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COMPTROLLER GENERAL'S INCENTIVE PROVISIONS OF SATURN V STAGE
REPORT TO THE CONGRESS CONTRACTS

National Aeronautics and Space
Adminisiration B-161366

DIGEST

WHY THE REVIEW WAS MADE

In 1963 NASA began incorporating i1ncentive provisions into 1ts con-
tracts as a means of reducing costs, maintaining or accelerating de-
Tivery schedules, and obtaining superior hardware. By the end of fis-
cal year 1969, NASA contracts containing incentive provisions amounted
to about $6.7 bill1on.

The General Accounting Office (GAO) reviewed the contracts for the pro-
duction of the S-IC and S-IVB Taunch vehicle stages, the largest con-
tracts containing incentive provisions awarded by NASA's Marshall Space
F11ght Center (MSFC) to:

--determine if the i1ncentive provisions of the contracts were con-
sistent with the needs of the Apollo Program, and

--gvaluate the need for the emphasis placed on schedule i1ncentives 1n
these contracts.

FINDINGS AND CONCLUSIONS

NASA 1ncorporated about $26.2 million in schedule incentives into the
S-IC and S-IVB stage contracts to accelerate delivery of these stages.
In GAQ's opinion the schedule incentives were not needed because

--early delivery of the stages could have been obtained without ad-
ditional payments to the contractors. (See pp. 9 to 16.)

--adoption of air transportation for the S-IVB stage provided the
desired schedule acceleration. (See p. 17.)

~--manufacturing of the S-II stage was at least 5 months behind sched-
ule and had thus provided the additional time for testing and solv-
1ng prelaunch checkout problems on the S-IC and S-IVB stages, which
NASA stated it was attempting to obtain through the use of schedule
incentives. (See pp. 18 to 20.)

--delivery of the stages for certain vehicles ahead of schedule was
not consistent with an earlier decision to delay delivery of these
stages. (See pp. 23 to 25.)

NASA did not agree with GAQ's findings and conclusions and stated that
the early delivery incentives reduced costs, permitied mission



adjustments, and would keep total program costs to the minimum ob-
tainable. According to NASA:

--the decision to use schedule incentives was made concurrent with
the decision to stretch out the delivery schedule and the use of
these incentives aided in stabilizing the Apollo Program schedule.

(See pp. 23 to 25.)

--the behind-schedule position of the S-II stage improved steadily
and did not affect the decision to incorporate schedule incentives
1nto the S-1C and S-IVB contracts. (See p. 20.)

--uncertainties associated with air transportation of the S-IVB
stage prevented NASA from relying on the potential time to be
gained through use of air Liransportation. (See p. 20.)

GAD contends that (1) the objectives of the schedule stretchout and
the use of delivery incentives were 1ncompatible (see pp. 23 to 25),
(2) there was T1ttle, if any, evidence to indicate improvement in the
S-11 stage behind-schedule position at the twme the S-IC and S-IVB
stage contracts were being negotiated (see p. 18), and (3) the un-
certainties of using air transportation for the S-IVB stage had been
cleared up before the S-IVB stage contract was modified. (See p. 29,)
GAO further noted that, despite the advantages that NASA said resulted
from the use of schedule 1ncentives, the contracts for the follow-on
production of S-IC and S-IVB stages provided only for the assessment
of a penalty against the contractors if the stages were not delivered
on time (See p 26.) GAO believes that NASA could have avoided using
schedule 1ncentives to obtain the early delivery of the first group of
stages without adversely affecting the Apollo Program.

RECOMMENDATIONS OR SUGGESTIONS

In view of the apparent change 1n policy with respect to the use of
schedule 1ncentives as discussed below, GAQ 1s making no recommendation.

AGENCY ACTIONS AND UNRESOLVED ISSUES

In October 1969, NASA and the Department of Defense issued a joint in-
centive contracting guide that describes 1mproved itncentive contracting
techniques  With respect to schedule incentives, the new guide suggests
that, usually, 1t 1s not advisable to provide rewards in order to advance
delivery schedules and that, generally, penalty-only incentives are the
most appropriate means of ensuring delivery on schedule., GAQ believes
that the new guidelines, 1f properly implemented, should preclude a re-
currence of the situations described 1n this report. (See pp. 33 and 34.)

MATTERS FOR CONSIDERATION BY THE CONGRESS

GAO believes that the matters discussed in this report will be of 1n-
terest to the Congress in its continuing assessment of Government procure-
ment policies and procedures and 1n overseeing NASA's management of the
Space Program.



*

CHAPTER 1

INTRODUCTION

The General Accounting Office has reviewed the poli-
cies, procedures, and practices followed by the National
Aeronautics and Space Administration in the development of
incentive provisions for selected Saturn V stage contracts
awarded by the George C. Marshall Space Flight Center,
Huntsville, Alabama.

OQur review was directed primarily toward (1) determin-
ing whether the incentive arrangements of the contracts for
the production of launch vehicle stages were consistent
with the needs of the Apollo Program and (2) evaluating the
need for the emphasis placed on schedule incentives in the
contracts. We did not attempt to evaluate the overall ef-
fectiveness of incentive-fee type contracts. The scope of
our review 1s described on page 35.

The principal NASA officials responsible for the ad-
ministration of the activities discussed in this report are
listed in appendix IV.

The Office of Manned Space Flight (OMSF) at NASA Head-
quarters has primary responsibility for the management of
all manned space flight programs approved by the NASA Ad-
ministrator. In carrying out this responsibility, OMSF has
three field centers under its direction: MSFC, the Manned
Spacecraft Center (MSC), and the John F. Kennedy Space Cen-
ter (KSC). MSFC is responsible for the design, development,
and test of launch vehicles and space transportation systems
for manned space flights. MSC's primary mission 1s the de-
velopment of spacecraft for manned space flights and the
conduct of manned space flight operations. KSC serves as
the primary center within NASA for the checkout and launch
of space vehicles.

The ultimate objective of the Apollo Program--the
third of NASA's manned space flight programs--was the land-
ing of men on the moon for limited observation and explora-
tion and returning them safely to earth. For this mission
and subsequent lunar missions, MSFC developed the Saturn V



launch vehicle which consists of four major components:

the S-IC first stage or booster, the S-II second stage, the
S-IVB third stage--also used as the second stage of the
Saturn IB launch vehicle--and the instrument unit (IU). A
picture of the Saturn V launch vehicle appears on the next
page. A total of 15 Saturn V flights are planned for the
Apollo Program and the vehicles for these flights are num-
bered consecutively from 501 to 515. The stages corres-
ponding to these vehicles are also numbered consecutively,
beginning with S-IC-1, S-II-1, and S-IVB-501. Thus the
Saturn 501 vehicle includes the S-IC-1, the S-II-1, and the
S-IVB-501 stages and an IU.

The successful lunar landing mission in July 1969 was
launched by Saturn V-506. NASA plans to utilize the re-
maining launch vehicles for additional lunar exploration
missions. As of September 1969 nine Saturn V vehicles had
been delivered, two additional vehicles were being tested
prior to acceptance by NASA, and the stages for the remain-
ing four vehicles were being assembled. The stages for the
last vehicle, Saturn V-515, were scheduled to be delivered
in December 1970

The first two S-IC flight stages were fabricated in-
house by MSFC; the remaining 13 S-IC flight stages were
contracted for in groups of eight and five. The S-IVB
flight stages for the Saturn V vehicle were contracted for
in groups of six and nine, and the 15 S-II flight stages
were procured in groups of 10 and five. In each case the
initial contract for the first group of stages was awarded
on a cost-plus-fixed-fee (CPFF) basis. Under a CPFF con-
tract the Govermment reimburses the contractor for actual
costs incurred and, in addition, pays the contractor a pre-
determined fixed fee.

Although no precise date can be fixed as the time when
NASA decided to utilize incentive-fee type contracts, it
was NASA's policy as early as September 1962 to include in-
centive provisions 1in 1ts contracts. In a letter to the
directors of NASA field centers, dated February 25, 1963,
the NASA Associate Administrator encouraged the field cen-
ters to use incentive provisions in their contracts as a
means of reducing costs, maintaining schedules, and obtain-
1ng superior hardware.



SATURN V LAUNCH VEHICLE

SATURN V LAUNCH VEHICLE 281 FT.

SPACECRAFT 82 FT.=

M

INSTRUMENT

i
|
\

THIRD STAGE
(S-1VB)

SECOND STAGE

(S-1h

| FIRST STAGE
(S-IC)

FIRST STAGE (5-1C)

DIAMETER 33 FEET

HEIGHT 138 FEET

WEIGHT 5,022,674 LBS, FUELED
288,750 LBS, DRY

ENGINES FIVE F-|

PROPELLANTS . LIQUID OXYGEN (3,307,855 LBS.,
346,372 GALS.) RP-1 (KEROSENE)
- (1,426,069 LBS , 212,846 GALS.)

THRUST. 7,653,854 |BS AT LIFTOFF

SECOND STAGE (S-i1)

DIAMETER 33 FEET

HEIGHT— 81,5 FEET

WEIGHT 1,059,171 LBS. FUELED
79,918 LBS. DRY

ENGINES FIVE J-2

PROPELLANTS___LIQUID OXYGEN (821,022 LBS ,
85,973 GALS )} LIQUID HYDROGEN
(158,221 1BS., 282,555 GALS )
THRUST_ 1,120,216 TO 1,157,707 LBS.
INTERSTAGE _____1,353 (SMALL)

THIRD STAGE (S-1VB}

DIAMETER 21 7 FEET

HEIGHT 58.3 FEET

WEIGHT 260,523 LBS FUELED
25,000 LBS. DRY

ENGINES ONE J-2

PROPELLANTS ___ LIQUID OXYGEN (192,023 LBS.,
20,107 GALS.) LIQUID HYDROGEN
{43,500 LBS., 77,680 GALS.)

THRUST_— 178,161 TO 203,779 LBS

8,081 LBS.

INSTRUMENT UNIT

DIAMETER 21.7 FEET
HEIGHT— 3 FEET
WEIGHT 4,306 LBS.




This report deals with the conversion of the CPFF con-
tracts for the first group of S-1C and S-IVB stages to
cost-plus-incentive-fee (CPIF) contracts and with the in-
centive provisions incorporated into these contracts by
NASA. Although MSFC planned to convert the S-II stage con-
tract to a CPIF contract, because of a number of problems,
the i1nitial and the follow-on S-II stage contracts have re-
mained on a CPFF basis. The second group of S-1C and S-IVB
stages were procured by MSFC on a CPIF basis, and the con-
tract for the 15 IUs was awarded in March 1965 on a CPIF
basis.

A CPIF contract 1s a cost-reimbursement-type contract
that specifies a target fee and typically provides for in-
creasing or decreasing this fee, depending upon the degree
to which the contractor meets or exceeds a combination of
predetermined cost, schedule, ahd performance targets.

CPILF contracts typically contain the following types of 1in-
centive provisions.

Cost incentives--The contract establishes a target
cost and provides that the target fee will be increased by
a specified percentage of any cost underruns and decreased
by a specified percentage of any cost overruns experienced
by the contractor.

Schedule incentives--Schedule incentives ¢an be in the
form of bonuses, penalties, or a combination of both. The
contract specifies a target delivery date and generally
provides for an increase in fee if the end item 1s deliv-
ered on or ahead of schedule and/or provides for a decrease
in fee 1f the end 1tem 1s delivered late. Bonuses and pen-
alties can also be applied to interim milestones in addi-
tion to end-i1tem deliveries.

Performance incentives--Performance incentives are in-
tended to motivate the contractor to strive for outstanding
technical achievement. "Performance" can refer to the per-
formance characteristics of the item being procured or the
technical performance of the contractor. The contract es-
tablishes performance targets and provides for the payment
of additional or less fee, depending upon whethér the con-
tractor exceeds or fails to meet the performance targets.




CHAPTER 2

CONVERSION OF S-IC AND S-IVB CONTRACTS

PAYMENT OF SCHEDULE INCENTIVES NOT
NEEDED TO ACHIEVE TNTENDED OBJECTIVES

Our review showed that NASA included schedule incen-
tives amounting to about $26.2 million in the S-IC and
S-IVB stage contracts in order to accelerate delivery of
these stages although, in our view, (1) the delivery of
certain stages ahead of schedule did not appear to be com-
patible with an earlier decision to delay delivery of the
stages, (2) early delivery of the stages, had it been de-
sirable, could have been obtained without the additional
payments to the contractors, and (3) the additional time
for testing and solving prelaunch checkout problems, which
NASA was attempting to obtain through the use of schedule
incentives, was already available to it.

In late 1964 and early 1965, when NASA was planning to
convert the S-IC and S-IVB CPFF contracts to incentive-fee
contracts, with emphasis on schedule incentives, 1t was
also implementing a plan to stretch out the Saturn V deliv-
ery schedule. The delivery schedule stretch-out was in-
tended to provide more time to make modifications to unde-
livered stages during the early phases of the program as a
result of the experience gained from the ground test pro-
gram and the initial launches of the Saturn V vehicles.

The schedule incentives included in the S-IC and S-IVB
stage contracts subsequent to the schedule stretch-out were
intended to provide additional time as a hedge against un-
foreseen test and checkout problems by motivating the con-
tractors to deliver the stages in advance of the scheduled
dates. The schedule stretch-out and later acceleration
therefore appear to be contradictory.

NASA records indicate that, at the time the contract
conversions were being negotiated with the contractors in
late 1965, NASA adhered to its decision to emphasize sched-
ule incentives although the then available information
showed that the behind-schedule status of the S-II stage
and the use of air transportation to deliver the S-IVB



stages would probably provide the additional time to solve

unforeseen test and checkout problems. As a result of this
decision, NASA paid substantial schedule incentives to the

S-IC and S-IVB stage contractors, and we believe that these
payments could have been avoided without adversely affect-

1ng the Apollo Program.

Agency regulations and guidance relating
to 1ncentive objectives

In March 1964 OMSF 1ssued instructions requiring, in
part, that its three field centers present proposed incen-
tive arrangements for selected procurements to OMSF for ap-
proval prior to negotiating incentive provisions for inclu-
sion 1n the contracts. The purpose of the prenegotiation
review and approval by OMSF was to provide contract negoti-
ators with well-defined guidelines that would ensure ade-
quate recognition of important program considerations bear-
ing upon or affected by the procurement.

In December 1964 the Associate Administrator, OMSF,

(1) requested that MSC and MSFC make certain that they had
1dentified all contracts that should include incentive pro-
visions and (2) established the goal of incorporating in-
centive provisions in these contracts by the end of calen-
dar year 1965. Also, MSC and MSFC were requested to estab-
lish timetables to accomplish this goal and to advise OMSF
of their plans. In accordance with this request, MSC and
MSFC developed plans which ultimately encompassed the con-
version of all the major Apollo CPFF hardware contracts to
incentive-fee contracts.

With respect to the use of incentive-fee contracts,
the NASA Procurement Regulation cautions that, without
proper balancing of incentive objectives, the Government
may recelve, at unwarranted expense, a product of greater
quality than desired or delivery of the product before it
1s needed. The regulation states further that particular
care and judgment 1s required in framing the specific in-
centive terms of a given procurement. The NASA Incentive
Contracting Guide, which was 1ssued to provide authorita-
tive guidance and sound precepts to NASA personnel con-
cerned with incentive contracts, recognizes that, in many
cases, early delivery of hardware may be of no use to NASA



and recommends the elimination of rewards for early deliv-
ery when delivery in advance of the target date 1s of no
value.

In our opinion both the procurement regulation and the
incentive contracting guide contemplate, as a prerequisite
to the effective application of incentive provisions, a
comparison of the benefits to be derived from the use of
incentives with the costs to be incurred.

Decision to emphasize schedule incentives coincided
with stretch-out in Apollo delivery schedule

On December 4, 1964, OMSF provided MSFC and MSC with
guidelines to be used in developing incentive arrangements
for the Apollo CPFF hardware contracts that were to be con-
verted to incentive-fee contracts during the ensuing year.
These guidelines provided for the use of multiple incentive
arrangements with greater emphasis on cost and schedule in-
centives than on performance.

At about the same time, plans for a stretch-out in the
Apollo delivery and launch schedule were in the final
stages of formulation, and on January 2, 1965, the Apollo
Program Director provided the three field centers with a
proposed delivery and launch schedule revision for their
comments and recommendations. On January 15, 1965, MSFC
advised the Apollo Program Director of its general agree-
ment with the proposed schedule changes, and on Febru-
ary 16, 1965, he furnished the field centers with a new
Apollo Program delivery and launch schedule, designated as
the MA-2 schedule.

The MA-2 schedule was the result of an overall assess-
ment of the status of the Apollo Program, made in August
and September 1964. The assessment, which NASA called the
most comprehensive review of the Apollo Program ever con-
ducted, was undertaken at the direction of the NASA Associ-
ate Administrator and included assessments by the program
managers at the three field centers, by the major hardware
contractors, and by the senior Apollo Program Office offi-
cials. The results of this assessment were presented to
OMSF top management in September 1964 and to the NASA Asso-
ciate Administrator in October 1964. The chart presented



on the next page compares the preexisting MA-1 schedule
with NASA's September 1964 delivery schedule assessment and
with the MA-2 schedule which resulted from the program as-
sessment.

Under the MA-2 schedule, the delivery dates for the
stages for the first two Saturn V vehicles remained the
same as those under the MA-1 schedule. The launch date for
the first vehicle also remained the same, but the launch
date for the second vehicle was extended 1 month. The de-
livery date for the third Saturn V vehicle (503) was ex-
tended 2 months and for each succeeding vehicle the deliv-
ery date was extended for increasingly longer periods up to
a maximum of 7 months for the delivery of the eighth and
all subsequent Saturn V vehicles. As had been the case un-
der the prior MA-1 schedule, the three stages for each
Saturn V vehicle were required to be delivered to KSC at
about the same time.

During our discussions with Apollo Program officials,
they indicated to us that one of the major objectives of
the MA-2 schedule was to lengthen the intervals between de-
liveries of the stages and between launches of the vehicles
to provide additional time to make modifications to the ve-
hicles as a result of the experience gained or problems en-
countered in the ground test program or from the i1nitial
Saturn V flights. In his comments on the MA-2 schedule,
the Director, MSFC, indicated that another benefit of the
stretch-out was that 1t would enable MSFC to defer incur-
ring costs on stages to be delivered later in the program,
and thus would reduce the funding requirements of the
Apollo Program during its peak years.

During February to April 1965, MSFC took action to 1in-
corporate the MA-2 delivery schedule into the various hard-
ware contracts. At about the same time, OMSF developed re-
fined incentive guidelines. By letter dated April 8, 1965,
and at a conference on incentive contracts held at MSFC on
April 9, 1965, OMSF officials furnished guidelines to MSFC
which provided that, when incentive arrangements for the
Apollo contracts were being developed, emphasis should be
placed on schedule, cost, and performance, in that order.
OMSF also advised MSFC that prenegotiation conferences with
OMSF would be required for each of the major system

10
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contracts to be converted to an incentive-fee type tontratt
before negotiations with the contractors were undertaken.

1n April and May 1965, subsequent to the issuance of
the refined incentive guidelines providing for emphasis on
schedule incentives, MSFC approved the amendments to the
three stage contracts that incorporated the stretched-out
delivery dates of the MA-2 schedule.

Our review of the S-IC and S-IVB contract files showed
that, prior to negotiating the MA-2 schedule changes with
the contractors, MSFC had estimated that the cost of delay-
ing delivery of these two stages would be about $22 million.
The total of the contractors' estimates of the cost of de-
laying delivery of the stages was about $33 million. How-
ever, the amendments to the S-IC and S-IVB stage contracts
incorporating the MA-2 schedule revision were negotiated as
part of lump-sum settlements of a number of outstanding
contract change orders to each contract. Therefore, we
could not determine the exact increase in the target cost
of each contract attributable to the MA-2 schedule revision.
However, on the basis of the cost estimates of MSFC and the
contractors prior to negotiation of the contract amendments
and on the basis of the negotiated amount of the lump-sum
settlements, it appears to us that the increases in the
target costs for extending the S-IC and S-1VB delivery
schedules were agreed to at an amount between $22 million
and $33 million.

On April 20, 1965, at a meeting of top-management of-
ficials from NASA Headquarters and the field centers, the
forthcoming contract conversion of the CPFF contracts to
incentive-fee contracts and the guidelines to be followed
were discussed further and the Associate Administrator,

. OMSF, reiterated that emphasis should be placed on sched-
ule, cost, and performance incentives, in that order.

The MSFC records we reviewed indicated that a number
of MSFC officials had reservations with respect to placing
emphasis on schedule incentives and also that MSFC had dif-
ficulty in formulating incentive arrangements which were
responsive to the needs of the Apollo Program and, at the
same time, were within the guidelines established by OMSF.
However, we found no evidence to indicate that the

12



difficulty experienced had been communicated to OMSF, and,
in September and October 1965, MSFC presented 1ts proposed
incentive arrangements for the S-IVB and S-IC contracts to
OMSF for approval.

These proposals were prepared in accordance with the
MSF guidelines in that schedule incentives were emphasized
over cost and performance incentives. MSFC's records show
however that the proposed schedule incentives were designed
to ensure that reliable flight stages would be delivered in
accordance with the MA-2Z schedule and did not provide in-
centives for delivery of the stages ahead of the schedule
dates. Instead, MSFC's proposed schedule incentives for
the S-IC contract provided for (1) the payment to the con-
tractor of a target fee 1f the stages were delivered no
more than 5 days late, (2) payment of the maximum schedule
incentive fee if the stages were delivered on schedule, and
(3) the assessment of penalties against the contractor if
the stages were delivered more than 5 days late.

The schedule incentives proposed by MSFC for the S-IVB
contract provided for (1) the payment to the contractor of
a target fee 1f the stages were delivered no more than
1 day late, (2) payment of the maximum schedule incentive
fee if the stages were delivered on schedule, and (3) the
assessment of penalties against the contractor i1f the S-IVB
stages were delivered more than 1 day late. The MSFC pro-
posals provided for schedule incentive fees of $9.3 million
and $3.6 million to be incorporated into the S-TC and S-IVB
stage contracts, respectively.

At the prenegotiation conferences the Associate Admin-
l1strator, OMSF, directed MSFC to modify 1its proposed incen-
tive arrangements for both the S-IC and S-IVE stages in or-
der to motivate the contractors to deliver the stages ear-
lier than scheduled.

In this regard the Associate Administrator, OMSF, di-
rected that the S-IC stages should be delivered 6 weeks
early, and this provision was incorporated by MSFC into its
proposal. The documents we reviewed did not show whether
the Associate Administrator, OMSF, had specified the number
of days that the S-IVB stages should be delivered ahead of
the MA-2 schedule. However, MSFC's revised incentive

13



proposal, which MSFC officials advised us had been prepared
1n accordance with the Associate Administrator's direction

and had been approved by OMSF, included incentives for de-

livery of the S-IVB stages 4 weeks ahead of schedule.

The negotiations with the contractors for the conver-
sion of the S-IC and S-IVB stage CPFF contracts to CPIF
contracts were conducted during the period September 1965
to January 1966. 1In general terms the multiple incentive
arrangements agreed to by NASA and the contractors estab-
lished schedule, cost, and performance targets and provided
for the upward or downward adjustment of the contract fee
1f the contractor exceeded or failed to meet these prede-
termined schedule, cost, or performance targets.

The schedule i1ncentive provisions agreed to for ths
S-IC stages (S-IC-3 throu%h S-IC-10) provided for a total
increase of $20.8 millionl in the contract fee for deliver-
ing the stages 6 weeks in advance of the MA-2 schedule de-
livery dates. No additional fee would be paid if the
stages were delivered on schedule, and penalties would be
assessed 1f the stages were delivered late. The amount of
the schedule incentives, when added to the S-IC contract
target fee of about $25 million, equaled the maximum fee of
about $46 million provided for in the contract. Thus, as a
result of the emphasis placed on the schedule incentives,
the contractor could receive the maximum fee provided for
in the contract without either underrunning the target
costs or exceeding the performance goals. The contract
amendment converting the S-IC contract to a CPIF contract
was signed by MSFC and the contractor in December 1965 and
approved by NASA Headquarters in March 1966.

1A total of $3.9 million in schedule incentives for the
S-IC and S-IVB stages was applicable to the early accom-
plishment of schedule milestones other than final delivery.
However, 1n our opinion, the early accomplishment of these
milestones was intended to aid in the accomplishment of
the main objective of delivering the S-IC and S-IVB stages
early. Hence, in our view, the entire $26.2 million in
schedule 1incentives was directly related to delivery of
the stages in advance of the MA-2 schedule dates.
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The schedule incentive provisions agreed to for the
Saturn V, S-IVB stages 501 through 506 provided for an in-
crease of about $5.4 millionl in the contract fee for the
delivery of these stages generally 30 days ahead of the
MA-2 schedule delivery dates. No additional fee would be
paid 1f the stages were delivered on schedule and penalties
would be assessed 1f the stages were delivered late. 1In
order to have earned the maximum fee under the contract,
however, the contractor would have had to underrun the tar-
get costs and exceed the performance targets as well. The
negotiation of the contract amendment converting the S-IVB
contract to a CPIF contract was completed in January 1966.
The contract amendment was signed by the contractor and
MSFC 1in April and May 1966, respectively, and was approved
by NASA Headquarters in June 1966.

We believe that delivery of the S-IC and S-IVB stages
in advance of the dates provided for by the MA-2 schedule
could have been obtained without providing for the payment
of substantial schedule incentives. As shown on page 11,
the MA-2 schedule established delivery dates for Saturn V
vehicles 505 through 510 that were 1 to 4 months later than
NASA's September 1964 assessment of when these vehicles
could be delivered. Nevertheless, after implementing the
MA-2 schedule revision in April and May 1965, NASA decided
in September and October 1965 that it was appropriate to
pay substantial bonuses--$15.3 million of the $26.2 million
in schedule incentives--to obtain early delivery of S$S-IC
stages 5 through 10 and S-IVB stages 505 and 506, and in so
doing, reverted to delivery dates that the September pro-
gram assessment indicated could be met.

It appears to us that, had NASA merely reduced the ex-
tent of the MA-2 schedule stretch-out in February 1965, it
could have obtained delivery of the stages on the dates de-
sired without added cost to the Government. Moreover, al-
though we believe that early delivery could have been
achieved without provision for the payment of schedule in-
centives, we believe also that the decision to accelerate
the delivery of the S-IC and S-IVB stages was inconsistent

1See footnote 1 on page 1l4.
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with the purpose of the MA-2 schedule revision, which we

understand was to provide longer intervals between the stage
deliveries for later vehicles and the initial Saturn V

launches 1n order to allow sufficient time to make any nec-
essary modifications to the vehicles.
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Adoption of air transportation negated the
need for S-IVB early delivery incentives

We found that the delivery dates provided for by the
MA-2 schedule were based on shipment of the stages to KSC
by water transportation. In the case of the S-IVB stages,
the contract delivery dates were set 4 weeks in advance of
the dates KSC would need the stages, in order to provide
sufficient time for delivery by ocean transportation. On
September 1, 1965, just prior to the start of negotiations
with the S-IVB contractor for the conversion of the contract
from CPFF to CPIF, the Associate Administrator, OMSF, rec-
ommended to the NASA Deputy Associate Administrator that
NASA utilize an aircraft having large cargo capabilities--
the Super Guppy, which was then expected to become available
for final testing in October 1965--to transport the S-IVB
stages to KSC.

On December 1, 1965, NASA contracted for the use of the
Super Guppy aircraft contingent upon the aircraft's success-
fully completing certain tests to NASA's satisfaction. Ac-
cording to information furnished to us by NASA, test flights,
covering 26,600 miles, were made of the Super Guppy aircraft
between December 1, 1965, and March 25, 1966, including a
number of test flights with a dummy S-IVB stage. On
March 25, 1966, the primary mode of transportation for S-IVB
stages was changed by NASA from water to air. We were ad-
vised by NASA that on April 6, 1966, about 2 months prior
to approval by NASA Headquarters, in June 1966, of the con-
tract amendment incorporating early delivery incentives into
the S-IVB contract, 1t began airlifting S-IVB flight stages
to KSC on the Super Guppy.

Since delivery by air only takes about 1 day, NASA, in
effect, accelerated the delivery of S-IVB stages to KSC by
about 4 weeks by changing the mode of transportation from
water to air. Since the best S-IVB schedule position NASA
hoped to achieve through its use of schedule incentives was
a 4-week acceleration and since the change in the mode of
transportation in March 1966 provided this additional time,
there is some question, in our opinion, as to the need in
June 1966 for amending the S-IVB contract to provide for
early delivery incentives.
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Behind-schedule status of S-II stage negated the
need for early delivery of S-IC and S-IVB stages

From October 19 through November 4, 1965, during the
period that negotiations for the conversion of the 5-IC and
S_IVB contracts were under way, a survey team headed by the
MSFC S-II stage manager conducted a review of the 5-II stage
contractor's operations. The survey team concluded that the
initial S-II stages would be delivered late and that, on a
tight schedule, the first three S-II flight stages would be
delivered to KSC 19, 17, and 6 weeks late, respectively.
According to the survey team's report, no assessments were
made for subsequent S-II1 stages.

From November 22 through December 6, 1965, a second
management review team headed by the Apollo Program Direc-
tor conducted a review of the S-II contractor's operations.
The members of this review team were specifically chosen
because of their experience with the contractor and their
intimate knowledge of the S-II program, and their findings
were considered by NASA to be the culmination of the judg-
ments of Government personnel directly involved with the
program.

The review team's report, which was furnished to the
contractor on December 19, 1965, stated that the S-II stage
manufacturing was at least 5 months behind schedule and that
extraordinary effort would be required if the contractor,
were to maintain this schedule, let alone improve it.

The Apollo Program Office, during the period that these
management reviews were being conducted, considered the
status of the S-II stage to be critical, but, at the same
time, characterized the S-IC and S-TVB stages as being in
"good shape' and thus free of any major weaknesses.

In view of the review team's findings that the S-II
stages would be late, it appeared to us that there was
little benefit to be gained by paying schedule incentives
to the S-IC and S-IVB contractors to achieve even earlier
delivery than provided for by the MA-2 schedule. Accord-
ingly, on March 13, 1968, we requested the Associate Admin-
istrator, OMSF, to advise us of the reasons for including
early delivery incentives in the S-IC and S-IVB contracts.
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By letter dated May 23, 1968, the Associate Adminis-
trator, OMSF, advised us that early delivery of the S-IC
and S-IVB stages was desirable, in order to provide addi-
tional time for testing to ensure reliability and as a
hedge against unforeseen development problems.

Although our discussions with MSFC officials disclosed
that there were no specific additional tests to be per-
formed, an Apollo Program Office official with whom we dis-
cussed this matter advised us that early delivery of the
S-IC and S-IVB stages was desirable because certain opera-
tions associated with assembly and checkout of the Saturn V
vehicle at KSC prior to launch could be expected to require
more time than originally planned because of unforeseen
problems. In commenting on our draft report, OMSF stated
that the added time would be used for test time overruns,
additional test requirements emanating from the ground and
qualification test programs, mandatory design changes, and
test reruns. (See p. 70.)

Although we do not question the possibility of unfore-
seen problems, it appears that time was provided in the
MA-2 schedule for just such contingencies. The Apollo Pro-
gram Director, in transmitting the MA-2 schedule to the
field centers for comment in January 1965, stated that the
preflight checkout flow time provided by the MA-2 schedule
contained a reasonable allowance for contingencies. (Also
see pp. 26 and 27 on this matter.) Moreover, as discussed
earlier in this report, one of the objectives of stretching
out the delivery schedule in February 1965 was to provide
additional time in which to solve problems arising from ei-
ther the ground test program or the initial SaturnV flights.

In addition, on the basis of the review team's assess-
ment of the schedule status of the S-II stage in December
1965, it appears to us that additional time for testing
the S-IC and S-IVB stages was available because the S-II
stage, which was characterized by NASA as being technically
the most sophisticated but the least mature of the Saturn
V's major components in late 1965, was then substantially
behind schedule. In this connection, the Apollo Program
Director, prior to conducting the review of the S-II stage
contractor's operations, stated that the development and
testing of the S-TII stage would determine when the first
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Saturn V could be launched and when confidence in the Sat-
urn V vehicle would be attained.

SUBSEQUENT DELETION OF SCHEDULE INCENTIVES

The S-IC stage contractor earned about $7.4 million in
incentive fees by delivering the stages in advance of the
MA-2 schedule delivery dates. (See app. I.) However, as a
result of various problems in the Apollo Program which
caused launch delays, each of the stages for which NASA paid
early delivery incentives had to be placed in storage prior
to being shipped to KSC. On June 20, 1967, the Associate
Administrator, OMSF, directed MSFC to negotiate a revised
incentive arrangement for those S-IC stages that had not yet
been completed, and on September 1, 1967, MSFC directed the
contractor to continue to store 5-IC stages 4 through 6 and
to place all subsequent stages in storage upon completion
of manufacturing but prior to being test fired.

On November 13, 1967, MSFC and the S-IC stage contrac-
tor entered into an agreement wherein the contractor agreed
to accept a delivery schedule change provided that an equi-
table contract price adjustment, including adjustment of
the 1incentive-fee provisions, could be negotiated which
would not leave the contractor in a less favorable position.
The available information indicates that, at the time this
agreement was made, the S-IC stage contractor was 1n a posi-
tion to earn sufficient schedule incentives to ensure the
receipt of the maximum contract fee.

The contract amendment negotiated by MSFC pursuant to
the November 13, 1967, agreement deleted all early delivery
incentives that were still unearned and increased the fee
that the S-IC stage contractor could earn by underrunning
costs. Also, the contract target cost and the target fee
were increased $22 million and $1.5 million, respectively,
as a result of the schedule change.

The 1incentive provisions of the S-IVB stage contract
were revised as a result of an accident which destroyed the
S~-IVB-503 stage on January 20, 1967. The contract amendment
negotiated by MSFC (1) deleted from the contract the sched-
ule incentives applicable to the destroyed stage, (2) re-
vised the delivery dates for S-IVB stages 504, 505,and 506
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and redesignated them as 503N, 504N, and 505N, respectively,
and (3) provided for a replacement S-IVB stage for Saturn
V-506. The revised delivery dates required the storage of
S-IVB -504N and -505N for about 5 to 6 months prior to de-
livery.

As shown in appendix I, the S-IVB stage contractor
earned a total of about $4.1 million in schedule incentives.
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CHAPTER 3

AGENCY AND CONTRACTOR COMMENTS AND

QUR _EVALUATTION

By letter dated April 10, 1969, NASA's Associate Ad-
ministrator for Organization and Management (0&M) furnished
us with the agency's comments on our draft report. NASA
did not agree with our findings and conclusions, and the
full text of its comments, including those prepared by
OMSF, are included in this report as appendix II.

The Associate Administrator for 0&M stated that the
incentive provisions of the Saturn V contracts recognized
the performance status of those contracts at the time of
contract conversion, He stated also that the incentive
provisions reflected a total management judgment involving
the adjustment of open changes, the status of the Apollo
Program at that time, anticipated progress, past experience,
available resources, and the objective of program comple-
tion by the end of the decade. He stated further that:

"The conclusion is inescapable that the management decisions
that were made, including the incentive structures for cer-
tain Saturn V contracts, did lower on-going costs and will
contribute to total program accomplishment for the least
cost."

As discussed earlier in this report, the incentive-fee
arrangements for the S-IVB and S-IC contracts were developed
1n accordance with the decision made in late 1964 and early
1965 to place the major incentive emphasis on schedule
rather than cost and performance. In our opinion, as dis-
cussed on pages 17 through 20, the emphasis on schedule
1ncentives did not reflect the status of the program at the
time of negotiations, because it ignored not only the im-
balance that existed between the progress of the S-II stage
contractor and the progress of the S-IC and S-IVB contrac-
tors but also the planned use of the Super Guppy aircraft
for transporting the S-IVB stages to KSC. Further, the de-
cision to use incentives to motivate the contractor toward
early delivery of the S-IC and S-IVB stages was inconsistent
with the stated technical rationale behind the MA-2 schedule
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BEST Doouncit nenlLABLE

stretch-out, that is, the need to allow more time between
stage deliveries and between launches to enable modifica-
tion of the stages as a result of experience gained from
the ground test program and early flights,

With respect to lower program costs, we do not ques-
tion that the use of incentive-fee contracts, particularly
the use of cost incentives, can result in lower program
costs, However, as shown in appendix I, the S5-IC and 5-1IVB
contractors earned about $11.5 million in schedule incen-
tives, We believe that, to the extent that it was not nec-
essary to pay incentives to achieve early delivery, total
program costs will be higher than necessary.

The Associate Administrator for O&M stated also that
the $22 million to $33 million range, cited by us in this
report as the estimated cost of the MA-2 schedule adjust-
ment, reflected inadequate consideration of many factors
dealt with in NASA's and OMSF's comments., The essence of
OMSF's comments and our evaluation thereof are discussed in
the following sections of this report. However, as dis-
cussed earlier, the $22 million to $33 million range cited
in this report represents the prenegotiation estimates of
NASA and the contractors, respectively, of the cost of im-
plementing the MA-2 delivery schedule,

MA-2 SCHEDULE RATIONALE

OMSF stated that the data developed during the 1964
program assessment unequivocally showed that the program
was 3 to 5 months behind schedule and, on the basis of past
performance, action had to be taken to form a new realistic
schedule base to keep the program from deteriorating
further.

OMSF stated also that between September 1964 and Feb-
ruary 1965 it made a thorough analysis of the material
gathered during the program assessment, to which was added
the expert judgment of the Apollo Program Director and his
staff., OMSF stated further that this judgment, which had
considered the scope of the problem ahead, the acceleration
of the first manned launch from Saturn V -507 to -503, and
the design, development, and manufacturing capability of

23



the contractors, had considerably influenced the final out-
come of the MA-2 schedule.

During our discussions with Apollo Program officials
subsequent to receiving OMSF's comments, they indicated to
us that, although there was no documentation of these con-
siderations and of how they had influenced the decision to
adopt the MA-2 schedule, the interval between the deliv-
eries and between the launches of the early Saturn V vehi-
cles in the program were lengthened as a result of the
judgment of the program office. They indicated also that
the additional time gained was intended to provide time to
make modifications to undelivered vehicles by incorporating
changes resulting from either the ground test program or
the initial Saturn V flights.

The rationale of the Apollo Program Office for the de-
cision to implement the MA-2 schedule seems reasonable to
us and appears to be supported by the incentive arrange-
ments initially proposed by MSFC, which were directed to
ensuring that delivery of the stages be made on time rather
than early. The fact that the incentive arrangements pro-
posed by the officials responsible for development, produc-
tion, and testing of the stages did not provide for early
delivery seems to indicate that delivery ahead of schedule
was not mandatory and, perhaps, not particularly desirable,

OMSF advised us that, concurrent with adopting the
MA-2 schedule, it made the decision to incorporate incen-
tives into the Apollo prime contracts as a positive way of
motivating the contractors to hold or to better this sched-

ule.

We believe that the use of substantial schedule incen-
tives to motivate the contractors to maintain the MA-2
schedule is questionable since NASA's assessment indicated
that, for the most part, the stages could have been deliv-
ered well in advance of the MA-2 schedule delivery dates,
In addition, OMSF's position that the decision to incorpo-
rate incentive provisions into the contracts also contem-
plated an acceleration of launch vehicle deliveries does
not, 1n our view, appear supportable. First, as indicated
by the incentive arrangements proposed by MSFC, the decision
to incorporate incentive provisions into the contracts was
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not interpreted by MSFC to include early delivery. Second,
accelerating the delivery schedule would allow less time to
make modifications to stages not yet delivered and would
thus be in conflict with one of the major objectives of the
MA-2 schedule stretch-out,

When we discussed this apparent conflict with Apollo
Program Office officials, they indicated that the schedule
incentives in the S-IC and S-IVB contracts were primarily
intended to ensure that the stages would be delivered in
accordance with the MA-2 schedule; however, they indicated
also that early delivery was desirable if it could be
achieved. '

It seems to us that the incentive provisions of the
5-IC and S-IVB stage contracts that provided for the pay-
ment of about $26.2 million in early delivery incentives
would certainly tend to ensure early delivery since deliv-
ery on schedule would result in no additional fee to the
contractors. Thus, we were unable to resolve the apparent
conflict in the objectives of the schedule stretch-out and
the use of early delivery incentives,

OMSF stated that, until a major accident had occurred
in January 1967, it had been capitalizing on the earlier
hardware deliveries that were the result of the schedule
incentives by planning to launch the vehicles up to
2 months earlier than provided for in the MA-2 schedule.
NASA referred us to extracts from Apollo Program Directives
issued in September and November 1966 as evidence of the
plan to launch early.

We do not dispute the fact that, by the latter part of
1966, NASA planned to take advantage of the then anticipated
earlier hardware deliveries by launching early. Neither do
we dispute the fact that launching early would have been de-
sirable. Launching earlier than provided for in the MA-2
schedule, however, was not indicated as an objective of the
decision to obtain early delivery of the stages. (See pp.
18 and 19.) 1In any event we do not believe that OMSF's
comment about early launches 1s germane to the issue,

NASA, in our opinion, could have obtained the S-IC and
S-IVB stages on the dates desired without added cost to the
Government had it either retained the MA-1 delivery schedule
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intact or reduced the extent of the MA-2 schadule stretch-
out in February 1965. Such courses of action in our opin-
ion not only could have resulted in the stages' being de-
livered on the dates desired but also presuiiably could have
permitted early launches if desired.

OMSF indicated that the incentive arrafigements in the
5-IC and S-IVB stage contracts had resulted in lower pro-
gram costs. (See pp. 80 and 81.) However, OMSF did not
provide us with any documentation showing that the lower
program costs were attributable to the schedile or other
incentive provisions of the contracts. Further, in July
1966, after the S-IC and S-IVB contracts had been converted
from CPFF to CPIF, NASA apparently decided that schedule
incentives were not as effective as cost incentives in re-
ducing program costs. In July 1966 the Associate Adminis-
trator, OMSF, directed MSFC to emphasizZe cést incentives in
the procurement of the second group of S5-IC and S-IVB stages
in an effort to reduce the cost of the Apollc Program.
Moreover, the schedule incentives approved by the Associate
Administrator, OMSF, for the second group of 5-IC and S-IVB
stages provided only for the assessment of a pénalty against
the contractor if the stages were delivered late. It ap-
pears that the Associate Administrator, OMSF, would have
continued to emphasize schedule incentives in the follow-on
procurements had the lower program costs mentioned by OMSF
been primarily attributed to schedule incentives.

KSC PRELAUNCH CHECKOUT

OMSF stated (see p. 65) that the conclusion in our re-
port that the MA-2 schedule had a built-in hedge against
unforeseen problems was not compatible with the facts,

OMSF stated also that during 1964 KSC had préposed a check-
out plan providing for a gradual reduction in preflight
checkout time from 5-1/2 months for the 501 vehicle to

3 months for the 505 and subsequent vehicles, OMSF stated
further that, although this plan had been used in develop-
ing the MA-2 schedule, it had been viewed as being somewhat
optimistic and that an additional 1 to 1-1/2 months was
added to the KSC proposed checkout plan for wvehicles 503 to
507 to provide for unforeseen problems. 1In addition, OMSF
stated that the additional preflight checkout time for the
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501 and 302 vehicles had been added by extending the launch
intervals between vehicles 501, 502, and 503,

In our opinion the above explanation shows that time
to solve unforeseen problems was built into the MA-2 sched-
ule and thus confirms our conclusion.

ADDITIONAL TIME FOR TESTING

OMSF stated that the added time gained from the sched-
ule incentives had been utilized for correcting a number of
unforeseen problems. (See pp. 72 and 73,) We do not ques-
tion the need for having undertaken the work cited by OMSF,
nor do we question the desirability of having additional
time available for added testing if required. However, it
is our view, as stated in other sections of this report,
that the added time at KSC could have been obtained without
paying schedule incentives for early delivery.

Further,"as noted on page 20, each of the S-IC stages
for which NASA paid early delivery incentive fees was placed
in storage prior to being shipped to KSC. For example,
stages S-IC-3 and S-IC-4, for which the contractor earned
about $6.4 million in schedule incentives, were placed in
storage and not shipped to KSC until about 9 and 13 months,
respectively, after having been accepted by MSFC. Also as
noted earlier (see p. 21), under the revised incentive ar-
rangement negotiated by MSFC, the S-IVB-504N and 505N
stages were to be stored for 5 to 6 months prior to delivery
even though the contractor earned about $2 million in
schedule incentives for these stages.
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DELIVERY SCHEDULE IMBALANCE

With respect to our opinion (see p. 19) that, at the
time of the negotiations for the conversion of the S-IC and
S-IVB contracts, the behind-schedule status of the S-~II
stage had provided NASA with additional time to test both
the S-IC and S-IVB stages, OMSF stated (see p. 74) that,
from late 1965 through the spring of 1966, the behind-
schedule condition of the S-II stage was steadily improving.
OMSF stated also that by mid-February 1966, MSFC was of the
opinion that the actions that had been taken by the contrac-
tor and by MSFC since December 1965 had reduced the behind-
schedule condition of the S-II-1 stage from 22 weeks to
2 weeks, The essence of OMSF's position seems to be that,
although there may have been some imbalance in the antici-
pated delivery of the three stages in late 1965 and early
1966, this imbalance was soon dissipated; therefore, the
need for early delivery of the S-IC and S-IVB stages was not
really affected by the S-II status.

The projected improvement in schedule condition re-
ferred to by OMSF was the S-II stage contractor's assess-
ment, which was based on a planned reduction of 20 weeks in
the time primarily allotted for the testing and checkout of
the S-II stage. Further, the contractor's plan was de-
scribed by MSFC as being "highly optimistic.'" (See p. 76.)
It should be noted that the first four S-II stages were de-
livered from 6 to 8 months late.

More important, we find it difficult to understand
NASA's subscribing to a plan that would substantially reduce
the time available for testing the S-II stage, which at the
time was considered to be the least mature of the three
stages and a critical problem, and would, at the same time,
increase at considerable cost to the Govermment the time
available to test the S-IC and S-IVB stages, which were then
reported to be in good shape and free of any major weak-
nesses.,

However, we believe that the question of whether the
S-II stage project was behind or on schedule during 1966
tends to cloud the underlying issue, that is, adherence by
NASA management in late 1965 to an earlier decision to
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emphasize schedule incentives for the S-IC and S-~IVB stages
even though the information at the time of the contract
conversion negotiations showed that a great disparity ex-
isted in the progress of the three Saturn V stage projects
and that the disparity did not appear to be a situation
that could be easily remedied.

S~IVB TRANSPORTATION

OMSF stated that it was unreasonable to conclude that
in March 1966 a decision could have been made to restructure
the S-IVB stage delivery requirements to take advantage of
the time to be gained by using the Super Guppy aircraft to
transport the S-IVB stages to KSC. OMSF cited two problems
experienced by the aircraft prior to its certification and
stated that, because of these problems and the absence of
operational experience, OMSF would have been very short-
sighted and derelict to make a major adjustment in the
S-IVB schedule to compensate for the potential time to be
gained. OMSF stated also that NASA elected not to adjust
the S-IVB delivery schedule until confidence in the air-
craft could be established and thereby to retain the capa-
bility to revert to water transportation without impacting
the S-IVB deliveries to KSC.
£

As discussed on page 17 , prior to the start of nego-
tiations with the S-IVB stage contractor for the conversion
of the contract, the Associate Administrator, OMSF, recom-
mended that the Super Guppy be used to transport the S5-IVB
stages to KSC. While the negotiations were in process, NASA
contracted for the exclusive use of the Super Guppy air-
craft, Prior to approval of NASA Headquarters of the amend-
ment converting the contract to CPIF, NASA began airlifting
the S-IVB stages to KSC.

We believe that NASA should have recognized that early
delivery incentives might not have been needed to acceler-
ate the S~IVB stage deliveries to KSC. 1In our opinion the
pending availability of the Super Guppy should have caused
NASA to defer negotiating the schedule incentive provisions
with the S-IVB stage contractor. Had the use of the Super
Guppy to obtain the added time at KSC subsequently appeared
infeasible, the S-IVB stage contract could have been
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further amended to provide the contractor with the desired
motivation to accelerate deliveries. Even without early
delivery incentives in the contract, the delivery of the
S-IVB stages would not have been materially affected in the
event that the Super Guppy aircraft could not have been
used, since NASA still could have reverted to water trans-
portation and could have delivered the stages 1in time to
meet the established KSC need dates.

Also, 1t should be noted that the first precertifica-
tion problem mentioned by OMSF occurred about 2 months’
prior to the time NASA contracted for the exclusive use of
the aircraft, and the second precertification problem was
overcome by early March 1966. Inasmuch as NASA began using
the Super Guppy aircraft to airlift the S-IVB stages to KSC
in early April 1966--about 2 months prior to approving the
amendment incorporating the early delivery incentives into
the S-IVB contract--it obviously had satisfied itself as to
the aircraft's reliability.

CONTRACTORS'! COMMENTS

Our draft report was submitted to each of the three
stage contractors for their review and comment.

The North American Rockwell Corporation, contfactor
for the S-II stage, made certain suggestions, which we
adopted in the preparation of our final report. The Boeing
Company, contractor for the S-IC stage, stated that it did
not believe it was appropriate to comment on the matters
discussed in the report but did state that it believed that
x%* gchedule incentives do or will serve to reduce the
overall cost of a program.'" We have not included North
American's or Boeing's comments as appendixes to this re-
port.

The McDonnell Douglas Astronautics Company (MDAC),
contractor for the S-IVB stage, advised us, in essence, that
the decision to use 1incentive provisions in 1ts contract
with NASA, particularly the schedule incentives, was the key
to the program's achievements culminating in the successful
lunar landing mission,
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MDAC stated that a number of ultimate program and con-
tractual objectives had been established by NASA at the
time of contract conversion, and that the achievement of
these objectives by MDAC was due in large part to the in-
centive provisions of its contract, which effectively moti-
vated MDAC in a number of management and technical areas.
(The full text of MDAC's comments are included in this re-
port as app. III.)

However, there are means, other than schedule incen-
tives for early delivery, that can be used to motivate con-
tractors to achieve predetermined objectives and that are,
we believe, more in the Government's interest. In our opin-
ion, this is evidenced by (1) NASA's decision in July 1966
to include only schedule penalty provisions in the contract
amendments for the procurement of the second group of S-IC
and S-IVB stages, and (2) the guidelines in the joint De-
partment of Defense (DOD)/NASA incentive contracting guide
1ssued 1n October 1969 (see p. 33) which provide that, usu-
ally, rewards for delivery ahead of schedule should not be
paid.

31



CHAPTER 4

CONCLUSIONS

In our view, had delivery of the S-IC and S-IVB stages
in advance of the MA-2 schedule delivery dates been desir-
able, it could have been obtained by not incorporating the
full extent of the MA-2 schedule stretch-out into the stage
contracts. We believe that such a course of action could
have resulted in the stages' being delivered on the dates
desired and in avoidance of the need for NASA to subse-
quently agree to pay schedule incentives of about $26.2 mil~
lion.
. Although we discussed this course of action a number
of times with NASA officials, we were not advised, in our
opinion, of any substantive reasons that would have pre-
cluded NASA from limiting the MA-2 schedule stretch-out when
incorporating the revised delivery dates into the S-IC and
S-IVB stage contracts. In this regard, the MA-2 schedule
was not initially incorporated into all the’ launch vehicle
contracts., The delivery schedule for the IU remained on
the MA-1 schedule until October 1966--about 20 months after
the centers had been advised to incorporate the MA-2 sched-
ule into the hardware contracts. The IU project manager
stated in a memorandum dated September 23, 1966, that the
MA-2 schedule had not been incorporated into the IU con-
tract because he

"**%* elected to keep the pressure on ***
[the contractor] during the initial phase

*  «of operations to insure meeting the later
MA-2 dates.,"

When the IU project manager determined that the IU contrac-
tor was capable of meeting the required schedule dates, the
MA-2 schedule was incorporated into the contract.

We believe further that, even after incorporating the
MA-2 schedule into the stage contracts, NASA could have
avoided paying schedule incentives to obtain extra time to
conduct unplanned tests on the S-IC and S-IVB stages. At
the time that negotiations were held with the S-IC and S-IVB
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contractors to convert the contracts from CPFF to CPIF,
NASA program officials were aware that the S-I1 stage was
behind schedule. Unless a major acceleration of the S-II
schedule could have been achieved, the S-IC and S-IVB
stages, if delivered to KSC on the dates specified, would
have been on hand at KSC before the S-II stages arrived and
additional time would have been provided for contingencies
and unplanned testing in comnnection with the S-IC and S-IVB
stages. We believe therefore that the need to have obtained
delivery of the S-IC and S-IVB stages in advance of the re-
quired dates is not apparent.

Also, it should be noted that there was no plan td un-
dertake additional tests; the need for such tests would
have been due, presumably, to unforeseen problems arising
during prelaunch checkout. In this respect, as can be seen
by the chart on page 11, if the MA-2 schedule had been met,
the first Saturn V vehicle (501) would have been launched
and the second Saturn V vehicle (502) would have gone
through almost all the KSC prelaunch checkout process by
the time the S-IC stage for Saturn V-503--the first 5-IC
stage on which an early delivery incentive fee was in-
volved--arrived at KSC. Thus, it appears that some of the
unanticipated checkout problems for which NASA was attempt-
ing to buy time to solve would have already come to light
and been solved in the checkout and launch of Saturn V ve-
hicles 501 and 502.

In October 1969 DOD and NASA issued a joint incentive
contracting guide to describe improved incentive contrac-
ting techniques reflecting the experience gained by the two
agencies in the negotiation and administration of more than
5,000 incentive contracts.

The new guide states that generally, penalty-only in-
centives appear to be the most appropriate for schedule,
since schedule is the most difficult program element to
control and is usually the least important element to major
program success. The guide states also that, even though
there is no incentive on schedule, the desire to avoid a
record of lateness and the probability that a schedule de-
lay will result in added cost and therefore a lower fee
through the application of cost incentives, provides some
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inducement for the contractér 'to fulfill His responsibili-
ties on time.

The new guide notes that, usually, early delivery is
of no value to the Govertiment and can, in fact, result in
additional costs. The guidé states that réwards for ad-
vancing delivery schedule§ are, therefore; generally not
advisable.

We believe that the né¥ guidelines, if properly imple=
mented, should preclude a ¥écurrence of the situation de=
scribed in this report.
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CHAPTER 5

SCOPE _OF REVIEW

Our review was performed at MSFC, Huntsville, Alabama,
and at NASA Headquarters, Washington, D.C. We examined
NASA records relating to the incentive provisions contained
in selected contracts, NASA's policies and procedures with
respect to incentive contracting, and records of Apollo/Sat-
urn V Program assessments. Also, we held discussions with
NASA Headquarters and MSFC officials responsible for man-
aging the Apollo Program.
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APPENDIX I

TOTAL SCHEDULE INCENTIVES EARNED BY THE CONTRACTORS
FOR EARLY ACCOMPLISHMENT OF SCHEDULE
MILESTONES ON S-IC AND S-IVB STAGES
Stdge Incentives
number earned

S-IC stages (note a):

5-1G-3 § 2,124,227
S-I1C-4 4,287,309
S-IC-5 321,570
S-IC-6 321,570

* 8-IC-7 321,570
Total 7,376,246

S-IVB stages:

S-IVB-501 8,000
S-IVB-502 860,000
S-IVB-504 (redesignated S-IVB-503N) 1,250,000
S-IVB-505 (redesignated S-IVB-504N) 1,145,000
S-1VB-506 (redesignated S-IVB-505N) 875,000
Total 4,138,000
Total 811,514,246

aBy contract amendment dated August 22, 1969, the unearned
schedule incentives applicable to S-IC stages 5 through 10
were deleted from the contract, The amounts shown for in-
centives earned on S-IC stages 5 through 7 were earned for
early completion of interim schedule milestones prior to
November 13, 1967, the date MSFC and the S-IC contractor
agreed to negotiate a revised incentive arrangement.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WasHINGTON, D C 20546

IN REPLY REFERTO D APR 10 1969

Mr. Morton E. Henig

Assistant Director

C1ivil Division

U. S. General Accounting Office
Washington, D, C. 20548

Dear Mr. Henig:

This 1s in reply to your letter of December 18, 1968, requesting

our comments on your draft report concerning incentive provisions

of selected Saturn V contracts. Detailed comments in amplification
of some of the matters discussed herein and on other points contained
1n your draft report are enclosed as Exhibit A. Comments on the
preliminary draft report were contained in a letter to you from

Dr. George Mueller, dated May 23, 1968.

As informally outlined to you in our meeting of March 21, 1969,

the incentive provisions of the Saturn V contracts which are the
subject of your draft report recognize the performance status

of those contracts at the time of contract conversion. They reflect
a total management judgment regarding many considerations, including
the adjustment of open changes, later referred to herein in some
detail; the status of the Apollo program at the time; anticipated
technical progress; past spacecraft experience; available resources,
both actual and anticipated, and the objective of program completioh
by the end of the decade. It should be emphasized algo that the
schedules involved in these particular incentive arrangements

were compatible with other Apollo contracts and that, as a totality,
all contracts were instrumental in achieving a measure of mission
and schedule flexibility. The conclusion 1s inescapable that the
management decisions that were made, including the incentive structures
for certain Saturn V contracts, did lower on-goaing costs and will
contribute to total program accomplishment for the least cost.

The GAO asserts in the draft report that the cost of the Apollo
program “stretchout" could have been reduced 1f NASA had not incor-
porated the full extent of the MA-~2 schedule into the Saturn V
contracts and that NASA could have thereby avoided the payment

of schedule incentives. The GAO view appears to be based on the
belief that the stage contract schedules should have been adjusted
to the desired earlier delivery dates, as distinguished from the
MA~2 schedule dates, and that this would have resulted in timely
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deliveries without the need for incentive payments. The GAO position
15 understood as placing reliance upon certain interim conclusions
reached by NASA. We believe this reliance to be misplaced because
there is failure to recognize all the considerations which finally
resulted i1n the MA-2 schedule. For example, a significant program
change not considered in interim thinking concerning the Apollo
schedule adjustment was accelerating the first manned flight from
Saturn 507 to Saturn 503, The target delivery dates finally included
in the MA-2 schedule reflected a management assessment by NASA

based upon all pertinent factors which was agreed to by the contracting
parties as realistic and equitable in the circumstances.

It may be somewhat misleading to characterize the adjustments

in the Apollo program that were made as g "stretchout,”" for that

term implies to some a lengthening due only to budget considerations,
whereas contract changes were present and had impact in the matter.
As stated earlier, NASA management was cognizant of budget factors,
but they by no means dictated the program changes which were effected.

The views expressed above may be better understood through certain
background which follows. The MA-2 program schedule was the result
of the most comprehensive review of the Apollo program ever conducted,
When this review indicated that all of the major elements of the
program, including the Saturn V launch vehicle, were behind schedule,
1t was NASA's judgement, based on prior experience with programs
such as Gemini, that positive action was required to place the
program on firm, realistic base and to implement methods to hold

the program to that base. The base which was established was the
MA=2 schedule. Incentive contracting was one of the methods used

to maintain the MA-2 schedule.

Experience within NASA with research and development programs

had indicated that there 1s a tendency to design 1n excess of
requirements. While this 1s a cautious procedure, it results

i1n increased program costs and a lengthened performance period.
The Apollo Program Director, therefore, desired a form of contrac~
tual arrangement for the Saturn V contracts which contained the
optimum balance of performance, cost and schedule motivations.
Relevant to the Saturn V contract conversions involving the S~IVB
and §-IC stages is the fact that there were a large number of
change orders outstanding with an estimated value of $280 to $360
million and $75 to $100 million, respectively. The conversions
were negotiated on a total basis, and the process did not include
detailed negotiation of each change with specific identification
of cost and schedule impact due to each change. The matter of
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changes gave the stage contractors the right of schedule or other
relief.,

In conclusion, we feel that the $22 to $33 million range suggested

in the GAO report as the estimated cost of the MA-2 schedule adjustment
reflects inadequate consideration of many matters dealt with herein

and in Exhibit A. Moreover, 1t embodies a questionable viéw of

one aspect of a management action without regard to the results
achieved by the action. NASA strongly believes, as previously

stated, that early delivery incentives did reduce on-going costs,
permitted mission adjustments, and will keep total program costs

to the minimum obtainable.

Sincerely,
o )2/
VIRV L L
Harold B. Finger
ssociate Adminysfrator for

N Organizatitn and Mahagement

Enclosure
Exhibit A -- Detailed Comments
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NASA COMMENTS ON GAO DRAFT REPORT ON
INCENTIVE PROVISIONS OF SELECTED SATURN V
STAGE CONTRACTS

The sttached comments represent our position regarding the following
issues raised by GAO:

(1)
(2)
(3)

(k)
(5)
(6)

(7
(8)

MA-2 Schedule Rationale .
KSC Prelsunch Checkout Activity Time

Additional Time for Testing, Requirement, and
Utilization, Therecf

MA-2 Schedule/Tncentive Contract Coordination
Between Program and Procurement Officisls

S-II lLateness vs. S-IC and S-IVB On-schedule
Conditions

Adoption of Air Transportalion Negated Need for
S-IVB Esrly Delivery Incentives

Inecentive Costs

S-IVB-503 and 504 Schedule Adjustment in
December 1966

In conclusion, the incorporation of the MA-2 schedule in the contracts
was 8 realistic reflection of the actual program status at that point in
time and what could be expected in the future based on programmatic,

technical, budgetary, and contractual considerations.

formed, we incentivized the contracts in order to provide the motivation
necessary to assure contractor performance commensurate with program
goals. These goals are being achieved with the least cost to the

Government .

Hy

for Manned Space Flight
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MA-2 SCH' DULE RATIONALE

Duting the summer of CY 1964, it became evident that a comprehensive
review of the entire Apollo Program was required to detcrmine the status
of the program and the necessaiy corrective acticns needed to brine the
prbgram back in balance which was due to intricate technical problems,
numbers of outstanding change orders, slippages in ground test programs,

late GSE, all of which impacted heavily on a realistic schedule,

This review and assessment wes the mbst comprehensive made of the program

up to and since thet time. Prior to this review and assessment, and the
resulting MA-2 schedule, the Apollo Program had expericnced continued
sipnificant ,lippesges. Over a period of two years, 1962-1964, program
schedules slipped 12 months  Subsequent to the implementation of the

MA-2 schedvle, the program schedules, remained constant for two years untzal

the AS-204 accident in Jsnuary 1967 vhich required a revamping of the entire
schcdule prcture. Attachment 1, shows this history of schedule slippages

and the {wo ycar period of stability, NASA attributes this tyo year stability
in schadules to (1) establishing a nev program (MA-2 Schedule base) that

had a reasonable chance of being met; (2) conversion of the CPFF contract

to a CPIF contrect which =otivated the contractors to hold to that schedule
and, if possible, to better it, and (3) other concerted technical ard
managem.nt actions by the Goveinwment with the coutractors. Fistory shows

that NASA waes successful 1n ac€onplishing its ohjective of a stable schedule
situation. Other benefits that 1esulted from this condition were lower costs
and sdditional time for solution of unknown problems and/or accelerated launches.,
Attechrent 2 is rn eatrsct fio~ the official Apollo Progiem Directive (A¥D V4,
Revisions E and F) on Program Planning that was issucd the fall of 1966, These
two c> tracts shou that, until the sccident in January, 1967, WASA vas capitalizing
on the earlier harduaie delivery schedule position thet was resvlting from the
schedule incentives by plemnfing to lzunch up to two months early,

The MA-2 schedule provided a sound basis from which to begin negotiations

with the contractors on conversion to incentives, To preclude 2 repetition

of the previously e'pericnced schedule slijpagcs, schedule incentives were
preposed that vould aotivate the contiactor to deliver on scheaule and even
earlier. Tne use of schedule incontives with the essoriated fee potential
brought the contractor's corporate nanagement into tle program more deeply

than they had beer proviously uvider the CPIT arrangcaent, This had a salutory
effect in reducing nonessential design changes and improving efficiency, taereby
increasing the prohabilitLy of meeting the target schedule as well as reducing
program costs.

lhe progra~m assessment was begun in August 1964 with the announcement to
the MSF Centers that an indepth review and assessment of the entlre progranm
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Attachment b is a listing of key docurents produced during this review. The
initisl ones sre those produced internally in the Apollo Program Oifice just
prior to the review; the second group lists the contractors' presentstrons to the
review team; the third group the MSF Centers' assessments; and the last

group the synopsis of 211 the material previously galhered that wes presented to
the NASA Associanle Administrator. Pertinent extracts of this materisl sre shown
in Attachment 5., The first chart in Attachment 5 is m schedule swmary of ihe
status of theprogram as & result of ilhe review and assessment. It shows

the S-IC being 2 months late and the S-II and S-IVE three months lste. Further,
it depicls for eacn of these stages the serisl impect of these late deliveries
projected through the complelion of ihe program.

Attachmeni 6, extracted from the presentation mede to the NASA Associste .
Administrator on the findings of the assessment, describes in swwmary form
the status ol Saturn V progrem:

2) S-IC Stege -~ Ground test progrem is 4 to 6 months late and
S-IC-1 Tebricetion is 2 to 3 months lotlc.

b) S-II Stage -~ Ground lesl program is 2 1o 5 months late snd
S-II-1 fsbrication is 2 months lale.

¢) S-IVB Stage-Ground test progrem is 3% months lste end S-TIVvB-201
(extracted f10m fabrlcation 3 monihs lete.
Saturn IB Suwmrary
Attachment T)

Attachmenls 5 and 6, end the supporiing docusmentatron from which they were
extracted unequivoeslly show ihat the progrem wes three to five months lste,
and besed on past performence, actron had Lo be teken to form a new 1eslistrc
schedule base or the progrem would further deteriorate

Altachment 8, shows the actual schedule irend of not only the AS-501 lsunch
vehicle delivery to KSC but also Llhe major ground test milcutone for the

5-IC and S-IVB progrums; that of initisl ground tesi static firings for

each of these progrems. It cen be seen from these trends that the ground

test progrem was expdemencing continuing deleys during 1952 and 196k, Tne

last trend shovs the slippages that occurred in the corplet-on of the S-1I

stage cormon bulkhead,the most 1mportant wanufeclured assewbly of the S-IT stege.

Attachment 5, as sloted earlier, shous the status ol the Apollo Progrsn

as determmined by lhe program assessrenl. This status schedule, shorn

on line 6 of sltachmert 5A, was presented to NASA Associste Adminisirator

to indicete to him thot the progrsm vas in trouble snd further snalysis

of the results of the reviev wes required before a fimm recommendstion

for & program edjustment could be maede. (Attachment 5A, 15 a comparison

of the MA-1 Schedule, the immediste impact of the program assessment (Sept.'6&h
Schedule) and the MA-2 Schcdule). From late September 196! to February 1955,
vhen the MA-2 schizdule wes offirerally adopted, & thorousn onalysis of the
Mate21e? Fachercd »novo piy som wee Locpl vog mede, To 1= zrldyeis voo
el inz v pat 4077 o0 w0l I Ve Yoo r D orlclor ctA Tls sttt T o
hamert doc, nwwcom e 10
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1. The analysis of the output of the progrsm essessment
2, The scope of the problem ashead:

technical problems

ground test program

3. The acceleration of the first manned launch
from AS-507 to AS~503

4, The design, development, and manufacturing capability of the
contractors,

These factors inlegrated, by the Program Director and his staff with their
previous erperience with large scale research and developt ent programs,
resulted in the MA-2 Delivery and Lauwdich Schedule, As can be secen in
Attachment 54, by corparing the Sept, '64 Schedule and the MA~2 Schedule,

this judgement ccasiderably influcnced the final outceme of the program
adjustment which wos the MA-2 Schedule, It was also recognized at this

point that unless some method was found to motivate the countractors to adhere
to this new realistic Schedule it would not be met, based on the trend of

the prograu at thot tiwme under the CPTF contract srrangement. Concurrent with.
the adoption of the MA-2 Schedule, the decision was made to incentivize the
Apollo priie contracts as a positive way of motivating the contractor to hold
or better this schedule, It was recognized that incentivization alone would
not assure meeting the schedule, but this together with a concerted managzment
effort on the part of the goveinment would enhance the probability of
achieving it.

BEST DOCUME I AVAILABLE
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Atlachment B
Page 2 of 3

5 AS-209/210

Tnese launches are either Apollo or SAA Missions As Apollo
these launches a1e planaed as a repeat of the AS-207/208 mission

6 AS-211/212

These launches are either Apollo or SAA Missions As Apollo
these launches are planned as a repeal of the AS-207/208
mission

B Ssrtwan V

1. Dynamic Test Program - SA-500F/Pad B Checkout

%2 §-II-F will be scheduled to arrive at MSFC by 10 November
1968 aiter completion of Pad A Checkout

MSFC will conduct 2 mimimum Saturn V Dynamic Test Program
and rew. rn the S-I-F to XSC 19 May 1987.

KSC will complete activation of Pad B in suif:cient time to
accommodate an AS-504 launch from either Pad A or Pad B.

2. AS-501
The AS-501 laurch 1s scheculed for mid-February 1937 The
S-11-1 15 targeted {or delivery to KSC by 15 Novemer 1866,

Tae launch schedule will be re-evaluztea foliowng the S-11-1
ielwvery to KSC,

3. AS-50%

The S-11-2 s.age 15 now targeted for del.very to XSC by 13
January 1967. Delivery of CSM 020 o KSC has been rescheduled
from 30 November 1968 to 6 January 1967,

The early May 1967 scheduled ‘launch of AS-502 1s unchanged.

4. AS-503

Projecied hardware dehwvery and required checkout tame at KSC
will 2llow an early October 1987 launch, as scheduled.

5. AS-504 through AS-515

Projected hardware delivery ard planred checkout {i.re at X8C
prov.des a capablity for leu ch one to two months earlier than
the official launch schedule mn Attach.nert A.

Source: Apollo Program Directive 4F dated 30 Nov. 1966

ss  BEST DOCUMENT AVAILABLE
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APD #4F - Attachment B
Page dof &

The RTCC will utilize the 360 computer programs to support
this mission and 21l subsequent Saturn V massions.

2. AS-502

The Apollo Launch Schedule 1s 15 June 1S87.

To support this l~wneh dato hardware delivery to KSC will be

S-IVB-502, S-1U-502 20 January 1937
S-IC-2, §-1U-502 27 January 1967
S-1I-2 * 24 March 1967
CM 020/SM 014 15 Maxch 1567
LTA-2 14 January 1987

VSFC will return the S-II Spacer to KSC by 30 January 1567,
KSC will utilize the S-II Space: for AS-502 pre-launch checkout
as required until S-I1-2 is available.

3. AS8-503

T! e Apollo Launchk Schedule :s 21 Scptemver 1867,

To support this launch date, Fardware deavery to ISC wll be

i
§-1C-3, S-IVv3-503, S-IU-503 30 Apnal 1087
S-0-3 31 May 1967
CsSM 102 31 May 1967 (SMwillnotbe
static fu1ed)
LM-3 1 June 1967
V4. As-504

For this launch, the pirogram will plan a cont:z gency Apollo
launch date 1n the event that the aliernate Apollo mission (lunar
simulation) 1s flown instead of tne designated primary lunar
mission,

Alternate missionp - 1ning (Reference B) for this 1aunch calls for
a lunar si.aulation like AS-503. In t-e event that AS-504 1s
designatec, a lunar sumulation, the Apollo Launch Sciedule will be
6 Deccember 1867. Current faght hardware delivery schedules
support this launch cate. X the psimary AS-504 nussion 1s {lown,
tae launch date w.ll remain Feosruary 1808,

- -

Source Apollo Program Directive 4E dated 22 Sept. 66

4o BEST DOCUMENT AVAILABLE
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APD #4% - Attachment B
Page 5 of ¢

5. AS-505 tnruazh AS-410

Cuirent scheduled hardware deliveries, including early
celwvery incentives, for these vehicles support launches
earlier than the Oificial NASA Launch Schedule. Apollo
Launch Schedules for paimary or altcrnate Apollo missions
are established as follows.

AS-508 Mar €8 AS-511, Jun 09
AS-503 <un 63 AsS-512 Aug 69
AS-507 Sep €2 AS-518 Oct 69
AS-508 Dec 68 AS-514 Dec 69
AS-509 Feb 69 ~S-515 Feb 70

AS-510 Apr 69

The stage controlled m:lestone deliveries for AS-505 through
AS8-515 have all been advanced one month to accommodate
this launch schedule 7'nis c-arge is refleciad in Attachment D.

6. Dynamic Test Progran: LC-39 - Pad B Checkovt

MSFC ~nll conduct the Satusn V Dynamic Test Program and
return tae S-1.~-F to XKSC on dock 15 June 1967 for Pad B
checkout.

XSC will conduct Pad B checkoat so that Pad B 1s operational
by 15 Noveriber I£37.

C. Ground Support Squipment and Site Activahion

1. U)rated Saturn I

a. LC-273 LM Capabilily

LC-378B wiil be modified for LM capability to allow 1
January 2967 start ol 2058 launch vehicle checkout ©

b, LC-34 Block I CSI7 Capability

Immediately iollow.2g AS-204 launch, LC-34 will be modified
to a Block I CSM configuration in preparation ior the AS-205/
208 dual mission.

To suppest this modiacation, Block I CSM growsd svpport

equipment celiver.es to LSC must be complete vy 1 February
1967.

Source* Apollo Program Directive 4E dated 22 Sept. 66.

so  BEST DUCUMENT AVAILABLE
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PURLEING RILATICASIIP OF HUJCR PROGRAY ILLILNIS ¢ ICILIGMUING CUITICAL

LEABINC 7O

g FIAST MANCD LUNAR MNISSION, IT IS ESPLRCTALLY TMPOIIALT THAT

AVAILABLE
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) {3

Asn amy - . o - . (v 3] opy " s -~y 3 s
COY S3STUANT T €O SAIN A TORICAST O7 1T WILDST(ND 2738 TOh &

. G a mm sse  AmApA me s Y S e e - =
o it *o s swseelor mary TS AL L eeiaieaes B w cwml e P -

S, CULY L3CLUns 100 OWLY & AVPRALSAL OF TuD COMMRACTONGS MCTEVIT
S0 ALLD 0T NASHS CARE CUECNCUR AWl LLIGHT OV, VATIONS ACIIVITIES
AVD LR PLICL WLIF DRMLITY ROBUTLING TRON PN PRIGLAE LN,
Semunn I3 LMD SATURMN ¥ TLICHT SCITLULES.

e IDIMAIDICATICH OF PRISENT AND POTLYTIAL %.C"ICAL PROBLLYU
ANSAS TOSITThHAR WELH YOUX ASHLSSILIT OF TUDIR YUPACT O XBY DTLIVERY,
GROUS 1.8 MWD ILICHY DATLS.

C. RLAISY OT CLNTINS' APOLLO PROGRLYE TATNENG POUIRTHTI Y
SLOMENC ACIULIS TROM JANULRY 1884 TO pAon AND PROJICTED RLQUIREZTMGS
TLROSCT COVPLETION OF THE PROCRAM. RALLATE PROJ.CICD REQIIILENTS
O YCLR CuRnLhe CRILIVG.

D, RLUIL' OF YOLR AJOR COSTRACTORSY NODONLR AND TUNGS

]
o)
b
~3
3
>
i
<
i

. IoowPITICWION OF DICISIQNS, ACICNS, ADJG
.
L.OUTIT) 70 COMPLETL TuD CURRINILY 4 DIONIZLD PRIGRM,
4. IT IS FURADR REGLISTED THAT LPRUANCIMINTS LI MADE FOR H© T
¥ooT UITH THE FOLLOING CONTRLCIORS AT ZuliR PLANTS O! Thi DATCS

<anNICA1ID:

BESI DUGUMENT AVAILABLE
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€O P RCT B OO pAms

‘f‘c*.z.. LonIcAd v-1 , J-2 TNCINIS, AUCUSE 19
BECLn DY RCS, LLM DUSCINT

30T JERICKS S=XL STAGE AUGUST 20

HLLD

LT AUTRICAN con AUCUS L 2L
815

DCLCLAE -1V STACKS ALGUST 25

LCeING S-IC STALE JucUSY 26

€ 1ISLLR S-Y3/1 STACT AUGUSS 27

CHUAN LEM AUCLST 28
APUICONIATL €S .. TR PPOGRAM OLFICS PLESONMIL SLOULD PARTICI™TS IN
CULSE 1S0TTAGS TOCELLER VITH THE TOLLOVING 1I'WTRS OF Tuk APOLL
P0G OFFICS: J. CCLOPY, C. KING, Mo SAVACE, G, Lurfe, B. JinNSo%,
3o WLBAT, To TIOWISON, J. UNBTEWCD,  VISIYS TO TUD COMIRACTARS

A= T3 b5 OF SUS-DAY DURATION, Wit ThD SNCEPTION OF & AALT=DAY .47

R

e

wan CCHTRACTORS SHOULD ATLo! APPROYTMATLLY JALF O Tl TH
PRESTATSTIONS TO T TWIAL G:‘.EU'-’. a1z ROMAINDTR OF 1 TLIE 38 U0
o2 DOVYCTL TO DISCUSSION A D ASSISELAT OF SPLCITIC PROSLIN ARSAS.
2OCONLINCLY, T2 COLTRICTONS S {OULD KOT PLAN PACILITY TOURS,

S, TiL COVORACTOPS' PRUSFUTATIONS SHOULD SUPPORT OUL ASSHSEMEMT CF

BEST DOCUMENT AVAILABLE
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Dl J20O0WN 20D SPLCIFICALLY IHhCLUDZ Tl

Ao RIVILD OF MUELR UASTER PROCHNI PLAN, DTPRCLING 74D TIND
AIASING RLLATIONSUIPS OF HAJOR PROGANS DLENTNIS, Tl INIETRILATION-
SHIPH AWD INTLPDLPIMDLLCITS OF THLSE TPLOGRAL LLIMURTS T0 O VILOP~-
MeRT, QUALITICATION, HMANUPACTUNILG, ASSIUBLY AND CUDCAOJT ACTIVITICS,
IN SUSBPORT G TUHD APQOLLO PROGRAM MAJOR UILLSTON'S.

B. WOVIzY OF CRITICAL PROGRAM RLILESTONSS TOR SUC! ARLAS AS:
DLSICY, DLVLLOMMENT, MANUTACTURING, CROUND TESTING, QUALITICATION
TISTING, GROWMD SULPVORT EQUIMLETT INTFC.AATICN, CPLCYOUT AMD
HALDTART DILIVIRIES, ILENTIFY KE¥ CONSTRAINTS &1 CRITICAL TV.NTS

woAT SRE PART OF ThE CRITVICAL PAT. TC UCETING &ZY 27CCAM FLIGIT

Co  IDONTITICATION O7 ALL SXCLITICANT BEQIND SCLIDULE JRTAS 20
A DISCUSSION OF ACTIOVS BLING TAPIN.

B.  IDONTICICATICT OF PROSENT VD POTEATIAY, TLCIICAL PLOJLTY
ST .S TOCSTLLR UITh AN ASSTSSMIUT OF TIDIR IIPACT O+ KLY DILIVLRY,
CLG D TasST AD FLICLT DAT.S.

T.  IDENIIPICATION OF TuI TYPLS AND QUANTIT.LLS O SPACT
VIICLY IQuITolNT 4D CROU® SUDDC O LELIMLLT DELNC PROVIDID,
CLTRCONIZE Tvnss iIQdZE’}'LiTS LY CALTLDAR YEARS AS T03

(1) E\D ITIMS CURRLNILY UNDIR GONTRACT:

BEST DOCUMENT AVAILABLE

55
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() UnITS COVPLLTND TO DATE.
(3) UNTS C
CoVPLUTID (XNDICATI RQUIVALLKY URETS) s

SRREITLY IN PAOCTSS LD UNITS PARDTALLY

(C) TMITS REMAINING TO B COMPLEIED,
(2) IND ITENS RUQUIRING CONTRACTUAL ACTION:
() UMITS BY MAJOR TYPI.
¢3) POTENTIAL FOLLOW-O: RIQUIRLMENTS.

F. RLVIDW OF Z.SIR MANNING REQUIRITIENTS, SAOUING ACTUALS FROX
SAGUAY 1963 $O DATE AXD PROJECTED REGUIRIMANTS TURCUCE PROGRAM
€O PLITION FOR THE FOLLOMINGS

(1) TOTAL CCUIVALLNT MAIPOUER = DISECT AND INDIRECT = ALL

(2) L\GINGERING DIRECT MAMJOWER = ALL LOCATIONS.

(3) AMUTACTURING DIRLCT MANPOULR = ALL LOCATIONS,

(4) TOTAL DINECT MAWPOJER BY LOCATION, SUICATW.CORIZID BY
T .CIMGERING A4D MANUTACIURING,

6. PLVIDY OF T4EIP EXPINDITCRES AND FUSDIHC KTQUIRINMINS LY
TISCAL YLA%, COVCRING FISCAL YEAR 1965 AMD POIOR YIAR ACTEASS, A2

TTSCAL VISR 1964 ACTUALS AS WILL AS TJIEIR PROCECTED TUND REQUIRZ-

b

~

Yo oS ThnCUCR TISCAL YRAR 1970 BY TLI TFOLLGUING: -

TR TS

(1) DITINITIVC CONTIRACT BASI

BEST DUGUMENT AVAILABLE

56



APPENDIX II
- Page 18

(2) AUTPGRIZED AMD BDLCOTIATID CHANGES

(3) ATIORIZED AND TITMMEY PPICED SUANCES

€4 AUTIIORIZ.D BUT ZOT PRICLD CHANCGES

{5} AVTICIPATID UMDIR/OVER'RUMS ;

(6) :-*cz:c‘xs) SED CIANGE ALLOMNCES

{7) TSTIUATLD POLLOW-ON COSTS THROUGI PROGRAM co.\zpwsz.\'.

Je DISCLSSLON OF THE PRINCIPAL RIPORTS AND }'Ff:.xc;ns USED 3Y~
THZ PROSRAN MANACIR 1O LVALUATE PROCRAM STATUS AND PRGORISS O
BOUY ROUTI AND ENCLPTIONAL BASIS.

I. DISCUSSION O TwOSE PACGRAM PFPTORMANCE INDICES 4iAT AMS
RLOLVLATLY REBORLED DY THT PPOSRAM NHAUACLR T0 HIS HICIDR lANACEMINT
AS AM IMDICANTON O T2 PROGCRAY STATUS AND ETFICINCY OF 027 RATIONS,

J. IDIATITIC.TIO! Or BLCISIONS, ACTIONS, AND/OR DIRSCILON
RLGLYZLD OT 3454 TO COMDLILE TUZIR CURRENTLY AUTHORIZED PROCIAM,

e A& SLIZARIZATION OF TILIR 2mOCI&M STATUS, TLCINICIL AND
ROBCCT PROIL™YS, 2OGLTLLY LITH AN ASSISS~L.T OF TIZIR POTINTLY
TUDACT O T L FCCOMPLISRMINT OF PROSTAM REY MILLSTONCS.

§. IN ADOITI0N TO TUE ABDOVE, ThLRZ LIVL BE STVL2AL STUDIES OF
SELICLID TO0PICS WIIGHE X VILL DISCUSS WITH YOU PIRSONLLY,
TonIi~N

VAYOR 0% b, TSAL
=0 TNDIRCCTOR): APOLLO PROGRAM

SIGLIDISCMLL €. “PLILLIT

BESI DOCUMENT AVAILABLE
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7. & LiST LINUTE PROLLEM £AS DEVLLO2ED WX WILL NECESSITATE
MATENG TRNOR CUANOLS 70 L1 L ABOVE SCSEBULLS TO ACCONIUDATIC

D, STAYALS' PLAWLD VISIT. I WILL WORK THESL OUT AND TRANSHIT
SLOUCYATY RAVISIONS A9 SCOM AS POSSILLE.

SIGI L SYULL C. PUILLIVS

MAJOR CLNZRAL, USAT
DePUTY DIRLCYOR, APOLLO PROGRA

o. Eubatfii? ¥, SavegeMUT w0 36244

criginal signod Y yesdins
Gangyal Pnillips

Best buvumenl AVAILAB
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APOLIQ PROGRAM ASSESSMEST
AUG-SZP 1964

Anolle Progran 0ffice Internsl Assoocsrents

Satyrn 1B Program

8-1C Stage Project

S-11 Stage Project

S-1VD Stage Project
Checl.out/GSE

CSM Project

1M Project

Manned Spece Flight Network

Saturn S-IB Stage

8-1C Program Review & Asscssment
8-II Peview

§-1V3 Program Review

Cortractor Frecantations

Engine Review (F-1, J=2,RCS, IM Descent)

CSM Rewvicw
IM Progrem leview

Leunch & Flight Operations

¥SF Center

Chryslier

soeing Co,

Nozrth Amarican
Douglias Alreraft
North A-z2rican
Norih American
Gruwnan Arreraft

Azgesarnats

Apollo Progrem Assesament (launch vehs.)

Anollo Spacecraft Program

Kenaedy Space Center
Morshall Space Center
Hanned Spacecraft Center

RASA eadqu~tiers Pevievs
31

Apollo Program Assesement to MSF Management Council
Apollo Program Ascessment to WASA Associate Administrator

BEST DUCUMENT AVAILABLE

59

APPENDIX IT
Page 20

Aug 64
Aug 64
Aug 64
21 Aug 64
29 Aug 64
Aur, 64
19 Aug 64
Aug 64

26 Asg 64
25 Avg 64
20 Aug 64
22 Avg 64
19 Ave G4
21 Auvg 64
27 Auvg 64

31 Aug 64
1 Sep 64
3 Sep 64

14 Sep 64
30ct 64
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CONCLUSIONS
SATURN V PROGRAM

501 LAUNCH

CURRENTLY PACED BY

S-11 STAGE
GROUND TEST PROGRAM 3 TO 5 MONTHS LATE
S-11-1 FABRICATION 3 MONTHS LATE

S-1C STAGE
GROUND TEST PROGRAM 4 TO 6 MONTHS LATE
S-1C-1 FABRICATION 2 TO 3 MONTHS LATE

UNCERTAINTIES
GROUND TEST PROGRAM RESULTS

ESE DEVELOPMENT FABRICATION, INSTALLATION AND
CHECKOUT, PROGRAMMING

S-IVB RESTART

8DURCE - 9 Oct 19264 Preesertetion to NASA Acscciate Administizator
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CONCLUSIONS

SATURN {B PROGRAM

201 LAUNCH
CURRENTLY PACED BY

S-1VB STAGE
GROUND TEST PROGRAM 3% MONTHS BEHIND
S-1vB-I FABRICATION 3 MONTHS BEHIND

CSM 009
GROUND TEST PROGRAM 5 MONTHS BEHIND
009 FABRICATION 3 MONTHS BEHIND

UNCERTAINTIES

GROUND TEST PROGRAM RESULTS
S-1VB-1 INSTALLATION AND CHECKOUT FLOW TIME
CSM SUBSYSTEM AVAILABILITY AND INTEGRATION

ESE DEVELOPWENT, FABRICATION, INSTALLATION AND
CHECKOUT PROGRAMMING

IMCC-NETWORK CHECKOUT (MISSION SIMULATION)

SOURCE = 9 Det Presentstfon to NASL As-oefate Almin’stretor
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ESC PLLA 0 CHCCROUT ACTTVILY 210

The GAQ draft report states YhSC officlals, morcover, have advisced us thet
a 3 wonth preflight checkout eycle was practical. This would be a furthwer
fndication that the MA-2 schedule, which generally provided for the delivery
of the stages to KSC about 4 to 5 montbs prior to the scheduled launch, had
a ‘buill in hedge agsinst unforescen assembly and chechout problews." (page
15 and 16).

This statenent is not compatible with the facts. NASA doces not disagree
that 8 3 month preflight checkout eycle was a practical goal Lo work toward
based on the assumptions discussed below. However, experience to date does
not support that such a position is readily attainable,

In the late summer of €Y 1964, KSC presented 2 prelaunch checkout plan for
Saturn V gpace vehicles (the summary sheet is shown fu Attachment 1) that
shoued & gradual reduction in preflight checkout tiwe from 5% months for
AS-501 to 3 months for AS-505 and subsequent vchicles. This plan vas bascd
upon a nunber of assuwiptious, e.g.,

J. NHardwaie would arrive at KSC with all manufacturing checkout
and modification work completed,

2, No significant problems would be encountéred during checkout.
3. Mo additional testing requirements would Le imposed.

4, An appronimate 10% reduction in flow time would be achieved with
each succeeding veliicle due to lesinaing,

This plan was used in the development of the MA-2 hardware delivery and lavmch
schedule, This plan was viewed as being somevhat optimistic by the Program
Director in its assumptions and was therefore modified to a cerlain extent

in the development of the official MA-2 schedule. This modification consisted
of adding an additinnal month to month end a half to the KS5C proposed flow
times for unforessen problems for vehicles A3-503 throuvgh 507. For £#S-501

and AS-502, the additional time vas added by extending the launch intervals
between AS-50), AS-502, and AS-503,

Although the official MA-2 schadule allewed for 4% nonths of flow time for
AS~308 and on, Attachnent 2, lines 11 and 12, shows (this is an cxtract

fron the February 16, 1965 letter that ifwplewented the !A-2 schedule) thet

a lesser flow time, 3% months, was actually plannad for thes:z vchicles. Tnis
was only a goal to strive for under the 1igocous conditions Jiscussed in the
third paiagraph above.

BESL DOCUMENL AVAILABLE
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Atlaciment 3 shows the rcive) prelflight cheekout 1 me reque 1c¢ Ly veh'eles
AS-501 through AS-504 which renged from 14 months for AS-501 (Apollo k)

to 5 months for AS-504 (Apollo 9) snd UASA's current preleunch checkoul
plenning regprding vehicles AS-505 and AS-506. Il can be concluded from,
Attochment 2 thet our essumplions ond plenned flow times were not real:ved
end even today NASA has not been sble to echleve a preflight checkout cycle
of less than 5 months. NASA will continue to sttempt to reduce this prelsunch
checkout cycle, but much work must be done in this sres before it can be
echieved.

BEST DOCUMENT AVAILABLE
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Launch Vehicle

Stages

v

AS-501 (Apollo
§-1C-1
§~11-1
§-1VB-501
§-1U-501

AS-502 (Apollo
§-1¢-2
§-11-2
§-1VB-502
$-1U-502

45-503 (Apollo
§-1C-3
S-11-3
$-1VB-503
$-1U=503

AS-504 (Apdllo
S-1C-4
S-11-4
S-1VB-504
$-1U-504

AS8-505 (Apollo
$-1C-5
S<IX-5
S-1VB=505
S-1y-505

AS-5060 (Apollo
§-1C=6
§-11-6
§-1IVB-506
8-1U-3506

4)

'6)

8)

9

10)

11)

Delivery
to KSC

12 Sep 66
21 Jan 67

14 Aug 66
25 Aug 66

13 Mar 67
24 May 67
21 Feb 67
20 Mar 67

27 Dec 67
24 Dec 67
30 Dec 67
4 Jan 68

30 Sep 68
15 May 68
12 sep 68
30 sep 68

27 Nov 68
10 Dec 68
3 Dec 68
15 Dec 68

20 Feb 69

6 Feb 69
20 Jen 69
27 Feb 69

Actual

SATURN V SPACE VEHICLE
PRELAUNCH CHECKOUT ACTIVITY TIME

Prelaunch Checkout

Activity Time

APPENDIX II
Page 30

Launch Date

MA-2 Schedule

Plan

69

14 mo,
9 mo,

15 o,
14% mo,

5% wo,

12 wo,

9 mo,
2% mo,
11% mo,

5% mo,

12 mo.
12 mo,
12 mo.
11% mo,

5% mo,

5 mo,
%% mo,
5% mo,

S wo.

5% mo.

S mo, &% mo,

5 mo, 4% wo,

9 Nov 67

4 Mar 68

21 Dec 68

3 Mar 69

17 May 69
{planned)

15 July 69
{planned)
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ATDITLO “AL TTE ¥OR WoIING
REQULRCHENY 41D LTITLIZAYTON WHO 0T

Tn munerous passsges through the drefi rero:i, pariticularly poge 15, CAO
coniends that I'ASA had no fimm plsn or drd nol ulilirze the "addiionsl

tire for tesiing" thei 1/ SA hae gaven as one of the reasons for caily del-versy
ol the Jaurch vehcle steges.

Firsi, ithe ebove stotenenl s not feciuzlly correct., In sn R&D progr-m,

s tue would be used Lo (1) corperraie Tor test time cveriers: (P)

allov Tor sdd irornl test requizements el ~nating from ground cnd qual Theat oas
test prograns ond menéatory design chorzzs; end (2) allow time to re ron tesls
thol were copromsed due Lo unforescen prodlers. From the very nature of a
copley RED progasn with lelescoped proieeiron, T am plens ceanot be

made for 1he use o” this edditronal {ire s n e vazt r~yr oceur s not kno'm.
Vhat 15 obvious e thal & period of t:me musi be glloilied for cont ngeneier thel
ocewr an our RID progiom wilboat precedent snyvhere.

Attachmenl 1, demonstreles the aclvel time {e%en to confucl the prelsunch
checYou’ of Seturn V vehicles st KSC. Tt s cleer thet there KSC flov tres
verc evon gredler than entlicipoted (Sce Appondix - KSC Prelsunch Checkoutl )

end thet NASA, in faoct, under-cst-raled the "sdditionsl tesu ng Lrwe" requived.
As Turther cler Fieolion on the use of vhrs eddrtronel lime, Attechmwent 2
gLves seiexcl speciTre exerples 'n tne S-IC ond S-IVB erees of tlhe unpl-nncd
activilres conCuetled and the schedule irpsct that resulled fiom them. Even
todey, on veh'cles es lote as 507 508, end 509, wnforeceen picblews have
cuvscd delays of over *0 deys 'n compleling feclory end MIT vork.

BEST Documegny AVAILABLE
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Launch Vehicle

Stages

AS~501 (Apollo &)

s-IC-1
S5-1I-1
S-1v3-501
§-IU-501

AS5-502 (Apollo
S-1C-2
§-11-2
$-1VB-502
S$-1U-502

AS5-503 (Apollo
§-1C-3
§-11-3
$-1VB-503
S$~10=503

AS-504 (Apdllo
$-1C-4
S-11-4
S-1VB-504
5-1U-504

AS-505 (Apollo
$-1C-5
S-11-5
S~-IVB=505
S-IU-505

AS-506 (Apollo
§-1C~6
s-11-6
$-IVB-506
$-1U-506

6)

8)

9

10)

11)

Delivery
Lo KSC_

12 sep 66
21 Jan 67
14 Aug 66
25 Aug 66

13 Mar 67
24 May 67
21 Feb 67
20 Mar 67

27 Dec 67
24 Dee 67
30 Dee 67
& Jan 68

30 sep 68
15 May 68
12 Sep 68
30 Sep 68

27 Nov 68
10 Dec 638
3 Dec 68
15 Dec 68

20 Feb 69

6 Feb 69
20 Jan 69
27 Feb 69

SATURN V SPACE VENICLE
PRELAUNCH CHECKOURX ACTIVI1lY TIME

Prelaunch Checkout

Activity Time

APPENDIX II
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Launch Date

MA=2 Schedule

Actual Plan

i4 mo,

9 mo,
15 mo,
i4% wo,

Sk wo,

12 mo,

9 mo.
12% mo.
11% mo,

5% mo,

12 mo.
12 mo,
12 mo,
11% mo,

5% mo,

5 mo,
ok mo,
5k mo,

5 mo,

5% wo,

5wo. 4% wmo,

5 mo, 4% mo,

71

2 Nov 67

4 Mar 68

21 Dec 68

3 Mar 69

17 May 69

{plennecd)

15 July 69
{planned)
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S-IC-1 STAGE
S-IC-1

1. Replaced five critical S-IC distributors just prior te rollout
for foam expansion (UCR's 300079, -082, -084 and -088)

2. Replaced 8ll 14 fairing turnbuckles (ECP 320) and UCR 300160}, a
two day task, for stress corrosion suseptability,

3. Slipped CDDT and subsequent testing 4 days for changeout of all S-I C
actuators because of an anti-backlash spring which was stress
corrosion susceptable.

4, Encountered substantial problems installing ordnance (flexible
linear shaped charges)

S. Incorporated over 6,600 manhours of modification installation, plus
inspection and retest,
5-1C-2

1. Leaking seirvoactuator (UCR 300486) required special drain installa-
tion (ECP 0411) Leakage was within system specifications but was
saturating the thermal insulatiom,

2, In excess of 6600 manhours were expended on modifications,

3. Substantial problems were again encountered during ordnance installa-
tion., Problem was traced to an undersized tool fixture which caused
the difficulties on $S-IC-1 and $-IC-2,
s-IC-3

1. Thermal insulation was added to the forward skirt at KSC, a 626
manhour task, (ECP 207)

2. Additional weather protection (ECP 299) was added, requiring 475
installation marhours

3. Instrumentation alterations in the engine area (ECP 333) required
387 installation menhours.

4. Servoactuators were again changed at KSC (ECP 347; 134 installation

manhours).
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5-1VB-501

Replace LH2 Tank Repressurization control module because of quali-
fication problems, MDAC ECP 2305

Replace LOX Tank Pressurization Control Module because of qualifi-
cation problem. 13 hours of effort caused retest MDAC 2304

Modify LH2 Duck Assembly because of qualification problems 18
hours of effort caused retest, MDAC ECP 2308 °

Flutter kit Installation - approximately 3000 hours of effort

This stage was delivered to KSC with 400 hours of open work An additional
6,230 hours were worked while 1t was here,

3'

$:1VB-502

Install larger size bolts at the S-I1I-S-IVB interface, 270 hours of
effort, MDAC 2218

Enter IM2 tank to replace damaged ground strap, install end caps

on 21 wires left bare after ECP 2047 was worked at MDAC STC, inspected
PU probe for proper configuration and work on ECP on the PU probe,
Approximately 1000 hours of effort,

Reinforcement of Main Auxiliaiy Tunnel Clips, 1000 hours of effort,
MDAC ECP 2597

This stage was delivered to KSC with 2,260 houis of open work An additional

3.

8,100 hours of work was done after receipt of the stage,

S-1VB-503

Additional measurements added because of the anomalies of the AS-D2
filight, 7,600 hours of effort., MDAC ECP 2281

Engine modifications requiied for Dual Restart Mission, 1,300 hours
of effort, MDAC ECP 2760

LOX Tank Non-Propulsive vent system installation, 3,300 hours of
effort MDAC ECP 2057

This stage came to KSC with 3,390 hours of open work An additional
12,000 hours were werked while it was hete.
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S-1I LArLhwu3s Vo 'sUS
5-IC & S~1vL (. SCY BULID COLoXTION

The draft icpoitl places coisidereble cuphasis or the relative schedule
positions of the S-II stage versus the S-IC and S-IVB steges in lete CY
1965 and CY 19656, The GAO opinion is that becgusc the S-II was assessed

25 behind scheaule, NASA should not have placcd efily delivery incentives
on the $-IC ard $-IVB stages. NASA does not drcpute that the ustinates/
assessment of the eerly S-IT stages (S-II-1 through S-11-4) were negotive,
but during the pciiod addressed by the report, 1.c , late CY 1965 and
thiough the spring of CY 1866, the assesswents of the 8-1I-1 through
5-I11-4 behind schedule condition were steadily auproving as, attachwent 1,
assusement chart skcrs. This wmpooveaent peahed in June 1266 when S$-IY-3
ard S-II-4 vere asscssed on schedule and S-II-1 and $-II-2 wire assecscd

8 weells aud 2 weels behind schedule, 1espectively. The subscquent schedule
deterroration rosulted fiom additional statie firing testing requircments
due to the loss ol the S-II all systems test stage and insuletion problems,

In early Jaruary 1966, the Apolle Progrew 0ffice zssecssed S-I1I-1 as 12
weehs behind schedale However, by mid Februery, MSFC in the MSF Progiem
Revier on 15 Febiuary 1906 (attscbment 2) andicated that in their opinion
actions that tad been ta¥en by N/A and MSFC since Decexber 1965 had reduced
the behind schedule condition of $-TI-1 f{iou1 22 vecks to 2 weeks.

Fror attechrents 1 and 2 1t was concluded by the Program Director that

the §-II schedule wovld recover to be in phase with the $-IC and $-IVB
schedvles. Furtber, all during this time N23A vas having discussions with
NAA to estzblish a buse within the MA-2 schedule freawevork thet would lead
to the conversion of the S$-II continct te an incentive contract.

Finally, to shiov that the 5-IVB ana S-IC vere esperiencing schedule problews
during this sawe ture peiicd, attachment 3 is a chart extracted from the M3FC
MSF Review preseatation of 15 Apiil 1966 indicating that the $-1C-1 needed en
additional nontn to complete all pre-delivery activities that vere required.
Attachrent & is &n estract from the 9 February 1966 APO Revicw indicating that
§-IVB-501 was 8 wecks behind schedule and a potential delivery pioblem. It

wag, therelore, NASA's considered judgereut thot the essessments of the initiel
deliveries of the three Saturn V stages vere, in fact, in phase wrth one another,
beczuse tnese deliveries were sssessed "in synca'" tuere was ro reason to pelieva
that the behind-schcdule assessae L of the $-IC and 3-IVB could not be improved
like the $-1) siturtion bed wnprose’, T.erefore, there was no necessity to necle
z schedule adjustrient for Lhesc sices.

BEST DOCUMENT AVAILABLE
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MARMED SPACHL FLIGHT SHLDULE

SATURN V
S-IC-1 STAGE

KSC's requred on-dock date for S~-IC-1 to support
1 September 66 stairt of SA-501 stacking 1s
30 August 66.

§-1C-1 on~dock KSC date is now planned for
30 August 66.

Additional month of S-IC-1 dwell time at MSFC will
allow:

- Additional time to 1acorporate mandatory
changes (approx 45) prior Lo start of "Post
Captive Firing Checkout,'" (Reduces manu-
facturing interruptions during checkout
activitics)

- Reduced amount of S-IC-1 '"travel' woirk to KSC
(approximately 350 man hours to 100 man hours
as of 15 Api1l 66.)

- Additional time to complete "Post Caplive ¥Firing
Checkout - reducing risks (human eirors)
inherent 1n ovectime operation,

I-V-P 84 Snced Ap1 15 66

i

’ SOURCE - MSFC Saturn V

BEST DOCUMENT AVAILABLE

presentation to MCM
16 Ane 104A
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SATURN V
§-IV2-501

SOTENTIAL PROBLEM

~S-IVB-501 BASELINE SCHEDULE (S-IV3 SUMOIARY PHASING PLAN) PLANNED
FOR DELIVZRY OF S-1VB-501 TO SACTO APPROXIMATELY 22 JANUARY 1966.

~PRESENT S-IV3-501 SCHEDULE (FASED ON INCENTIVE CONTRACT) CALLS FOR

PEZIVIRY OF S-IVS-501 TO SACTO ON 19 MARCH 1966 WITH NO DSLAY IN

DELIVLRY TO KSC FER MMA-2 SCIEDULE (31 JULY 1966).
- AZOVE SHOWS 8 WCEKS SLIP IN DCLIVIRY COF S-IVB-501 TO SACTO.

-ROWEVER, DAC'S PAST PERFORMANCE Ii'DICATTS TIAT ThEY CAN ABSORB

THEIS DTLAY WIT:OUT INPACT DU LIVIPY OF SA-501 TO KsC.

«CAUSE OF DELAY - VENDOR DELIVIRIES OF UARDVARE.

SOLTCE - 9 Tcd 1966 Arollo Propram Office Review

BEST DOCUMENT AVAILABLE
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Apollo Program Office

8/20/68

S-I11 Stage Contract Requirements and Assessments

Stage Contract Delivery Jan, 1966 hoy 1966 June 1566 Jan, 1967 Actual ¥sSC
Requested Assessment | Assessment  |Asscssment Assessment |Delivery Date
S5-I1-1 7-31-66 12 ks, late| & Wks, Late |8 Wks. late |24 Wks., late | 21 Jan. 1967
5-11-2 11-30-66 12 wks, late| &4 Wks. late |2 Wks, late |20 Wks, late | 24 May 1967
5-1I-3 4-30-67 12 wks, late| Cn Schedule {On Schedule |12 Wks, late | 24 Deec, 1967
5-11-4 8-31-67 6 Wks, late| On Schedule {On Schedule | 6 Wks. late | 15 May 1969

Source:*

BEST DOCUMENT AVAILABLE

Apollo Program Office contractor notebooks
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—A
AN D S"ACE FLIGHT SCHL DULL A
SATURN YV

S-11 STAGE
Status as of Y'cb, 15,1966

!.'/'"‘

L4

e BEST DOCUMENT AVAILABLE

At December 1965'MCM Program Review 1cporicd S-1I-1 schedule slippage
- 2?2 we:ks (5 months).

Piresent S&ID Recovery Schedule (S&ID Plan 66A) indicates S-1I-1 schedule
slippage -~ 2 weeks {(On Dock KSC- 15 Aygust 1966)

20 week 1ecovery in S-II-1 schedule (Effect of Yaiclin, Driscoll, Tioit Team)
bascd oa:
9 weeks 1ecovery at Scal Beach
Hydio & Clean - 5 wks to 3 wks = 2 wks
Systems Instlallation/Insulabion Closcoul - 12 whs to 9 wks=3 wks
Post Manufacturing Checloul - 12 wks Lo 8 wks - 4 wks

11 weehs 1ecovery at MTEF - Dwell Time at M1 F 1educed f2om
20 wks to 9 wks
Reduced Pre-Acceplance Test Cheelout & Tanking Test -
10 wks to 3 wks = 7 wks
Reduced Acceptance Test Firing time - 2 wks to 1 wk = 1 wk
Reduced Post Acceptance Test Checkoul - 6 wks to 4 wks = 2 wks

Necw S&ID Schedule 66A incorporating 20 week 1eduction is lughly optimistic.

Ncw 887D Schedule 66A resuits 1. S-IT-T Caplive Fiiing Progiam of only
approsimately 3 wecks.,

SOURCE - MSFC Saturn V presentation
to MCM 15 Feb 1966

/€ @8ed
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ADOPTION OF AIR TPANSPORTATION ACMTID KEED
FOR S-IVJ EATLY DELIVERY ILCERILVES

Although the Super Guppy aircreft did not expericace eny wmajor problems
after its certification (liaxch 1966), it is unreasomable to conclude thet
at that time a decision could be rirde to restructure the stage delivery
require.sents to take sdvantage of the tiwe gained by using the Guppy
airciaft, For NASA to jeopardize the Apollo launch program at that time
by not providing sufficient tize in the S-IVB delivery schedule to
conmpenzate for a potential loss of this aircraft vceuld have been unvise.

The Super Guppy was & one-of-a-kind aircraft, It originelly vas to

have been certified by the end of CY 1965, However, due to two major
problems in late CY 1965 and ecorly CY 1966 it was not {inally certified
until 30 March 1966 due to: (1) the airesaft nose caved in during a test
flight due to inadequate structural strength, (2) a propeller stress
problen, Since prior opsrational expericnee with the aireraft was not
available and with the problecs that the afreraft hed just experienced,
it would have been very shortsighted and derelict on the pait of HASA to,
at that saue time, 1ake a major adjustwment in the S-IVB schedule to com-
pensate for the potential time gained, There was no assurance at that
time {and the only way this assurance could be realised was through opera-
tional use and experience) that NASA could totally depend on this one-of-
a-kind, ocut-sized ajrcraft for S-IVD tiansportation, Untal corfidence
could be built up in this alrcraft through usage, NASA eleccted not to
adjust the delivery schedule and thereby rctain the cepablility te revert
to S-IVB water transportation without impacting the S-IVB delivery
schedule to KSC,

BEST DOCUMENT AVAILABLE
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INCERYIVE COSTS

The draft report conteads that (1) NASA incurred costs in the §-IC #nd
$-IVR stage contracts of between $22H and $33¥ as a result of the schedule
stretchout reflected an the HA-2 gchedule, (2) $26,21 of bonwus fee pay-
ments related to S-IC and §-IVB stages weie provided for unnzcessarily; aad
(3) that had NASA linited the extent of schedule stretchout, the necd for
NASA to agice to pay bonus fees to obtailn the desired earlier deliveries
would have been elaminated,

One significant point needs to be mede regarding those costs and
incentive fecs, Thc draft report implies thet they were already incurred,
upon conversioa of Lhe contract, This is aincorrect, The iucentive fees
had to be erined aad the coste were to be incurred over the life of the
program,

With regard to costs incurred in the S-IC contract, reference is made to
trends reflected in the chart shown in attach 2nt #1 (this chart vas
attached as an enclosure to the OISF letter to GAO, dated May 23, 1968),
This chart depicts a very significant decrecse in actual c¢osts incurred
under the incentive provisions throughout the 18 month period, July 1965
through calendar year 1966, Specifically, actual costs for Fiscal Year
1966 (through Jute 1966) were $40,%1 lese thra the KASA's February 1965
estinate {at which time the contract wvas still CPFr), Actual costs for
FY 1967 (through Juae 1967) were $51,84 less than WASA's Februzry 1565
estinites, These figures have been extracted from NASA's official picgpram
operating plans and accounting records for the periods concerned, Also
pertinent 1s the fact that the cost estirate projections made by the 5-IC
contractor for that period were higher than those made by KASA, Thus, the
actual experience on this contract doas not support the irplizataoa that
KASA would have been wiser to avold incentivizing this contract with
emphasis on early delivery,

With regard to the S-IVB stage, (attachment £#2 is the S-IV3 Stage Relatave
Cost Trend), there are several couiplications iwpacting the cost trend,
Although FASA's official records identify stage costs separately for

stages to be used in the Saturn IB flight program {rou those in Satun ¥,
available contractor cost information 1s not structured to provide detarl
S-IVD cost identificaticn to erch of the tvo Saturn progrsmes, Thus the
S-IVB actual costs for FY 1966 reflected a concentretion of effort to

solve the pre-lauuch problems associated vith the inminent initial Flight
{201) in the Saturn IB Progrenm, The actus! Saturn V S-IVB stage cosis in
the McDonnell-Douglas contract for Fiscal Year 1965 (through June 1966)
reflected higher costs for FY 1966 than those picjected by KASA In Novober
1965, Thug, actual costs for FY 1965 exceeded estim-tes by $8,1M, hovaver,
in ¥Y 1667 (the first full year under incentive provisions) actuals
materialized below estimates by $17,1M, This decrease vould hava been

even more cubstantial exeent {or the destiuction of the flight ctope S-IVB-
503 Cusung groont terrr o0 T 2 W8T Ubas 1oas regnirld o our-s
Facddty ¢ -7 -ort e ar stowt o erne wnd fig pricoeste . of

TGl s
~
veplowe, one £1.5 0 8ot

v
L

Ay e
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From the sbove discas:ron there eppo=rs ne suppcrt fer the conte-tion
tiat the inceitive prov sioun. o7 tle tvro coantraets contratawd t za
unnecessary incireese in actual costs to the gosernment,

The decision to adjust the lauvac'/delivery schedule was a practicel
necessity notwithstending the subsequent end divcrete decision to
incentivize the tvo stage contiacts  The decision to incentivize the
contrects was made Lo enhience cost effectiveness ¢35 well 2s to erpedite
delivery of the early stages. It was cleerly esteblislied at the time the
incentive provisions were fiimed, that tne earlier the havdware delivery
could be sttained, the sooner the contiactor's ranpower levels would be
reduced. It vas the succcss of this policy thet evcebled the tuwo con-
tractors to show substantiel reductions in their cost profiles during the
elghteen month period folloving the dates of incentive c¢ffectivity. For
these reasoas the $26 2M in the form of contract schedule {rcentives fo. the

S$-IC and S-IVB stages was substantially more than offset by the econodes
achieved,

BEST DOCUMENT AVAILABLE
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GAO Note The last 10 pages of OMSF's comments refer to
matters discussed ip our draft report which were deleted

from the final report.

BEST DOCUMENT AVAILABLE
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RICDORRELL DOUGLAS ASTRORAUTICS COMPANY

5301 Bolsa Avenue Huntington Beach CA 92647 (714) 897 0311

WALTER £ BURKE August 29, 1969
PRESIDENT

Mr. Morton E. Henig

Assistent Director

United States General Accounting Office
Weshington, D.C 20548

Subject DRAFT REPORT TO CONGRESS ~ REVIEW OF INCENTIVE PROVISIONS
OF SELECTED SATURN V STAGE CONTRACTS

Reference Letter dated August 1, 1969, from Mr Henig to Mr. Burke

Dear Mr. Henig,

This is in response to your letter of August 1, which transmitted
for our comment portions of the proposed GAO report to the Congress on the
1ncentive provisions of selected Saturn V Stege Contracts. As you noted,
the activities of our Company are not at issue in the report. Since,
however, the report discusses in part the NASA-MDC Stage Contract, I believe
it eappropriate for us to provide you our comments.

Following receipt of your letter, I asked those within MeDonnell
Douglas Astronautics Compasny - Western Divigion who ere most knowledgesble
with the background and evolution of the S~IVB Contract to examine the
natters discussed in the draft GAO report that relate to the S-IVE Stage
Contract. The attached comments were assembled by the Saturn Contracts
organization and reflect the consensus of individuals within the Saturn
Program and Division management who are personally acquainted with the
history of the S-IVB Stage Contract including its conversion to cost plus
incentive fee and the Company's experience under the multiple incentive
arrangements.

I endorse the content of the attachment and hope that the General
Accounting Office will consider it carefully in the preparstion of any
final report on the subject. I ask you to keep in mind the fact that
goals set in 1962 by John P Kennedy to place a man on the moon and
return him safely within the decade vere indeed ambitious. In 196L4 when
NASA initiated the conversion of the Apollo Program prime contracts to
incentive arrangements, the Apocllo Program was beset by serious schedule
and technical problems These problems were of sufficient magnitude to
cast grave doubts on the nation's ability to achieve the Kennedy goals
I am convinced that NASA's decision to place incentives upon the Apollo
contractors has been the key to the Program's achievements, culminating
in the success of the Apollo 1l1. When these achievements are viewed in

MCDORIRMELL nouen.@\é_{

~—
CORPIOB/TION
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Mr. Morton ¥ Henig August 29, 1969
Page 2

the light of the funding limitations placec on the Prozram in recent
years, the motivational effect of these inceniives assumes an even
brighter luster

Thenk you for g1ving us the opportunity to review the report at
+this stage of 1ts development

Sincerely vours,

Vi 7 T A
'//Zf(/ ¢l _\_){LL &
Walter F Burke
President

McDonnell Douglas Astronautics Comvany
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MDAC COMMERTS ON DRAFT GAO RKPORT.TO
THE CONGRESS OF THE UNITED STATRES INTITLED

YREVIEW OF INCENTIVE PROVISIONS
OF SELECTED SATURN V STAGE CONTRACTS"

The material provided for ocur review discusses, almost exclusively, S-IVB stage
schedule {ncentives. The thrust of the material is that, in the 1964 planning
of the S-IVB contract, NASA's principal goal was early (by b4 weeks) delivery
of steges; that said early delivery was obtained chlefly through the use of
schedule bonus incentives; and that, to quote from page llea of the drs’t,

YASA ... could have obtained delivery of the stages on the dates desired
wvithout added cost to the Bovernment ... without the payment of schedule
incentives ..."

We believe that the GAQ point of view results from an oversimplification of one
element involved in the conversion of the S-IVB contract to a Cost-Plus~Incentive-
Fee form. This conversion - in toto - has been pre-eminently successful, both
from a NASA and Contractor point of view. Any evaluation of the conversion, to
be useful and equitable, should inelude a comprehensive review of program status
in the pre-conversion period together with consideration of gll the elements
involved in the conversion.

The S-IVB program was undertaken in September 1961, Recognizingz the high
content of beyond-the-state-of-the-art research and development effort, a
Cost-Plus-Fixed-Fee contract was negotiated. Subsequent to definitization,
the program was subject to an extremely high incidence of changes  englneering
changes to stage and support hardware, changes in facilities' availebility,
changes in testing approaches and philosophy, changes in performance require-
ments, changes in planned mission profiles, changes in quantities of hardware
required, etc. During the period 1961-1965, this atmosphere of rapid change
wvag, in our judgment, inevitable in view of the secope and complexity of the
Apollo program snd the netional priority afforded to it. However, the cumula-
tive effect of these changes was schedule and cost uncertainties, and the
extensive amounts of replanning and out-of-position stage manufacturing posed
potential threats to the concept of "dbuilt-in-reliability" at the factory.

To minimize Apollo program vulrerability to adverse effects of the above changes,
in late 196h and early 1965 NASA/MSFC end the Contractor embarked on a planned
series of related actions whose ultimate goals included.

1) Providing maximum assurance of stage reliability,

2) Implementing expended programs of reliability and quality
both at Contractor locations and those of his suppliers,
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3) Developing and enforcing rigorous new disciplines for the
eontrol of future changes,

4) Minimizing total program cost,

5) Completing, to the maximum extent practicable, the manufacturing
and checkout of the stage at the factory in the originally planned
panufacturing/testing sequences,

6) Minimizing the requirements for additional modification effort to
be performed at the test site, Kennedy Space Center,

7} Updating the contract itself and all primary contract documentation
to incorporate then current baseline information, and

8) Increasing the emphasis on timely completion of critical S-IVB
stage milestones, viz., completion of manufecturing and checkout
at the factory, coupletion of all pre-acceptance test requirements,
and completion of pre-requisites for shipment of the stage to the
Kennedy Space Center {KSC).

The above eight items, while representative of NASA's goals at the time in
question are not a complete deseription of NASA/Contractor goals, such s
deseription is well beyond the scope of these remarks.,

All of the NASA/Contractor goals were related either directly or indirectly.

Many of the specific actlions taken were aimed at improving the likelihood of
gttaining several of the geals. The GAO has selecied one of tne above goals --

or more precisely, a part of one - {eerly resdiness for delivery to KSC) -

for analysis. On the basis of the material we reviewed, we conclude that GAO
analysis of this sub-goal has been sceomplished outside the context of other
concurrent activities. Typical of these other concurrent activities were.
inposition of a Configuration Management system designed to introduce new
disciplines into the control of S-IVB program changes, lncorvoration into the
contract of new Progrem Plans such as the Quality Program Plan and the Reliability
Program Plan, and definitization intoc the contract of a large number of previously
undefinitized changes with the corresponding adjustments in contract dollar

values and provisions.

In conjunction with the above activities, NASA/MSFC and the Contractor developed
for incorporation into the contzact a set of balanced incentive feetures. These
incentives, structured to operate together as a whole, were designed to relate
earned fee to the level of success attzined by Contractor in meeting stated
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eocntract goals. For purposes of contract draftmanship and administration, the
incentives were subdivided and identified as- -

a) & cost incentive;
b) several schedule incentives, and
¢) several flight performance incentives.

Each of these incentive features was aimed at stimulating achievement of several

{sometimes almost all) of the NASA/MSFC goals Those incentives identified

ag schedule incentives included, in part, the following significant features

’ 1. Measurement of the timeliness of completion of stage manufacturing
and checkout,

2. Measurement of the completeness of atage checkout at the factory
together with the extent to which non-flight hardvare had been used,

3. Identification and measurement of the work (essociated with late

changes) to be incorporated into the stage subsequent to factory

checkout,

gb Measurement of the timeliness of completion of pre-scceptance
firing requirements,

2. Measurement of the timeliness of stage completion and readiness
for shipment to Kennedy Space Center, and

6. Measurement of the amount and types of stage modifications to be
accomplished at the KSC.

Schedule incentive administration required (in part) that all of the above
measurements be made. Further, schedule Ilncentive success required demonstrated
complisnce with the new disciplines imposed by Configuration Management, the
new Quality Program Plan, etc. Thus, the S-IVB schedule incentives were
structured to be one of the basic program mensgement tools to stimulate and
agsure the development, implementetion, refinement and ultimate success of

the new elements being incorvorated into the program.

Much of the zbove could probably have been accomplished with a larger number
of "eompartmentalized" incentives, e.g , geparate incentives {which would
probably have been labelled "performsnce incentives”) could have been structured
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%o reward/penalize Contractor's progress on Configuration Management, on
eompliance vith the revised Quality Program Plan requirements, on the amount
and nature of stege modifications carried over from Contractor's California
locations for accomplishment at KSC, ete. However, such compartmentalized
incentives would have been uneconcmical to sdminister - and probably less
effective in producing the desired ends.

We believe that NASA elected to emphasize a small number of "big picture"

type schedule incentives because of a belief in thelr efficacy. A Configuration
Hanagement incentive would have been understood by, and therefore capable of
providing direct motivation te, a relatively small group of Configuration
Management experts within the company. A cost incentive is understcod by,

and therefore capable of providing direct motivation to, a relatively small
group of management people within a company. A flight performence incentive

iz underatood by, and therefore cepable of providing direct motivation to, a
relatively small group of technieal people within a company, However, incentives
vhich emphasize completeness and timeliness of the hardware - plus compliance

of that herdware with requirements - are understood by virtuslly everyone

within a company. They are capable of motivating Engineering people to complete
engineering documentation correctly and release it promptly; as well as motivating
Purchesing, Manufacturing, Inspection, Testing, and Administrative pesple to
optimize the quality, completeness, and timeliness of their individual contri-
butions. .

In addition to emphasizing total performance, the incentives labelled "schedule
incentives” vere structured in the firm belief that their operation, if successful,
would lead to program economies. In many areas, the surest way of meeting or
beating a dollar budget is to accomplish required effort on or ahead of schedule.

In ocur judgment, the incentives labelled "schedule incentives" were dramatically
successful in achieving a2ll of their intended gosls, including early delivery.
These incentives, together with related actions, stimulated the inventiveness
and dedication which ultimately contributed to completion of the Apollo 1l
mission with President Kennedy's original timetable as endorsed by the Congress.

Ve believe that the incentives, again in conjunction with related actions, have
led to very substantial Government cost savings on the S-IVB program. At S-IVB
program completion, we believe that total ultimate cost to the Govermment will

be zubstantially less than it would otherwise have been in the absence of such

incentives. (This belief is based on the cost of the program, as estimated by

us, shortly before the conversion.)
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We recognize that much of the above is judgmental. Ko one has ever solved the
elasaical problem of validating the precise benefits achieved through the use
of contract incentives. We believe that partisl substantiation of our
Judgments can be obtained by comparing certain data from S-IVB stages 501 and
505 (N). (These are the first and last stages, respectively, on which schedule
incentive bonuses were availsble.)

HWe have selected what we consider meaningful indicators of performance appliceble
tc each of these stages. The indlcators and the appliceble results for each
stage are summsrized in the attached table.

In reviewing this table, please bear in mind that Stage 501 had been sub-
gtantially completed at the time the incentives wvere implemented, and that
Stage 505 (¥) was in e position to enjoy the benefits of some three yesrs of
operation in an incentive atmosphere.

We believe that we have selected representative, meaningful indicators, and that
these indicators, taken together, argue persuagively that the incentives in-
corporated into the S-IVB contract produced the intended results.

There are additionsl points which butiress our thesis that the GAO report
oversimplifies, out of proper context, one element in a complex program.
We draw attention to the following points, the omission of which in the
draft report denies the reader & balenced, complete picture.

1) All schedule incentives on Stages 507 and subsequent
were structured by NASA on & zero-bonus/penalty-only basis.

2) Following the loss of Stage 503, remaining schedule bonuses
{on Stage 506 (N) and certain S-IB stages) were converted by
HASA from a bonus/penalty to a zero-bonus/penalty-only basis,

3) Failure to include the fact that schedule incentive bonus
opportunities existed (ultimstely) only on Stages 501 through
505 (N) can readily cause a reader tc reach an improper conclusion.
For example, consider the following materiel quoted from page lla
of the proposed report

Y. ..the MA-2 schedule resulted in delivery dates for
Saturn V vehicles -505 through -510 that were 1 to b
months later thun NASA's September 1964 assessment of
when these vehicles could be delivered. Nevertheless,
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only a short time after implementing this schedule
revision, NASA decided it was appropriate to pay
substantial bonuses to obtain early delivery of
the S-IC and S-IVB stages for those vehicles ..."

The quoted material is intended to apply to Stages -505 through =510.
In the case of the S-IVB, only one of these stages carried any schedule
incentive bonus opportunities whatsoever.

Further to the point made in 3) sbove, GAO suggests that NASA could
have achieved its desired schedule goals had they elected to "... in
essence, revert back to the delivery dates that the September program
assessment indicated could be met." However, the GAO chart printed as
page Ta of the draft report contradicts rather than supports this

GAO statement insofar as the early, criticel stages (e.g., =501 through
-50l4) are concerned This chart shows that the MA-2 schedule, used
as the basis for the schedule ineentives, required a substantial
acceleration from the delivery dates that the September program
assessment indicated could be met: for exemple, an acceleration

of three (3) months is shown as required for Stage 502.

The added schedule time made available by adoption of air transportation
for the S-IVB stages (see page 11b of draft report) did not become availl-
able with good confidence to program pianners until mid-1966. The S-IVB
schedule incentives for -501 through -506 were structured in 196k and
1965, they were negotiated in late 1965 with "handshake" agreement in
January 1966. Air transportation depended upon the development of a
single airplane called "Super Guppy". This airplane, vhien in 196L-1965
had not been structurally provean, was intended for use by a number of
Apcllo Contractors. It would have not been prudent to negotlate and
contract on the speculative premise that the R&D Super Guppy program
wag going to be a proven success, or be available for utilization by a
particular Contraetor, by a given date. (The benmefits of air transpor-
tation were considered in structuring the schedule for Stages 507-515,
negotiated in late 1966.) It should be noted that even at the present
time, a capability to transport stages via the water mode has been
retained, for backup purposes, on tne program,

In plenning delivery schedules, it iz not possible to know,
prospectively, which component will subsequently pace a complex
program. Thus, when Contractor buys {as 2 prime Contractor), he
normally emphasizes schedule compliance or betterment with all
eritical suppliers, to assure availability of all components required
to nmeet his contract obligations. In the case of the S-IVB, this
entailed, not only the integrated procurement, testing, and/or
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manufacture of all stage components, but also the procurement, testing
and/or manufacture of all ancillary items required for launch (e.g.,
special ordnance items installed at the test site, aft intersteges
delivered separately from the stage, ete.).

The Contrector believes that in 196L~1965 NASA was implementing a
testing philosophy which called for integrated tesiing of the
complete launch vehicle as a single entity, at KSC. This philosophy,
the succese of vhich has surely saved very substantial amounts of
monies, required that great emphasis be placed on removing all
schedule uncertainties from the total Apollo program. We dbelieve
that schedule incentives - ineluding schedule incentive bonuses -
pleyed & meaningful role in this success.

In view of all of the esbove, we have very serious reservations about the
usefulness of the proposed report in its present form. Conclusions drawn by
reader would, in our judgment, be unreliable.

Because of our overall reaction to those portlions of the report we reviewved
and because of our previously stated recommendztions, we have for the most part
refrained from commenting on a detailed basis on the text itself,

Attachment. Comparison Chart,

Stages 501 vs. 505 (H)
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COMPARISON OF S-IVB STAGES 501 AND 505 (N)
REPRESENTATIVE INDICATORS

IRDICATOR 501 SOSN IMPROVEMENT
Total time apent by stage in post-manufacturing 65 days 38 days 2T days
checkout position (VCL)
Percentege of stege sub-systems successfully 57% 100% 15%
validated in above time spen
Out-of-position manufacturing work performed 6300 hrs. 3100 hrs. 3200 hrs
during checkout operations
Open installation work transferred from factory 2005 hrs. 67 hrs. 1938 hrs.
to acceptance test site (Sacramento)
Total time on test stand at Sacramento 88 days 70 days 18 days
Installation hours transferred to launch site 786 hrs. 27 hrs. 59 hrs.
(KSC) other than late Government changes
Time of completion of stege readiness for 27 days 4h days T1 days
shipment to launch site Late Early
Overtime expended (as & percent of straight 8.1% 4.9% 13

time) during the 4 veeks immediately prior
to launch, all locations
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESPONSIBLE FOR THE ADMINISTRATION OF THE ACTIVITIES
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Tenure of office

From To
HEADQUARTERS

ADMINISTRATOR:

Thomas O. Paine Apr. 1969  Present

Thomas O. Paine (acting) Oct. 1968 Apr. 1969

James E. Webb Feb, 1961 Oct. 1968
DEPUTY ADMINISTRATOR:

George M. Low Dec. 1969 Present

Thomas O. Paine Mar. 1968 Oct. 1968

Robert C. Seamans, Jr. Dec. 1965 Jan. 1968

Hugh L. Dryden Oct. 1958 Dec. 1965
ASSOCIATE ADMINISTRATOR:

Homer E. Newell Oct. 1967 Present

Robert C. Seamans, Jr. Sept. 1960 Sept. 1967
ASSOCIATE ADMINISTRATOR FOR MANNED

SPACE FLIGHT:
George E. Mueller Sept. 1963 Dec. 1969
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