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NMD Review Charter

+ Determine the effects of extending the NMD program by 2 years
« Review the possibility of single-point failures in the flight-test
program
« Examine the effectiveness of risk-reduction activities
« Evaluate the adequacy of funding increases and schedule
extensions
+ Assess the ability of the Lead System Integrator (LSI) to
complete by Decision Readiness Review (DRR) date
— System Verification Plan
— LSl Integrated Distributed Simulation (LIDS)

The Panel on Reducing Risk in BMD Flight Test Programs met
originally in late 1997 and early 1998 to assess risk in the flight test programs for
the hit-to-kill (HTK) ballistic missile defense programs [i.e., National Missile
Defense (NMD), Theater High Altitude Area Defense (THAAD), Navy Theater-
Wide Defense System, and the Patriot System with the new Patriot Advanced
Capability (PAC)-3 interceptor]. | _'

Since the release of the panel’s report in February 1998, the program for
the NMD system has been restructured to allow more time and testing before
critical decision points. The NMD Joint Project Office (NMD JPO) has also
selected the Boeing Company as the Lead System Integrator (LSH. These two
major changes have prompted requests for the panel to reconvene and reexaming
‘the NMD program with regard to the features listed above. |
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NMD Program Guidance as of 5/99

» Develop, demonstrate, and deploy (when directed) a system to
defend the United States against a limited strategic ballistic
missile threat by a rogue nation . . . system would have some
residual capability against accidental or unauthorized launch. ...

» By 2000, be in position to make a deployment decision based
on an assessment of system technology and operational
effectiveness, status of the threat, system cost, and arms controi
objectives

« Phase key decisions to reduce risk to support the projection of
an FY05 deployment

+ In an emergency, be ready to deploy within 3 years of a
government decision

The Office of the Secretary of Defense (OSD) program guidance to the
NMD JPO and the LSI continues to call for a system to defend against a limited
attack and for a Deployment Readiness Review (DRR) in FY2000. However, the
decisions that were originally to be made at the DRR under the earlier 3 + 3
program are now to be made in phases between 2000 and 2003. The initial
operating capability (IOC) has been moved from 2003 to 2005.

Still, OSD guidance requires that the program offices take no
programmatic action that would preclude an emergency deployment in 2003
should conditions require and technology permit such a deployment.

This last requirement will be difficult to convert to realistic program
“actions, and there is the potential that this guidance could lead to emphasis on
near-term deployment readiness at the expense of properly completing the
development activities needed for a system that meets the stated operational
need.



Briefing Outline

Overarching Observations

Program Structure and Overall Risk
Integrated System Test Structure and Plans
Continuing Technology Development
Explicit Program Risks

Findings and Recommendations

The outline of the report is shown above. In Sections 26, we outline the
recommendations of the Panel on Reducing Risk in BMD Flight Tect Pragrams
and note how these recommendations have been implemented—adding
information from this review. '



Overarching Observations
The Program Restructure and Risk

« The Administration and the Congress have determined that the urgency of
the need justifies a high-risk schedule to be ready to deploy a limited NMD
system

— The 3 + 3 plan: Decision Readiness Review (DRR) in July 2000 for all
elements of the system

— The restructure: Phased deployment readiness decisions -- most likely
10C in 2005 —- reduces program risk -- still high risk

« Since the restructure, actual and anticipated delays in key events have
compressed the program schedule

« Continued compression would require that decision points be adjusted to
retain the program risk reductions from restructuring.

« Care is needed to ensure that maintaining capability for an earlier
emergency deployment does not detract from the focus on fielding a system
in 2005 with the initial capability required.

The NMD program has characteristics that are fundamentally different
from normal development programs. One such unique characteristic is that
national leaders have made a conscious decision that the significance of the
potential threat to the security of the United States warrants pursuing the
program on a high-risk schedule.

The original 343 program schedule was widely regarded as very high
risk, with no reasonable expectation of meeting that schedule. The restructure of
the NMD program was intended to retum the program to an acceptable
expectation of execution. :

However, even at this early point in execution of the restructured
program, delays in key events—ground tests and flight tests—and delays-in the
development of key simujation and test facilities are compressing the schedule.
Continued compression will require that decision points be moved
commensurate with event delays in order not to increase risk further.

. While the need for an emergency deployment may arise in the future, the

possibility of such a decision should not be allowed to drive the restructured
prograrn. The restructured program, as currently defined; is-still highly
demanding, and any additional burdens for program management can seriously
compromise it. . - . '



The Deployment Readiness Review (DRR)

+ Itis reasonable to expect to produce information by DRR date to
determine if a 2005 deployment is feasible.

« The NMD program is not structured to produce confidence, by
the DRR date, that the full suite of essential elements will be
ready for deployment as planned.

_ Those determinations are expected to come in phases.

« Performance criteria for the DRR milestone are now
established.

— Achieving the calendar milestones is stil heavily
emphasized in program guidance.
— Top-level BMDO and OSD support will be needed to ensure

that the DRR determination is driven by demonstrating key
performance events rather than by fixed calendar milestones

While the DRR date of June 2000 is unchanged from the 3 + 3 program
structure, the nature of the decision expected from the initial DRR 18
significantly changed. There is no intent to provide detailed information leading
to production of the radar or the GBI at that time. Instead, the decision will be
limited to a site selection and award of the construction contract—both essential
long-lead steps. Subsequent Defense Acquisition Boards (DABs) will be held to
approve the remaining elements of the program. Hence, the DRR should be
regarded more as a feasibility decision with some long-lead deployment actions
rather than a readiness decision. '

One performance criterion now specified for achievement before DRR
includes two successful intercepts, with at least one occurring in an Integrated
System Test (IST). This criterion clearly makes the DRR a performance
milestone rather than a calendar milestone. Still, the program guidance, in
various forms, places great emphasis on the calendar milestone of June 2000. It
will take strong program management and top-level support to ensure that the
performance requirements and basic system engineering and design functions are
not sacrificed to the calendar since no decision will produce suceessful
deployment until the system can be shown to perform as required.



Government Program Management

» Government PMs need authority commensurate with their
responsibitities. Some current direction to PMs:
— Responsibility: “...ensure the contractor performs the
requirements of the contract...”
— Authority: “...may not make any commitments or changes
that affect price, quality, delivery...”

The panel noted that the authority of the JPO, the JPO system engineer,
and the program managers (PMs) are unclear. It does seem clear that the
program’s government managers do not have authority commensurate with the
responsibility of running the program. The Contracting Officer’s Representatives
(CORs)—two from the Ballistic Missile Defense Orgamzatlon (BMDQ), two
from the Army, and one from the Air Force—are told they are responsible to
“ensure the contractor performs the requirements of the contract,” but “may not
make any commitments or changes that affect price, quality, delivery ... of the
contract.”

Although the LSI reports directly to the JPO, three of the five CORs are

from.the Service program offices, and they report to their respective Service
Program Executive Officers (PEOs). Thus, the authority of the JPO and the role

of the JPO system engineer are unclear.

_ This lack of integrated authority and responsibility at the JPO is
inconsistent with the complex1ty of the integration task that the JPO is
overseeing. '



Lead System Integrator (LSI)
Program Management

« The emphasis of the LSI, as presented to the panel, was heavily
on integrating the program elements
— Much less emphasis on the performance of the elements to
be integrated.

At the time of this review, the relationship between the LSI and the
individual program element progiau management was also unclear.

With the selection and start-up of the LSI, the JPO plans for all the
element contractors to become subcontractors to the LSI. Hence, the LSI wili run
the EKV, XBR, Upgraded Early Warning Radar (UEWR), and BM/C3
subcontracts. In the case of the EKV, the panel found that the LSI had not yet
penetrated into the details of that program deeply enough to exercise oversight.
The panel did not delve into the relationship with the other elements.

The LSI heavily emphasized the very challenging task of integrating the
elements into a system-of-systems. However, the lack of government control,
combined with the current state of LSI oversight of the subcontractors, leads to
 risks that can be mitigated by focusing more management on the performance of
the elements to be integrated. ' :



The Incremental Approach

Given the technical, political, and programmatic complexities of the
program, the incremental approach to development and readiness to
deploy, as reflected in Integrated Ground Test (IGT) and Integrated
Flight Test (IFT) planning, is sensible. The program:
+ Through IFT-6: Demonstrate functional capabilities using legacy
and developmental systems
— A key objective -- developing and demonstrating Hit-To-Kill
capabilities - a prerequisite to further progress
— 4 intercept attempts
« From IFT-7 through IFT -13: Extend development of operational
systems and develop and demonstrate full system integration -- 7
additional intercept attempts.
« From IFT-14 through IFT-21: Complete EMD, produce the prime
system components, and complete IOT&E -- 8 additional intercept
attempts.

Given the set of challenges and the phased decision process, the JPO and
LSI have formulated a sensible, phased, incremental approach to the
development and deployment decision—while.managing the risk. While the
information required for decisions will come from ground testing, simulation,
and flight testing, it is useful to describe the three major increments of the flight
test program. '

Through IFT-6, the program will focus on technology demonstration with
the central objective of developing and demonstrating HTK capability. One
requirement for passing DRR is two successful intercepts in four attempts on
IFT-3 through IFT-6. IFT-3 and IFT-4 wiil rely heavily on Kwajalein Missile
Range (KMR) radars and equipment 16 support the EKYV in flight. However,
beginning with IFT-5, prototype versions of the BM/C3, UEWR, and XBR
fusing the surrogate ground-based radar (GBR-P)] will be used in the test, thus

‘making this test the first IST.. _ '. '

" From IFT-7 through IFT-13, development and testing and demonstrations
of system integration will continue. IFT-7 is the earliest that the operational
- booster can be part of the system for test. IFT-13 is planned to be the first flight
. test with the operational kill vehicle. . N _ -

“The remaining program will complete Engineering and Manufacturing
Development (EMD) and increase confidence in the deployable system until a
~ decision is made to deploy. ' : g e
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The Longer Term Need

» Most activity supports efforts for the near term.

» There appears to be a minimum focus on activities to support a
long-term program. There is a continuing need for:

— Developing a HWIL facility to aliow dynamic, closed-loop
guidance testing of the Exo-Atmospheric Kill Vehicle (EKV)

— Acquiring a second launcher at Kwajelein Missile Range
(KMR) to allow testing of salvo firings

— Examining the more difficuit threats

— Continuing technology development

— Planning for a second or expanded Integrated Systems Test
Capability (ISTC)

_"Providing a backup plan to cope with GBR-P degradation

- Additional hardware to support testing at a variety of facilities.

11

The current NMD effort is focused on being ready to deploy a system
that meets the minimum requirements to meet the C1 threat—a challenging task
using even the best available technology. Stili, whether the decision 1s to -
continue development or to commit to deployment, technology development and
testing will need to continue to meet future needs in expanding to a more
sophisticated existing or developing set of threats. The panel found that the JPO
and LSI were highly focused on developing a system to counter the C-1 threat
with an JOC in 2005 but with minimum attention to planning for system growth
and enhanced test capabilities that will be needed to support any enhanced
system. ' | '

Many of these issues are discussed elsewhere in this réport. We discuss
only two of them here, and both are related to the facilities at KMR. The first
issue is at KMR that there is currently only a single GBI launcher, yet the system
will have to operate with two or more interceptors in flight. This dual-salvo
feature cannot be verified with a flight test unless a second launcher is built. A
second launcher should be planned and funded now.  The second issue at KMR 15
the degradatlon of the GBR P. There is reason for concern that it might be
unable to support the test program by 2005 unless action is taken to maintain the

“capability. Takmg a long-term view of NMD, the system will be undergoing -
tests for 10 to 20 years; hence, the problems with the GBR-P must be addressed
now, and a leng- ~term solutron must be put m place. :

"



Exo-Atmospheric Kill Vehicle Program
is Hardware-Poor

« The EKV program is hardware-poor:
— No “devetopment models.” First article built will fly.
» This shortage adversely impacts the near-term performance of
the program:

- Early flight models have hundreds of hours on some parts since
these parts are also the development items

- Limits the ability to have needed multiple, simultaneous activities:

+ Reluctance to provide hardware to KHILS, even though KHILS
will soon have 1,000-HZ rate table for needed ground test

support
« Could not support needed upgrades of AEDC because
hardware had to return to Tucson.

— Delays occur because there are no spares
+ Recent IMU problems
» Laboratory accidents

The visit to the Raytheon facility in Tucson highlighted the impacts of
the “hardware-poor” nature of the EKV program. There were no spares, no-
development articles, and no articles available for parallel activities that could
significantly reduce development and test risk. The first article built appears to
be the one that will fly.

Being hardware-poor has forced the EKV program to forego activities
that would have reduced risk. For example, the early flight models in the EKV
program will have hundreds of hours of use on them since these flight articles
are also the developmental articles. The EKV program is unable to support
important development activity, such as improving the test capability of the
facility at Arnold Engineering Development Center (AEDC), since the flight test
article had to be returned quickly to Tucson to meet schedules. Raytheon has
also been unable to provide a test article to the KKV Hardware-in-the-Loop
* Simulation (KHILS) facility for facility developnient and testing. The upcoming -

acquisition of the 1,000-Hz rate table at KHILS could make that facility of high
“value in future NMD EKV development. | |

_ Finally, the lack of spare hardware.is driving flight test delays. The

inertial measurement unit (IMU) on the test article for IFT-3 failed. The EKV for
IFT-4 could not be substituted. So, the IMU was removed from the IFT-4 EKV . . -

“and installed into the EKV for IFT-3. The defective IMU was returned to the

- yendor for repairs, but it is not likely to be available for the planned IFT-4 -
launch date. ; S ' e

12



Key NMD Management Issues

» The NMD program generates some unique management issues
that demand added clarity in assigning authority and
responsibility:

- Urgent need

— Highly advanced technology

— Complex system architecture

— Compressed, concurrent schedules

— Long development and operational life span

— Entanglement with arms reduction agreements

— High cost
Participation by a multitude of government organizations and
_ multiple Services.

13

The NMD program is characterized by a combination of challenges that
add up to severe demands on management. They include the urgent need
(leading to a planned high-risk schedule), first use advanced technology,
complex system architecture, compressed and concurrent schedules, long
development times and long operational life span, complications from arms
control agreements, high cost, and participation by a multitude of government
organizations and the Services. These program characteristics generate some
unique management issues that demand a high degree of clarity in assigning
authority and responsibility. As noted in this report, instead of unusual clarity,

there is unusual fragmentation and confusion about authonty and responsibility.

13



Support for System Simulations and
Ground Tests

» Development and decision information will come from the LSl
Integrated Distributed Simulation (LIDS)

— Anchored by data from IGTs and IFTs

+ Resources supporting LIDS development and conduct of IGTs appear
inadequate to support the planned DRR date:

— LIDS development is behind schedule.
— The IFTs and IGTs are behind schedule.
— The ISTC cannot adequately support both IGTs and IFTs
— IFTs are high visibility, but IGTs may provide more vital
information
« Will need senior management attention to ensure IGTs
receive needed priority.

14

While the flight tests are high visibility, the vital information needed for
development and decisions (i.¢., the DRR) will come primarily from the LSI
Integrated Distributed Simulation (LIDS) and the IGTs, anchored with data from
the flight tests. However, the panel considers the resources currently available
for simulation development and IGTs as inadequate to provide the information
needed for the DRR on the planned date.

In fact, the LIDS’ development and the execution of the IGTs are
currently behind schedule. The plan to mitigate the risks associated with these
delays did not provide much confidence to the panel. The Integrated System Test
‘Capability (ISTC) is in heavy demand for the IGTs and the IFTs, and it cannot
adequately support both. This is a cause for particular concern in the near term,
where the IGT and IFT events have been compressed into a very small time
window to support the June 2000 DRR. An expanded capability or some
unidentified workdround will be required to support both.

B B
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Difficulty of Reliable Hit-To-Kill (HTK)
Has Been Underestimated

« The panel believes there is a legacy of over-optimism about the
state of progress in developing reliabie HTK performance --
evidenced by:

— End-game, HWIL facility late to need

— Adding a complex set of decoys for the first attempt

— Using a small, challenging target on the first attempt

— A less-than-minimum set of endgame geometries and
conditions in the flight test program.

The panel believes that the government and the integrating contractor

continue to underestimate the challenge of reliably performing exoatmospheric
HTK. Exoatmospheric HTK of ICBM reentry vehicle (RV)-like targets has been
successfully demonstrated only twice [Homing Overlay Experiment ((HOE) and
" Exoatmospheric Reentry Intercept Subsystem (ERIS)] with at least 8 failures to
date [HOE, ERIS, and Lightweight Exoatmospheric Projectile (LEAP)]. The
panel noted a lack of urgency to test the EKV in an end-game hardware-in-the-
loop (HWIL) facility, given that most other BMDOQ HTK programs view this
need as critical. :

‘The panel did not think that including decoys on the first intercept
attempt was a wise choice, and BMDO has recently elected to remove two of
them. The panel views a successful_ HTK engagement as being difficult enough
that the first attempts should not be unnecessarily complicated.

Finally, the panel was concerned about the single test geometry for [FT-7
through IFT-13. The LSI's plan to use the data from the flight tests to anchor the
‘simulations is likely to be compromised seriously by the level of extrapolation
 that will be required to assess capability over the required flight envelope.

This reinforced the panel’s judgment that the government and the LSI- |
‘were more optimistic than warranted about the state of capability to-achieve

reliable exoatmospheric HTK capability.

15



Program Structure ana Uverall HisSK
Phased Incremental Integration

FY 97 o8 99 00 01 02 03 04 05

Program Milestones A A A
DRR DAB DAB Deployment
System Engineering Milestones
IDR SCDR
Tech Demo
Advanced
Development
Development
& Production
Prototypes
Production
Prototypes &
Production
Production
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This chart provides some additional detail regarding the phased
incremental approach described in the overarching observations. IDR, the
Interim Design Review, is a prelude to the DRR. SCDR, the System Critical
Design Review, is where the configuration of the system is fixed. The 2001
DARB is the decision to go forward with the procurement of the UEWR upgrades
and the XBR. The 2003 DAB is the decision on the GBI—the final system
decision. | '

The fact that the system configuration is nct fixed until 2001 and the
operational version of the EKV will not be tested until FY2003 lead the panel to
conclude that the DRR should more properly be considered a Deployment
Feasibility Review under the restructured program. If all goes according to the
restructured plan, by June 2000, BMDO will have demonstrated the “feasibility”
- of a NMD system but not the “rcadiness to deploy” of the system. The
demonstration of readiness to deploy will not come until 2003 at the earliest,
when the integrated GBI (i.e., operational version of the booster and EKV)isto
be demonstrated. o
. " The extra time for more flight tests before the decision to deploy, which
. resulted in the phased approach to decision-making, lowered the risk in the

restructured program. S T
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Program Schedule Change
IFTs and Production Decision Points
FY 97 98 99 00 01 02 03 04 05
N 12341 2341123410 2341234112341 32341123411 234
ov.
A AlA AN N : A
il (Contioued Testing 15t Potential 10C
Plan .D
RR
A A A AN AAA NAAAA A : A
1 {1 Ixl 3 3 45* b 718 910111213314 [Continued Testing
il ¢ D:R D:B ]::\B Most
Plan LSI Likely
Awarded 1 l 100
« Commit to deployment « Approve GBI build and
« Select site deployment
* Award construction contract 13 IFTs, 11 intercept attempts
* 5 IFTs, 3 intercept attempts + 11 RRFs
* 6 RRFs \ 4
* First Integrated System Test/ , Approve Start of Site Construction
T Operational booster « Approve UEWR Upgrade, XBR Build, BM/C3 Integration
£ Operational EKV

This chart shows the change in schedule from the restructure. IFT-1A and
IFT-2 were seeker fly-by tests and were completed successfully before the
restructure. Three intercepts are to be attempted before the DRR, with IFT-5
being the required IST.

The RRFs mentioned in the chart are tests in which targets of opportunity
are tracked, allowing the system to operate, collect data, and simulate intercepts.
These can occur on targets launched from Vandenberg AFB and Kodiak Island.

After the three key IFTs, there are three key decision points. Following a
successful IST, a commit to deployment resulting from the DRR would consist
of a decision to select the interceptor site and award the construction contract.
IFT-7 is the first flight of the interceptor using the operational booster. The
subsequent DAB could approve the start of site construction and approve the
early warning radar upgrades, the XBR, and the BM/C3 integration program.

There will be six additional intercept attempts through IFT-13, the first
test flight with the operational EKV. The subsequent DAB is to approve the GBI
build.

17



DRR Decision Criteria

» Design development
— Demonstration of integrated system/element functionality

— Ability to achieve key performance parameters
— Maturity of deployable system design.
+ Deployment
— Production readiness
— Capability to field
— Capability to sustain.
¢ Program cost
-~ Program life-cycle cost and funding.

Note: The DDR schedule poses a very demanding administrative and
program planning workload on the government [NMD JPO, USD(A&T),

etc.] and the LS.

The decision criteria for the DRR specify performance requirements for
design development, deployment and program cost. Details regarding the
criterion of demonstration of integrated system/element functionality are shown
on the next chart.

The program workload to generate the information for meeting these
criteria is formidable. Numerous agencies, incloding NMD JPO, USD(A&T)
and the Director of Operational Test and Evaluation (DOT&E) in OSD, must
work together to produce the reports demonstrating that the criteria have been

met.

[8



DRR Decision Criterion #1
Demonstration of Functionality

* Definition
— Demonstrate system-/element-level functions through
integrated ground and flight tests, including two intercepts
(body-to-body contact)
— One intercept must be an IST
— To protect the FY05 10C, a single intercept allows award of
construction contracts, long-haul communications, and
approval of necessary long-lead hardware
¢ Product
— An assessment of the system/element functions
demonstrated to that point, including a plan to demonstrate
any remaining functionality
— The test objectives defined in the approved Integrated Test
and Evaluation Plan will form the baseline for the
assessment

The decision criteria for the DRR specify performance requirements for
design development, deployment and program cost. Details regarding the
criterion of demonstration of integrated system/element functionality are shown
on the next chart. . ,

The program workload to generate the information for meeting these
criteria is formidable. Numerous agencies, including NMD JPO, USD(A&T),
and the Director of Opérational Test and Evaluation (DOT&E) in OSD, must
work together to produce the reports demonstrating that the criteria have been
met.

19



Integrated System Test (IST) Structure and Plans
System Verification Approach

Development and
Deployment Decisions

C2
Simulations

Anchoring
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The information needed to develop and verify the system will come from
an orderly combination of simulation, test, and analytic activities. Testing
includes ground testing of individual system elements and of subsets of the
integrated system. RRFs use targets of opportunity, such as Minuteman
reliability launches. IFTs are designed 1o collect information that cannot be
adequately addressed in ground testing. This combination of testing provides
validation for the simulations and, in turn, provides conﬁdencc for development

and deployment decisions.

Given the nature of the NMD mission and the inability to conduct full-
scale end-to-end tests in a realistic environment, simulations and analyses will
" provide much of the needed design and decision information. The review group
has urged—and continues to urge—extensive use of HWIL simulations to
increase the vahdlty of the SImulatlons and confidence in the valldlty of the
~simulations. |

20



Schedule Compression for IFTs and IGTs
Planned vs. Current Estimate

FY 99 FY 00 FY 01
QI Q2 Q3 M1Ql QF Q3 4} Q1 Q2 Q@ Q4
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g A | STAYA AA AA
] 4 5(I1ST) 6 7 8
IFTs 6/15 9/15 1/30  5/30 17130 '5/15
S SR SR * o
- ® 0o
{Oct.  Feb. May July
A A A | Booster Tests
IGTs 4 5 6 7 8
* o o0

¢ M b ‘go »
8/24 9120 3/20 7/31 /13 2/13

« IST (IFT-5) and 1GT-5 are essential prerequisites to DRR.

« IGT-5 was separated into IGT-5 (Sept. 1999) and IGT-5A (March 2000).

« [FT-6 backup for IST.

« Schedule compression intensifies competition for ISTC support for IGTs and IEIs.

As discussed earlier, the program has experienced significant ground and
flight test compression since the restructure. IFT-3, the first flight test since
award of the lead system integration contract, will be directed by the government
and has slipped several months. IFT-4 will be the first IFT fully directed by the
LSI, and it has also slipped several months. Since a successful intercept on IFT-5
is a prerequisite for DRR, any significant slip of that test must affect the DRR
date.

Similarly, the IGTs are slipping as indicated on the chart, again
compressing the schedule. Given the amount of analysis that must be
accomplished based on these tests and the simulations they anchor, this
compression is cause for major concern.

Both IGTs and IFTs require the use of the ISTC facility. With both
slipping, the demand for the ISTC facility is likely to exceed its capabilities.
This could result in even more schedule slips.

The schedule in this chart shows that the system design will not be firm
until the SCDR in 2QFY01, yet prototypes of the EKV, UEWR, XBR, and
BM/C3 are participating in the flight tests now. This high level of concurrency
adds risk to the program by raising the possibility of future design and/or
requirement changes. Such changes may not cause great harm, but they work
against getting a true baseline system for production. Although block changes
were said to be planned to resolve this challenge, we found no freeze points to
catch specific numbers of flights and intercepts before decision points.

~



Risk Reduction Flights (RRFs)

« The NMD program is taking advantage of other test firings in the
Pacific Ocean (e.g., from Vandenberg AFB and Kodiak Island)
to exercise the system:

— Radars and BM/C3 will be tumed on and operating
» Exercise tracking
« Exercise radar classification of objects
~ No weapon firings
_ Provide data to anchor the NMD models and simulations.

« Five RRFs have occurred, and a total of 11 are planned before

the FY03 DAB decision.

22

As part of the test program, the NMD program is conducting opportune
RRFs. These are occasions in which the program takes advantage of a target that
most likely might be launched from Vandenberg AFB toward KMR but possibly
from other Pacific launch ranges (€.g., Kodiak Istand). In these flights, the
elements of the NMD system are turned on and operating. The tracking,
classification, and BM/C3 element will operate along with the radars and
portions of the interceptor element. However, the interceptor will not launch.

The JPO has been able to influence the payload selection for some of
these flights to try to provide a realistic target sct for the test. Five RRFs have
occurred to date, and 11 are planned before the FY03 DAB decision.

©



LS| Integrated Distributed Simulation (LIDS)

Element Models
User-in-the-Loop

Truth Models

Threat

System Environment
Simulator
Lethality
3 Model

The LIDS is vital to the approach for verifying the system design. It is a
simulation that includes models of the individual elements of the system and
uses inputs from the threat, environment, and lethality models. It is designed to
be fast-running so that it can perform thousands of runs to support the DRR.
LIDS will use data from the IFTs and IGTs to verify its system descriptions.




Schedule Compression for LIDS

FY 99 FY 00 . FY 01
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Note: LIDS-4 required to support DRR, the principal source of information.
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Build 4 of the LIDS, despite its importance, is substantially behind
schedule. Further, there is serious doubt that the LIDS, as currently configured,
will have the capacity to support both IGTs and IFTs in the near term in the role
of test planning. Moreover, the data from the completed IFTs and IGTs must
feed back into LIDS to anchor it to the test observables. Since the IFTs and IGTs
are slipping, there will be less time before DRR for this process. Hence, the
development and reliance on LIDS is rapidly becoming a high-risk portion of the
program.



EKV HWIL Testing - Raytheon

« Uses numerous facilities—in Tucson and elsewhere—for
calibration and characterization of the sensor.

« Uses the Hover Test Facility at Edwards AFB to perform EKV
hover tests. .

« Elected not to use the KHILS facility at Eglin AFB to verify
closed-loop guidance of the EKV.

— The upgraded KHILS would allow demonstration of the
ability to select and close on the target under a variety of
end-game conditions with a variety of targets —far more
than the flight test program allows.
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Raytheon performed extensive HWIL testing of the EKV. They used
numerous facilities for calibration and characterization of the EKV sensor. They
also used the Hover Test facility to test the propulsion system. However, no plans
have been made to use the KHILS facility at Eglin AFB.

KHILS is acquiring new capabilities that could provide the opportunity for
more realistic testing of the seeker and guidance on the EKV (e.g., a 1,000-Hz rate
table that will provide the response necessary to model the EKV). These new
capabilities would provide realistic, dynamic scenes and allow the seeker to operate
and close the guidance loop all the way to intercept. This type of testing would
complement the other HWIL 'tests being conducted by Raytheon and verify EKV
performance in a variety of conditions that cannot be tested at KMR.
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GBI Environmental Testing

« Contractor-provided components tested at numerous facilities to
design margins before System Readiness Review (SRR)
— Tucson -- Environmental testing of EKV
— Sunnyvale - Testing of the EKV mated to the booster occurs
at ESTA in Sunnyvale.
— Kwajalein -- Payload Launch Vehicle (PLV) booster stack
functional test
+ The panel has been unable to determine that the EKV has or will
be proven abie to withstand the far more severe vibration
environments on the new GBI booster.
« A clearer definition of responsibilities and accountability for
environmental testing to required margins of the entire GBI
element is needed.
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As discussed previously, environmental testing of the the GBI is a major
concern.

Extensive discussions with Raytheon did not provide the panel
confidence as to when and how it will be determined whether the EKV will be
able to withstand the environments on the new GBI booster. We view this, as
does Raytheon, as a high risk to the program. We will discuss this topic later in
the report. ' -
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Explicit Program Risks
High Risks as Identified by the LSI

Itemn Key Risk Drivers
Test article integration Schedule
Complete DRR system verification Schedule, Cost
Weapon system SSPK (KV) Technical, Cost, Deploy
Demonstration of critical WS functions by DRR | Schedule
IFT-3 schedule Schedule
KV maturity Schedule, Cost
KV survivability in a nuclear environment Technical, Cost, Mfg, Support,
Deploy, H-D&E
Orbus 1 A hazard Class 1.1 designation Schedule, Cost, Mfg, Support
Foreign UEWR site approval Schedule, Cost
UEWR HEMP hardening Schedule, Funding

Note:
1. KV risk driven by technical and cost. All others driven heavily by schedule.

2. LSI's risk assessment seems driven by integration of elements. Emphasis on
technical risk in making the elements work not evident.
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The top program risks identified by the LSI are dominated by schedule
concerns—reinforcing our conclusion that further compression of events leading
to the DRR must be avoided. Instead, the panel recommends slipping the DRR
date to accommodate any further delays in key events leading up to the DRR.

The panel was also concemned that the LSI list is dominated by large-
scale integration issues. While integration is a challenging task, very difficult
element challenges also remain at this stage of development, and the orientation
of this list adds to our concerns that the LST has not yet had time to penetrate the

element programs fully.
~ As expected, the EKV makes the list of high risks for technical and other
reasons. However, the panel, in response to questions, was concerned about the
lack of identified particulars concerning why the risk was thought to be so high.
The panel concluded that no firm risk mitigation plan could be implemented at
present to drive down the high risk areas. o |
- For several key risk areas, the planned risk mitigation effort is the flight
test that will be impacted by the risk. Once again, the panel strongly urges a
- greater effort to'minimize and close the risks by using ground testing. Flight tests -
-should be used to closc only those nsks that cannot be tested and venficd on the
ground .
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EKV Medium and High Risks
as ldentified by Raytheon

« High
— High environmental loads on payload
— Availability of booster guidance software
— IMU delivery schedule
— SSPK in a nuclear environment.
* Medium
— In-Flight Interceptor Control System (IFICS) modem
availability
— Lack of spare Inertial Measurement Units (IMU)
— Payload mass
—. Sensor schedules for KV integration
— Nuclear-hardened parts availability.
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This chart shows the medium- and high-risk areas in the EKV program,
as identified by Raytheon. The risk management program 2t Raytheon appears (0
be well conceived, well structured, and well executed.

On the next three charts, we discuss further the risks associated with the
IMU, the high environmental loads produced by the new GBI booster, and the
| sensor_schedules for EKV integration.
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Shock Loads on the EKV

* The new booster for the GBI will subject the EKV to much
greater shock loads than the PLV. It is not clear that the EKV is
designed to withstand this load.

New booster - 2nd to 3rd
stage separation

i = New booster - shroud
separation

1000 —

PLV - 1st stage separation
& 2nd stage ignition (long.)
100 —
PLV - 1st stage separation
& 2nd stage ignition (lat.)

PLV launch shock (long.)

Peak Acceleration Response (G)

PLV launch shock (lat.)

0.1 I I T

10 100 1000 10000
Frequency (Hz)
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One of the highest EKV risk areas is its ability to withstand the
environmental loads of the new booster that will fly on IFT-7. This chart shows
that the expected shock loads are over an order of magnitude greater than those
imparted from the PLV. We are not certain that the EKV will be able to
withstand these loads, and we will not know with any degree of certainty until
IFT-13, the flight on which the EKV and new booster are first mated together.
This flight is planned for 2003.

faTal



IMU Risks on the EKV

* Numerous risks are surfacing with regard to the IMU to be used
in the EKV.

~ The IMU to be used on IFT-3 was defective. No spares exist,
so the IMU from IFT-5 will be moved to the EKV for IFT-3.

— The defective IMU was returned to the manufacturer.
However, it is may not be available in time for the scheduled
date for IFT-5.

+« The manufacturer of these IMUs has discontinued this line of
business.

— New IMUs from a different vendor will be used on IFT-6.

The obstacle to retiring this risk has been inadequate
quantities of developmental and test hardware.

30

The recently failed IMU that was planned for the EKV on IFT-3 has led to
schedule slips tn IFT-3 and possibly IFT-5. Because no immediate spare was
available, the IMU in the EKV planned for IFT-5 was removed and installed into
the EKV planned for IFT-3. The defective IMU was returned to the manufacturer
for repairs. Because the manufacturer has discontinued making IMUSs, a new one
cannot be substituted. Rather, Raytheon must wait for the repairs to be made. If
delays occur, this might result in delays to IFT-5. '

This risk is directly attributable to inadequate developmental and spare
hardware.



Sensor Schedules for EKV Integration

» Sensor delivery for integration into the EKV is behind schedule:
— Process requires that sensor be delivered at least 6 months
before flight date.
— Sensor deliveries were behind schedule even before the
recent slip forced by the IMUs.

1999 2000
I Jull Aungap l Oct f Novl Docl Janl Febl Mar l Apr [May[ Jun | Jul |

Se DRR
oo A— A

|FT-4, until recent IFT-4

schedule slip (rescheduled)

Senwt e shs W sy o) A
6 months for IFT-5 il

IFT-5, until recent

schedule slip (rescheduled)
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This chart addresses the EKV sensor delivery schedule challenge.
Deliveries were behind schedule even before the IMU-related schedule slips
were announced in late June 1999.

There is still a possibility that sensor delivery can support the current
schedule for IFT-4 and IFT-5. However, the schedule margin has been
consumed. Any further schedule slip or compression will jeopardize the DRR
date.



Single Points of Failure for Tests
and IFT-5 Mitigation Items

Configuration Item

Mitigation Item

GBR-P
Inter-site comm links
Intra-site comm links

Ground Based Interceptor | None
Command Launch Equip. | None
BM/C3 EAC/RITE
In-Flight Interceptor

Control System CCS/EAC

GPS, ALCOR, FPQ-14 w/RITE
Backup T-1 for BM/C3 CINC to Site
None

Note: GBI performance is complex, high-risk, and critical to DRR.
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On this chart, we show the risk mitigation plan for items in IFT-5. In the
event that any of the items on the left fails during the test, the backup is shown
on the right. For example, if the GBR-P failed during the test, the use of the
Global Positioning System (GPS) and other GBRs would still allow the EKV to
fly and attempt an engagement. Thus, some of the test objectives could still be
salvaged, although the goal of demonstrating the integrated system would not be

met.

The EKV and the command launch equipment are both high risk and
represent single points of failure. The acquisition of a second launcher at KMR

would mitigate some of this risk.
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Additional Risks Identified by the Panel

« Lack of firm contracts between the LS| and some of its major
subcontractors

« Test and Evaluation Master Pian (TEMP) is not yet final
» Adequacy of the flight test envelope to anchor IGTs and LIDS
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The panel identified several risks in addition to the risks raised in the
earlier review and those raised by either BMDO or the LSI. The first risk results
from the state of contract negotiations between the LSI and some of its major .
subcontractors. The JPO is in the process of turning over the contracts for all the
elements to the LSI. However, some contracts have not yet been finalized. This
leads to higher risk because the LSI does not have detailed insights into some of
the elements or full control.

While BMDO is currently responsible for the conduct of IFT-3,
continued slips could lead to a decision to assign responsibility to the LS1. A
hand-over this close to the flight test carries added risk.

The NMD Test and Evaluation Master Plan (TEMP) is still in draft form.
This document should be expeditiously completed and approved.

~ The panel is also concerned about the limited flight test exploration of
the flight envelope. Range constraints at KMR limit testing to very few
- geometries and intercept conditions. For example, a single intercept geometry
- will be used for IFT-3 through IFT-6, and a second geometry will be used for-

- IFT-7 through IFT-13. From this limited set of data, the LSI hopcs to anchor its -
mmulatnons to prove the system s ability to handle the requnred threat envclope

The pancl is concemed about the scope of extrapolatlons requ1red
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Findings and Recommendations

« The program has been restructured from the earlier 3 + 3 with a
DRR for all elements of the system in July 2000 to a series of
phased deployment readiness decisions leading to a most likely
capability to deploy in 2005. This restructure significantly
reduced program risk.

« However, key event slips have compressed the planned
restructured schedule.

« RECOMMENDATION: Do not allow further compression of
the schedule. If there are additional slips In key events,
adjust the DRR date as needed to avold regressing to a
very high risk schedule.
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Findings and Recommendations (Cont'd)

+ Severz! key program issues had not been adequately
addressed at the time of this review.

— RECOMMENDATION: LSI contract should be updated to
reflect clearly LSI responsiblility and accountability.

- RECOMMENDATION: An updated TEMP should be
approved and implemented.

« The irformation from the events planned up to the DRR could
provide confidence that deploymentin the planned time frame
(2005) is feasible and that the nation could continue on the path
to depioyment. Readiness to deploy will be determined in
phases, based upon events following the DRR. Key components
are to be tested just before each phased milestone decision and
are the decision drivers.

— RECOMMENDATION: Consider DRR event as a system
development feasibility review rather than a deployment
readiness review.
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Findings and Recommendations (Cont’d)

« High concurrency exists in the requirements, program definition,
and system engineering planning—driven by the DRR date.

— RECOMMENDATION: Recognize that the first DRR
milestone Is a deployment feasiblility mllestone since the
decision process is phased over decislon milestones
through 2003.

« The LSI-described system for risk assessment and mitigation is
extensive and detailed but seems to focus primarily on the higher
level integration issues.

— RECOMMENDATION: In addition to the current emphasis,
the LSI should penetrate more deeply Into the element
technical performance risks to identify those risks that

_can be most damaging to cost, schedule, and
performance. Specific actions for mitigating these risks
should also be identified.
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Findings and Recommendations (Cont’'d)

« The IFTs are essential events, but the IGTs and the LIDS will be
the principal sources of comprehensive information and
understanding needed for program development and milestone
decisions. IGT and LIDS' development are behind schedule and
do not appear to be resourced adequately to ensure timely
support.

— RECOMMENDATION: Increase the priority glven to
resourcing IGTs and LIDS’ development.

e The ISTC is overscheduled, and the IFTs will inevitably out-
prioritize the IGTs for ISTC resources. Full ISTC support for the
IGTs is essential.

— RECOMMENDATION: Consider expanding the ISTC
.capability now
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Findings and Recommendations (Cont'd)

¢ LS| penetration into the details of the EKV program seemed
inadequate.

— RECOMMENDATION: LSI should audit all EKV ground
test results to ensure that EKV meets all flight
environments—with the PLV and the operational
booster—with substantial margins.

» The flight test envelope is small relative to that of the operational
system.

— RECOMMENDATION: Consider using additional target
platforms (air-dropped or sea-launched) to gather
expanded operational testing data on the XBR and
variations in terminal conditions.
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Findings and Recommendations (Cont'd)

« The lack of representative targets and single end-game geometry
raises questions about the ability of the flight-test program to
verify system performance.

— RECOMMENDATION: Accelerate the development of a
HWIL facility to allow credible testing of the EKV in a

variety of end-game geometries against a variety of
threats. Strongly consider either KHILS with the 1,000-Hz

rate table or expanded capabilities at AEDC.
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Findings and Recommendations (Cont'd)

 The panel believes added long-term focus is needed for this long-
term evolutionary system.
— RECOMMENDATION: Aliocate resources for the short term and
the long term. For the longer term:

Ensure GBR-P will maintain performance

Erect a second launcher at KMR to aliow dual-salvo testing
Immediately design and invest in an adequate HWIL test
facllity

Aggresslvely pursue technology development for upgrades
and follow-ons

Determine the need to Invest in a second or expanded ISTC
now

Develop facilities and/or capabilities to evaluate C2-levei
threats now

Procure sufficient EKV hardware to support needed facility
development, ground testing, and flight test backups.
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AEDC

ALCOR
APL
BMEWS
BM/C3
BM/C31

BMD
BMDO
BV

C2
CLE
CCS
CINC
COR
DAB
DOT&E
DRR
DSP
EAC

- EKV
EMD
ERIS

- ESTA -~

FY
GBI

ACRONYMS AND ABBREVIATIONS

Arnold Engineering Development Center

Air Force Base

ARPA Lincoln C-Band Observables Radar

Applied Physics Laboratory

Ballistic Missile Early Warning System

Battle Management/Command, Control, and Communications

Battle Management/Command, Control, Communications, and
Intelligence

Ballistic Missile Defense

Ballistic Missile Defense Organization
boost vehicle

command and control

command and launch equipment
Command and Control Subsystem
commander in chief

Contracting Officer’s Representative
Defense Acquisition Board

Director of Operational Test and Evaluation
Deployment Readiness Review
Defense Support Program

Enhanced Assistant Controller

Exoatmospheric Kill Vehicle

Engineering and Manufacturing Development

Exoatmospheric Reentry Interceptor Subsystem

- EKV/PLV System Test Area
fiscal year |

- ground-based interceptor



GBR-P
GDIL
GPS
HEMP
HIL
HOE
HTK
HWIL

IDR

IFICS

IGT
MU
Inc.
10C
IOT&E

IST
ISTC
JPO

KKV
KMR
KV
LEAP
LIDS
LISIM
LF
LSI

surrogate ground-based radar

GBI Development and Integration Laboratory
Global Positioning System
high-altitude electromagnetic pulse
human-in-the-loop

Homing Overlay Experiment

hit-to-kill

hardware-in-the-loop

hertz

Interim Design Review

integrated flight test

In-Flight Interceptor Control System
in-flight target update

integrated ground test

inertial measurement unit

increment

initial operating capability

initial operational test and evaluation
infrared

integrated system test

Integrated System Test Capability
Joint Program Office

KKV Hardware-in-the-Loop Simulation
kinetic kill vehicle

Kwajalein Missile Range

kill vehicle

Lightweight Exoatmospheric Projectile
LSI Integrated Distributed Simulation

Launch-to-Intercept Simulation

- live fire

Lead System Integrator (Boeing)



NMD
OSD
OTS
PAC-3
PEELS
PEO
PLV
PM
POST
Reps.
RITE
RRF
RV
SCDR
SBIRS
SIL
SPDR
SRR
SSPK
SWIL
T-1
TBMD
TEMP
THAAD
UEWR
USD(A&T)
WS
XBR

National Missile Defense

Office of the Secretary of Defense
off-the-shelf

Patriot Advanced Capability-3
Parametric Endo/Exoatmospheric Lethality Simulation
Program Executive Officer

Payload Launch Vehicle (BV)

program manager

Portable Optical Sensor Test
representatives

Range Integrated Test Equipment

risk reduction flight

reentry vehicle

System Critical Design Review

Space Based Infrared System

System Integration Laboratory

System Preliminary Design Review
System Readiness Review

single-shot probability of kill
software-in-the-loop

High Band-Width Communication Line -
Theater Ballistic Missile Defense

Test and Evaluation Master Plan

Theater High Altitude Area Defense
Upgraded Early Warning Radar

Under Secretary of Defense (Acquisition and Technology)
weapon system

X-Band Radar



