question lie deep within our nalure as human beings. We are innately curious
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about our origins, and about our place in this vast cosmos. It is human nature to ask questions and to
wonder about our past and our future.
Astronomy and astrophysics has a special appeal. First and foremost almost everyone who is able to stand
outside on a dark night and see the stars is left curious about what is up there and whether we are alone.
As the Hubble Space Telescope has demonstrated with its amazing pictures, people everywhere can
connect directly to the remarkable science from such telescopes. Furthermore, space astronomy, more
than any other tleld, is enabled by technology and engineering innovation and in turn, missions of the
scale of HST or JWST challenges the U.S. aerospace endeavor to push this innovation further. The result
is a national (and international) partnership between science, industry and the government to do
technologically-advanced projects that have never been done before. JWST is one of those projects.
JWST has the power to inspire a whole generation to recognize the importance of STEM, and may
ultimately transform our view of ourselves and our place in the Universe.
Invariably as a country develops and its people get beyond day-to-day survival, there develops a sense
that the nation must reach out and explore with its newly found capabilities. China and India and Brazil
are all starting on the path to scientitic exploration that we have been on for many decades. For us in the
U.S. it is a matter of national pride that as the world's most powerful country we can, and should be, at
the forefront of scientific exploration in some areas. Being able to explore the universe in ways that no
other country can is good for our national soul and our sense of well-being. We will always face
difficulties, sometimes less, sometimes more, but leadership in the quest for knowledge and
understanding is something that needs to be continued if we are not to fall behind.
2. The Hubble Space Telescope. which revolutionized the study of the universe. had its own technical
and progrommatic challenges. Are there diflerences between the Hubble and JWST in lerms of the
agency's approach to the programs and their implementation? lfso, please describe them.

There are differences between the development of Hubble and JWST. One clear lesson learned from
Hubble was "do the technology development before transitioning into construction". SMD AA Ed Weiler
took this message to heart a decade ago and encouraged the JWST Project early on to make sure that all
the key technologies were all at TRL-6 before Confirmation. They were, as the Technology NonAdvocate Review (T-NAR) highlighted in early 2007 (strictly 9 out of 10 passed but the remaining item,
the cryocooler subsequently demonstrated TRL-6 soon thereafter). The early identification of the mirror
fabrication and test as being a challenging, long-lead item also led to the mirrors be startcd on a
fabrication and production path well before the formal Confirmation Review that is the traditional start of
construction (Phase C/O). So efforts were made "to not replicate the mistakes of the Hubble program". I
expect that NASA could give you further examples and details. In many ways JWST started out with the
right intentions.
Unfortunately, I think that a serious naw from the beginning was that the program was "undercosted"
because of the very unwise pressure from the NASA Administrator in the late I 990s. Pressure to contain
costs is fine, but arbitrary demands to force programs within a cost box that is not established through
rigorous analysis are extremely unwise. JWST started out with a cost estimate that was too low. And
JWST development began with an unwillingness to acknowledge what was really needed and to provide
adequate resources. By the middle of the decade with a further change of NASA Administrator, an effort
was made to establish a more realistic cost for JWST. It was unfortunate that the new policy to require all
projects to budget to 70% confidence that was adopted by Administrator Mike Griftln was actually not
implemented by more than one SMD AA in the middle of the last decade. This culminated in a budget
from one SMD AA, the 2009 budget request, which left the science division with an un executable
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program. This caused in significant part the subsequent large cost growth for both MSL and JWST. I
think much has been learned over the last five years about what to do and what not to do for future
missions. My two takeaway messages are (1) budget to 80% joint schedule and cost confidence, and
(2) make sure that the agency has strong, internal independent oversight, particularly through an
independent Office of Evaluation that reports to the Administrator.

3.
We o/ien hear obout the importance of having challenging "'pace projects to sustain a skilled
workforce in this natiol1. What, in your view, does .JWST mean/iJr our workforce and/or those young
people who will become our workforce in the jillllre?
There is little douht that we can only do space projects because we have a highly skilled workforce
who are very experienced. The level of technology for doing space missions, and particularly missions
of the complexity of JWST requires a mature industry from the major contractors to small subcontractors
who have very particular skills. In addition, it requires the government and industry to have highly
experienced managers and their supporting technical teams. We have to grow thesc teams, nurture them
and support them with a breadth of programs. This requires that we have to interest and encourage young
people so that when they make career decisions they do so in areas relevant to high technology hardware
and software. While is hard to establish a one-to-one link between exciting science and career decisions,
the widespread interest in Hubble results suggests it must help greatly in making such decisions if they
are disposed to a science or engineering career. JWST will clearly continue Hubble's legacy in this area.
Already JWST has generated enthusiasm far beyond the proponents in the astronomy community, as the
extensive feedback and support demonstrated by the public last year following the proposed termination.

4. To what extent does the ./WST replan address the key findings, concerns, and recommendations of the
independent Comprehensive Review Panel you co-chaired?
a. Are you satisfied with the changes thai have been made to date?
I am very satisfied with NASA's efforts on the replan for JWST. I think NASA has responded very well
to the recommendations of the Independent Comprehensive Review Panel. I particularly like the
emphasis on setting the program on a budget and schedule track that corresponds to SO'Yo joint
schedule and budget confidence. While the lCRP encouraged NASA to adopt a more conservative
budget and schedule process consistent with the challenges of doing one-off high technology projects that
must work from get-go in a tough environment, it is clear that NASA was already trying to move towards
such confidence levels (from the agency mandated 70%, which replaced a very loose approach that
corresponded more with 50%). The only area where I am somewhat concerned at the pace of change is in
the area of independent oversight and evaluation. I think that it is very important, as the ICRP stated, that
there be a strong, independent technically-competent omce that has leadership that is highly experienced
in management of complex projects. While budgetary analysis capability is essential in this omce, this
omce should report to the Administrator and needs to be independent of the CFO office. It is nol a CFO
function.

b. How can Congress ensure that NASA has instituted the necessary capabilities and independence
in its cost and programmatic analysis so that significant jlaws don't get missed again?
This, in my view, is a crucially important question. It is complicated by the relationship between
Congress and the Administration, and that hetween NASA and OMB. At times, Congress is frustrated hy
the lack of openness in the dialog with NASA. NASA and the Administration face many constraints and
are also frustrated by the actions (or inaction) of Congress. Nonetheless, I think that considered and
informed "oversight" by Congress is essential to ensure that the appropriate cost and programmatic
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analysis capability is in place for major projects. Congress has a very important role in asking the right
questions and making sure, to their satisfaction, that the projects are being adequately reviewed and
evaluated, without getting into a situation of micromanaging projects. NASA should clearly be
responsible for the management of projects once the Administration and Congress have approved the
project for development and then construction. Specifically, I think that the appropriate committees in
Congress need to be assured that the three levels of independent technical and cost analysis are in
place. First, through a strong independent assessment function that informs the Director's office at the
NASA Center doing the project; second, through a well-informed independent review team (e.g., a
Standing Review Board); and third, through a strong independent, internal program Evaluation office that
reports to the Administrator and is independent of the CFO office.

5. While JWST now has a new plan and cost baseline for the implementation of the program, there is
still much work to be completed. What happens if JWST runs into costly problems during final
development, testing, and integration that exceed reserve levels? What should be the plan?
Projects of the scale, complexity and uniqueness of JWST will always run into problems. Nobody can
foresee what will prove harder than expected, or what will go wrong, when a project has never been done
before. Recognizing this and ensuring that the mission program and project offices have adequate budget
and schedule reserves when doing new one-off, high-technology projects will enable most, if not all
problems to be dealt with without delays or further funding. Is JWST 100% assured of being launched on
time and within budget? Of course not, but it is now far, far more likely for this to happen than the
situation with previous flagship missions. Given this, I do not think that NASA needs to "plan" for further
cost growth. Provided the Administration and Congress support a JWST budget profile over the next six
years at the replan level, further cost increases are unlikely. In the unlikely event that problems arise that
will delay launch, the first backstop is the reserves that are part of the current plan. If these prove
inadequate, further resources are usually found by delaying future missions. This is undesirable, but it has
been a fact of life for major projects in any area, governmcnt or private industry. I consider that the need
for further funding for JWST will be quite unlikely provided the replan funding profile is
budgeted.

6. Some might say that given the cost overruns on the James Webb Space Telescope, we just can't aflord
to go down that palh again with a major flagship such as the Wide-Field Infrared Survey Telescope
(WFIRST). or any flagship jiJr that maUer. What are your views on that perspective?
Flagships are too important, both for scientific productivity and for our national scientific
leadership not to continue, but we must do so responsibly. The cost growth in the JWST mission is a
concern at any time, but particularly now given the budget challenges. The cost growth has also
concerned the astronomy and astrophysics community. Nobody likes to see such problems arise. But this
has not changed the astronomy community's interest in flagships - only our detennination to try and
work with NASA to minimize the cost growth that has occurred in the past. The community interest in
flagship missions has been demonstrated repeatedly in our most important strategic plans. For over 30
years, the astrophysics community, through its Decada] Surveys, has reaffirmed that what is needed to
carry out its scientific objectives are a balanced program of small, medium and large missions and
projects. In one way the astronomy community has been quite responsible and responsive to the current
situation. WFIRST is not a major flagship. It was deliberately kept small by flagship standards. I think
that the Astro2010 Decadal took a very responsible and responsive approach to the situation for this
Decade.
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From Representative Jerry Costello

I. NASA's program offiCial has indicated that one of the concerns with the replan's launch date of2018
is the needfor the JWST team 10 remain focused and motivated to keep the momentum of this year. You
were a member of the independent panel that assessed JWST. What, in your view, should NASA be doing
to ensure the JWST team stays focused and motivated?
This is a problem that faces most big projects. Tbere are a number of aspects. Congress has imposed a
firm $8B cost on the implementation phase of the program, but one that is consistent with the replan that
was developed to an 80% joint cost and schedule confidence budget profile. The level of reserves implied
by 80% confidence budgeting will allow JWST to have an executable program. Thus the team should
now understand that they are not be asked to accomplish the "impossible". They are being funded with
what they estimated was the needcd budget and schedule.
The most important component of keeping the team focused is to have clearly understood milestones and
the appropriate metrics for assessing progress towards those milestones. Progress towards those
milestones needs to be monitored and managers need to feel pressure to meet those milestones. The
milestones are also much more likely to be met when it is clearly understood by all who is responsible. I
suggest that the JWST project continue to announce its milestones in advance as it has done recently. This
is a key part of keeping the team focused and motivated. To build confidence, however, the budget
reserves have to be intelligently used to allow the milestones to be met. Making this whole process
transparent helps keep focus throughout the team. Successes and problems should receive comparable
visibility. This requires good communications. A strong systems engineering group that has insight into
the entire project plays an important role in ensuring that surprises are minimized.
It is my view that the JWST Project has done or is doing many of these steps, but it will be good to ask
those with more project management experience than me, and be assured that this is so. To summarize:
Focus on meeting milestones. Focus on deliverables. Focus on accomplishments. Move quickly and
decisively to rectify problems. Focus on communicating the activities, milestones and status of the
deliverables available to the stakeholders through a timely and transparent process.

Thank you, Mr. Chairman, for the opportunity to respond to your questions, and those of the Members of
the Committee. Some corrections to the transcript were sent separately.
Sincerely,

Dr. Garth Illingworth,
University of California, Santa Cruz
Independent Comprehensive Review Panel
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For the Northrop Grumman-led portion of the JWST program, which is approximately 40 percent of
the remaining Webb program, we hold distributed schedule slack throughout the timeline up
through launch, with calculated cost reserves distributed appropriately for a program of this
magnitude. Since we have not yet completed negotiations with NASA for the restructured program,
we do not have a specific amount set aside, but we have proposed reserves that provide high
confidence of executing the program.

Rep lamar Smith
1.

NASA recently announced that the Kepler Space Telescope has discovered an Earth-like planet

600 light years away whose size and distance from its awn star put it in the "habitable zone" to
support life. The Hubble Space Telescope has made countless discoveries over the past two
decodes.
a.

What kinds of scientific revelations might we onticipote with the James Webb Spoce
Telescope, compored to those from Kepler and Hubble? Would you recommend
maintaining operations of the Kepler and Hubble Space Telescope even iffunds from
those missions are needed to be used to keep JWST on track?

2.
a.

Could you comment on the role of JWST in maintaining ond expanding U.S. global

b.

How do the Hubble, Kepler and Webb Space Telescope compare to the capabilities of the

leadership in astronomy and astrophysics?
European Space Agency's Herschel telescope?

c.

What are ather nations doing in astronomy and ostrophysics that could jeopardize
America's leadership in the field?

Identified as the top priority for astronomy and astrophysics by the U.S. National Research Council,
JWST will provide scientists with the capacity to reach beyond the Hubble Space Telescope and
Kepler Telescope, to serve as a key observatory called for by the world's astrophysics community.
JWST will provide observational capabilities far beyond anything previously attempted by NASA, our
nation, or anywhere in the international community. JWST operates at ultra-cold temperatures, to
measure and explore the first stars and galaxies born in the universe, and is designed with the
unique capability to study planetary systems similar to our own, analyze the molecular composition
of extrasolar planets' atmospheres, and directly image Jupiter-size planets orbiting nearby stars.
JWST plays a critical role in U.S. technological and engineering leadership in the world. Northrop
Grumman currently employs approximately 280 engineers, scientists, technicians, and support staff
at our Space Park facility in Redondo Beach, California, and in our efforts we partner with 193
suppliers across 31 states that harness the most advanced technical expertise in America. JWST is
enabled by talented women and men serving as scientists and engineers across the country in key
faCilities and laboratories. As one of the nation's top science programs, JWST provides opportunities
for, and benefits from, the highly skilled engineers we rely on to build the nation's national security
and defense programs. This program, like the Great Observatories that came before it, ensures the
U.S maintains global leadership in astronomy and astrophysics.
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3. Given your experience with building our nation's spy satellites for the National Reconnaissance
Office, would you be willing to comment on the need for American technologicolleodership in
space telescopes and capabilities created by the Webb space telescope?
The aerospace industry relies on national investment in cutting edge technologies such as those that
are being demonstrated on JWST. These technologies keep our country at the forefront of
innovation, enabling advances in both science and national security. Specific examples of how these
technologies are relevant to numerous mission areas can be made available through other
communications.

4.

Lost July, NASA's associated administrator Ed Weiler, who was in charge of NASA's science
mission budget of almost $5 billion annually, called the Oboma Administration's flat budget for
James Webb Space Telescope a "road to nowhere" in a res interview. Soon thereafter, Dr. Weiler
tendered his resignation, after 33 years of service to NASA.
a. What are your thoughts of how the Obama Administration handled the budget
challenges for the James Webb Space Telescape over the past 3 years?
b. Why did the annual funding for the JWST drop during the Obama Administration
compared to how much was being spent on the JWST only a few years ago? Shouldn't
the funding prafile for the Webb telescope have been increasing as the praject was
ramping up? (FYI: $438 million was spent in FY010 for JWSr; but on $354.6 million was
requested in FY20ll)
c. Did this flat-line budget fram the Obama Administration cause delays to the pragram? If
so, how much delay?
d. Did the House Appropriations Committee profile an adequate wake-up call for the
Obama Administration and Congress that the budget challenge facing the James Webb
Space Telescope required fixing?

As noted in NASA's FY12 President's Budget request documentation released in February 2011, the
JWST project development cost was in the midst of being developed as part of the re-planning activity
that completed in 2011. Subsequent to the release of the NASA's FY12 Budget Request, NASA has
completed and delivered a new JWST project cost and budget profile which allows for the earliest
launch date at the lowest at-complete cost.
Northrop Grumman continuously evaluates actions to contain costs, while moving forward through
assembly, integration, and test for launch readiness. Our JWST team manages a consistent and rigorous
review system at all levels, from senior monthly program reviews down to weekly written progress
reports with actively-managed metrics. However, as is the case of all projects, adequate and timely
funding is required to meet schedule and program cost targets

Randy Hultgren
1.

Could you comment on the impact that JWSTwill have on our national STEM initiative in terms
of inspiring and attracting the youth of today into field of science, math, and engineering?
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JWST, like Hubble before it, will bring the excitement of scientific discovery to people around the
world, especially to students participating in Science, Technology, Engineering, and Mathematics
(STEM) education initiatives, inspiring our country's future innovators and leaders. Federal
investments in basic scientific research, such as through major programs like JWST, inspire current
and future generations of young people to pursue careers in STEM fields. Hubble's impact on the
public has been culturally transformative. Hubble has inspired school children across the country
and around the world. JWST is the "Hubble" for the next generation of young scientists and
engineers. Northrop Grumman and our industry partners rely on this pipeline of young people that
keep America internationally competitive and prepared to meet our scientific, engineering, and
national security needs.

2. JWST has significant international participation, most notably by the European Space Agency
and the Canadian Space Agency. Could you comment on the effect the JWST will have on global
cooperation in space and other scientific endeavors?
NASA's international partners, specifically the European Space Agency and the Canadian Space
Agency, playa vital role in the JWST program by providing key instruments and the launch vehicle,
and indeed the program is a model of successful international collaboration.

3.

How will JWST contribute to our national objectives in science and engineering?

JWST was identified as the top priority for astronomy and astrophysics by the National Research
Council, and will serve as a key observatory for the world's ground-based and space-based
astrophysics community. The aerospace industry relies on national investment in cutting edge
technologies, as exemplified by JWST, to fulfill the national objective of being at the forefront of
innovation in science and engineering. JWST and similar programs provide a training ground for the
highly skilled engineers Northrop Grumman relies on to build the nation's national security and
defense programs.
The JWST program is trail-blazing as a technological endeavor, opening up a host of new capabilities
that have potential to enable us to better serve our nation's defense and security. The Hubble Space
Telescope was recently recognized for contributions to the ten thousandth science paper and
NASA's science program contributed to nearly seven and a half percent of the peer review science
papers in space science in 2011. These are representative ofthe legacy that JWST will continue into
the next decade for U.S. leadership in space science.

4.

Could you comment on the secondary benefits that will be derived from JWST in terms of new
technology development that will enable other scientific, engineering or national security
endeavors?

Future space programs will benefit from the technologies developed for JWST, and are in fact
already being used today in other industries. For example, in the field of medical technology,
innovations developed for JWST are being applied to the measurement of human eyes, diagnosis of
eye diseases and improved surgical techniques. Investments in major undertakings such as JWST
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bring breakthroughs to areas where independent technology development is not affordable. The
new inventions required to build JWST include: micro-shutters with widths the size of a human hair;
actuators and bonding materials that will function at nearly -400' F; a folding segmented mirror, and
a deployable sunshield the size of a typical classroom that will passively cool the telescope to forty
degrees above absolute zero.

Bernice Johnson

1.

The leRP report cites confusion over how "threats" that might result in a funding or schedule
impact get tracked and communicoted to the NASA Program office and when they should be
held as "liens" in the JWST budget. What steps have Northrop Grumman and NASA take to
clarify this confusion so that both the government and contractor are "on the same page"?

Northrop Grumman has greatly improved our communication with NASA regarding program cost
and schedule performance measures. Every month in a business splinter meeting, we jOintly review
in detail the program performance to date and any forecast risks to program cost and schedule
performance. We review liens and threats using common standards, and reach mutual agreement
on the appropriate classification at each monthly meeting. Specifically, the expected value of
threats is continuously compared to the program reserve, by fiscal year, insuring appropriate
management attention by both Northrop Grumman and NASA. In addition, senior management
from NASA and Northrop Grumman communicate weekly to ensure all program issues are being
addressed in a timely manner.

2.

One aspect of the JWST program that has been deferred is work on the spacecraft bus. How are
you ensuring that this criticol element is not shortchanged in any attempt to keep to the
program schedule? How are you mitigating the risks of this delayed stort on the spacecraft
element?

We delayed the bus development to make more progress in the more technically challenging
elements of the program (i.e., optics) and now that we have completed much of the optical
development, we are accelerating work on the bus development. The schedule for completion of
the spacecraft bus was a particular focus area for the re-plan effort. The spacecraft bus is making
significant progress and is on schedule to be completed in time to be integrated with the Optical
Telescope Element and Integrated Science Instrument Module after this hardware has completed
cryogenic testing at the Johnson Space Center facility.

3.

While confident of its re-plon of JWST, NASA is understandably concerned about the impact of
delaying launch by three years. For example, the ogency is concerned about the potential loss of
key government and contractor personnel due to periods of low or little activity, long storage
period for the Integrated Science Instrument Module, Mission and Actuator, and the need to
reevaluate sparing philosophy and parts aging/obsolescence.
a. Do you share these concerns?
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b.

What mitigating actions can be taken, particularly by the Northrop Grumman team, to
mitigate the effects of this delay?

JWST is the peak professional experience for most of those actually working on the hardware and
this is confirmed by our very low attrition rate. The program is keeping critical employees available
to the program to quickly disposition test, integration and operations problems quickly throughout
the life of the program. The JWST Program Office even maintains a contact list for retirees with key
domain knowledge, so they can be rapidly contacted if anomalies emerge during the JWST lifetime.
Northrop Grumman, together with NASA, has evaluated the processes required to minimize impacts
associated with the plan to launch in 2018. On the question of storing flight hardware, each JWST
mirror segment has its own enVironmentally-controlled storage container in which humidity and
contamination are controlled to maintain a safe environment for as long as required. After
completion, all mirrors are stored in their containers in an enVironmentally-controlled high bay.
Independent expert panels have reviewed the long-term storage ofthe observatory's 18 primary
mirror segments, the secondary mirror, tertiary mirror, and fine-steering mirrors and have
determined the storage plans do not pose any additional risk to the 2018 launch readiness date. The
plan was subsequently addressed and approved at the Primary Mirror Segment Assembly Critical
Design Audit and succeeding reviews.

4.

We often hear about the importance of having challenging space projects to sustain a skilled
workforce in this nation. What, in your view, does JWST mean for our workforce and for those
young people who will become our workforce in the future?

JWST, like Hubble before it, will bring the excitement of scientific discovery to people around the
world, especially to students participating in Science, Technology, Engineering, and Mathematics
(STEM) education initiatives, inspiring our country's future innovators and leaders. Federal
investments in basic scientific research, such as through major programs like JWST, inspire current
and future generations of young people to pursue careers in STEM fields. Hubble's impact on the
public has been culturally transformative. Hubble has inspired school children around the world and
JWST is the "Hubble" for the next generation of young scientists and engineers. Northrop Grumman
and our industry partners rely on this pipeline of young people to generate the next generation
workforce that sustain our critical skills and keep America internationally competitive and prepared
to meet our scientific, engineering, and national security needs.

Jerry Costello

1.

NASA's program official has indicated that one of the concerns with the re-plan's launch date of
2018 is the need for the JWST team to remain focused and motivated to keep the momentum of
this year. How will you keep your Team, including subcontractors, motivated and focused?
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From our most senior levels down to the hands-on technicians who assemble each part of JWST,
Northrop Grumman takes great pride in our role as NASA's partner on JWST. We are fully committed
to the success of this mission. We are motivated, personally, professionally, and financially, to
deliver a successful mission that is on-budget and on-schedule. With recognition and appreciation to
the support of this Congress in maintaining the funds our teams need to execute this mission, we
will deliver this ground-breaking observatory at the earliest possible date and at the lowest cost.
With the appropriate funding profile in place, the Northrop Grumman team is highly motivated to
continue on the path of taking on significant work this year and every subsequent year to launch.
With a steady flow of important program milestones planned ahead of us, our team is able to stay
focused on completion of the design, build, assembly into subsystems, test and verification of the
flight observatory. The current JWST plan allows our company to call upon the variety of skill sets
required to appropriately address each of these phases in a manner consistent with our heritage
experience on major space missions.

2.

The leRP report noted that "A decision on system engineering is a decision on accountability. In
a project of this complexity and visibility, it is appropriate for the Government to be accountable.
It is crucial, however, that the transfer of responsibility be executed properly." What has been
the impact of moving systems engineering accountability from Northrop Grumman to NASA?
Who did the transfer go?

Northrop Grumman's successful partnership with the NASA systems engineering team has
demonstrated successful execution within the new systems engineering structure for the past year
and a half. Northrop Grumman, in close collaboration with NASA, is effectively addressing the
technical and programmatic challenges before us. The transfer occurred without any problems of
note.
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Ten New Technologies Developed by and for JWST

The James Webb Telescope will have a unique and profound role in transforming our
understanding of astrophysics and the origins of galaxies, stars, and planetary systems.
In order to carry out its mission, several innovative and powerful new technologies
ranging from optics to detectors to thermal control systems are being developed. The ten
technologies and their roles in JWST are:
• Segmented Beryllium Primary Mirror: Vital to the mission because they enable a
large, lightweight mirror to be formed of 18 mirror segments. The segmented mirror
approach allows us to build a primary mirror both large enough to collect sufficient light
to conduct the science and light enough to launch. Further, without the thermal
performance of beryllium, we could not maintain a good optical surface in the super cold
temperatures JWST will experience.
• Composite Backplane Structure: First time a composite structure is being used in
space to hold very lightweight mirrors. Structural elements must be stable against
movements caused by temperature changes in order to hold the mirror segments into
the shape required for Webb to function. Any movements in this large (-20 foot)
structure must be limited to much less that the width of a human hair at temperatures
only 40 degrees above absolute zero.
• Mirror Phasing and Control Software: Software techniques and technologies needed
to control the mirrors and the small motors that can push on the mirrors to bring them
into perfect optical alignment. There's no App for thatl
• Cryogenic Application Specific Integrated Circuit: These were required to
eliminate many meters of cabling that are a source of heat and introduce electronic
noise into the science data. Thus mass and excess heat were eliminated and the signal
to noise performance was improved. The cryogenic electronics developed for JWST
found their first use in the last servicing mission for Hubble when engineers for that
mission saw the improved performance they enabled.
• Micro-Shutters: Developed at NASA GSFC, these are crucial for JWST's NIRSpec,
the European science instrument they reside in. They enable careful selection of targets
on the sky for spectroscopic investigation. They are the key element that will enable
JWST to trace the history of galaxy formation, one of its two main distant universe goals.
• Sunshield Membranes: Never before used in space, these structures shield the
telescope from heat sources (Sun, Earth, Moon) and make the telescope's functioning
possible. Amazingly, these structures are the size of tennis courts but with "plastic
baggie" thickness!
• Near Infrared Detectors: JWST needs extraordinarily sensitive detectors to record the
faint signals from far-away galaxies, stars, and planets, and it needs large-area detector
arrays to efficiently survey the sky. JWST has extended the state of the art for infrared
detectors by producing arrays that are both lower noise and larger format than their
predecessors. Already, some spare engineering-grade detectors are going to be used to
produce ground-based science using telescopes in Arizona.
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• Mid-Infrared Detectors: Like the near-infrared detectors above, JWST needs
extraordinarily sensitive detectors to record faint signals from distant objects. Unique
(but coordinated) technology developmenls were required for near and mid-infrared
because entirely different materials are suited to different wavelength bands.
• Cryo-cooler for Mid-Infrared Instrument: In order for mid-infrared detectors to
function they must be cooled. Missions have used very large and massive cryostats (I.e.
giant thermos bottles filled with solid hydrogen or some other coolant) in the past. These
cryostats have limited life. JWST has developed refrigerators, "cryo-coolers", that do not
have this limitation. There is no need to take large volumes of coolant into space to
maintain the appropriate temperature.
• Heat Switches: These can be used to allow the observatory to cool down in very
highly controlled manner, which is important for how the telescope cooling occurs after
launch and how contaminants migrated from hotter to colder observatory elements.
These were developed and confirmed, but later design changes obviated their need.
Future space missions may take advantage ofthls technology.
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ring Eyes: New Wavefront Optical Measurement Devices
Medical Spinoffs
! measure the shape of Webb's mirrors during manufacturing,
new improvements have been made in tile area of wavefront
The measurement device is called a
"The Webb
has

innovations driven by the Webb

Laser Interferometers: High Speed Optical Sensors Lead to
Commercial Applications
One of the toughest challenges for Webb engIneers was to find a
to test mirrors and composite structures at the
cold
degrees F temperature they wi!! operate in space. With
precisions of nanometers, vibration is a constant problem. To solve
that problem, 40 Technology Corporation of
Arizona has
developed several new
of high-speed test
that utlHze
pulsed lasers that
"freeze out" the effects of vibration.
According to 4D
James Millerd, "The JWST
program has been a
benefit to creation of new
technology and
beyond its direct
has
on to
generate over
million in revenue from a
nOllCJ3W)OS within the a<'rmnolnv
industries based on the
developed for JWST."
Restorlng Hubble: Integrated Circuits Used in Camera Repair
Webb investments in
App!icat!on~Speclfic Integrated
led to
of the ASICs that are now
flying on
Space
of
"future heritage": a program in
technology for a program well into the ope"!!IC,ns
ASICs are smaH,
integrated
circuit board's
of electronics to be condensed into a
small package, Webb's investments into this le"nrlOl,om
the ASICs to be
which was
of Hubble's
Surveys
stunning views of our universe.
Astronomical Detectors: Webb Detector Technology is the
Universal Choice
The beneffts of the near-infrared detectors developed for Webb's
instruments have already spread far and wide in the world of science.
"infrared sensors based on the
developed for Webb are now
the universal choice for astronomical
both from space and
Senior Director at
This
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