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SAFEGUARD BALLISTIC MTISSTLE DEFPENSE SYSTEM

As a part of a continu?ng‘gvaluation of major weapon system acquisi-
tions, the General Accounting Office has reviewed the Army's practices and
procedures in the SAFEGUARD ballistic missile defense program for prepar-
ing the Selected Acquisition Report, testing and evaluating system effec-
tiveness, and measuring cost, schedule, and technical progress.

SYSTEM DESCRTPTION AWD STATUS

The SAFEGUARD was originally planned to be a 12-site program. The
system is comprised of (1) Spartan missiles for intercepts beyond the
atmosphere, (2) Sprint missiles for intcrcen®s witrin the atmosphere, (3)

.

Perimeter Acquisition Radars for detecting and tracking targets, (4) Mis-

=11

=

sile Site Radars for tracking at eleoser ranges and launching end guiding
the two missiles, and (5) a Ballistic Missile Defense Center for opera-
tional command and control utilizing e data processor subsystem by which
man would control the system.

On May 26, 1972, the President signed the Treaty on the Limitation
of Anti-Ballistic Missile Systems which received Senate ratification on
August 3, 1972. The Treaty limits SAFEGUARD deployment to two sites,
places constraints on the configurations of the two sites, and_limits the
type of ballistic missile defense research and development programs which
may be undertesken., Before the Treaty the approved SAFEGUARD procram had
consisted of a Ballistic Missile Defense Center at Colorado Springs,
Colorado; deployment sites at Grand Forks, North Dakota, and Malmstrom,
Montana; and advanced preparation for sites at Whiteman, Missouri, and

Warren, Wyoming. (See ch. 1)



Coming events

As a result of the Treaty, the Secretary of Defense on May 26, 1972,
directed that the following actions be immediately implemented in the
SAFEGUARD program: (1) initi-afe‘ ‘pla.nning to cancel the 12-site program,
(2) suspend comstruction of the Malmstrom site and begin planning for
dismantling, (3) suspend all future work for the remaining sites, (1) con-
tinue deployment of the Grand Forks site, and (5) initiate plamning to
deploy an anti-~Hallistic missile defense of the National Commard Authority
at Washington, ©.C.

On July 1¢, 1972, the Army Chief of Staff directed that a ballistic
migsgile defense system design review be made of the SAFEGUARD and related
development programs to include an analysis of design, development, pro-
duction, logistiec support, construction, and related cost considerations.
A geparate study was initiated at the directic;n of the Secretary of the
Army for the puzrpose of providing recommé&ndations in the areas of
responsibilities, organizations, and procedures for managing the Army's
ballistic missi%e defense programs. The total impact of the Treaty on
the SAFEGUARD program will not be known until these studies are completed
and approved.,

Following Is a listing of milestone events related to the site at

Grand Forks, Nozth Dakota, where deployment is continuing,
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January 1973 Complete construction of the Missile
Site Radar facility

April 1973 .Initiate Perimeter Acquisition Radar
and data processor interface tests

June 1973 Initiate Perimeter Acquisition Radar
engineering tests

September 1973 Complete construction of the Ballistic
Missile Defense Center facility
October 1974 Readiness date for the Perimeter
Acquisition Radar and the Missile Site
Radar
(See ch 1Y} ,

Cost BEST DOCUMENT AVAILABLE

Because of the difficulties in making either a one-or a two-site
estimate as of June 30, 1972, a Selected Acquisition Eeport was not prepared,
but a short narrative status report wss issued which contained a brief
discussion on oost, schedule, and technical’performance of the acquisition,
Our examinatiom therefore covered a limited review of the March 31, 1972,
Selected Acquisition Report and available status data as of the Treaty
date, |

As of May 26, 1972, the cost to acquire four SAFEGUARD sites was
$7.973 billion which represented an increase of $1.789 billion from the
$6.184 billion three-site estimate shown in the June 30, 1971, Selected
Acquisition Rggﬁort.l The increase was attributed to $199 million for
economic changezs; $417 million for schedule changes, $225 million for
support change:s, $856 million for quantity changes, $74 million for

estimating chamges, and $18 million for engineering changes.

las or Decembas 31, 1072, the program acquisition cost had been reduced
e ~ Ay e e . » : s ) »
to $5.516 biliion, primarily due to the reduction in deployment trrom
four sites txo one.
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Provision for inflation was incorporated into the program estimate
based on computations made in accordance with instructions issued by the
Department of the Army which provided for estimating inflation by using
specified percentages by appropriation type. Current and projected
economic cost growth as of May 26, 1972, totals $7°0 million.

. In reviewing the basis for the $7.073 billion four-site estimate,
we observed that (1) the inflation estimate for the production effort was
understated by about $24% million, (2) the Army estimate for production
was about $125 million lower than estimate”. by the production contractor,
and (3) the contingency estimate for construction changes at the first
tactical site was about $50 million lower than the estimate provided by
the construction contractor to support eclaiis which h?ve not been adjudi-
cated or validated to date. |

As of June 30, 1972, a total of $¥.Q32’billion had been appropriated
for the SAFEGUARD program of which $%4.267 billion had been obligated and
$3.277 billion expended. This status data covers the Research, Develop-
ment, Test, and Evaluation (R, D, T & E); Procurement; 'and Military Con-
struction (MCA) appropristions. {(See ch. 2)

Contract data

The SAFEGUARD system is being developed under two cost-plus-incentive-
fee type contracts and one cost-plus-fixed-fee contract, For the two
cost-plus-incentive~fee type contracts, there is no incentive on cost.

The incentives are on schedule and performance. As of June 30, 1772, the
definitized value of the three development contracts totaled $1.457

billion.

BEST DOCUMENT AVAILABLE
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The principal production contract is a cost-plus-fixed-fee contract
and is negotiated annually. As of June 30, 1972, the definitized value
of the contract totaled $1.690 billion. The contract has been partially
terminated as a result of the Treaty limiting the deployment of Anti-
Ballistic Missile Systems, There is no provision for economic escalation
in either the production contract or the three development contracts.

The construction contract for the first tactical site, where the
SAFEGUARD is to be deployed, is an advertised fixed price contract, and
its definitized value totaled $153.4 million as of June 30, 1972. The
construction contract for the second tactical site is a negotiated fixed
price contract with provisions for economic escalation., As of June 30, 1972,
the definitized value of the contract totaled $161.8 million, The contract,
however, is in the process of being terminated because of the Treaty.

For the eight contracts listed in the comtractor cost section of
the June 30, 1972, Selected Acquisition Report, there were a total of
il definitized changes and 443 undefinitized changes. The undefinitized
changes were estimated to cost $46.9 million.

Performance

The Selected Acquisition Reports showed that the SAFEGUARD system
performance requirements had not changed since June 30, 1971. The more
significant performance requirements have not changed since the develop-
ment estimate was prepared in March 1969, Required performance, however,

has not been tested for certain system components, but the Selected

BEST DOCUMENT AVAILABLE

Tk I Y 3 M A A TP LT ST B DR S AN T TSR RIS T S e T 4 T R et SR & ¥ R AT



Acquisition Reports show that performance tested to date has met design
requirements., (See ch 2)

Program milestones

Significant schedule changes occurred between the June 30, 1971, and
March 31, 1972, Selected Acquisition Reports for the second and third
tactical sites, The Treaty, however, eliminated these sites from the pro-
gram, The Treaty did not affect the October 1974 equipment readiness
date for the one remaining tactical site at Grand Forks. (See ch 2)

Relationship to other systems

A prototype demonstration program is currently being conducted on
a Site Defengze system which is planned to be used for augmenting SAFEGUARD
if the Soviet threat continues to grow. The program concept envisions
the addition of smaller radars, modified Sprint interceptors, and com-
mercial data processors, Advanced development of this program was
initiated in fiscal year 1971, but it has not been designated as a major
acquisition for Selected Acquisition Report purposes. Several advanced
ballistic migsile defense programs are also included in the Army's overall
research and development effort., The SAFEGUARD, Site Defense, and the
advanced research programs are being considered in the system design review.

Selected acquisition reporting

Although not required by the Department of Defense instruction for
preparation of the Selected Acquisition Report, the report, in our opinion,
could be made more effective as a management tool and as a means for

keeping the Congress informed if it (1) included estimated costs for all
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items and services applicable to the SAFEGUARD system, (2) provided more
information showing the actual time-phased progress of the acquisiticn
in terms of cost, schedule, and technical performance, and (3) disclosed
significant differences between Army and contractor estimates.,

As of May 26, 1972, estimated costs totaling $2.466 billion appli-
cable to the SAFEGUARD system were not being reported in the Selected
Acquisition Reports. They include costs of warheads, test range support,
family housing, training, and other support items. Current Department of
Defense instructions do not require such cost to be included. Also, the
Selected Acquisition Report does not provide the Congress with an assess-
ment of program progress on a time-phased basis showing where the acquisi-
tion stands in relation to where it was expectel Lo stand for the same
amount of time and resources expended. In addition, the Selected
Acquisition Report did not identify about $175 million in differences
between Army and contractor estimates for production and construction
which may indicate that future program cost could increase.

TEST AND TVALUATION PROGRAM

The SAFEGUARD test and evaluation program includes the essential
elements of engineering, acceptance, and operational suitability testing,
but the effectiveness of the program has been impaired to some extent
because the SATEGUARD gsystem is being developed, produced, and deployed
concurrently which is a departure from the more desirable phased acaquisitieon
process. To a great extent, however, this situation was dictated by the

operagtional readiness dates required to meet the developing threat, When
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engineering testing is not completed before large-scale production com-
mitments are made, necessary design changes discovered by testing must
be incorporated into production hardware, and the risks of costly
modifications after deploymenf afé increased.

The effectiveness of the SAFEGUARD test program has been impaired
to some extent because of the complexity of the system and the major
test limitations and constraints such as the Nuclear Test Ban Treaty and
the infinite number of possible attack conditions. These limitations,
however, are recognized in the test plans, and computerized simulations
are being used to obtain data that cannot be obtained through live tests.
Consequently, SAFEGUARD system effectiveness is being determined by a
combination of “est programs, computerized 5imula£itns,'and engineering
analyses,

Despite the high degree of concurrency tﬁe test plans prepared con-
tained many of the essential elements of good test planning and test
results were being evaluated and reported to intermediate and higher
levels of the SAFEGUARD organization in a timely mavmer., Most of the
test reports were highly technical in nature and did not specifically pro-
vide a direct correlation between test and evaluation results and the
performance/design specifications established for the system and its sub-
systems. A periodic summary report which correlates the test and evalua-
tion results to the performance/design specifications would, in our opinion,
improve overall visibility into the technical progress of the system and
provide better assessments of such progress to decision makers within the

Army and Department of Defense,



The test and evaluation reporits showed that there are several critical
areas which, if not resolved, could degrade system effectiveness, but
none of these are considered critical enough by the Army to preclude deploy-
ment of the system, These problems are known to SAFEGUARD management and
efforts, including additional‘festing, are being directed toward corrective
action. For the most part, the test and evaluation reports, including the
anmual assessment pursuant to the President's direction, indicate that
technical achievements on the system are progressing satisfactorily.

The SAFEGUARD program has already passed most of the key decision points
encountered in a phased, acquisition process, but the Site Defense program
which was initiated in fiscal year 1971 affords the opportunity of applying
the basic concepts of this process and incorporating the testing practices
stipulated by recen. vepartment of Deiense directives, .(See ch 3)

FROGRESS MEASUREMENT

Although a considerable amount of status’data wag being provided to
the SAFEGUARD System Manager through various reporting media, these did
not provide information that would disclose where the SAFEGUARD acquisition
stood in relation to where it was expected to stand at a given point in
time in terms of cost, scheduie, and technical performasnce, The System
Manaper over the past several years has emphasized the need for establish-
ing a management information system that would integrate cost, schedule,
and technical performance data and provide him with an overall, periodic

assessment of program progress.
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Implementing actions directed by the System Manager include the
following: (1) development and use of a single project work breakdown
structure, (2) establishment of cost, schedule, and technical performance
baselines, (3) implemenﬁation'of‘éontractor performance measurement
criteria, and (&) development of a system for integrating these elements
into a performance report covering the total progranm,

These actions have progressed to the point where the program
participants, except for the development contractor, are using the
SAFEGUARD project summary work breakdown structure for management report-
ing and control purposes. Cost, schedule, and technical performance base-
lines are being prepared, controlled, and monitored according to the work
breakdown structure; and contractor performance measurement criteria have
been applied to the internzl management control systems of the prime pro-
duction contractor and three of its four majof subcontractors,

Revised procedures were issued in July and August 1972 to strengthen
the cost estimating function, and extensive use is being made of para-
metric cost estimates to assist SAFEGUARD manacement in evaluating the
validity and credibility of program estimates. Remaining actions to be
completed involve primarily the integration of cbst, schedule, and
technical performance data and issuance of a periodic performance report
containing an assessment of program progress. One crucial problem area
which has not been resolved concerns the means to be used for integrating

technical performance with cost and schedule data.
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At two of the production contractor's facilities, we found that the
information provided to the Army generally depicted the progress of the
work completed against that which was expected to be completed for the
same amount of time and resoufces'expended. Although the systems did not
provide for the routine reporting of technical progress, technical problems
which impact cost or schedule are reflected in the reports and are assessed
on an exception basis.

We also found that the contract work breakdown structure was properly
integrated with the contractor's internal management control gystem. The
integrated system was structured to define tasks to be performed; provided
for assignment of organizational responsibility at each level of the work
breakdown structure; established time-phased cost =nd schedule baselines
for authorized work; provided for the-accuwrmlation of actual costs by
work packages and organizational elements; allowed for comparison of work
aeceomplished with that planned; and provided controls over changes to cost
and schedule baselines,

The overall progress measurement system being irplemented for the
SAFEGUARD acquisition: should, in our opinion, provide better visibility
of program progress than has been available in the past, When completed,
however, the system will not provide in-depth visiblility into the time-
phased progress of the SAFEGUARD acquisition primarily because the develop-
ment contract data cannot be completely inbeprated with the production and
construction data. The effectiveness of the system will also be impaired
unless a method for integrating technical performance with cost and schedule

goals is established,
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While the Treaty on the Limitation of Anti-Ballistic Missile Systems
has significently reduced the future SAFEGUARD effort, the progress mees-
uroment system being lmplemented for the SATESUARD nequisition can be

uscd Jor the Site Defense program in mennging and controlling that pro-

os throush the phases of the acquisition process. (Seo
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The Treaty on the Limitation of Anti-Ballistic Missile Systems,
sicned by the President on May 26, 1772, and ratified by the Senal2 on
Auncust 3, 1272, has significantly altered the direction of the Army's
ballistic migsile defense program. The overall impsct of the Tre-ty on
tha future of the ballisiic missile defense vprogrom has been reviewad by

™ m™

considered by, the CIfice of the Secreiary ol Delense, The resulls of
Y J

o

these reviews would toe of intersst to the Congress for consideration

during the 1274 ~u'horization and -poroprisztion hearings.

The signinn o the Treaty resulted in the cessation of work »t three
treet terminations., The Army's prelimin-ry esti-
male of the sun {nonrecoverable) costs for the equipment ond foeilities
not regquired ror n ono-site SATRGUARD deployment totsals spproximeicly
5h00 million. Iewszver, this does not %'z into nccount the use which nny

be made of residusl facilities, hardwrre and materinsl, ¥Yor exommle, the

Army hes Inlormcd us Liod the Alr Tores 1s cciively considering (i mse

o” the I'mTastiron Derimcier Acquisition Red~r hardw-re, Such use wonld
rednee the cost of the losh effort. The Congress may wish to inguire in-o

the status o the Lerminations,

-2 - BEST DOCUNEIT AVAILABLE
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ollar trrining facility. In addition, w2 have

f

plons for o multimillion

3

bean informad thot Army m-ennagoement organiration for the bellistic missile
drlense prosrom is beine sgtresmlined, resulting in major personnel re-

ductions.

Areney Ravicw

A dra”t of this stalf study weos reviewad by Army oTficials associatec
with the mrnogement o this procram and comments were coordinated rt the
Headouarters level, The Army's comments zre incorporzted, as approovriate.

b ] o

As far cs we knowthere are no residual dilferences in fact.
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CHAPTER 1

INTRODUCTION

#As a part of our continuing evaluation of major weapon system acqui-
sitioms, the General Accounting Office has reviewed the practices and
procedures used in the SAFEGUARD ballistic missile defense program for
measwring cost, schedule, and technical progress of the acquisition; testing
and ewaluating the effectiveness of the software and hardware components
of time system; and preparing the Selected Acquisition Report of March 31,
1972..

DESCEZPTION OF THE SYSTEM

The SAFEGUARD ballistic missile defense system is a large, complex
asserdbly of men and hardware which must operéte together in order to counter
the thareat for which it was designed. The basic hardware components are
two radar subsystems, two missile subsystems, and a data processor subsystem.
Operazztional command and control of the entire defense system will be
accomplished through a Ballistic Missile Defense Center.

One of the radars, the Perimeter Acquisiticn Radar, will be used for
earlw detection of incoming warheads. The other radar, the Missile Site
Radar, will be used to track warheads at closer ranges and to launch and
guid® the two defensive missiles to intercept the incoming target. The
Spartan missile will be used for intercepting enemy warheads above the
atmossphere, and the Sprint missile will be used for closer range intercepts.
The ®ata processing systems comsist of both the computer havdware and the

sof tazare programs necessary to operate the system.



HISTORY OF THE PROGRAM

The Department of Defense and Department of the Army have conducted
for over 16 years an extensive fésearch, development, and test program
to develop a ballistic missile defense capability. As early as 1962,
Nike-Zeus missiles, predecessors of the present SAFEGUARD system missiles,
were developed and tested for intercepting intercentimental missile warheads,

In September 1967 the Secretary of Defense announced the decision to
begin deployment of the SENTINEL system which was oriented primarily
against a threat from Communist China. A 1969 study disclosed that the
Chinese intercontinental ballistic missile program had slipped but that
the Russian intercontinental ballistic missile progzram had not leveled off
as expected and was becoming a dangerous threat.

In view of the changing threat from the Soviet Union, the President
made the decision in March 1969 to initiate deployment of a SAFEGUARD
ballistic missile defense system which was substantially different in
configuration and purpose from the previously approved SENTINEL system.
The President announced that plans for expanding the deployment to a full
12-site program would be determined based on a periodic analysis of the
threat.

The President established three primary defense objectives for the
SAFEGUARD system: (1) protect our land-based retaliatory forces against
a direct attack by the Soviet Union, (2) defend the American people
against the kind of nuclear attack which Communist China is likely to be
able to mount within the decade, and (3) protect against the possibility

of accidental attacks from any source.
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docunenting actions for necessary arproval from higher authority, reviewins
various progranm activities, and developing standardized procedures includinz
a uniform and formzal vlanning process.

SCOPE OF REVIEW

Information on the SAFEGUARD program was obtained by reviewing plans,
reports, correspondcnce, and other records at the contractor plants, the
system program office, intermediste and higher commands of the Depariment
of the Army and the Office of the Secretary of Defense. We also inter-
viewed appropriate agency officials.

We evaluated rmanerement policies and the procedures and controls
related to the decisionmaking process, but we did not make detailed
analyses of audits of the basic data supporting program documents.

3

Further, we made no attempt to (1) assess the validity of the military

’ )

ot

cr |
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involve ourselves im decisions while they were being made.

o
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As ~ vort of *he actions telien after the Treaty on the Limit-~tion

of Anti-2allisiic Vissile Systsms was signed, the Army Chief of Stnl

of the IATIOIFRD svstem and related develonment programs to includée an

annlysis »? d=zirn, developmeni, production, logistical support, construc-

ot

tion, and rel-ted cost congidsr-tions. At the direction of the Gecrctary

of the Arny, a separate study was initiszted for the purpose of providing
o .

recotmendations in the areas of responsibilitiss, orgenizations, -nd

procedures fo» managing the Army’s ballistic missile defense progcr-ms.

=

Becruse of the difficulties in making either a one- or two-site

June 30, 1072, the Assistant Secretzry of Defense (Comp-

troller) Geeiled Lnat o Sslected fcguisition Report would aobl be propared
and directad that a short narrative status revort be vrepared insiend,

.

e

The revort issu=d discussed cost, schedule, and technical perform-~nce

but pointed out that program sccuisition costs would not be availo-bdle

until comnletion of the system design revisw., However, the Army's pre-

liminary =stimate of the sunk (unracoversble) costs for the equipmont and

b ialel

23 no= requira2d for = one-site SATRIUARD deployment tobnls epproxi

[ N

frecilit

mately 5720 rmillion. ‘owever, this does not take intc account the use

which nar b2 made of residu~l freilities, hardware and material,

-3

or

example, the Armyy hos informed ne that the Alr Fores is actively consid-
erin~ the use of the !mlmstren Perimeter Accuisition Rad-r hardwnra.
a
Sueh would reduce *he cost of the lost effort.
17 -
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The toval impoct of the Treely on the SAFEGUARD program will not be
<miovm until completion and approval of the system desicn reviewy therefor-,
w7 made a limitzd revisw of the cost, schedule, and itechnical per’ormance
drutn renorted in the Moarch 31, 1772, Selected Acquisition Report and
rrailcohle shatus data os of the Treaty dzate, Our exnmination of Lhis dat-
um s directed towerd (1) dstermining the basis for significant chanses since
gur review of the June 30, 1771, Celected Acqusition Report and {2) eval-

=<ing improvemenits and continuing shortfalls in the reperting system.

CTWIRG TUTITS

Janu-ry 1973 Complete construction of Missile Site Radar
facility at first tasctical site

April 1973 Initiate Perimeler Accuisition Radar and data
processor interface tests at first tactical site

June 1073 Tnitiate Perimeter Acquisition Radar enzineering
tests at first tactical site
Septemder 17373 Complete corsiruction of the Ballistic lilzszile

Delense (Center facility

October 107h I

SY"ITIM COST EXPIRIENCE

SN

creh 31, 1972, Selected fAcquisition Report showsd an estimnted
erst of $7.775 billion for acquiring Tour SAFIGUARD sites., As of "y 25,
1772, the four-site estimatz had decren~sed to $7.973 billion and consisi-:
ol $2,59% billion for development, 54,171 billion for production, -nd
$1..206 billion for construciion. The 37.973 billion four-site pro-ram
extimate represents an inerease of $1.78" billion from the §5.15% billion
tinrea-site estimate shown in the June 30, 1971, Selected Acquisition Roawor

e

woonorted cost increnses

The cost increases of $1.787 billion wns nttributsble Lo the “ollowin;

-

T 0TS,
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Estimated incresnse
{in millions)

Economic chonges {inflation) $ 179
Schedule changes (Stretchout) a7

Support chances 225

Qunntity chances {one additional site) 856
Estimating changes 7h
Engineering changes 18

Total increase $1,789

Teononic chonzes

The increase of $17) million for economic changes consisted of &

s

12

million for develonment, $78 million for production, nnd $77 million for

T
Lation costs were based on computstions made in accord-
cnze with instructions issued by the Departmont of the Army in Ceoulcber
1971 which vrovided for estimating inflztion by using specified rorcent-

i

Total economic cost growth (including projected inflation) reporied

i

in the SAR coveriny th2 period 'y 1707 (2-site denloyment) to Moy 1372

- o o

{hesite denloymant) is nbout 3770 million,

. sl - [ad > : L] ."v -
The incresse of 417 nmillion for schedule chonces comprised R
million Tor rotainin: manasement, ensinesring, snd production cap-~vilitics

. v - > B . noa ) PR a4 - - R P N A
over o lonzer poriod brecace of 1the glretehed-ovt deployment sch-dila Jor

Lh third {-elienl ci.2 -2nd 11 nmillion Jor -3d-d repnir parts Tor -

. 2] -
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Support chanres

The incrensse of 5225 million for support changes comprised $177
million for added relisbility and on-site tests and 326 million for
community support,

Guantity chenres

The incrcase of 3856 million for guantity changes was ottributeble
primarily to the sddition of the fourth factical site to the progr-m
estimate. This increase consisted of (1) $753 million for design, con-
struction, hardware, and repair parts for the fourth site; (2) 354 million
for missile reliability and maintainability hardware; (3) $28 million for
advenced preporation plaaning for z National Commond Authority site; (W)

38 million for additional spare parts for the first three sites; and (5)

33 million for miscelleneous design :nd engi:neering support.

Tstimatine chenpes .
The incresse of 874 million for estimating chenges comprised Ul re-

visions to vrevious estimntes. Two primery changes were increases of §h2
Bs & J

or revised construction estimotes for the first three sites and

=
ey
[
-
t=de
o]
]
L)

$21 million for contingency costs zpplicable to the construction contract
for the first sile.

ingincering chrnves

The increase of 518 million for encineering changes represented in-
cronses of (1) 12 million “or chonges ‘o data processing equipment, (2)
$3 million for other h-rdware changes, ~nd (3) 32 million for Lest plonniac,

Aundiny ouncriorce

1

Through fiscnl year 1972, 4,732 billion had been ~pprovria‘ed for i~
SACTGUARD svsiem but cv-ilable Tundine hed boon reduced to 730 billion

- 22 -
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by reorocrarming actions of 3173 million. Of the availeble funding,

sh,267 billion h-d been obligated ~nd $3.277 billion had been expended.
Obgerv-tina on dot~ supportiing

%~ g v o pmew s e
the rrorim egoimnte

In reviewing the brsis for the vrogrzm estimnte of $7.773 billion, w2
onzervad th-t the (1Y inflation estimate for +the production effort was un-
lorstated by sbout 124 million, 72) Army estimate for production wrs amboub
3125 nillion lower thi~n estimated by the production econtrector, and (3
contingency cstimate for construction changes al the Tirst {tocticel site wns
about 350 million lower then the estimate provided by the construction cor-
tractor,

Wa obzerved that the Tisecal year 1972 portion of the production esti-
mote was ad usted to conform with the smount of funds suthorized by the
Concrass, =nd, o3 nort of the odjusinent, SAFENUARD officicls omiturd abo:s
S0 miliion by nob onnlying the inflation index %o the adjusted eciing
Officisls of (he SATEGUARD System CTfice lold us that an eveluation made

during budsel eonzidersiticns showed that the fiscal yeor 1772 progrem co il ”?

o

o, o]

be executed within the Punds nuthorized by the Congress without the added

allowance For inllation

1.

e ~lso okserved The' the? proluctior mate showm in the Gelectad

L3

0
&)
chk
pvs

Acgiisiiion Rzport was obout $125 millior then the Januasry 1772 con-

=3
~
[ )
2]
192

troctor estinole Inr the some effort, Tn explrn~tion, SATTCUARD Dretem
Comn-nd oicinls told us that tre 3125 willion raduction to the contrnc-
lom's estin-io yos brsed prinmecrily on enmineeringe judpment, nnst experis
ance, ~md prior nxyotiations with the contractor,

)

T corstruction esgtimnte conlained an raount for contr-ct chrnges

-
ol
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which w s £70 millien loss then estimated by the contractor. Corps of

Sy

nirineers o7 7ici~ls s2id th-t pnst experience h-d shown *he contr-ctor
~» this effort were too hish, and Tor this r-~son, the Corps
mate woz considered s1fficiont to cover the cosls of conitract changes.

QARG A ATtTmprET T anTera s
G b oadwers RN PR NI

Sirni~icent schecdule chon~es occurred between the June 30, 1771, and
Mareh 31, 1772, Selected Acguisition Reports Jor the sceond and third
taciical gites., The Tronty, however, eliminated these siles from Lh=

ram. T2 Treaby dié not o2%Tect the October 1074 equinment re~diness

date for ke one romaining tocticel site at Grand Forks.
&)

7T I ey — v’ylrt\?“'(‘l'—! YT T TTTAT
SYSTT! PERTMRAL SXPTNTEICTE

The S=lected Acoulsition Reports showed that the SAFZGUARD system

»

ver’ormancs requiremenis hed nol changed since June 30, 1971, The most

airorente have not chonged sives the d-rnlor-

fasmt parlarmancs e
lcont perlex <

ment estimste was prepered in Merch 1069,

Requirzd performance, howsver, hes not been tested Jor certain systom
components, but the Selected Accuisition Reports show that perfornonce
tested to d=ie has met design requirements, A detailed discussion of the
tost ond cv-lu~tion progr-m for the SAVUIGUARD system is contalned in

Chapter 3 of this renort.

-,T-.,w, AW AT TR T ST 73T ame TR
(SRl PRPIVTRE IS B S R © IPIO N E B DL 0 AV 5 P §

o

Althor-h not raguired by the Depsriment of Defense instruction Tor

arnticn of the Celaciaed Acquisition Report, we believa the rororst

Ks!

could be m~32 more ellcelive 2s

73

men~ement tool and 2s a means lor
keoping tho Con-ress inlormod by (1) includin: cstimoted costs for 11
itens and services applicsble to the SAVTGUARD system; (2) providing; wore

- o .
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L)

informntion showing the sclual Lime-phesed prosress of the acquisition

in terms of cost, schedule, ond technieal performence; and (3) disclosings
simificnant differences betwean Army and contractor estimotes which may
indicnte that fulure progreom cost could incre=se.

By dafinition, the Department of Jofense instruction for the Jclecled
Acquisitior Report does not provids for including estimated costis for

md services such o5 warheads, test targets, test renpe

o]
o
s
o+
W
(e
=
e
o
[
i3
n

supoort, Tomily housing, hosrpitolization, training, end other Army-wide

Faae)

support. The estimnted cost of these items and services wos 31.577 billion
ab iy 20, 1972, In addiition, there are (257 million in overatin- costs
which were directly =appropriated lor the SATEGUARD program in the Opera-
tion eond !aintenance ond Militasry Personnel eppropristions.

Althoush the Army informed us thet such costs are regularly disclosod

[

N [ R Lo
1y ~ ~r
' LD \JUVb.UvmvaLL‘ - T s

£

nonAarto +
2TOTTE Z
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5]
[
s
=3
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1
v
+
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[
1
o]
o
i
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o}
2
b
2
L]
]
~
o
D

belicve thst if these types of costs were included in Selscbed Acouisi-
tion Revorts, =s a general practice, it would vrovide the Congress with
tetter visibilily of a wespons system progrom.

While “he Selected Acguisition Reporis heve contained information on

~rces ol the scauisition in terwms o cost, cchiedul .,

~nd technicnl verformomee, The renorts, in our opinion, would b rmre

=N

1

o
]

el lretiva s a mangenent teol and ~s » menns {or keepin- Connrec

o

-

Pormrd 10 theoy providzd rn cescocoment of prosr-m vrozress on a timew

+

phreed bosis shouving where the scgiisition st-nds in rel-tion to vhere it
wag expacted to stuid Tor the some amount of time ond recources ~unandad,

A detriled discussion of the method used by S#T2GUARD manccement Lo

25 -
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measure nrosress of the scauisition is provided in Chapter b of this
renorc,

The S=lecled Acauisition Report did not identify about 175 million
in differcmees belween Army ‘and ‘contrecior estimates for the prodiction
end constraction, Althonch we are not guestioning the Jjudgment epplied
in arrivirey 2t the lowver Army estinntes for this effory, we believe that

~

when sirni

con

i Gillerences such as theoss occur, disclosure should be

made in tho Salxcted Acquisition Report that 2 potentinl does exist for

progronm cost increrses.
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CHAPTER 3

TEST AND EVALUATION

The SAFEGUARD test and.evéiuation program inciudes the essential
elements of engineering, acceptance, and operational suitability testing,
but the effectiveness of the program has been impaired to some extent
because the SAFEGUARD system is being developed, produced, and deployed
concurrently, Normal testing practices could not be followed in the
SAFEGUARD program because of system complexity and test limitations such
&8s the Nuclear Test Ban Treaty and the infinite number of possible
attack conditions. However, system effectiveness is being determined
by a combination o stest programs, computerized-zimulations, and
engineering analyses, While the cukrent test and evaluation results
indicate successful technical progress, the‘reports do not provide a
direct correlation between test and evaluation results and the system
performance/design specifications,

IMPORTANCE OF TEST AND EVALUATION
IN ACQUIRING MAJOR WEAPON SYSTEMS

A phased, life-cycle acquisition process is prescribed by the
Department of Defense for use in acquiring today's multibillion dollar
weapon systems, The five separate phases of this sequential process are:
{1) concept formulation, (2) validation and ratification, (3) full-scale
development, (4) production, and (5) deployment. To minimize the risk
of fielding an unsatisfactory weapon, certain prerequisites should be
met before a weapon system is advanced to each succeeding phase of the
cycle,

NEIRLTTIE e
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omplete and valid test data are necessary for making sound decisions
concexning the suitability of advancing a weapon to the next phase in
its Life cycle, It is through test and evaluation that management is
providied with vital information about the workability, acceptability,
and wizility of a2 major weapon system, This information must be made
availzble to management at key points in the acquisition cycle in order
for r#sk to be ascertained and minimized,

To provide such information, test programs must, as a minimum, pro-
vide £or the (1) formulation of test objectives to satisfy the mission
objec#ives of the weapon, (2) development of test plams to accomplish
test @wbjectives, (3) implementation of testing on the basis of test planms,
(4) ewaluation of test results and preparation of test reports, and (5)
utilization of test results when making key management decisions.

Since May 1970, the Department of Defense has increasingly emphasized
test mnd evaluation activities and has instituted a number of concepts
to be followed in testing practices. The current emphasis is on the
need #Hor more hardware proofing through the use of prototypes in the
deveLopment of a system, the need for performing early testing and
evalumtion, and the determination of operational suitability prior to
large—-scale production commitments. Increased efforts are also being
made %o assess gechnical uncertainty and to control the progressive
comuzEiments of resources to programs,

REVIER METHOD

“There are three basic categories of test and evaluation required

durimgz a weapon's life cycle:
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Engineering testing to physically demonstrate, before a system
is accepted for production, that it will perform as intended.

Acceptance testing to demonstrate that the state and quality of
the weapon system fulfill legal and/or other special requirements
agreed to by the supplier and the customer,

"QOperational suitability testing to demonstrate that the weapon
system, the operating personnel, and the tactical operations can
work together to accomplish an established combat mission,

Each of these has a distinct place in the phased, life-cycle acquisition
process,

To reinforce and emphasize certain ideal concepts, we formulated a
model {see appendix II) to depict the role of testing and evaluation in
the acquisitibn cycle, Our model shows the-iscquisitizn phases, the
critical decision points, testing criteria, responsible parties, and the
three basic testing categories. The model was compared with the practices
employed in the SAFEGUARD test and evaluation program for development
of test plans, implementation of testing, and evaluation and timely
reporting of test results,

Because of the number of agencies involved and the magnitude of
test plans required to implement the SAFEGUARD test and evaluation
program, time did not permit a comprehensive review of all test planning
functions or test plans. On a selective basis, however, we did examine
some of the more important functions involved in this process and the

resultant plans.
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TEST AND EVALUATION METHODOLOGY

System effectiveness is defined as the capability of a weapon to
meet the threat for which it was designed and is the goal toward which
all testing and evaluation activities should be directed.

Effectiveness of the SAFEGUARD system, however, cannot be determined
by testing alone because of its complexity and the major constraints
under which it is being tested. Consequently, assessment of system
effectiveness is being accomplished through a combination of computerized
simulations, engineering analyses, and actual tests.

Computerized simulations are being conducted by the weapon system
contractor and the SAFEGUARD System Evaluation Agency to' provide information
to verify that the performance and design specifications are adequate,
identify the important functions or parameters’ which need careful testing,
predict test results prior to testing, and support engineering analyses.
Simulation is the only reélistic metﬁod available to exercise the total
system and evaluate its design response short of a nuclear encounter.

The weapon system contractor and the System Evaluation Agency have
responsibility for conducting three major evaluation programs for assessing
system effectiveness. The contractor's evaluation effort involves the
use of simulation models to predict performance and includes comparisons of
actual test data with sinulated results to provide a continuous asscssment

of system performance and to define additional test requirements.
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The SAFEGUARD System Evaluation Agency is analyzing data from
simulations and from the various test programs in order to provide the
System Manager with a continuing, -independent evaluation of the critical
aspects of the system's development and deployment. This agency also is re-
sponsible for determining, on a continuing basis, the level of operational
effectiveness of the SAFEGUARD deployment.

SAFEGUARD test planning requires that all testing be directed toward
the assessment of system effectiveness by using analysis and simulation
to define the necessary test requirements and determine the adequacy
of test results. The objective of the various tests to be conducted is
to accumulate necessary data to: (1) determine if design values are
actually achieved, (2) validate simulations, (3) reduce the uncertainty
in the important functions or parameters identified by analysis and

simulation, and (&) determine the level of operational capability.

TEST AND EVALUATION PROGRAM

Control over the test and evaluation program is being maintained
through a coordinated test plan which serves as the basis for preparation
of the many supporting test plans required for the development, production,

site activation, and operational phases of the system.
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As the top level SAFEGUARD test document, the coordinated test plan
identifies 60 separate test programs to be carried out, assigns test
responsibility to the participating agencies, and provides planning
guidance for conducting the programs., It also contains a succinct summary
of program test objectiQes, items to be tested, operations to be performed,
data to be gathered, and applicable test locations, equipment, and
schedules, The agencies responsible for the programs are required to
identify the test data requirements, prepare and coordinate the supporting
test plams, conduct the testing, and evaluate and document the test
results,

In addition to having responsibility for system acquisition, the
SAFEGUARD System Command is responsible for coordinating and monitoring
the test and evaluation requiremente contained in the coordinated test
plan. Stanford Research Institute is under contract to assist in this
effort by reviewing test requirements, planms, schedules, programs, results,
and interfaces between test and simulation for the purpose of identifying
and recommending corrective actions for test voids, data gaps, or test
duplications. Stanford Research Institute also makes a continuous review
of the coordinated test plan to assure that test programs are being
directed toward system effectiveness,

Development of test plans

In order to separate important areas of testing and to divide organi-
zational responsibilities; the SAFEGUARD System Command categorized test

programs according to test phase as follows:



Development phase
Development acceptance tests

Production phase
Product quality assurance tests
Production verification tests
Maintenance evaluation tests

Site activation phase
Technical verification tests
Operational acceptance tests

Operational phase
Performance verification tests
Service life evaluation tests

The general objectives of the tests to be conducted under each category
are set out in appendix III., Not included in the above are test programs
required to complete SAFEGUARD testing such as lethalify and vulnerability
and hardening which because of their special nature are being handled
separately. Except for the operational phasé, most of the supporting test
plans have been prepared, -

On a selective basis we examined a number of second, third, and
lower level test plans and observed that they generally contained the more
important features of a test plan, including test objectives to be
accomplished, time frame for their accomplishment, operations to be performed,
testing constraints involved, test targets required, and data to be gathered,
We also found that test plans for the early portion of the development

phase required that testing, to the extent possible, be directed toward

proving design/performance characteristics,
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The prim~ry Adeveloprnent tesi plen, Tor exrmple, stated thet ‘he

-

obiective 0 tha Sorint missile ground =nd flight tests was to determine

vinlher Lhe miscile nnd its ground support and l-ounch equipment wonld

pcrform in accordenca with the desisn/parlormonce specilic-tions ~nd

L /

SATTAUMARD systom reguiremnnts, The test plan clso provided that this

oblective wrs to ~noly to the develorment ground tesls, development

fissile Renge, and subsystem inlegralion

> ! b b : =

tasts »% ihe Krejalein lissile Renge. The obleciive of this plon was

by the Sprint subcontractor.

the development testing, such ~3

Yy

In the morz advanced sinsges ot
the subsystem intesration tests at Hwajalein, test plan objectives were
oricnted more ftoward Sactors such ze concept verilication, torget fMune-

tion, and intercept Tunction in orlder to gather data necessary for
verification of the simulation models used in the overall system evalu-
ation programs. Althoush the primary objective of the subsysten inte-

gration tests is not directed toward proving desig /performnnce

s~ obinined throvwsh the live tests sssist in this
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Becnuee ftestin~ ot the CAFSGUARD system coannot be accomplished

untlil insisllation ig comnleted nt the tocticrl sive, incre-sed emrhosis

has becn ploced on The produet sssurance projr-m during the production

phase, The implewmenting plens, therefore, require that a high level of
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confidence be achieved in the areas of quality, reliability, and main-
tainability. The weapon system contractor requlred each of the major
subcontractors to prepare and implement product assurance plans directed
toward achieving this high level of confidence.

In addition to the required product assurance program, the System
Manager directed that a special reliability plan be prepared and imple-
mented on the Sprint and Spartan subsystems. The objectives of this
special test program are to (1) verify that the Sprint and Spartan sub-
system reliability is not significantly degraded during production and
deployment, (2) verify that production hardware will perform its intended
function for specified periods of time under prescribed environments,

(3) identify and evaluate factors contributing to reliability degradation,
and (4) determine corrective actionms,

The site activation and operational test phases of the system are sche-
duled to begin in 1973 and 1974, respectively., We verified that test
plans had either been or were being prepared for these phases. The
site activation phase test plans are directed toward determining whether
the installed equipment meets specifications, the user can operate the
system in a deployed state, and the system performs satisfactorily for
an extended period of time. The operational phase test plans are directed
toward determining the level of operational effectiveness,

Except in a few areas, Stanford Research Institute reports showed
that the test plans for the SAFEGUARD system were technically adequate.

For those areas identified as being deficient, we found that additional
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test plans were available covering the areas but had not been provided
to Stanford Research Institute for review, SAFEGUARD System Command
officials told us that the blaﬁé would be furnished in the immediate
future,

Implementation of testing

A complete determination of system effectiveness cannot be made by
testing alone because of the following testing limitations and constraints:
(1) the Nuclear Test Ban Treaty prevents generation of an actual nuclear
environment for testing, (2) the infinite number of intercept conditions,
if tested, would require excessive time and funds, (3) safety considera-
tions and international relations preclude subjecting the system to
many stressing conditions, and ¢} a complete prototype SAFEGUARD system
will not be available for testing before deﬁloyment at the first tactical
site,

The subsystem integration tests currently being conducted at the
Kwajalein Missile Range, for example, will not provide a true test of
the total operation of the system for several reasons, including the
following: (1) it is impractical to provide an actual threat which is
commensurate with the designed fhreat(Z) the adequacy of intercept
planning cannot be completely tested in a black-out free environment,

(3) the test facility does not include the Perimeter Acquisition Radar,
(4) an exact replica of the tactical software will probably never be
tested at this facility, and (5) the expense associated with a single

live test imposes a limit on the number and variety of tests which can



be conducted., Because of these constraints, the function of this test
facility is not so much to conduct tests representative of tactical
system operation as to validate the capability of the system to perform
certain critical functions,

In addition to these major testing constraints, there is a signifi-
cant overlap (see appendix IV) in the test schedules for engineering,
acceptance, and operational suitability testing because the SAFEGUARD
system is being developed, produced, and deployed concurrently, This
is a departure from the phased, life-cycle acquisition process, but the
Department of the Army exempted the SAFEGUARD system from this process
because of its size, complexity, and urgent deployment need. In request-
ing the exemption, SAFEGUARD management advised that a great deal of

concurrency was necessary in order to meet the initial operational
capability dates.

We observed, however, that controls were established to consider
testing results before an item was released to production, Before each
major assembly or subsystem was released, a critical design review was
required to deterwine whether necessary testing had been conducted to
indicate that an item would perform as specified, These reviews were
attended by representatives from development, production, user, and
evaluation organizations. When an item did not appear to meet specifica-
tions, pre-release conditions were specified which the contractor was

required to satisfy before production release was made,
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Decisions reached in the critical design reviews were documented
in formal reports signed by the contractor and appropriate Government
personnel, Because of the iaré; number of individual reports issued,
we examined only the final reports issued for the two missile subsystems,
the two radar subsystems, and the command and control facility and found
that these items were released to production with no major restrictions,
Although engineering tests had not been completed, we were told that
these reports represented a technical consensus that testing conducted
indicated a reasonable expectation that the items would perform as
required when produced and deployed,

Evaluation and reporting
of test results

Evaluation and reporting of SAFEGUARD test results involve a number
of Government and contractor activitigs and many different reporting
techniques, Each of the activities responsible for a test program is
required to evaluate, document, and report test results., The overall
SAFEGUARD test reporting objectives are to provide (1) the System Manager
and participating agencies a reportpresenting the status and results of
all the test programs, (2) the means for periodic review of test
accomplishments versus test plans, and (3) the means for identifying
and recording significant accomplishments and results in testing the
system and its components,

To accomplish these objectives, a consolidated quarterly test report,

organized by the four SAFEGUARD testing phases and the applicable test



rams, I1g propored and dictribuled to the Cystem Monager ond each
nrogram prrilcinant,  The report contrins a2 succinet summary of the

(1) test and evaluation results; (2) test objectives comprred with iest

')
—e

recilis; {3) cost =nd s dJIc 1mnacts resulting from test Tailux

(L) stotus ol 21l tes® pro-rems, supporrins plans, ~nd studies: (5
\ o) . s , k- 3 3

pe frl .

Ch
—
14}
=

sy
4‘_‘1
-
e
r

aebions taken to change test plans ond schodul=sy snd |
or the noxt quarter.

Ve ex~mined tho reporiirg technicuzs being used for selected Lests

5
o8
(o]
[$)
[4]
(£33
&1
<
)
O
ct
jas

at the results were submitted in 2 timely m-nner for
review sad evelurtion, 7The subsysien interration tests by the wenmon
system contraclor at Rwsialein, for example, are revorted to the 37 7=
UALD Systam Comond by mainteining televhore contret during mission

) ; . . O , s
countdowm, o d-hour nost mission report, a LE-hour post miscion rzort,

fn

7 30-day fin-~l mission repors.
We also obgerved th-t the reports containzd ths more imgori-nt
fealures of » test raport including a brief description of the fes
ohJectives, (h» dzoree ol suceess in mesting the objectives, subs ciom

-

verformones ~md intercept narcmeters, miss distsnces if epplic-bla, -nd

[ ~r CUATTUNTTA ™ - Ael r -1
any enonrlizg or Joilures,  The SATRIUNTD Sysiem Commond yprovides -h-
frstem Penmcer wilh 2helour and T2-honr nost mission romorts ingeribing
o 3 { N . t,
the Leg’ resois,  Thoge roperts contain sencr-~lly iom some inlfor-.jon

2z reportied by "he contrector, A cory ¢ the conlr-cltor's 20-d- “innl

miscion rovort is ~lso Turnishod Lo the Tyzéicm lanrger,



The results of the subsystem integration tests are also yeported
to the System Manager by the SAFEGUARD System Evaluation Agency through
(1) a contingency plan submitted 10 days before the test, (2) a 10-hour
quick look report, (3) a 48-hour post mission report, (4) a l4-day post
mission report, and (5) a 45-day summary report. The purpose of the
contingency planis to advise the SAFEGUARD organization of actions to
be taken in the event that some or all of the test objectives are not
achieved., The other reports contain information showing the specific
test objectives, success in meeting the test objectives, assessment of
any problem areas, and recommended changes, if warranted, to the test
program or schedule, ' .

In addition to evaluating and reporting the results of individual
tests, the weapon system contractor also provides the SAFEGUARD System
Command reports on its system evaluation program, including periocdic
analysis memoranda, monthly progress reports, and a comprehensive annual
evaluation report, These documents include narrative assessments and
data on simulation development, system performance evaluation, test
requirements, and data analysis. The annual report contains an overall
assessment of total SAFEGUARD system performance in meeting its defense
objectives. The evaluation results are provided to the System Manager
through both reports and briefings.

The SAFEGUARD System Evaluation Agency also provides the System
Manager with single topic evaluation reports and quarterly evaluation

reports which summarize the evaluation activity during the quarter,
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These reports provide information covering the adequacy of areas such
as design, development, and testing of hardware and software; system
effectiveness; system maintainability and reliability; command and
control functions; scheduling impacts; and system safety considerations.
Also at monthly briefings, the System Evaluation Agency brings to the
attention of the System Manager specific results of its evaluation
efforts, including an identification of hardware or software items which
would degrade the system during an engagement. One instance was observed
in which the SAFEGUARD System Evaluation Agency identified a durability
problem with the antenna cartridge of the Missile Site Radar and after
the matter was brought to the attention of the System Manager, the weapon
system contractor was directed to m;ke addi;ional tests which led to
corrective design changes.

The various Government and contractor test and evaluation reports
provided assessments of technical accomplishments and highlighted
problem areas requiring resolution to prevent degradation in system
performance. We observed, however, that most of the reports were highly
technical in nature and did not specifically provide a direct correlation
between test and evaluation results and the performance/design specifica-
tions established for the system and its subsystems, We discussed this
matter with SAFEGUARD System Command officials who stated that there
was no single document which summarized demonstrated system performaﬁce

data and compared it to the performance/design specifications. The
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officials stated that such a document was not needed for their use but
could be useful for higher levels within the Army and Department of
Defense, |

The test and evaluation reports showed that there are several critical

areas which, if not resolved, could degrade system effectiveness, but

none of these were considered critical enough by the Army to preclude deployme:

These problems are known to SAFEGUARD management and efforts, including
additional testing, are being directed toward corrective action. For

the most part, the test and evaluation reports, including the annual
assessment pufsuant to the President's direction, indicate that technical
achievements on the system are progressing satisfactofily.

CONCLUSIONS AND RECOMMENDATIONS

Although the SAFEGUARD test and evaluaéioa program provides for
the conduct of engineering, acceptance, and operational suitability
testing, the tests are being conducted on a concurrent basis which has
lessened the effectiveness of the test program. To a great extent, however,
this situation was dictated by the operational readiness dates required
to meet the developing threat. When engineering testing is not completed
before large-scale production commitments are made, necessary desigu
changes discovered by testing must be incorporated into production hard-
ware, and the risks of costly modifications after deployment are increased.
The effectiveness of the SAFEGUARD test program has also been impaired
to some extent because of the major testing limitations and constraints

under which the system is being tested. These limitations, however,



are recognized in the test plans, and computerized simulations are being
used to obtain data that cannot be obtained through live tests.

Despite the high degree of-concurrency in tests being performed
during the development, production, and deployment phases of the SAFEGUARD
system, the test plans prepared contained many of the essential elements
of good test planning and test resulté were being evaluated and reported
to intermediate and higher levels of the SAFEGUARD organization in a
timely manner. But because of the conéurrency in system acquisition,
the major limitations and constraints on conducting tests, and the heavy
reliance upon simulations and engineering evaluations, we believe that
a periodic summary report which correlates the test and evaluation
results to the performance/design sgecifications would improve overall
visibility into the technical progress of the system and provide better
assessments of such progress to decision makers within the Army and
Department of Defense,

The SAFEGUARD program has already passed most of the key decision
poeints inthe phased, life-cycle acquisition process, but the Site Defense
program initiated in fiscal year 1971 affords the opportunity to arply
the basic concepts of this process and %o incorporate testing practices
stipulated by recent Department of Defense directives, To insure the
most efficient and economical acquisitionfor the Site Defense program,
we recommend that the System Manager take appropriate steps to assure
that the basic concepts of the phased, life-cycle process are followed in that

program and that appropriate test and evaluation be completed pricr to lur-e-

scale production commitments,
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We also suggest that consideration be given to the formulation of
a periodic summary report which compares the test and evaluation results
to the system and subsystem performance/design specifications for informing
higher command levels of the progress being achieved toward meeting these

specifications,
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tian was planned, proceeding in accordance with established schedules,
o meeting its technical performance requirements. Conversely, when
imtegrated cost, schedule, and technical performance data are reported
megularly on a summarized Sasié and compared to firm, time-phased goals
£or these elements, early warning signs of impending cost overruns,
sehedule slippages, and performance degradations should be detected in

smfficient time to initiate corrective action.

PHOGRESS MEASUREMENT MODEL

Before discussing the results of our evaluation, it is necessary
t@ briefly comment on the essential elements required to measure the
progress of a wejcr-wezpon system acquisition anrd the review approach
we used to examine this subject. We first identified the elements that
s¥would be contained in such a system and fofmulated a model (see asppen-
dix V) depicting the coatinuous role tuat progress measurement should
have during the acquisition life cycle,

An effective progress measurement system should contain the following
hree elements:

-- a vniform methed for defining, collecting, reporting, and
correlating management data.

-~ a method for establishing firm, time-phased goals for each
major element of the acquisition.

-- a technique for the continuous comparison of actual work
accomplished with that planned.

Because of the extensive amount of data generated in the development

@ad production of a major weapon system, a uniform approach must be
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used for collecting, reporting, and reviewing the data, Use of work
breakdown structures provide a consistent framework for defining and
assigning work, establishing aqd maintaining a data base, and controlling
and reporting progress. The work breakdown structure is a tool for
subdividing a total weapon system into its component parts which can
be displayed to show their relationship to each other and to the
total acquisition.

If progress measurement is to be meaningful, it is
important that realistic cost, schedule, and technical performance goals
for the weapon be developed and agreed to by the Govermment and contractor
activities involved, and that controls be designed to prevent yndisciplined
changes to these goals. It is also important that thése goals be divided
and assigned to cach element of thé work breakdown structure.

The continuous analysis of work actually accomplished wersus that
planned can provide early warning signs of impending problems in time
for corrective actions., Major problems causing unfaverable variances
may already be known to management, but a performance measurement system
documents the cost impacts on a systematic, routine basis. It will
also assist in identifying and tracing smaller variances to their source
before a major cost impact results,

EMPBASIS BY DEPARTIENT OF DLFENSE
ON PLOGDESS MEASURMITNT SYSTUMS

The Department of Defense has taken a number of major steps to

improve various aspects of its weapon system acquisition process includ-

- W7 -
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ing the control and reporting of program progress; use of a single,
realistic work breakdown structure; and use of contractor program
control systems. Department of Defemse Instruction 7000.2, for example,
was promulgated by the Assistéﬁt Secretary of Defense (Comptroller) on
December 22, 1967, It is intended to provide the criteria for contractor
reporting of valid and up-to-date data for measuring progress against
cost, schedule, and technical plans,

The Secretary of the Army in an October 1969 memorandum to the
Deputy Secretary of Defense cited this instruction as an improvement
in the control and reporting of program progress. By analyzing the
monthly variances reported by the contractor, the Secretary stated that
a project manager would be able to detect impending cost overruns at an
earlier stage in their development and in time to select among alternative
courses of action.

The Army Materiel Command is currently taking action to apply the
same criteria prescribed for contractors to management control systems
of subordinate commands performing substantial work on major weapons,
The implementing instructions stated that it was reasonable and consis-
tent to want assurance that the management of the Government‘portion

of a project met the same standards that were required of contractors,

REVIEW METHOD

The above discussed criteria for a progress measurement system
together with pertinent instructions issued by the Department of Defense
were compared to the actual practices and procedures used by SAFEGUARD

management to assess program progress, Our review objective was to
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determine whether SAFEGUARD management methods included a technigque
for measuring progress of the acquisition so that at any point in time
a determination could be made as to where the acquisition stood in
relation to where it was expected to stand for the same amount of time
and resources expended.

PROGRESS MEASUREMENT SYSTEM FOR
TEE SAFEGUARD ACCQUISITION

The System Manager over the past several years has emphasized the
need for establishing a management information system that would inte-
grate cost, schedule, and technical performance data and provide him
with an overall, periodic assessment of program progress.

Implementing actions directed by the System Manager include:

(1) development and use of a single project work breakdown structure,

(2) establishment of cost, schedule, and technical performance baselines,
(3) implementation of contractor performance measurement criteria, and
(4) development of a system for integrating these elements into a pexrfor-
mance report covering the total pregram. The current status of these
actions and our evaluation follow,

Development of a work
broakdomn structure %ESW D

OCUMENT AVAILABLE

A revised work breakdown structure was developed (see appendix
VI) because the one in use did not conform with prescribed Department
of Defense directives and did not allow the necessary flexibility to

gather and correlate data for the diverse segments of the SAFEGUARD
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The technical performance requirements for the SAFEGUARD system
and its major subsystems were prepared by the development activity,
independently evaluated by the various program participants, and
approved by the System Manéger; The approved requirements are docu-
mented in various technical plans and are structured in accordance
with the project work breakdown structure. Changes to these requirements
are controlled, coordinated, and approved through a configuratien
management program with final approval being made by the System Manager.

Implementation of coniractor per-
formance measurement criteria

The performance measurement criteria contained in Department of
Defense Instruction 7000.2have been applied to management control systems
of the prime production ccntractorhand thr?e of its four major sub-
contractors. The fourth subcontractor was exempted because the estimated
cost to implement the criteria was prohibitive as compared to the number
of items to be delivered. The systems established by the contractors
have either been approved or recommended for approval, and surveillance
of the systems is being accompiished and reported monthly,

The performance measurement data applicable to the production effort
including that reported by the subcontractors, is reviewed and analyzed
by the prime contractor and reported to the SAFEGUARD System Command
in consolidated monthly and quarterly reports, These reports contain
progress measurement assessments of work package and contract line
items in terms of cost and schedule. At quarterly meetings between

the prime contractor and the SAFEGUARD System Command, the overall
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production progress is reviewed and any negative varlances are
analyzed for corrective measures.

We reviewed the performance measurement systems at two of the
prime contractors facilities and found, except for technical progress,
that the information provided to the SAFEGUARD System Command generally
depicted the progress of work completed against that which was expected
to be completed for the same amount of time and resources expended.
Although the systems did not provide for the routine reporting of
technical progress, technical problems which impact cost or schedule
are reflected in the reports and are assessed on an exception basis.

At the production contractor's facilities we found that the
contract work breakdown structure was properly integrated with the
contractor's internal management control system. The integrated
system was structured to define tasks to be performed; provided for
assignment of organizational respons%bility at each level of the
work breakdown structure; established time-phased cost and schedule
baselimes for authorized work; provided for the accumulation of actual
costs by work packages and organizational elements; allowed for
comparison of work accomplished with that planned; and provided controls
over clianges to cost and schedule baselines,

Almost 3 years were spent in attempting to apply the criteria to
the dewelopment effort, but the responsible contractor strongly opposed
making any major changes in its internal management system because of
the disruptive effect on its operations. Conseguently, the data reported

by its menagement control system ecnnot be completely integrated in the
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Technique for integrating cost,
schedule, and technical pertormance

Plans call for the completion of a computerized system which
wilk serve as a central data bank for collecting, integrating, and
reporting of cost, schedule, and technical performance data by the
profect work breakdown strﬁct;re for the total SAFEGUARD program.

A momitor has been appointed for each of the major subsystems to
assure that this data is available and relatable to at least the
second level of the work breakdown structure. Prior to this time,

no single individual was responsible for integration of the data

from the development, production, site activation, and other functional
areas.,

A management information center is being completed where program
cost, schedule, and technical performance data will $e summarized and
displayed for review by the System Manager and the various agencies re-
spomsible for conducting the program, Plaﬁs also call for the preparation
of a cost performance report which will integrate and provide an overall
assexmsment of the progress of the program in terms of cost, schedule,
and stechnical performance. At the time of our review, however, the con-
tent and format of the report had not been determined.

One crucial problem area which has not been resolved concerns the
integration of technical performance into this system., The performance/
design specifications can be related to the third level of the project
work breskdown structure, but at the time of our review, there was not
an overall report showing the technical progress being made against
these goals. SAFEGUARD System Office officials told us, however, that
thew were in the process of devising a means to relate cost and schedule

to #echnical performance goals.
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Before the above discussed actions were taken, the System Manager
was provided a vast amount of status data through reports and briefings.
We examined the more impor;an;_status reports and briefings identified
for us by SAFEGUARD management. The data in these documents contained
valuable information on the program, but, for the most part, emphasized
the management by exception technique and did not provide the System
Manager with progress assessment data concerning how well any element
of the program was progressing in temms of previously assigned cost,
schedule, and technical performance goals. Also, cost, schedule, and
technical data were generally reported as separate entities rather than
being integrated for progress measurement purposes.

PROGRESS MEASUREMENT SYSTEM
FOR THE SITE DUTENSE PROGRAM

SAFEGUARD System Office officials told us that actions are being
taken to implement a progress measurement system for the Site Defense
program which was initiated in fiscal year 1971 to augment SAFEGUARD.
They stated that some of the problems encountered in establishing a
performance measurement system for the SAFEGUARD program would not be

encounterced on the Site Defense program because it is smaller and less

complicated and implementation actions were initiated at the start of Lry
]
the program. Management of the Site Defense program will use the §§9
o]
gy
exlsting SAFEGUARD management control systems and procedures. Eg;
SN
.
CONCLUSIONS AND RECOMMENDATIONS fﬁf
wid
Although a considerable amount of status data is provided to £
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the SAFEGUARD System Manager through various reporting media,
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Py N S TR R
TEST MODEL FOR ACGUISITION CYCLE
AT ITION, VALIDATION AND FULL SCALE PRODUCTION. :
Pua e CONCEPY FORMULATION RATIFICATION DEVELOPWEY © INITIAL FULL SCALE OEPLOYMENT.
DEFcHCE SYSTEMS DSARC
AT VITICH REVIEW n

Cuil \DIARC)

RESPCNSIBLE PARTIES

Frisary A
SECONDARY
ronttor 9@

BASIC TESTING

DETERMINE WHETHER.

1. MISSION AND PERFOPMANCE
ENVELOPES HAVE BLLN
AOFQUATEL Y DECIGNED AND
BASC0 ON MILITARY
CBLECTINVES,

2. ACTUAL ENGINEERING UESIGH

AND COMPUNERT TESTING HAS
PLEMN LONE TO UEMONSTRATE
THAT FEOHNICAL RISKS HAVE
BFEN Etim NATED OR REPUCFD
TO AN ACTLPIABLE LEVEL,

) PRACTILAL THADE.GFFS

BETWEFN REQU RLMENRTS AND
EHGIMEERNG DESILN HAVE
BEEN MADE, AMD

4. REAL FROOF ING OF CRITICAL
COMPUNTNTS HaS BEEM UTILIZED

TO THE CREATEST EXTENT

POLSIBLE THROUGH ENGINEERING

TESTiNU,

DEVELOPER A
USER

CATLFOORIES

ENGINEERING TESTING

DETERMINE WHETHER

DESIGNS AND ENGINEERING
FCR THE WEAPON SYSTEM
HAVE BEEN VALIDATED, AND

. TECHRICAL AND ECONOMIC

BASIS FOR CHTERING FULL.
SCALE DFL.FLOPMENT HAVE
BELN VALIDATELD THROUCH
DEVELUFME NI OR FABRICA.
TION UF MOLILS CR PRO-

TOTYPES WHERE FEASIBLF,

DEVELOPER A
contracTor O
USER

DETERM'NE WHETHE 2.

STASHLIZEC DLuN
AND PLRFORMANLE KEo
OURTHENTS HAYVE 3EEM
ACHICYLD,

HARDWATE haAS BFFH PRO.
VEN THROUGH TFEYING;

ENGINLERING 1 £5T NG HAS

BEEN COMPLETED,

CASYSTER ACCLFIABLE
b

FOR | Rt LCTION,
INCLUGIHG AL L TOite
F(‘.'NLN TS At S«
Sr5TTMS, HAS BLEL
DFVELOFI D, AND

OPERSTIONAL § I'T ke .
BILITY HAS BLEN
REVILWED WiITH A
PROTOTYPE OR AT
LEAST A MUCH-UP,

conTrACTOR &
DEVELOPER )
USER e

o st e

DETERMINE WHETHER:

PRODUCIAILITY 1IAS
BEEN VERIFIED;

COMPLETE AND ADEQUATYE
DOCUMENTATION HAS
BECN PROVIDED;

. SUFFICIENT QUANTITIES

TO PEHMiT TES) AND
EVALUATION AND 10
CCRPEFT DESIGN DEFFCTS
WHICH EFFICY PRODUCTION
HAVE BELCN PROYIDED; AND

CPLRATIONAL SUITABILITY
OF A PRUDUCTION ARTICLE
HAS BEEN 1E2TLD,

DEVELOPER A
UsER @)

CONTRACTOR @

s ACCEPTANCE TESTING
OPERATIONAL SUITABILITY TESTING

DETERMINE WHETHER:
Y. CONFIGJIRAT'ON OF

THE WEAPON SYSTEM HAS
BEEN FIRMLY ESTASLISHED;

ACCEPTANCE YLLY.NC AND
CERTIFICATION OF “OMP
NENT §* BSYSTH M5, AND
CUAPLLTE JYSTEMS HAVE
Det fl PLONVIDOD, ALD,

COMPLETED SYSTOM HAS
ACHIEZLD PERFORMANCE
GUALS A5 CONTRACTLO.

CONTRACTOR A
peverorer (O

USER L]

DEYERMINE WHE THER:

USEH HAS ACCEPIFD
AWEAFON LYSTey wiTH
THE DEITED CATAGBILITY;

USTR MAL « " RFIE™ IF THE
WEAFON, t: 22, AND TACTICS
witt PiRCHr n THE
MANCL M T

THRL TR0 INNAL
SPEFABWET 7 TEST 5

AND

. MAINTAINABILITY AND

RELIABIL'TY STANDARDS
HAYE Bt € v ACHIEVED.

USER A
DEVELOPER
CONTRACTOR &

BEST DOCUMENT AVAILABLE
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APPENDIX 1II

SAFEGUARD TESTING PHASES AND CATEGORIES

Development Phase:

Development Acceptance Tests 1

These tests are those necessary to develop the system hardware and
software and to furnish data for establishing confidence that the
subsequent deployment can meet design objectives,

Production Phase:

Product Quality Assurance Tests 2

These are tests and inspections for quality assurance of hardware
produced under the production contract. These tests and inspections
are performed at the factory to assure the quality of a specific
hardware item or a specific lot of an item,

Production Verification Tests 2

These tests are performed on samples of the production output in order
to determine whether the production enviromnment has degraded cthe
characteristics designed into the product. Included in this category
ig the testing required to qualify new producers or new manufacturing
processes, -

Maintenance Evaluation Tests 2

These tests are to determine the adequacy of procedures, tools, test
equipment, and personnel skills required to maintain and operate the
deployed system,

Site Activation Phase:

Technical Verification Tests 2

These tests on demonstrations are accomplished on-site to fulfill
requirements to demonstrate that inmstalled hardware, software,
technical facilities, and support facilities meet specifications,
Within each test program under this category, selected tests
desicnated as Contractor Demomstration Tests will be monitored in
detail as part of the Government acceptance of the system,

1 Engineering testing

2 Acceptance testing %ES’E Dﬁéﬂ‘ﬂf\‘;ii\ﬁ AVAH‘ABLE



APPENDIX IIX

Operational Acceptance Tests 1

The user determines by thcse tests that military personnel can operate
the SAFEGUARD system and that the system performs at a specified level
for an extended period of time. These tests will be used to determine
the satisfactory interface of hardware, software, personnel, communica-
tions, procedures, logistics, and facilities,

QOperational Phase:

Performance Verification Tests 1

These tests are for verifying the continued operational capability
of the SAFEGUARD system during its lifetime., In these tests, the
system, complexes, and sites will be operated under tactical condi-
tions using simulated threats provided by coOmputer programs and
satellites of opportunity,

Service Life Evaluation Tests 1

Thege tests are to verify projected equipment life and to detect
degradation trends as the basis for decisions on subsequent production
and modification efforts to maintain system effectiveness, Secveral
Govermment activities will conduct these tests,

BEST DOCUMENT AVAILABLE

Operational suitability testing
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TEST SCHEDULE SUMMARY*
(AS OF APRIL 19772}
CY 19u8 Qr CY 1969 Cy 1970 ¢ Cy 2y Cy 1912 Cy 1973 ! CY 1974 Cy 197, v 1928
15 1N N N A OO S OO N A N O O O
i :
> SPERINT SUBSYSTEM vspmm MISSILE
> SPARTAIN SUBSYSTEM !L\'?SPARTAN MISSILE
SUBSYSTEM INTEGRATION -- KWAJALEIN MISSILE RANGE
> MISSILE SITE MADAR (MSRl 7,
s v
MISSILE SITE 4aTA
> PROCESSOR 1727, DP) v\:’f’x.&snp

2

MSUP PROGRAM™ SAFEGUARD DATA |
PROCESSING L& 1SDPL)

!

SOPL AND MECK

— .~ — —

Vre

g¥¥

TACTICAL MSOP PROGRAMS TACTICAL
SOFTWARE CONTROL SITE (TSCS)

r.—.—--———.———<

l

SITE

PERIEA. 1141 ACC U TION RADAR {PAR)
LIMITED ENGINEEF NG DEVELOPMENT MODEL

c‘j PAR Dp * %

PAR DATA PROCESSOR (PAR DP}

BEST DOCUME

NT AVAILABLE

i

TACTICAL FAR DP PROGRAMS -TSCS

l

“FRODUCT

azadsdiisl AsLid,

CPRODUCTION VERIFICATION TISTS
R - F .

Ve e e e R
JIAAINTINANCE EVALUATION TESTS
T LTI aaldhe 2 Sttt SEC PN RN

[ ragerane e asanty TR v
IRt 11328 M SRR IOURIRUNN S 4 IS DL I DS IO

FALITY AGSUNA

PSPPIV RTITTTPINTTTLT TSI T T NOT]
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[T TYRN
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IRTTICTRR TN i1

DOCUMEN

GRAND FORKS PAR SITE
GRAND FORKS MSR SITE !

[N

[N VST U UURUPUS T PP ;.l

I
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T AVAILA

T

TLChiwn AL VERIFICATION

Teara

i \_

{
MALMSTROM PAR SITE

MALMSTROM 8GR SITE " VE RITILATION TEST

teennear oLy
\
J

BMDC —s]  TELHIMCAL
VERIFICATION TCSTS

| 1
T OPE RATIONAL ACLePTANCE

(3]

BLs

r

TESTS

AT
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VEREE N Aot 0t

i

crrreer oo —y—
SEENIOE Lk
FVATDAT "

l
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1
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l
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CY 19068 Cy 1109

C¥ 1920 cYasn

Y 1ar2

LY 1973

cy 1974

IR ARLE Crogote

l i DEVEL OPMINT TESTS

[T si1e A 1ivanion Tesis
[77] orenamionat TisTs
\j SIGNIF S ANT PRODUCTION START

* % PROTOQT Y™ PADDUCTION START

¥ EXCLUDES THE DEVILOPAILNT TEST SCHEDULE FOR SPRINT AND SPARTAN WARHT AD St CTIONS
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SAFEGUARD SYSTEMW
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