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event any cne of a vast number of contingency situations develop
during a mission. The control center has the means for sending in-
structions and data to the spacecraft crew, and exercises operational
control over all mission ground o¥erational support facilities.
_Another vim(i)orta.nt' grouping of facilities at MSC is the mission
. simulation and astronaut training complex. It includes a flight ac-
celeration facility which features what is probably the world’s largest
centrifuge with a man-rated, environmentally controlled gondola at
the end of a 50-foot arm (fig. 18, MC67-5757). Other buildings are
for mission simulation and training, and flight operations.

The lunar receiving laboratory (fig. 14, MC67-5753) is now under
construction. Its primary purpose is the initial receipt, processing,
and safeguarding the ints %rity and biological containment of lunar
material returned to Earth by Apollo missions; and biologically isolat-
ing the returned spacecraft, astronauts, and associated support per-
sonnel. The receiving laboratory will provide the means to certify
the safe release of all materiel and personnel and to perform highly
timtla -dependent experiments such as radiation counting and gas
analysis. ‘

Most MSC facilities were completed during 1965. Additional ma-
jor milestones occurring during 1966 were the activation of the en-
vironmental testing laboratory for spacecraft 008, the activation  of
the flight acceleration facility, and completion of the electronic systems
compatibility facility.

r. FurroN. Mr. Chairman.

Mr. Teague. Mr. Fulton. '

Mr. Fouron. I understand scientists have been appointed to exam-
ine this material. Will we be building through the country subsidiary
lunar sample receiving stations or is this the only one ?

Dr. MueLLer. This is the only receiving station. The samples will
be handled there initially, then, allocated to the various experimenters
who have been selected for carrying out the analysis of these samples.

Mr. Forron. That would also run to the laboratory and equipment ?

Dr. MueLLer. In general the selection process except for some lim-
ited, specialized pieces of equipment was based upon availability of
people and facilities to carry out the analysis at the laboratories.

Mr. Foruron. At the Kennedy Center there are rooms with con-
soles and electronic equipment as well as various types of viewer equip-
ment. When are you going to finish these? I understand there are
to be three in operation. Isthere one more? ‘ '

Dr. MurLLer. Actually at the computer support complexes for the
three high bays—I assume this is what we are ta{)king about—are being
E;lt in operation.  'We do not at this time plan to complete the fourth

ﬁr.j Furron. Sothatisnot in this particular budget ?

Dr. MueLiEr. Itisnot in this particular budget.

Mr. Forron. Thatisall.

Dr. MuerLer. Most MSC facilities were completed during 1965.
Additional major milestones occurring during 1966 were the activa-
tion of the environmental testing laboratory for spacecraft 008, the
activation of the flight acceleration facility, and completion of the
electronic systems compatibility facility. “Other completions were
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the atmospheric reentry materials and structures evaluation facility,
the lunar mission and space exploration facility; and a cafeteria,
project engineering facility, and addition to the central heating and
cooling plant. ;

The major portion of the phase I contract for construction of the
lunar receiving laboratory was completed. This work comprises the
foundations, structural steel, and building shell as well as the under-
ground radiation laboratory structure and site utilities. Work to be
completed this year includes phase IT construction of the lunar receiv-
ing laboratory contract, comprising interior architectural work and

_ installation orty mechanical and electrical systems and laboratory equip-
ment. Also to be completed are the technical services facility, space-
craft control technology laboratory, ultrahigh vacuum space chamber
facility, and modifications to the environmental testing laboratory
providing an extension to the solar simulation system and increased
vacuum pumping capacity. “

Our request for fiscal year 1968 at MSC calls for improvements to
the environmental testing laboratory which will enhance safety and
operational effectiveness. The requirement results from technological
developments, new requirements, and experience gained from actual
flights. Our request also includes a project which will increase sewage
treatment plant operating efficiency, and an access road from a major
off-site thoroughfare to the western boundary of the Manned Space-
craft Center. ‘

The Marshall Space Flight Center at Huntsville, Ala., is responsi-
ble for the management of all activities leading to the design, develop-
ment, production, test, and delivery of large launch vehicles and re-
lated systems. This includes the direction of the several contractors
associated with development, fabrication, and test of all major flight
vehicles, engines, and components at locations on the west coast, the
Midwest, Louisiana, and Mississippi.

As of June 30, 1966, the capita{)mvestment in this facility amounted
to $376,519,000. This figure represents the facilities acquired from
the Army as well as those constructed by NASA over a period of
years for space vehicle and propulsion systems development.

Test facilities for present and future programs range from stands
for testing components up to the giant Saturn first stage vehicle.
The comprehensive complex of scientific equipment and facilities
constitutes one of the most complete aerospace research and develop-
ment centers in the country.

Marshall’s technical equipment and facilities range from a substan-
tial investment in relatively standard bench equipment, such as oscil-
loscopes, recorders, microscopes, and measuring equipment through
unique laboratory equipment such as environmental chambers, vibra-
tion and shock testers, and particle accelerators, to complete rocket
vehicle testing stands. Large high bay areas with associated cranes,
support shops, clean rooms and process development laboratories
have the capability to accommodate any large hardware items such
as complete payloads or rocket stages.. This could include manufac-
ture of prototypes or flight items. The R. & D. facility requirements
for many of the potential aerospace projects could be largely satisfied
by existing capability at Huntsville with relatively minor facility
expenditures.
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The testing structures (fig. 15, MC67-5732) at Marshall consist of
‘static firing rocket test stan%ls for flight readiness as well as develop-
ment testing; dynamic test stands to determine compatibility of com-
plete vehicles with their vibration environment; cold flow stands for
development of vehicle fluid flow systems; ground support equipment
testing apparatus; acoustic and structural testing positions.

 An example of flexibility in facility application 1s the construction
of a zero gravity drop test tower in'an existing dynamic test tower
(fig. 16, MC67-5733) which was built for the Saturn program. - These
modifications do not compromise the ability of the dynamic stands
to do vibration testing on future vehicle payloads combinations such
as Voyager. S e e - L
Experience in the Saturn program has proved the importance of
velopment and testing of the launch tower systems and their inter-
ce with the vehicle. Sl e ,

- Marshall’s high bay spaces with massive access doors, environmental
control, and sensitively controlled high capacity cranes can be used
iin any aerospace program requiring stations for work on large hard-
‘ware 1tems (fig. 17, MC67-5730). -

. Mr. Gurxey. ‘Mr. Chairman.

i Mr. Teacue. Mr.Gurney. : e

' Mr. Gurney. Why are we building this off-site access road? Why
‘are the governmental authorities building this road ? '

" Mr.Lmuy. Isthisat Houston? - .

8

1ST STAGE SATURN V
AND F-1 TEST STANDS - MSFC
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Mr. GURNEY. Yes.

Mr. Liuuy. The road that has been proposed there has been a com-
bination of the county, the State, and Humble Oil to build a parallel
- road in back of the site. The Humble Oil Co. has paid for the road
to our site. 'We are picking it up from there inward to connect to our
own internal roads at MSC.

Mr. Gurngey. I don’t know that I quite understand that now. It
says this road will connect Avenue B which is your road to the Bay
Area _Buildin%, which is apparently a main highway down there.
Isn’t it on the land owned by Uncle Sam? TIs it at the Manned Space-
craft Center? ~

I havebeen reading from C.F.7-8, . ‘ el
_ Mr. Lirny. There is a portion of it that is off-site, Mr. Gurney. It
is the access from our gate on the site out to thé road. ~

Mr. Gurney. Why 1is this not done by the local governmental
authorities? v : ’ '

Mr. Lirry. Ithink this is the normal procedure, that all access roads
and thoroughfares are handled by the Federal Government if it is
required by us. This is not any different from what we have done at
any of the other locations. ;

Mr. GurNEY. In other words, we are following precisely the same
procedure here that we havein all the others.

Mr. Linry. That is correct. In fact, the Humble Oil Co. and county
and State went even a little further in terms of donating some land for
us to do that. - ' 2

Mr. Gurney. Thank you. _

Dr. MueLLER. Returning to MSFC facilities, the adjoining com-
plex of supporting facilities and equipment completes the capability
required for Saturn vehicles and development of advanced manu-
facturing methods and processes (fig. 18, MC67-5731).

During 1966 we completed construction which provides additions,
improvements, and extensions such as modernization of instrumenta-
tion and control systems, additions to components test facilities, and
expansion of high pressure gas and propellant systems. In addition,
basic construction of the transportation 1an%ar in the Saturn support
test area, and the acceleration, test, and calibration facility was com-
pleted. The instrument unit checkout station and the Saturn V_sys-
tem development facility were activated. Work yet to be completed
includes utilities extensions for roads and telephones. ‘

For our fiscal year 1968 program we are requesting a water pollution
control project which will treat chemical wastes generated by MSFC
testing and manufacturing operations. Also requested is a project
to provide for a centralized fire detection and reporting system at the
center. ; : , ,

The first or booster stages of the uprated Saturn I and the Saturn V
are being produced by the Chrysler Corp. and The Boeing Co. respec-
tively at the Michoud Assembly Facility near New Orleans (fig. 19,
MC67-5734). This Government-owned plant, as of June 30, 1966,
represented a capital investment of $134,450,000.

This 43-acre manufacturing building was constructed during World
War II. Since NASA acquired the plant we have added a vertical
assembly and checkout capability, together with storage and engineer-
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ing space to provide a facility that is well suited to the assembly of
large space hardware.

During 1966 we completed construction and placed in operation the
contractor services building, the vehicle component supply building,
and an extension to the marine dock. Also completed were improve-
ments to the storm drainage system, and repair of damage to the roof
and other structures sustained during Hurricane Betsy. Additions to
the computer facility at Slidell, La., were also completed. To be com-
pleted this year are the expansion and modification of the chemical
waste disposal system, and utility modifications to sewer, steamplant,
and water distribution systems.

For fiscal year 1968 we are requesting approval of a project for re-
habilitation and improvements to the facility utility systems, equip-
ment and roads. Also requested is a project to extend Saturn Boule-
vard to the State road system; thus connecting the Michoud complex
with limited access highways now under construction by the city of
New Orleans and the State of Louisiana.

Mr. Forron. We had some question about the airstrip and what
they were going to do with it. :

‘What happened to that finally ?
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Dr. MuteLLer. It isnot now in use accept as a storage area.

Mr. ;I‘EAGUE‘. Isn’t it used to transporting launch vehicles to the
barges? = :

Dr.MvueLLer. Mr. Lilly? *

Mr. Litry. Several years ago there was a proposal to modify and
upgrade the old airstrip. This proposed project was turned down. We
have used that airstrip as a part of our road running from the plant
out to the shipping dock.

Mr. FurtoN. My next question is along the lines that the chairman
has asked. Isitnecessary to deliver material and transport structures?

Mzr. Litry. Isitnecessary for that? :

Mr. Fuvron. Isitnecessary todothat? . :

Mr. Lizuy. It is necessary to use it as a road to transport the stages
%ut to the barges which carry them to and from Marshall, Miss., and the
ape. AT ' , ~
Mr. Forron. You don’t need it for transporting equipment of

any kind for examination or inspection as we envision at Michoud.

Mr. Lirry. So far, Mr. Fulton, the commercial airports have been
satisfactory for our use in air transport.

Mr. Fouron. Hasthe fact that this committee turned it down caused
you any trouble?

Mr. Licry. It hasnot caused any delays, sir.
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Mr. Forron. That is all.

Dr. Muerer. Final acceptance testing of the Saturn V first and
second stages takes place at the Mississippi Test Facility. The capital
investment in this complex reached $215,994,000 as of June 30, 1966.
This figure represents a testing complex consisting of one Saturn V
dual position test stand (fig. 20, MC67-5788), and two single posi-
tion second-stage test stands (fig. 21, MC67-5735). Test support fa-
cilities include the test control center, data acquisition center, pro-
pellant facilities, water supply system, fuel transfer and storage fa-
cilities, and supporting lagorator facilities.

Last year, the first Saturn second-stage test stand was completed and
test firings are now underway. The first position of the Saturn first-
stage test stand became operational during this past December. Ac-
complishments during 1966 also include completion of a warehouse
addition, security control facilities, mobile equipment operations
building, and a components service facility. The Saturn second-stage
storage and checkout facility was also completed and became opera-
tionaf Essentially, all work has been completed at the center except
for minor roads and the bridge over U.S. Interstate Highway No. 10.

- There are no fiscal year 1968 funds requested for the Mississippi
Test Facility. :

Engine and vehicle fabrication facilities are operated by contract

under the managerial cognizance of the Marshall Space Flight Center.

NASA HQ MC67-5738
2-3-67
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The total capital investment for these facilities as of June 30, 1966,
exceeds $117,277,000.

The engines which are used in all space vehicles, the H-1, F-1, and
J-2, are developed, fabricated, assembled, and tested by Rocketdyne
Division of North American Aviation, Inc., at Government-owned
facilities. The developmental testing takes place at Santa Susana
(fig. 22, MC67-5741). The H-1 engine is fabricated, assembled, and
tested at Neosho, Mo. The F-1 and%—2 engines are fabricated and as-
sembled at Canoga Park, Calif. (fig. 23, MA64-9446). The accept-
ance testing for the F-1 engine is conducted in facilities constructed
at the Edwards Air Force Base and the testing of the J-2 takes place
in facilities provided at Santa Susana, Calif. In each instance, we
have capitalized on basic resources Xrovided by the Department of
Defense with augmentation by NASA. : ‘

Two Saturn launch vehicles stages, the S-IVB and the S-II are
fabricated and assembled on the west coast.

The S-IVB stage is manufactured by the Douglas Aircraft Co. (fig.
24, MC67-5759) in company-owned facilities at Huntington Beach,
Calif. AcceFtance testing of the completed stages takes place at Sacra-
mento, Calif. (fig. 25, MC67-5760), where NASA has an operational
test complex. '

The fabrication and assembly of the S-II stage is performed in the
NASA constructed facility at Seal Beach (fig. 26, MC67-5761) oper-
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ated by the Space and Information Systems Division of the North
American Aviation, Inc. The final acceptance testing and refurbish-
ment'i of the S-II stage takes place at the NASA Mississippi Test
Facility.

Actigation of the first factory checkout station at Seal Beach, Calif.,
was com(i)leted in April 1966 to accept the arrival of the S-II-1 Saturn
V second stage. Activation of the second facility checkout station at
Seal Beach is underway and will be completed by mid-1967.

There are no fiscal year 1968 requests for various locations.

Spacecraft manufacturing and testing are accomplished under the
managerial cognizance of the Manned Spacecraft Center. The Apollo
command and service modules are manufactured by the North Ameri-
can Aviation Co. in the NASA industrial plant at Downey, Calif.
This plant was acquired from the Air Force in 1964, We have added
a number of facilities valued at $15,765,000 which are now complete
and operational. _ '

The Lunar Module is manufactured by the Grumman Aircraft
Engineering Cor]l){ at their Bethpage, N.Y., plant (fig. 27, MC66-
5719). Some of the more important Grumman facilities are the elec-
tronic systems development laboratory, the fuel systems laboratory,
the navigation and guidance laboratory, and the flight control systems
laboratory.

R N Asa HQ MC
! 2-3-67
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Development testing of the Apollo spacecraft propulsion systems
is conducted at the NASA-operated White Sands Test Facility in New
Mexico (fig. 28, MC67-5728) on land acquired from the Army by use
permit. NASA has invested a total of $26,984,000 in this facility
which has three major areas. ’

Mr. Gurney. Where are you in the budget estimates so we can
follow along ? , '

Dr. MueLLEr. Actually what I have been doing, Mr. Gurney, is
reviewing what had been accomplished in the last year. I wasn’t fol-
lowing the budget book. '

In this particular case, there are no new requirements in this area
so there isno entry in the budget book for it.

Mr. Gurney. When I can turn to it, let me know.

Dr. MuerLer. I will doso. -

Mr. FuuroN. Mr. Chairman ¢

Mr. Tea¢ue. Mr. Fulton.

Mr. Fuuron. What planning is being done for isolation of men and
materials returning from the Iunar mission? What are you doing in
that field? Are you going to land the first men returning from the
Moon at the White Sands Test Facility in New Mexico?

Dr. MueLLEr. Our present plans provide for landing in the ocean,
either in the Atlantic or Pacific, depending upon the time of year.

Mr. Furron. You have no plans for any t%cilities at the point of
landing? : , . P

~Dr. MueLLer. No, sir; we will continue to use the Department of
Defense recovery support forces for this operation.
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Mr. FuLtox. Why are you still landing on water rather than land?

Dr. MueLLer. Mr. Fulton, we are requesting funds as part of our
fiscal year 1968 Apollo Applications program to begin development
of aland-landing ca,pablhty for the spacecraft.

Mr. Furron.: That is really what I am asking.

Dr. MueLLer. We literally need to design and develop a system to
carry this out and in the course of that design and development effort,
we will be able to define the requirements for the landing sites. None
havebeen selected at this point in time.

; {\ilr :{[;ULTON Is there any design engineering money in this 1968
udget

Dr. MueLLer. The fiscal year 1968 Apollo Applications request in-
cludes funds for initiating the development ofp a land-landing capa-
bility for the Command and Service Module. I believe that is some-
thing like $18 million for fiscal year 1968.

Mr. Furron. Would you put that in facilities ¢ :

Dr. MueLLer. I wasreferring to R. & D. money, Mr. Fulton. There
areno funds for facilities at all.

Mr. Fuvuron. Iam talking about facilities. That is all

Mr. Gurney. Mr. Chairman, I have one question. Is our own staff
member checking out the requested new construction ?

Mr. Tragur. Ed,as we made our trips around this year to the facili-
ties and the centers and the countries, one staff member was assigned
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to;s_Eend his time while we were there going over facilities and there
has'been much work done. G : Pt

‘Mr. Furron. Is your flagpole sufficient at your Houston Manned
Spacecraft Center, because some of us objected to the original one.
Also, I might add that the cafeteria was a little large, although now

that 1t is built, it is a very nice cafeteria.

Thatisall. . , e

Dr. MueLLER. Let me return to White Sands, coverin%lthe Apollo
Propulsion Systems Development Facility, the Lunar Module Test
Facilities, and the Little Joe 1T Launch Facilities.

The Lunar Module Test Facilities are used for developmental test-
ing of the ascent, descent, and reaction control propulsion systems.
The test area has three structurally identical, single position, static
firing stands. i

“The complex for ﬁiﬁht qualification of spacecraft modules and sys-
tems prior to manned flight has now been deactivated. " \

- There are no fiscal year 1968 C. of F. funds requested for various
locations. : b :

To summarize, the basic plant is now available to support the Apollo
missions. The facilities WI})]jCh represent a major national investment
by Goovernment and industry are capable of significant contributions
to the Apollo Applications and future programs. I believe that the
United States has brought in being a firm foundation upon which the
Nation can begin to reafize substantial benefits from space activity and
to reach toward the planets. :

The fiscal year 1968 Manned Space Flight C. of F. request totaling
$27.9 million, will be used primarily for the activity required to com-
plete outfitting of Launch Complex 39 at the Kennedy Space Center
i support of the Apollo program. The funding required for the
Manned Space Flight centers also provides for modifications and
improvements for safety and operational effectiveness and for mod-
ernization of utilities.

I would like to turn to a brief summary of Administrative Opera-
tions and then turn the questions and answers for both A.O. and C.
of F. over to Mr. Lilly. '

Mr. TeacUE. George, there are a few questions I would like for you
to answer. .

Dr. MueLier. Yes. I plan to stay as long as you like. I thought
I might finish Administrative Operations before we go on to questions.

Mr. Teacue. Goahead.

Dr. MupLLer. If we turn to Administrative Operations, I believe
the committee has had an opportunity to look at what we have been
doing at the centers during the recent hearings at KSC, MSFC, and
MSC, so I won’t try to go through it completely but will instead try
to bring together an overview of what we are doing.

In the case of Administrative Operations for the three Manned
Space Flight centers the fiscal year 1967 funding level is $315.4 million
(fig. 29, MC67-5433). In fiscal 1968 the requirements are $323.5
million. The increase can be traced primarily to personnel compensa-
tion-and benefits and support services. :

About 60 percent of the funds in Administrative Operations are
spent for the civil service personnel. About 25 percent are spent on

76-265 O0—67—pt. 2——27
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various services, both for operating facilities and for technical services.
If T can turn to our civil service manpower resources at the three
Manned Space Flight Centers, our civil service total this year (fig.
30, MC66-10,188) is 14,384. Of these 2,720 are at the John F'. Kennedgy
Space Center, 4,634 at the Manned Spacecraft Center, and 7,030 at the
George C. Marshall Space Flight Center. i :

Mr. Forton. Arethese permanent positions ?

Dr. MueLLEr. These are permanent civil service positions.

Mr. TeacUE. As time goes on, do you see a shift in personnel or
will they remain at about this level ¢ ’

Dr. MuerLer. I expect that they will tend to decrease, but not
markedly. One of the things that we anticipate is that we will be
able, to some extent, to absorb the fluctuating workload by varying
the number of people in the various categories. '

In addition, of course, the number of people that we will have will
depend upon the committee’s action ang the action of the Congress
with respect to the Apollo Applications program, the Voyager pro-
gram and eventually such follow-on programs as the NERVA.

Mr. Furron. Would you comment whether the abolishment of cer-
tain positions has caused any delay in the Apollo program ¢

Dr. MurrLer. The 1,013 1s for the agency as a whole, Mr. Fulton.
We have taken a reduction on the order of 420 of this agency total in
the Manned Space Flight program. I cannot say that this curtail-
ment has affected the Apollo program, although it has caused con-
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siderable problems, in the process of accommodating them, at both
%xe mission control center at Houston and at our Kennedy Space

enter. .

‘Mr. Fourox. This retrenchment has not affected the safety factors
of the Apollo program nor the technical factors so that we are not
as technically adequate as we might be?

Dr. MueLLer. We have made no compromises in either technical
performance or in any event in the safety of either the astronauts or
the ground crew because of any retrenchment either in dollars or per-
sonnel in the Manned Space Flight organization.

Mr. FurroN. These personnel%)ave not been taken out of inspection
or control areas, have they?

‘Dr. MurrLer. Not unless they were no longer required.

Mr. Fouron. That is all. :

Dr. Muerier. Looking at the distribution of skills (fig. 31, MC
66-10,152) we have a relatively large percentage of scientists and en-
gineers, some 46 percent of our organization being in that category.
We do have a number of professional administrators, so that almost
60hpercent of our organization are professionals of one sort or an-
other. ' .

Turning to the Manned Space Flight civil service manpower (fig.
32, MC67-6010), we had at the end of fiscal year 1966 some 14,597
people authorized to the Manned Space Flight program. By the end
of fiscal year 1967, we expect to be down to 14,384 people at our three
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i:entlers, and we expect to hold constant during fiscal year 1968 at this
evel. :

Mr. Chairman, I would like to take one example of some of the work
we have done in Administrative Operations. Actually, it was at least
in part in response to some questioning by Mr. Rumsfeld with respect
to our procedures and processes for automatic data processing. If I
may read just a few passages from the summary and then enter into
the record this document on our “Computer Systems Survey Manned
Space Flight, NASA October 1966” I would appreciate it.

In the summary the document states:

Computers are an integral part of the Manned Space Flight (MSF) program
and support the missions and functions of each center. General support com-
puters are used by the MSF centers in their day-to-day activities of engineering
development and management operations. Other computers are linked together
as elements of systems used to train flight personnel, check out launch and space
vehicles, and control missions. The number and varieties of computer models
used in the MSF program are illustrated in figure 1-1. (Cf. page 1.)

This figure is too complex to project on the screen, but you will see
it in the report.

With respect to our management techniques, which is one of the
various aspects of this survey, we have developed, in the course of our
building up of our Manned épace Flight centers, a carefully imple-
mented set of management techniques which have been applied by our
own Manned Space Flight office in Washington and our centers to
manage the computer resources. Let me quote from the document:

Automatic Data Processing (ADP) planning documents which project in-
tended ADP usage, are developed by each Center and transmitted to OMSF on a
yearly basis with quarterly revisions. Program Operating Plans (POP) and
quarterly submissions of revisions of the annual ADP budget are also intensively
reviewed in OMSF.

Procedures for the acquisition of computer hardware have been developed that
involve both the Centers and NASA Headquarters. Following NASA Headquar-
ters authorization, the Center initiates a procurement based on a firm specifica-
tion of the required system (cf. page 4).

We have a broad participation by computer manufacturers in the
Manned Space Flight program as a result of this process.

In the centralized data processing facilities, a system of workload control
procedures is utilized to provide the basis for controlling computer resources.
Control is accomplished through user budgets. For operational systems, com-
puter requirements are validated through program-management procedures.

A significant amount of computer resources utilized in MSF is developed, oper-
ated, and maintained by contractor personnel. Procedures and management
tools for monitoring contractor performance have been developed and are being
applied.

The OMSF and its three Field Centers actively promote computer-resource
sharing arrangements through the MSF Resources Sharing Panel and through
written agreements with the General Services Administration (GSA). Com-
puter programs and machine time worth $7,000,000 were shared in MSF during
calendar year 1965. Resource sharing has been further encouraged in 1966 by
management action, such as the establishment of programming standards, stand-
ard data formats, and a computer program library at MSC (cf. page 4).

(The following is submitted for the record.)
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FOREWORD

In early 1966, Dr. George E. Mueller, Associate Administrator for
Manned Space Flight, directed his staff to undertake a comprehensive
survey of the management and utilization of manned space flight
computational resources. The results of the survey were to be used as
the basis for increased management visibility of computer operations
with an aim toward ascertaining that all possible means were being
exercised to assure that manned space flight computers were doing the
best job at the lowest possible cost. The purpose of this document,
then, is to describe and explain how the manned space flight organi-
zation manages and utilizes its computer resources,

On February 28, 1966, Lt. Gen. Bogart met in Washington with those
people from each of the Manned Space Flight Centers and Headquarters
having significant responsibilities in computer management to discuss
the project and describe the dimensions of the task. At this meeting,
Lt. Gen. Bogart designated the Manned Space Flight Automatic Data
Processing Resources Sharing Panel to be the key intercenter coordi-
nating group for the project.

Shortly thereafter, at a meeting in New Orleans, it was determined
that the task could most expeditiously be accomplished in-house and
that the starting point would be the collection of a data base in the
areas of computational capability, organization and staffing, and
management techniques. Key personnel were designated at each Center to
spearhead the study effort and, in conjunction with several key
NASA Headquarters people, formed a Joint Action Group to prosecute the
.collection and analysis of information.

After the data had been collected, a full-time working team,
designated by the Joint Action Group, met in Washington at intervals
during the months of September and October 1966 to analyze the data and
prepare the survey report. The Menned Space Flight Automatic Data
Processing Resources Sharing Panel, with technical assistance from
several consultants, reviewed the work of this group and endorsed the
presentation.

In summary, this report describes and explains the manned space
flight computer capabilities, organizations, staffing, and management
techniques used to control these resources. The report also describes
the role of the computer in manned space flight and identifies the
individuals responsible for the various operating elements. Funding
levels and cost trends are shown. Several management developments,
such as Automatic Data Processing Workload Control and the Manned Space
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Flight Automatic Data Processing Resources Sharing Panel, which were

instituted in manned space flight to support urgent program require-
ments, are also discussed.

The exploitation of .the computer as an integral part of the manned
space flight effort, as well as the high cost of attaining effective
computer capability, mekes it essential that menagement continue its
intimate concern with these resources.
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1.0 SUMMARY

Computers are an integral part of the Manned Space Flight (MSF)
program and support the missions and functions of each Center. General
support computers are used by the MSF Centers in their day-to-day
activities of engineering development and management operations.

Other computers are linked together as elements of systems used to
train flight personnel, check out launch and space vehicles, and control
missions. The number and varieties of computer models used in the MSF
program are illustrated in figure 1-1.

1.1 COMPUTERS AT THE MANNED SPACECRAFT CENTER

The Manned Spacecraft Center (MSC) manages the development of
manned spacecraft, trains flight crews, and controls space flight
operations. .

Spacecraft design and development work requires a large, general-
purpose computational facility capable of solving engineering and
scientific problems. This includes the Data Reduction Complex (DRC),
where large volumes of telemetry (T™) ‘date from previous missions are
processed for analysis by engineering personnel. This facility also
provides a capsbility for administrative and business date processing,
including finance, payroll, logistics, and management-control applica-
tions.

Crew training is a key function at MSC. This function is primarily
accomplished by computer-based simulation. Other simulations include
the simlation of subsystems for developing checkout.procedures and
the simulation of space environments for checking the entire spacecraft.

. A major portion of the computer capability at MSC is centered in

the Real-Time Computer Complex (RTCC), which supports the Mission .
Control Center (MCC). Its primary function is to process and display,
in real time, spacecraft data from approximately 20 remote sites for use
by the mission director and his staff. The RTCC also has the capability
to generate and transmit spacecraft commends during a mission.
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1.2 COMPUTERS AT THE GEORGE C. MARSHALL SPACE FLIGHT CENTER

The George C. Marshall Space Flight Center (MSFC) designs, manu-
factures, and tests the vehicle stages used in the various manned,
unmanned, and satellite missions.

The George C. Marshall Space Flight Center has a large, central
data processing facility in theé Computation Laboratory, which supports
other Center divisions. However, most of the computers at MSFC are
used to support design, checkout, and static firings of Saturn vehicle
stages or systems associated with the Saturn V (S-V) instrument unit.
These digital computers are integrated into larger systems that include
analog devices and other special equipment used to control operations,
such as stage firings or the gathering, cycling, and sequencing for
feedback of data and commands. For example, in the MSFC Huntsville
Operational Support Center (HOSC) during the powered-flight phase of a
mission, a computer monitors vehicle parameters transmitted in real
time from the launch site and drives displays for the use of MSFC
engineers in providing technical backup during launch and flight
operations.

iThe Michoud Assembly Facility (MAF) and the Mississippi Test
Facility (MIF) are also supported by MSFC through & computational
center at Slidell, Louisiana. This facility is used primarily by the
Apollo stage contractors, that is, Chrysler Corp., the Boeing Co.,
and Mason-Rust. Computer capability is provided for scientific and
general engineering applications, as well as for administrative and
business applications.

1.3 COMPUTERS AT JOHN F. KENNEDY SPACE CENTER

The John F. Kennedy Space Center (KSC) is responsible for develop-
ing and managing the Merritt Island Launch Area (MILA); providing tech-
nical and administrative support for National Aeronautics and Space
Administration (NASA) elements located both in the area of MILA and on
the Eastern Test Range (ETR); and planning and supervising the integra-
tion, test, checkout, and launch operations at these facilities.

A major computer installation is the Central Instrumentation
Facility (CIF). This facility can accept data from launch sites,
process and retrieve it on request and display it on demand, providing
a "quick look" ™ station for space-vehicle engineers. A unique feature
of this real-time computer installation is its ability, when not sup-
porting a mission, to perform batch-processing of administrative and
scientific data.
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The checkout computer capability of KSC consists of a large number
of computer systems which are an integral part of space=-vehicle pre-
launch and launch operation activities. Also, to support real-time
date requirements during launch, computers are used in the Apollo
Launch Data System (AIDS) to pre-process T date from KSC and ETR
sites prior to transmission to MCC at Houston.

1.4 MANAGEMENT RESPONSIBILITIES

Although operational computer control is vested in the directors
of the respective Centers, the Office of Manned Space Flight (OMSF),
Washington, D.C., maintains both orgenizational and functiocnal control
through the chain of supervision to each \Center Director. Overall
program control is assured through the OMSF review and evaluation
‘process and through the issuance of policy directives. - The NASA Deputy
Administrator, Dr. Robert C. Seamsns, is the final authority on NASA
computer resources. In this capacity, he draws on the Officé of
Tracking and Date Acquisition (OTDA) for staff assistence and on the
Office of Programming for budget-policy execution. .

Within overall NASA policy, MSF has delegated the day-to-day
operational control of computer resources to computational elements
within each Center. Each Center Director has final asuthority on
delegated computer matters. Each director has further delegated this
authority to operating heads in keeping with the differences that exist
in the mission and orgenizational structure of each Center.

At MSFC, the Computation Laboratory plens, establishes; and con-
ducts a program for application of high-speed computers and automation
devices to the scientific and general engineering aspects of launch-
vehicle research, ‘development, test, and fabrication, as well as. to:the
areas of management and project direction. : 3 .

At KSC, the Data Systems Division maintains cognizance of the in-
strumentation systems used to obtain test data for manned and unmanned
flight and fulfills all requirements for general-purpose scientific
and date reduction computing, special-purpose checkout computing, con-
current real-time T and displey computing, and quick-look data~-
reduction applications. This assignment includes ‘the planning and
execution of test-data handling and management-information data proc-
essing for business applications. ™ : S

At MSC, computation functions are controlled by two orgenizational
elements. The Flight Operations Directorate is responsible for the
computeps used in the direct control of manned space vehicles; the
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Engineering Development Directorate is responsible for general-purpose
scientific and engineering (category A) computers » Special-purpose
(category B) computers, and the operation of these computers. (An in-
ventory of MSF computers is included in the appendix.)

1.5 MANAGEMENT TECHNIQUES'

Management techniques have been developed and applied by OMSF and
its Centers to manage its computer resources.

Automatic Data Processing (ADP) planning documents, which project
intended ADP usage, are developed by each Center and transmitted to
OMSF on a yearly basis with quarterly revisions.- Program Operating
Plans (POP) and quarterly submissions of revisions of the annual ADP
budget are also intensively reviewed in OMSF.

Procedures for the acquisition of computer hardware have been de-
veloped that involve both the Centers and NASA Headquarters. Following
NASA Headquarters authorization, the Center initiates a procurement
based on a firm specification of the required system. Figure 1-1
demonstrates the broad participation by computer manufacturers in the
MSF program. i

In the centralized data processing facilities, a system of workload
control procedures is utilized to provide the basis for controlling
computer resources. Control is accomplished through user budgets. For
operational systems, computer requirements are validated through
program-management procedures. ‘

A significant amount of computer resources utilized in MSF is de-
veloped, operated, and maintained by contractor personnel. Procedures
and management tools for monitoring contractor performance have been
developed and are being applied.

‘The OMSF and its three Field Centers actively promote computer-
resource sharing arrangements through the MSF Resources Sharing Panel
and through written agreements with the General Services Administration
(GsA). Computer programs and machine time worth $7,000,000 were shared
in MSF during calendar year 1965. Resource sharing has been further
encouraged in 1966 by menagement action, such as the establishment of
programming standards, standard data formats, and a computer program
library at MSC.
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1.6 CONVERSION TO NEW GENERATION EQUIFPMENT

During fiscal year (FY) 1967 and early 1968, the three MSF Centers
will be engaged in meking major equipment changes, primarily from
second- to third-generation computers. At KSC, the GE 635 system in-
stalled in the COIF will be expanded to provide for simultaneous testing
of multiple vehicles. -The expansion will permit centralization of all
computing that formerly required separate machines. .

At MSFC in Huntsville and at Slidell, all of the existing general-
purpose computers are being replaced by a central multiprogrammed-
multiprocessor system at. each location. Involved in the change are
39 computers that will Be replaced by centrally loceted UNIVAC 1108 II
computers being phased in by late 1968. :

" The third-generation general-purpose scientific and engineering.
computers at MSC will be installed in early 1967. The MCC is in the .
process of converting to IBM‘36'O/75 computers, with the target for
completion being early calendar year 1967. i

1.7 COMPUTER COSTS

_The total computer-equipment costs in MSF are illustrated in
figure 1-2. Total equipment costs for FY 1967 are $7,800,000 less
than those for FY 1966, and FY 1968 costs are $6,500,000 less than
those for FY 1967. These reductions are a direct result of installing
third-generation eqiipment, as well as of the centralization of com-
putational capability wherever possible.
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2.0 USE OF COMPUTERS

THE MANNED SPACE FLIGHT PROGRAM

The utilization of computers, both technical and administrative,
extends into every phase of manned space flight operations. Computers
are used to design, develop, test, and launch complex flight systems,
and are, therefore, an integral part of manned projects. To meet the
needs for computational capability, the MSF program has tended to use
available commercial computer hardware wherever possible and to modify
that hardware, as necessary, for special purposes. This has allowed
MSF to remain sbreast of the rapidly changing computer technology at a
reasonable cost and to remain in a position to share hardware and soft-
ware experience with many users. Further, the use of commercial sys-
tems has fostered multiprogram utilization, also with inherent advan-
tages of flexibility and economy. In the following sections, the use
of computers in the MSF program will be discussed on a center-by-center
basis. .

2.1 GEORGE C. MARSHALL SPACE FLIGHT CENTER

2.1.1 Huntsville, Alabams

The George C. Marshall Space Flight Center at Huntsville, Alabama,
has & heavy computation need for data reduction and general scientific
and administrative data processing... This need primarily. stems from the
computation required for research and development relating to launch
vehicles and data processing necessary for theiefficient administrative
management of a large center. Facilities for simulation; while smaller
in comparison to other computer functions at MSFC, play an important
role in the development of vehicle simulation techniques required in the
development of large launch vehicles. i &

In the date-reduction area, telemetry is received from static tests,
launch vehicles, and satellites for preflight, real-time, and postflight
-analysis. A large amount of processing is required in decommuteating
data, and in calibrating, smoothing, and formatting measurements. For
this purpose, an analog-to-digital converter system converts analog
-signals to sampled digital input form. A receiving and recording sta- -
tion receives and records telemetry and video signals via radio and
microwave links from satellites, launch vehicles, and ceptive tests.




1968 'NASA ‘AUTHORIZATION S - 439

General scientific and engineering applications include problem
studies such as aerodynamic analysis, flight mechanics, flight perform-
ance, vibration and acoustical studies, .and general support of accept-
ance checkout. Typical administrative applications performed include
ar. on-line inventory control system with an automated procurement cycle,
and financial management applications, such as payroll, disbursements,
and budgets. Personnel management applications include official file
‘records, leave status, and transportation and travel.

Anelog and hybrid computers are used to perform simulation studies
in the areas of reusable boosters, engine start-up and cutoff, fuel
flow, sloshing, heat transfer, flight simulation, lunar traverses, and
other computations using physical and mathematical models.

In addition to computation work carried on in-house, contractual
backup support with computation resources is exchanged, as needed, with
two industrial firms in the Huntsville area, Northrop Corporation and
Brown Engineering Company, Inc., and with:the Army Missile Command lo-
cated at Redstone Arsenal. Backup support to MSFC is also provided by
the University of Alabame in Huntsville. .

2.1.2 Slidell, Louisiana

The mission of the computation center at Slidell, Louisiana, is to
provide centralized computation support to stege contractors at the
MAF and MTF. Slidell also furnishes backup support inthe administra-
tive and scientific area for MSFC, Huntsville, and MSC, Houston, during
overload conditions at those facilities. ™

" Seientific computation at Slidell primarily supports structural
design ‘and evaluation and checkout of the various Saturn vehicle com-
ponents:during the manufacturing cycle at MAF. This computer equipment
is operated on.a three-shift, 6-day week basis. :Computer equipment at
Slidell also. supports administrative functions: of the contractors' op-
erations and includes applications such as financial -accounting, Pro-
gram Evaluation end Review Technique (PERT), work-order control,
configuration control, relisbility, personnel; and procurement.

In.late 1967; Chrysler will begin data reduction at Slidell of
launches at Cape Kennedy. Simultaneously, Boeing and North American
Aviation, Inc., will ‘also commence data reduction at Slidell of test
firings at MTF. k . )
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2.1.3 Launch Information Exchange Facility, Huntsville
" Operations Support Center

The Launch Information Exchange Facility (LIEF), HOSC, is a multi-
purpose data display, monitoring, and control facility that links KSC
and MSFC and is operated during prelaunch operations, launch, and post-
launch evaluation to assist MSFC in providing technical support to KSC.
The system was designed with visual output devices in place of con-
ventional printer output.

2.2 MANNED SPACECRAFT CENTER

2.2.1 Manned Spacecraft Center, Houston, Texas

A significant number of computers are required to support the MSC
activity with general scientific computing capability. Scientific and
engineering needs are based upon requirements to develop models, evalu-
ate engineering design, plan missions, predict failures, and so forth.
The specific computing equipment used to support these applications is
discussed in a later section. In the administrative and management
area, there is a class of computers capable of processing and retrieving
volumes of data in support of MSC administration, finance, logistics,
and procurement activities.

2.2.2 Mission Control Center/Real Time Computer Complex,
Houston, Texas

The computer complex supporting the MCC is identified as the RTCC.
Operational mission support required that the computing system auto-
matically accept input data from ground-based tracking stations and
from spacecraft and launch-vehicle TM systems. In addition, the system
must accept display requests from flight controllers and manual input
data from computer controllers. The RTCC processes the input data to
provide support displays for flight dynemics and vehicle systems anal-
ysis; it also performs network support and vehicle command functions.
The RTCC also has the capability to evaluate the mission flight plan in
real time and to redesign the mission profile, as necessary, during the
mission.

For Apollo missions, the RTCC will be the prime source of naviga-:
tional data during the translunar phase of flight., The RTCC has pro-
vided backup guidance information to the spacecraft, including updates
of targeting parameters in the spacecraft computer and backup computa-
tions for both nominal and abort maneuvers. The RTCC computers also
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support the flight-crew activities and experiments conducted during
menned missions, and provide network support, such as commend genera-
tion, data flow checkout, TM summary-message broadcasts,. and acquisition-
date transmissions to tracking stations. For flight controller and
astronaut training in simulated missions, the RTCC duplicates the oper-
ational computing support, previously discussed, using simulated input
data. In addition, the RTCC performs flight dynemics and vehicle sys-
tems analysis. :

2,2.3 White Sands Test Facility, New Mexico

The Data Reduction Facility (DRF) at the White Sands Test Facility
(WSTF) provides quick-look data processing and management logistics
support for the White Sands Apollo Propulsion System Development Facil-
jties (PSDF). The computer at this facility is compatible with the DRC
equipment at MSC and also provides the exchange of utility and appli-
cations programs and backup capability in the event of cémputer break-
down at MSC. The DRF fulfills requirements for data reduction services
to Grumman Aircraft Engineering Corp., the ZIA Co., North Americen Avi-
ation, Inc., and The NASA Propulsion Engineering Office. The facility
at White Sands is used to support the Apollo spacecraft and Lunar Mod-
ule (IM) propulsion system testing and evaluation. The MSC Computation
and Analysis Division (CAAD) has technical responsibility for the com-
puter at WSIF.

2.3 JOHN F. KENNEDY SPACE CENTER, CAPE KENNEDY, FLORIDA

The KSC has a heavy and varied computation workload in the areas
of general engineering and scientific, operational, administrative, and
checkout data processing. The computer resources of KSC are not only
used in support of the manned space programs, but also support NASA un-
manned space projects, such as Project Centaur. Except for the normal
administrative and general scientific computing workload at KSC, the
total computing requirement is a function of the number of launch vehi-
cles and spacecraft under test in the systems checkout areas, the number
of space vehicles under test at the Launch Complex (LC) areas, and the
number and duration of space vehicles actually launched. Since the
early days of the space effort, computing capabilities at KSC have had
to expand to accommodate the increasing number and. complexity of space
launches from MILA and ETR. Table 2-I provides a summary of estimated
tests for FY 1967 for which computer support will be required.
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TABLE 2-I.- SUMMARY OF TESTS AT KENNEDY SPACE CENTER

DURING FY 1967%

: Simula.ted Lab
Program Launches tests tests Total
Gemini 3 b 8 15
Centaur 6 18 36 60
Saturn/Apollo . : 1
(unmanned) Lo 16 3 23
Saturn/Apollo
(menned) 2 2 70 ™
Lunar Orbiter 3 9 - 12
Atlas Agena 3 4 -- 7
Totals 21 53 117 191
®Estimated.

Administrative and management data processing constitutes a portion
of the total KSC computer workload. The major portion of this data
processing is being done on an IBM 7010 and an IBM '7010/14&0 system
located in the CIF. This is the normal data processing load for the
management of a large NASA Center, as well as support provided to con-
tractors and to other NASA Centers for project-related activity.

The scientif:.c .application of computers at KSC provides capability
for prelaunch testing and launch support of NASA space vehicles. The -
prelaunch requirements include computation of acquisition angles for
tracking systems, safety curves, coordinate transformation, doppler

_frequencies, wind shear, and acoustical levels., Real-time computing
capability is provided at KSC to support launch simulations and actual
launches. Real-time requirements include the processing of meteorologi-
cal, impact prediction, vehicle ™, guidence, communications, and dis-
play data. A quick-look data-reduction capability is maintained to
allow immediate evaluation of launch data. The need for this
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capability becomes most important’ when malfunctions occur during the
launch phase. :

‘Special-purpose. computer resources are utilized to perform systems
test and checkout functions on spacecraft and .launch vehicles from the
time of arrival at KSC until actual launch. These special-purpose com-
puters are part of an integrated checkout and display system. The pri-
mary mission of the checkout computers is to control, record, and
process checkout data in a.real-time test environment. .
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3.0 COMPUTER CAPABILITY

The computer: Sciences are newly emerging, and consequently, the
terms, symbols, measures, and power ratings are either tentative or
nonexistent, To compensate for this handicap, the questionnaire used
during the collection phase of the ‘computer-systems survey was designed
to accumulate a great deal of descriptive information for each computer
system and is compiled in a catalog of computer capability (MSF Computer
Systems Study, Volumes II to IV). A narrative description of the con-
tents of the catalog is presented in this section. An inventory of MSF
computers is included in the appendix.

The large number of computers installed and the wide variety of
their use in the MSF program have led to a classification of computer
hardware that recognizes modality. Today, the large proportion of MSF
computers operates in a single mode; however, recent advances in com-
puter technology meke possible multi-modal operations at sizeable
savings in cost and manpower. The description of computer capability
is arranged in consonance with the modes of computer operation.

3.1 MISSION CONTROL

The scope of activity and the role of computers in the launch and
mission phases of manned flight are illustrated in figure 3-1. The
function of mission control and of the computers that support the mis-
sions is included in this broad outline.

Computers installed in the RTCC of the MCC at Houston are inte-
grated into a larger overall system which is not basically computational
in nature. The RICC consists of a variety of electronic data process-
ing equipment, some of which is general-purpose equipment by nature
of its manufacture, while other equipment has been manufactured for
and is used for this special purpose, such as the System Selector Unit .
Plotting Display Control Unit, Systems Status Display, Time Standard
Unity, Computer Monitor and Control Console, Control Area Junction Unit,
Stendby Digital Driver Unit, and Computer Controller Multiplexor Unit.
All of the equipment, both general purpose and special purpose, is
integrated into the Ground Operations Support System (GOSS). The func-
tion is to acquire date from the spacecraft, transmit the data to a
central control point, and convert the datae to engineering units which
can be displayed for flight controller use in making decisions con-
cerning Gemini and Apollo mission control. The RTCC does not perform
an independent data processing function.
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An equipment phaseover schedule depicts the installetion and re-
moval schedule for all general purpose computers through early FY 1970
(fig. 3-2). The installation and removal dates are based on capabili-
ties required to support the Gemini and Apollo Spacecraft Program
flight schedules as they are presently known. The phaseover schedule
is subject to change, based on the extent of the required changes.
Every effort is made to have the RICC hardware directly complement
the required needs, and the configuration index portion of the sup-
porting contract is structured to motivate the contractor to eliminate
hardware whenever possible if the removals do not jeopardize mission
objectives.

3,2 TEST AND CHECKOUT

The role of the test and checkout computers is to insure that the
integrated space vehicle and its subsystems meet the standards required
for conducting a space mission. The test and checkout functions are
performed at manufacturers’ installations, special facilities such as
MAF or MTF, and at each of the MSF Centers. The major checkout func-
tions are outlined in the following sections. In the case of the launch
vehicle, the major checkout functions are broken down by vehicle stage

~ due to the number and types of stages. A summary of test and checkout
information is shown in table 3-I.

3,2,1 Marshall Space Flight Center

The major checkout systems at MSFC are used for test and checkout
of the S-IB and S-IC stages, and the Instrument Unit. MSFC also uti-
lizes facilities at MAF, MTF, and Douglas Aircraft Company, Inc.,
Sacramento, California, to test the S-II and S-IVB stages.

Saturn IB stage.- An RCA 110 computer is used at the MSFC static-
test stand for S-1B checkout. The equipment translates computer commands
into signals that monitor and check vehicle systems during static-test
firing. The computer also acquires data during the tests, processes the
data, and uses it as inputs to Cathode Rey Tube (CRT) monitor displays
for evaluation by test personnel. :

A system performing similer functions, but utilizing a Packard-
Bell (now Reytheon) PB 250 computer, is used by Chrysler at MAF to test
the S-IB during fabrication. A DEE 3 (sps 910) is used with the
PB 250 computer. - The DEE 3 scans the discrete event: lines to detect
and record any status change for later evaluation by test personnel.

76-265 O - 87 - pt. 2 - 29
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Saturn IC stage.- The Mississippi Test Facility and MSFC each have
an RCA 110A and DEE 6 (SDS 930) system for static firing of the S-IC.
Similar systems for manufacturing checkout are located at MAF and the
Quality Laboratory at MSFC. MSFC also uses a DEE 3 system for engine
checkout at MSFC.

In these systems, the RCA 110A is used to control and monitor test
and checkout procedures.. During the tests, the computer compiles and
records an events trail composed of command times and system responses
for later evaluation. These data are displayed by computer driven CRT
displays or recorded in a printed record.

Saturn TT and IVB stages.- The S-IVB and the S-II stages use the
CDC 924A computer as the controlling element during static tests. The
DEE function is performed by a CDC 8090 computer. These computers
perform functions similar to those performed by the S-IB and S-IC
checkout computers. Computer systems for the S-IVB stage are located
-at the Douglas Huntington Beach facility for manufacturing checkout,
at Sacramento for static testing, and at a separate facility at
Sacramento for post-static-firing tests.

The S-II checkout uses the systems located at Seal Beach (North
American Aviation) for manufacturing tests, and at MTF for static
firing.

Instrument Unit.- The Instrument Unit (IU) contains the guidance,
navigation, and control equipment used during flight by the launch and
injection stages. It also contains the ™ and communications equipment
used to gather and transmit date and to receive informetion during
flight. The complexity of the IU stage checkout tasgk requires two
breadboard facilities in addition to an International Business Machines
(IBM) facility at Huntsville. The IBM facility contains two RCA L11O0A
computers (one for the S-IB vehicle and one for the S-V vehicle) and
two DEE 3 systems. In addition, a DDP 224 computer is used to drive
& Sanders Display System associated with the RCA 110A:computers., Addi-
tional off-line support in the form of a GE 235 computer supplies
input date tapes containing parameters needed by the onboard Launch
Vehicle Digital Computer (LVDC) and Launch Vehicle Digital Adapter
(LVDA). The RCA 110A computer generates test sequences that activate
the Electronic Support Equipment (ESE) that interfaces with and sup-
plies test stimuli to the stage subsystems under test. The response
of the tested system is then received, processed, and displeyed for
test personnel. o

Instrument Unit, Saturn IB breadboard.- The breadboard facilities
provide a-simulation of a complete multi-stage vehicle. This
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simulation is used to debug the launch-vehicle checkout facilities.
There is one breadboard for the S-IB vehicle and one for the 8-V vehi-
cle. .

The S-TB breadboard contains two RCA 110A computers, one used to
generate test sequences and control the ESE, the other to receive and
process the telemetry. Also included is an RCA 110 used to generaté
inputs that simulate the functions of the spacecraft Acceptance Checkout
Equipment (ACE) computer interface as it exists at KSC. There is also
a DEE 6 computer as part of the system. To facilitate software checkout
of the system, there are two additional RCA 110A computers used off-
1ine to assemble and to debug progrems. i )

‘Instrument Unit, Saturn V breadboard.- The 8-V:IU breadboard facil-
ity consists of two RCA 110A, two DEE 6, and two DDP 224 computers. The
system functions in the same manner as the S-TB IU breadboard described
above.

3,2,2 Manned Spacecraft Center

At MSC, the principsal checkout functions are concerned with the
verification and development of the spacecraft and its subsystems.
These functions utilize three ACE stations. The first of these is an
experimental ACE station. Tt is used in systems design of future check-~
out techniques and in the certification and checking out of current come
puter programs. It is similar to the ACE stations at KSC, but does not
have the full range of electronic support ‘equipment and only has & par-
tisl control room. The other two ACE stations are used for environ-'
mental chamber checkout of the Command and Service Module (CSM) snd for
the IM. The spacecraft is placed in the chamber and subjected to con=
ditions as found in space. Various tests such as lesk: tests, pressure
tests, equipment checks, and so forth, are conducted using the computers
in the same manner as KSC. :

3.2.3 Kennedy Space Center

Computers are used at KSC:to control checkout of the functional
systems associated with the lsunch vehicles and their associated .space--
craft prior to mission launch. At the Saturn Leunch Complexes (Pads 3k,
37, and 39), MSFC designed systems containing two linked RCA 110A com-
puters perform the real-time snelysis of test parameters from the
vehicle stages. The results are used as inputs to a display driven by
a DDP 224 computer (located st the S-V complex) or to memory tube dis-
plays (located at S-IB complexes)‘for evaluation by the test engineers
in the blockhouse. These computers permit test personnel to monitor
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stage systems and to control asutomatic checkout from vehicle erection
through prelaunch activities and countdown to time of launch. In addi-
tion to these computers, a DEE 3 (sps 910 computer) monitors the vehicle
discretes during checkout. This information is displayed to test per-
sonnel in the Launch Computer Complex (rce).

“The ACE-Spacecraft was developed by MSC to permit ‘efficient check-
out of complex spacecraft subsystems. There are two separate ACE sta-
tions at KSC, one for CSM checkout, the other for IM checkout. Each
system contains two CDC 160G computers, one used for command generation
and the other used for processing the resulting telemetry. The Command
System consists of test consoles, the command computer, and transmitting
equipment. Using this system, test personnel manually initiate a wide
variety of tests from controls on their consoles. The test commands are
interpreted by the computer which sends the appropriate instructions to
activate the equipment, as required, to perform the indicated tests.,

¢

3.3 TRAINING

3.3.1 Simulator Training Systems

All simulator computing is an integral part of a simulator and
training system. The trainers are used for training flight crews and
ground operations personnel in support of the Gemini and Apollo missions
(fig.:3-3). The computer system equipment, DDP 024 and DDP 224, is used
to provide a real-time solution for all mathematical and logic equations
needed to realistically simulate vehicle dynamics and spacecraft-system
performance. The computer system is interfaced with the trainer in such
a way as to: accept inputs from the simulated command module, instructor
operator station console; and other simulated subsystems, and outputs in
real-time all date required for actuation of the SCM and I0S displays,
instruments, and visual drives. There are two Gemini mission simula-
tors, one located at MSC and one at KSC, and there are two Apollo mis-
sion simulators at the same locations. When the Apollo trainers are
modified to an Apollo Block IT configuration, it is planned to add
one DDP 224 to each trainer computer system. There are two IM Mission
Simulators, one will be located at MSC and one at KSC. Another DDP 22k
will be added to the present ones when these trainers are modified to
the IM Block II configuration.

3.3.2 Simulation Checkout and Training System
The Simulation Checkout and Training System (SCATS) is used for the

training of flight controllers in preparation for Gemini missions and
the checkout of data systems at MCC, Houston. ’
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3.3,3 Breadboard Terminal Landing System

The Breadbosrd Terminal Landing System (BTLS) uses an SDS 920 com-
puter. The computer is installed in a mobile van and is part of the
system being developed for experimentation and for development of tech-
niques for the safe landing of spacecraft after reentry from orbit.

3.4 REAL-TIME DATA PROCESSING

3,4,1 Central Instrumentation Facility

In the Central Instrumentation Facility at KSC, the GE 635 computer
system interfaces with the telemetry ground station (Data Core) and the
CIF display system as is illustrated in figure 3., The real-time func-
tions consist of data inputs, storage, computation, retrieval, and out-
put.  The system accepts data from the ground - station at a transfer rate
of 432,000 bits per second and is capable of servicing 12 simultaneous
display requests within a period of 1 second. This -computer, a multi-
processor multi-programmed system, performs general-purpose scientific
computing and data reduction concurrent with its real-time data reduc-
tion and display functions.

3,4,2 TLaunch Information Exchange Facility

The LIEF/HOSC is a multipurpose data display, monitoring, and con-
trol facility which links MSFC with KSC. The system was built by over-
laying & programmable control system on an existing integrated data
reduction system and providing the data reduction system with visual
output devices in place of conventional output devices. The visual out-
put devices are mounted in or terminate in modular display consoles and
a variety of television monitors. The consoles are equipped with dis-
crete lights, meters, stripcharts, television monitors and a teletype
input/output (I/0) connected to the Collector Distributor. Located at
Huntsville, the system has full access to the KSC data system and can
sddress any 400 10-bit words from the KSC Datae Core at will.

The system .currently handles prelaunch activities, flight opera-
tions support, and postflight data analysis. System coordination is
accomplished through a very flexible 'telephone/ intercommunications sys=-
tem. The LIEF/HOSC is operated during launch and postflight evaluation.
Much of the equipment is used between flights to facilitate routine data
handling and experimental systems development, The supporting data com-
munications are extensively used between firings for computer sharing
and exchange. . '
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3.5 BSERVICE CENTER DATA PROCESSING

At Slidell, Louisiana, MSFC has established a centrslized computer
Tacility to meet the needs of the MSFC contractors at MAF and the MTF
(fig. 3-5). The computer center has resident NASA management and is
operated by a computer specialist contractor. Programming is a user
responsibility and programming languages are standardized.

Six Honeywell computers are available for business-type applica~
tions. 'Scientific applications use the IBM 7094 II or IBM T7040/T09k
computers and their peripherals. A GE 205 computer is used for weather
forecasting and sound propagation prediction in conjunction with stage
testing. :

The special purpose computers perform two functions: the digi=-
tizing of Saturn TM data (pulse amplitude modulation, pulse code modu-
lation, and frequency modulation) and computational support involving
the uge of hybrid systems. The former application uses an SDS 930 and
the latter a Raytheon 520 computer. The Raytheon 520 is combined with
several EAl 231R analog computers to provide a capability for loading
structural and control problems encountered during a mission.

3.6 GENERAL-PURPOSE DATA PROCESSING

3.6.1 Centralized Data Processing Equipment

The centralized data processing equipment installed in the Computa~
tion Laboratory. at MSFC is used in the following areas: data reduction,
scientific and engineering data processing, and business-type applica-
tions. ‘

Data reduction activities.- The computers used in data reduction
usually work in conjunction with analog-to-digital (4/D) equipment,
either controlling equipment (Raytheon 440, Raytheon 520, SDS 92) or
monitoring (SDS 92, DDP 116). They cover applications in lunar orbit
simulation and modeling or may be used in hybrid (analog and digital)
simulations. Their principal use, however, is in that of conversion and
processing of T data, reformatting of data, and engineering unit conver-
sion, The data sources are wind tunnels, flights, or test stands.

Scientific application equipment.- Presently, most of the applica-
tions in the Computation Laboratory in this area are processed on
two IBM 7094 II computers. These are supported by six IBM 1401l C3 pe-
ripheral computers used for printing, utility assembly, card handling,
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and tape preparation. The applications themselves are perhaps the most
varied at MSFC, covering language study and research for trajectory,
orbit and automatic checkout use, thermodynamic and engine performance
studies, flight experiment sequencing, vehicle stage modeling and simu-
lation, orbit and trajectory calculations, and mission simulation.

The projected increased workload and need for additional computa-
tionel capacity will be provided by the recently completed procurement
for five UNIVAC machines (three at MSFC, two at Slidell). These ma-
chines, through the use of remote terminals and time sharing, will
optimize the utilization of Computation Laboratory capabilities and
experience.

Business-type applications.- Three machines currently are used for
these aspplications: an IBM T740 and two IBM TOLO machines. One

IBM 7010 and the IBM TT40 utilize 31 remote input terminals to support
the on-line inventory system to provide complete electronic processing
of all supply transactions from receipt of request to shipment of mate-
risl. The other 7010 performs processing needed for PERT, charting the
POP, contracts and change order, and control and engineering support
applications. Business applications consist of payroll, labor distri-
bution and costing, personnel records, and data management.

3.6.2 Computers in the Aero-Astrodynamics Laboratory

Computers are installed in the Aero-Astrodynamics Leboratory for
dets reduction and engineering and scientific calculations. They con-
sist of the following machines: .

CDC 3200.- This equipment supports aeroballistics research, lunar
landing research, planetary orbit calculations, and heat studies.

GE 205.- This equipment supports a requirement for reduction of
wind-tunnel data and general engineering calculations associated with
wind-tunnel use.

GE 205.- This computer performs meteorology computations in support
of the weather station by calculating ‘atmosphere profiles and reducing
weather data. SO : SEL :

SDS 930.- These machines Suppoft 1ight dynemic, thermodynamic, and
aeroballistic studies.
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3.6.3 Computers in the Astrionics Laboratory

Computers are installed in the Astrionics Laboratory to support
requirements that exist in launch activity and checkout research and
advanced studies in guidance and vehicle performance. The data proc=-
essing is at an extremely high technical level.  These requirements
are met by a GE 235 and an IBM 1130.

3.6.4  Computers in the Propulsion and
Vehicle Engineering Laboratory

The data processing equipment installed in the Propulsion and Vehi-
cle Engineering Leboratory is used for calculations involving weight
control and general-purpose scientific calculations.

IBM 1620.- The IBM 1620 computers are used by S-IB and S-V weight-
control studies and structural analysis.

SDS 930.~ The SDS 930 computers support S-I and S-V advanced vehicle
programs.

3.6.5 Computers in the Quality and Reliability
Assurance Laboratory

Computers are installed in the Quality and Reliability Assurance
Laboratory for two functions: a study of checkout procedures for vehi-
cles and training of personnel in checkout of computer systems. . There
are two computers currently being used, a GE 235 which will be expanded
to a real-time system by interfacing with other computers and an RCA 110
which is being used by NASA and contractor personnel. Both computers
are used in developing checkout programs needed for various components
of the S-IC stage.

3.6.6 Centralized Data Processing Equipment
at the Manned Spacecraft Center

The centralized data processing equipment installed at MSC is used
in three areas: sclentific application, T data processing, and busi~
ness. gpplication. All of the equipment is general purpose.

Scientific and engineering applications.- Scientific and engineer-
ing needs are based upon regquirements to develop mathematical models N
evaluate engineering designs, plan missions, and predict failure times.
The computing equipment used to support these applications includes
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.

two IBM TO94 computers, a direct coupled system IBM TO4L/7094, a
UNIVAC 1108, and a CDC 3600.

Equipment supporting data reduction applications.- This:category
of applications involves a combination of both scientific/engineering
and informetion retrieval/management techniques, The computers cur-
rently used to support this area include: :

CDC 3600/3800: This computer is used to reduce decommutated T™
data from the CDC 3200. The 3800 is an upgraded 3600.

CDC 3200 telemetry processor: One CDC 3200 computer is used to
perform the decommutation of T data after the hardware has performed
the necessary signal conditioning and synchronization of data. This
provides more flexibility at a lower cost than the previous technique
of using programmable decommutation equipment.

CDC 3200 input/output computer: This computer is used for periph-
eral support to the 3600.. It shares the tapes and input-output equip-
ment attached to the CDC 3600, thus eliminating the manual handling of
magnetic tapes.

Business applications.- This category deals primarily with compu-
tation involving data storage, retrieval, and report generation.
Increasing emphasis is being placed on computers to store large quan-
tities of information and to retrieve specific elements of data rapidly
in a form that will permit effective management analysis. The element
of information retrieval combined with the use of the computer for
finances, logistics, and procurement has resulted in a significant in-
crease in the MSC computing workload. The computers are:  IBM 7010,
management applications; IBM 7040, used for Apollo configuration,
accounting, preferred parts listings, cost models, and so forth.  For
management applications, a UNIVAC 1106 currently being brought on-line

is scheduled to replace the IBM 7010 in November 1966,

3,6.7 Computers in the White Sands Test Facility

The WSTF. computer equipment (CDC 3200) performs digital computation
and quick-look data reduction. 'The secondary function of this equipment
is to perform high-volume logistics support data processing for test
plan preparation and failure analysis. The total workload ‘imposed upon
the DRF system is composed of several unique combinations of equipment
and software for the processing of pulse-code-modulation data. The :
general-purpose CDC 3200 computer performs the funections of formatting
“and process control. The same computer 1s used for data processing and,
with additional storage capability, is capable of performing data proc-
essing concurrent with data conversion.
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3.6.8 Computers at Kennedy Space Center

The KSC administrative and management computer resources consist of
an TBM 7010/1440, en IBM 7010, and a GE 415. In addition to these sys-
tems, limited quantities of business-type work are processed on the
GE 635 computer. This equipment is all centrally located in the CIF.
The GE 635 system is being expanded to accommodate the real-time opera-
tional requirements. In doing so, computer capability will be avail-
able to absorb the administrative and management workload on the
expanded system. As programs are converted to the GE 635 and full
computer cepability is realized, older equipment will be released.

3.7 SPECIAL-PURPOSE DATA PROCESSING

3.7.1 RETRIEVER Data Acquisition System

The system, a DMI 620, is used on the recovery vessel, RETRIEVER,
for spacecraft flotation tests in the Gulf of Mexico.

3.7.2 Automatic Testing Laboratory Acquisition System

This system, with a DMI 620 computer, supports spacecraft qualifi-
cation testing. The system can accommodate eight stations which are
performing different tests simultaneously, and each test engineer can
input 25 channels of information.

3.7.3 Slow Speed Acquisition System
The system, with a PDS 1020 computer, is used for environmental
simulation testing of spacecraft materials.
3.7.4 Special Information Processing Techniques
This system was developed for producing automatic on-line display
format generation. This system, with a PDP 5 computer, is used by

flight operations personnel to prepare static background informstion
which will be used in real time for mission support in the MCC.




1968 NASA AUTHORIZATION ’ 455

3.7.5 Electronic Systems Compatibility Facility

The Electronic Systems Compatibility Facility (ESCF) is equipped
with a UNIVAC 642B/1004/1218 to provide compatibility verification of
certain critical electronic systems which are required for the Apollo
flights. N

3.7.6 Manned Spacecraft Center Centrifuge Facility

In support of the MSC Centrifuge Facility, the Crew Systems Divi-
sion operates a computer complex adjacent to the centrifuge. The con-
trol computer operates the facility and acquires data in real time.
Each_system of the centrifuge, such as arm velocity, gimbal and gondola
position, temperature, and vacuum pressure, is controlled by the com-
puter.

3.7.7 Manned Spacecraft Center Technical
Services Division

The Technical Services Division at MSC utilizes a Honeywell 610
as a category B computer. This computer is used to control and monitor
the central heating and air-conditioning plant -located at MSC. Pres=-
ently, this system controls the air flow into 19 buildings at MSC. An
expansion will be necessary for control of air flow when additional
buildings are constructed. .

3.7.8 Kennedy Space Center Inforhxa.tion
Systems Directorate

At KSC, category B ADP equipment within the Information Systems
Directorate (INS) is used by the Telemetry Branch, Two SDS 930 com=
puter systems, that are an integral part of the ALDS TM subsystem, per-
form the function of selecting, buffering, and formatting real-time T™
data for subsequent transmission to the MCC in Houston for flight con-
trol display purposes.
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TABLE 3-I.- COMPUTERS USED IN CHECKOUT PRIOR TO ON~PAD PRELAUNCH ACTIVITIES

Computers
Space flight Contractor Factory
unit Static
checkout Ksc
firing
(a)
CcsM North American Aviation, Inc. bere 1606 b
T (c) CDC 160G
M Grummen Aircraft Engineering CDC 160G
Corp.
v International Business 9hca 1108 (e) 9Rea 1104
Machines Corp.
S-IVB Douglas Aireraft Corp. " Pepc gena Pepe geka
b b, .
coc 8ogo coe 800 9Rea 1208
§-I1 North American Aviation, Inc. |  °cDC 92hA Pope geka fsps 930
®ene 8090 Pene 8090 1§pm= 22k
§-1¢ Boeing Corp. %Rea 1108 Rea 1104 8DS 920
fsps 930

8pfter static firing (or equivalent tests), a post-factory checkout takes place. This
involves the same computers and computer programs (with possible minor modifications as a
result of static firing tests).

bCDC , Control Data Corp.
CThe last routinely scheduled rocket motor firing test takes place at factory checkout.
dRCA, Radio Corp. of America.

®Does not contain rocket motors; static firing tests are not applicable,

fsps, Scientific Data Systems.
gDD]P, Computer Control Corp.
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4.0 RESPONSIBILITIES, ORGANIZATION, AND STAFFING

Just as it has been necessary to assign different portions of the
total space effort to specific Centers for accomplishment, it has also
been necessary to assign different computational responsibilities to
elements within the Centers to insure the highest efficiency of both
the space mission and the support functions performed by the computers.
Standardization has been realized in many facets of computational sup-
port, and the Centers are working toward more standardization where and
when practical. There are still, and probably always will be, unique
requirements and non-standard operations that can and must be accom- .
plished uniquely. Although the Centers tend toward standardization in
organization and operations, standardization has not become a goal.
Rather, mission efficiency has been adopted as a goal, with effective
computer support at the least practical cost.

Because of differences in missions, then, differences also exist
in computer orgenizations, in operations among Centers, and sometimes
even within a Center., The remainder of this section will describe,
step-by-step, the organizations that have been developed, the staffing
for the computer elements, and the responsibilities that have been
assigned to assure goal accomplishment.

" L.1 ORGANIZATION

Within NASA policy, the OMSF has assigned operational control of
computer resources to the lowest possible organizational level which is
required to meet program objectives and to be consistent with economic
utilization. Since MSF has practically no computational requirements
at NASA Headquarters, the direct control of MSF computer resources rests
with the three MSF Center Directors. Figures b-1 to 4-4 provide an indi-
cation of the orgenizations utilizing and controlling computer resources
at each Center and up through the NASA chain of commend. Although not
indicated on the attachments, obviously every element and individual in
NASA is, in essence, an ultimate user of computer resources. The degree
of utilization varies from the receipt of an automated payroll check
through computer control over manned orbital flights.
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4,1.1 George C. Marshall Space Flight Center

At MSFC, all general-purpose computers and a portion of the special-
purpose equipment are located in the Computation Laboratory under the
direction of Dr. Helmut Hoelzer. In addition to the equipment located
in the Computation Laboratory, special-purpose equipment is located in
the various Research and Development Laboratories, where it is utilized
in mission-oriented applications. In these instences, Dr. Hoelzer main-
tains computer-oriented responsibility, while the various user labora-
tories maintain mission-oriented responsibility.

At the Slidell Computation Center, general-purpose and special-
purpose equipment is under the direction of Mr. Robert Reeves. Organi-
zationally, the Slidell Computation Center reports to MAF. The purpose
of S1idell is to provide centralized computation support to the MSFC
prime contractors at MAF and MTF on a time-sharing basis and to MSFC and
MSC in scientific areas during pesk workload periods at those Centers.
The contractors also use this equipment for administrative/management
applications. As in the Research and Development Laboratories,

Dr. Hoelzer maintains computer-oriented responsibility for the Slidell
Center. This is accomplished both through the activities of the Slidell
Computer Board, which meets periodically to assess the Slidell Operation,
as well as directly from Dr. Hoelzer to Mr. Reeves. :

4,1.2 Manned Spacecraft Center

At MSC, all general-purpose application computers are located with-
in the Computation and Analysis Division (CAAD) under the direction of
Mr. Eugene H. Brock. The CAAD carries out functions related to admin-
istrative and scientific applications and data reduction.

Both general-purpose and specisl-purpose computers are included in
the RTCC of the Mission Control Center. This function is administered
by the Flight Support Division under the direction of Mr. H. E. Clements.
This equipment is integrated into a real-time system used for Gemini
and Apollo mission control. )

The balance of the special-purpose equipment is located in several
divisions. The Information Systems Division under the direction of
Mr. P. H. Vavra maintains computer-oriented responsibility, while the
verious users maintain mission-oriented responsibility over this equip-
ment. .

The MSC Computation and Analysis Division has technical responsi-
bility for the computer equipment at WSIF and maintains approval author-
ity for all equipment acquisitions outside the MCC.
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4.1.3 John F. Kennedy Space Center

: At KSC, the general-purpose and special-purpose equipment, other
than for checkout applications, is located in the Data Systems Division
under the direction of Dr. Rudolf H. Bruns.

Special-purpose checkout equipment is located in Launch Opérations.
Each of the user groups operates checkout equipment in conjunction with
the flight hardware supplier for the particular operation.

k.1.4 Intercenter Relations

The Office of Manned Space Flight and its three Centers work to-
gether on computational matters through the MSF Resources Sharing .
Panel which meets periodically on an informal basis. This group works
in computer-related management problems such as standardization of pro-
grams between two or more Centers (e.g., the Launch Data Processing by
KSC and subsequent data transmission to MSC and MSFC and exchange Qf
programs among Centers to eliminate duplication of programming efforts).

In addition to participation in the MSF Resources Sharing Panel,
each of the Centers is represented on the NASA Intercenter Committee on
ADP. This group serves in an advisory cepacity to Dr. Robert Seamans,
NASA Deputy Administrator, in insuring compliance within NASA to other
government-agency policies and regulations, in establishing intercenter
and agency-wide policy, and in solving specific computer-management
related problems.

Additional responsibilities in the area of computer resource
sharing have recently been placed on MSFC and MSC, In establishing a
government-wide Computer Resources Sharing System, GSA has, through
mutual agreement, appointed MSFC as the Alabama, Mississippi, and
S1idell Regional Exchange Center and MSC as the South Texas.Regional
Exchange Center. In this capacity, these centers act as the catalyst
to further the sharing of govermment-wide computer resources within
their areas and to coordinate requirements for computer resources from
other areas.

To bring into focus the two trends of innovations in space flight
technology and innovations in computer technology, there has been a
critical need to devote effort to research and development in the com~
puter sciences and to the performence of complex mathematical investi-
gation into fundamental aspects of problems encountered during manned
and unmenned space flight research. The MSF Centers have been instru-
mental in extending these frontiers of computer knowledge. Technical ex-
perts in each of the computational elements investigate computer solutions
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of problems encountered during space flight research. In addition,
these people are available as consultants in selected areas of mathe-
matics and physics. Dissemination of information takes the form of pub-
lished papers and program sharing through the NASA Office of Technology
Utilization. : ‘

L,2 STAFFING

In the MSF organization, programming and computer operation at the
Centers is carried out primerily by contractor support personnel on a
task-order basis. The use of contract support personnel is the result
of several related circumstances. First, in order to maintain a dynamic
staff at all times through the peaks and valleys of work requirements,
it would have been necessary to recruit, train, and maintain a large
staff and reservoir of programmers and operators on the civil service
roles. By contracting on a non-personnel-services type contract,
the Centers are able to have a readily available staff of personnel
with these skills (see table 4-I). This action is not unlike the end
item when contracting for space technology hardware. The civil service
personnel are contract monitors over these skills. This arrangement
accounts for the seemingly disproportionately high number of management-
type assignments among the civil service personnel, This situation is
especially noticeable in an organization such as MCC at the Manned
Spacecraft Center (as shown im table L4-II), where no civil service per-
sonnel are used as operators, programmers, analysts, and so forth.
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The following table categorizes the skill distribution of the full-
time civil service personnel in the MSF organization.

TABLE 4-II.- MANNED SPACE FLIGHT

FULL-TIME CIVIL SERVICE IN ADP

MsC MSFC
Assignment
KSC | MCC |CAAD| Huntsville |Slidell | Total

Management 12 |77 |12 ko 6 b7
Computation professionals |

(analysts, programmers,

systems engineers) 32 0 |97 106 0 235
1 !
Operators (¢} 0 0 2 0 2
Clerical, administrative

(65-9 and below) 3117 |6 43 2 116

|

All of the ADP contracts utilizing contractor personnel are for
mission support services except at Slidell, where a management-type con=-
tract is used due to the "open shop” nature of the batch-type processing
accomplished. The contractors' organizations at the Centers in the sup-
port situation parallel the civil service structure.
the contractors' supervisory chain is maintained, and task assignments
result from definitive work orders issued under the terms of the con-

tract.

The integrity of
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The following table illustrates the numbers and corresponding
categories of contractor personnel:

TABLE 4-III.- MANNED SPACE FLIGHT

FULL-TIME CONTRACTOR PERSONNEL IN ADP

Assignment KsC HSC : MSFC Slidell Total
Mcc | cAAD| ‘

Management 18| sk| 37 39 12 160
Computation ‘

professionals 177 13921 193 b7 21 1030
Operators 259 | 89| 134 128 135 T45
Clerical, admin-

istrative (GS-9

and below) 12| 94 | 164 6k 45 379

In addition to the civil service and support contractor personnel
assigned on a full-time basis to computer operation and management,
others are involved with computer use in situations in which a com=-
puter supports professional activity on a part-time basis (for example,
design engineering, test, checkout, and so forth). A recent sample
indicates that 126 civil service and 718 contractor engineers are so
occupied.

4.3 RESPONSIBILITIES AND FUNCTIONS

In linear-type charts (figs. 4-5, 4-6, and 4-7), some of the ma-
Jjor computer actions that are taken in each of the Centers have been
assigned action codes ("develop," "concur," "approve"). These charts
indicate the computer-related responsibility levels at each of the
Centers. Overlaying this, however, is the prime responsibility of the

user — that of determining that there is need for computation support.

Basically, there are two methods for obtaining computational sup-
port. The first is the authority to obtain and operate a computer com-
plex in support of a definite and continuing mission. The second is to
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obtain day-to-day computer support from a computer organization that
has been established for the computation needs of a Center in general.

The most obvious example of the first method is the RTCC at
Mission Control Center at MSC. 1In this instance, a need was estab-
lished at the Gemini, Apollo, and Mission Operations Program Office
level within MSF. Once the need was established, all levels through
the NASA Administrator were in the chain of approval. After approval,
operational responsibility was assigned through the chain of supervision
to MSC, to a directorate, and thence to the Flight Support Division.

In circumstances such as this, the responsibility is clearly established
and applications are monitored by the organizational structure.

Not so obvious, but certainly as vital, are the hundreds of thou-
sands of run requests, printouts, computations, and tabulations that
‘are the day-to-day applications placed by the scientific, engineering,
and management personnel of each Center. These responsibilities are
not so clearly defined, and thus not so easily traced through a chain
of supervision or to a clearly required function. The management tech-
niques, such as the resource control systems, job order assignments,
and budget allocation, are discussed in the "Management Techniques"
section of this report. They supplement. and make possible the appli-
cation of responsibility for these many and varied applications. From
a responsibility point of view, it was most important that each system
be carefully designed to insure a firm chain of audit from the expend-
iture of any and all computation resources to a responsible individual
in each and every case.

In.addition to the two basic methods of obtaining computer support
discussed above, there is a need to use a computer as a supplement to
another piece or pieces of equipment. In thdse instances, the user
organization deems it necessary to have computer equipment (special
purpose) as .an integral part of a mission-related system. The user
must first obtain cognizant mission-authority approval. Then, as an
example, the Computation Laboratory at MSFC enters the picture to
determine which hardware and software best satisfy the user require-
ments, follows through with the user in the procurement process,
and maintains' computer-related responsibility throughout the installa-
tion and operational phases. This same pattern exists for the launch ~
vehicle (MSFC cognizance) and spacecraft (MSC cognizance) checkout
equipment located at KSC, even though the users perform actual operation
of the equipment.

A very important responsibility at each of the Centers is the
establishment of computational objectives as related t6 the scope of
the computer operations. These objectives involve short- and long-
range planning, organization, and staffing of all elements associated
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with computers or computer operations, centralized or decentralized
concept of computer operations, degree of support to outside operations
(including contractors), and civil service and contractor support per-
sonnel requirements.

There are variations in the responsibility assignments. for the.
establishment of computational objectives among the three Centers..
In each case, the user or customer of the computer operation forms the
preliminary basis by establishing his long- and short-range computation=-
al requirements. At MSFC, the Computation Laboratory establishes the
computational objectives for approval by the Research and Development
Operations Director and the Center Director. At KSC, this responsi-
bility starts with the Data Systems Division, with ultimate approval by
the Center Director. As a graphical presentation, the following chart
depicts the responsibility chain for the establishment of computational
objectives at MSC.

CENTER DIRECTOR

ENGINEERING AND DEVELOPMENT FLIGHT OPERATIONS
DIRECTORATE DIRECTORATE
COMPUTATION AND -
ANALYSTS DIVISION| | INFORMATTON FLIGHT SUPPORT
APPROVAL OF SYSTEM DIVISION DIVISION
EQUIPMENT :
CENERAL DURPOSE SPECTAL DURPOSE [HISSION CoNTROL ]

COMPUTATION AND ANALYSIS DIVISION FOR CONTINUOUS
"MONITORING AND ADVICE :
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The Office of Manned Space Flight exercises control over the Cen-
ters primarily through a review and validation process. As stated
earlier, the NASA policy of assigning responsibility at as low a level
as possible results in each Center essentially being in control of its
own, computer resources. The OMSF reviews and evaluates computer re-
quirements on a center-by-center basis and coordinates with appropriate
program offices (Apollo, Gemini, and so on) to insure the consistency
of requirements. Additionally, OMSF consolidates budget and funding
requirements for the three Centers for transmittal to the Office of
Programming and monitors operations at each Center for. compliance with
NASA and other agency policies.

The NASA Office of Programming is responsible for consolidating all
budgetary requirements which have been approved by the Associate Adminis-
trator and submitting the NASA requirements to the Bureau of the Budget
for further approval.

The Office of Tracking and Data Acquisition (OTDA) is responsible
for the development of NASA-wide policies, plans, and procedures
approved by the Associate Administrator. The OTDA serves as the single
focal point between NASA and other government agencies for computer
matters; reviewing, evaluating, and coordinating on a NASA-wide basis
the computer requirements, acquisitions, utilizations, and operatlons
of computer resources.,

The NASA Intercenter Committee on ADP is respornisible for advising
NASA management on the establishment of procedures, reviews, and con-
trols necessary to insure compliance with other government policies
and regulations on the selection, acquisition, and management of NASA
computers. Further, the committee aids in the establishment of Inter-
center and agency-wide policy and operational procedures for NASA
computers.

The NASA Deputy Administrator, Dr. Robert C. Seamans, Jr., is the
final authority for computer resources in NASA. In this position, he
provides final approval of NASA policy and plans for acquisition, utili-
zation, and disposition of computer equipment and services based on the
objectives of the agency and the government. He has assigned the
Assistant Administrator for Administration as the NASA Headquarters ADP
Progrelm Officer to assist with the management information systems
involved in this task.
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Figure L4-5.- Manned Spacecraft Center computer responsibilities.
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5.0 MANAGEMENT TECHNIQUES

5.1 MANAGEMENT REPORTING

The Office of Manned Space Flight and its Centers have applied
classical management techniques and, where necessary, developed new ones
for the management of computer resources. These techniques include
methods for the acquisition, control, utilization, and sharing of com-
puter resources. In order to administer the computer resources and meet
overall objectives, management review and reporting systems have been
established at all ‘levels of management throughout NASA Headquarters and
its field installations.

"Management Procedures for Automatic Data Processing Equipment,"
NHB 2410.1, issued by OTDA, establishes the policies and procedures for
use throughout NASA for the management of computer resources. This doc-
ument defines. the responsibilities of the Deputy Administrator, the
Associate Administrator for Tracking and Data Acquisition, the Head-
quarters Institutional Directors, and the directors of the field instal=-
lations, It also promulgates requirements for the Annual ADP Planning
Document and the ADP Equipment Acquisition Plan, as well as establish-
ing guidelines for the selection, acquisition, and utilization of
category-A equipment,

The three major reporting systems currently in existence for con-
trolling computer resources are the ADP Annual Planning Document,
Bureau of the Budget (BOB) Circular A=55 Reports, and the Program Op-
erating Plans (POP).

The most comprehensive of the computer reporting.systems is the
Annual ADP Planning Document, This document covers all known equipment
actions for the current and budget years, identifies all costs associ-
ated with the equipment, and includes complete Jjustification for its use
and need, It provides the actual utilization for the past year and
estimates for the current and budget years. It shows funding require=-
ments for all 3 years and includes a section for long-range plans,

The BOB Clrcular A-55 submission is an annual report: required by
BOB, This report is also updated with quarterly summaries, This doc-
ument, which is prepared at the Centers, shows the status of each com-
puter for the past, current, budget, and budget-plus-one years., This
status shows cost range, whether the computer is purchased or leased,
and the actual or estimated (for future years.) average number of hours
in service, In addition, it supplies planning data in the areas of:
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personnel and cost on a 3-=year basis and reflects the type of appliéa.—
tions currently being performed by the Center computers.

The POP is an internal quarterly funding report which is submitted
by all field Centers to NASA Headquarters. A separate plan is submitted
for each appropriation, In the case of the Research and Development
and Construction of Facilities appropriations, the costs are shown by
program and project, For the Administrative Operations appropriation,
the costs are reflected by BOB object and sub-object classification.,

The sub-object class is further shredded-out to cover the area of com-
puters. It contains the purchase, lease, and maintenance costs of
equipment and shows contractor costs for operations and programming of
NASA-owned machines, The plan contains past-year actual dollar totals
and current- and budget-year estimates, The current-year estimate
shows 6-month projected cumulative obligations with quarterly cumulative
totals and totals for the fiscal year, There are other planning docu-
ments which are part of the computer reporting system, such as the
individual acquisition plans and. special reports and studies which are
prepared for top management, the BOB, and Congress, These reports also
provide information related to the overall planning of computer systems
in Manned Space Flight.

Computer management reports forwarded to OMSF from a Center
Director's office are sent through channels to the MSF Technical Sup-
port Branch for evaluation. The only exception to this procedure is
for individual reports and acquisition requests for real-time and check=-
out computers, which are evaluated by the Mission Operations group and
the Operations Support Systems and Checkout Branches, respectively. The
reports or plans are reviewed for such items as need, technical feasi-
bility, funding requirements, facilities requirements, and utilization.
Where overall reports contain data on project requirements, they are
coordinated with appropriate project offices, Funding requirements are
coordinated with the MSF Resource Control Office.

The completed evaluation, including the detailed analysis, is
forwarded to either the Director of Management Operations, Mission-
Operations, or the Apollo Program Office, as appropriate, for recom-
mendation to the Associate Administrator for MSF, either to be approved
at that management level or to obtain concurrence where reports or plans
must be approved at a higher management level,

Each field Center, as well as NASA Headquarters, conducts overall
reviews of the entire computer system operation., These reviews gener-
ally take the form of detailed reports or briefings, For example, at
MSFC and MSC, the Center Directors annually receive a presentation on
all aspects of the computer systems, The Office of Manned Space Flight
conducts periodic reviews both at the Centers and at NASA Headquarters,
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These reviews may be in conjunction with POP reviews or studies of
individual areas of the computer picture. In addition to established
menagement reviews both at NASA Headquarters and field Centers, reviews,
both formal and informal, are conducted as specific requirements or
situations may dictate.

5.2 COMPUTER RESOURCE ACQUISITION

The basic computer acquisition procedures for NASA are derived
from BOB Circular Nos. A-54 and 60-6 and from NASA Document NHB 2410.1
and are defined in more detail in individual Center policies and pro-
cedures.

Tn essence, these procedures require that the selectidn of equip-
ment to meet a given need be based primarily on the capability of the
equipment to fulfill system specifications and on the most economical
method of acquisition, installation, and operation.

The computer acquisition procedure is divided into two major steps.
As depicted in figure 5-1, the user at a Center must have his require-
ments validated and get approval from Center and NASA Headquarters
management prior to initiation of the acquisition process for a com-
puter. As shown in figure 5-2, after approval, the Center establishes
a Source Evaluation Board (SEBs and enters the acquisition cycle.

Early in the acquisition process, the requesting installation
prepares a computer acquisition plan. This document is submitted
through channels to the Associate Administrator for approval. - Prior
concurrence of the Associate Administrator for Manned Space Flight and
the Associate Administrator for Tracking and Date Acquisition is required
for all computers covered by these procedures before the acquisition
plan is approved and the procurement process initiated. ’

The acquisition plan includes an evalua,tion"co show: clearly that
computer requirements cannot wholly or partially be met by: -

(1) The use of existing computer resources, available either
within NASA, from other government agencies, or from contractors

(2) The use of computers that maey be excess to the needs of other
elements of NASA or other government agencies and which are available
or will become available by the planned installation date

(3) The augmentation of an existing ADP facility
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The acquisition plan also contains a written justification for the
equipment, citing the specific requirements that will be satisfied.

'This justification gives an estimate of utilization, special input/out-
put (I/0) requirements, backup needs, operational constraints, and so
forth. Specifications for the equipment are included which describe the
equipment proposed for acquisition in detail. The plan must also include
estimated dates for readiness review, software checkout, training, and
program conversion.

The computer acquisition procedures are designed to give management
the ability to carefully assess and review computer acquisitions. Fol-
lowing this assessment, review, and approval, the Center then proceeds
to enter the procurement cycle. First, qualified computer manufacturers
are invited to submit proposals on the specifications developed for the
computer to be acquired. Criteria are developed, defined, and weighted
by the SEB and are used as the basis of the SEB's statement of facts to
the selection official. Depending on the dollar amount of the acqui-
sition, the procedure for selection as depicted in figure 5-2 is follow-
ed. A more detailed explanation of the SEB may be found in NASA
Document NPC 402, Source Evaluation Board Manual.

5.3 COMPUTER RESOURCE CONTROL

The expenditure of computer resources is controlled in MSF by
methods of workload control for all computing efforts and contract mon-
itoring for contracted efforts involving computer resources.

5.3.1 Workload Control in the Computation Facilities

The objective of the established workload control system in the
MSF computational facilities is to furnish the means for planning,
reviewing, and asnalyzing work requests and, as a result, controlling
the work effort and expenditure of resources in the MSF computation
facilities.

The MSF computational facilities im'rolved in this formal system are
the general-purpose computer support organizations at KSC, MSC, and
MSFC.

A prime benefit of workload control is to reduce to the minimum
degree the possibility of expending computer resources on marginal tasks.
In essence, discipline in the use of computer services is achieved by
assigning each user element a dollar budget against which computer usage
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is charged. If the user exceeds this budget during the fiscal year,
he must justify the need for additional funds from Center management.

The computer workload control system:

(1),Assigns to each user the iesponsibiiity of achieving efficient
computation .

(2) Provides the Centers with a data structure for their annual
ADP budget preparation

(3) Assists management in evaluating requests for additional com~
putational capacity

(4) Provides NASA Headquarters information for ADP budget reviews
and evaluations .

Each computational facility in MSF utilizes essentially the same
procedure for workload control, although details may differ slightly.
The procedure is described in the following paragraphs using the MSFC.
system as an example.

The computation facility develops a workload projection and budget
allocation with each user prior to the fiscal year., Center management
then sets a total allocation for the computer facility based on the
workload projections., Each user must submit a written request for all
support. This request form provides the basis for record keeping,
including dollar accounting. The user's management reviews the work
request against the assignment for that organization and the avail-
ability of computing funds and approves or disapproves the request, as
appropriate., The computation facility also reviews the approved request
and, if technically feasible, performs the work. - The user receives
periodic reports showing allocation, current expenditures, and remaining
balance (for an example, see figure 5-3), Center management also
receives periodic expenditures reports per user division, If necessary,
the customer requests additional budget allocations from Center manage-
ment, .

The MSFC and KSC systems differ in one respect from the MSC system.
In MSFC and KSC, the computation support dollars show up in the com-
putation facility's budget. The facility, in turn, allocates the
dollars to the customer as needed. At MSC; the computation dollars are
gathered in a carrier account, which is charged for the Computation and
Analysis Division's reimburseble costs and credited by charges against
the customer for support rendered., The charges are based on operating
cost data developed by the Center's Resource Management Office.
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The MSFC, KSC, and MSC workload control systems were implemented
as of July 1964, The MSFC Customer Dollar Allocation was operational
July 1965. The MSC Carrier Account was effective July 1966,

Further action will be taken to improve workload control by expand-
ing its coverage, and disseminating information to other interested par-
ties. One area that will have to be studied closely is the effect of
third-generation time-sharing computers on budget allocation methods and
cost determination.

5.3.2 Workload Control in Operation Systems

The task of controlling the expenditure of computer resources in
operational systems, such as real-time systems for the support of a
mission, checkout, and training, is somewhat different than resource
control in the computational facilities. Each such system has a signif-
icant role to play in overall mission accomplishment and puts extensive
demands on the computer within the system, -In some instances, computer
requirements cannot be completely defined at the inception of. a program
and must be increased during the course of system development, Basi-
cally, this increase results from one of two causes: (1) the require-
ments for the system become better defined as time progresses; (2) the
users of the system may impose requirements with a factor of redundancy
to assure accomplishment of that element of the entire mission profile.
In the case of the former, there is little to say; the requirements
must be met if the mission is to be successful. The latter is a prob-
lem that is handled in various ways in MSF. Procedures for require-
ments control are set by the organizational element responsible for the
development ‘of the overall system., New requirements are evaluated to
determine their necessity, their impact on existing contracts, their
effect on interfaces with other systems, and so forth. The methods for
evaluating such requirements must, by necessity, vary from project to
project. In the Apollo spacecraft program, for example, systems are
under the control of the Apollo Configuration Management System de-
scribed in detail in NASA Document NPC 500-1, "The Apollo Configuration
Management Manual." Configuration management procedures have thus been
developed to control changes to all elements in a system, including
those that utilize computers.

5.4 CONTRACT MONITORING

A significant amount of the computer resources utilized in MSF is
either developed, operated, or maintained by contractor personnel., The
use of contractors in this manner is in keeping with NASA policy to
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utilize wherever possible the resources of private industry, and enables
MSF to obtain what-might otherwise be the unobtainable services of high-
ly skilled personnel. Contract monitoring from both a technical and
management point of view, therefore, constitutes a considerable activity
in MSF. Organizations, procedures, guidelines, and techniques for this
activity have been developed by the Office of Manned Space Flight, Cen-
ter Directors, and individual Center divisions.

5.4,1 Scope of Contract Types

The scope of contracted efforts in MSF is broad, running from
support keypunching services for Center computation facilities to con-
tracts for the delivery of complex computer based systems, Depending
on the nature of the effort, the contract may be of any type, such as
incentive, fixed fee, award fee, and so forth, Support contractors
may be located on NASA premises or off site. Responsibilities for a
particular effort may be divided between several NASA orgenizations,
Contracts may call for the delivery of hardware or software (computer
programs) or both.

Each contract in this broad spectrum of requirements requires a
tailored approach to achieve effective control. For the purposes of
management control, contracts awarded in MSF can be considered generally
as one of two broad types: support services contracts or mission sup-
port. contracts, Support services contracts are those in which a NASA
organization obtains the services of a contractor on a level-of-effort
basis, -Individual tasks are assigned on a task-order basis to con-
tractor personnel working closely with NASA personnel, This type of
contract is used when a NASA Center determines it will need a certain
‘amount’ of manpower support but cannot completely identify the required
end items in advance. A specific example is the contract between MSFC
and the Computer Sciences Corporation (CSC) in which CSC provides
programming and computer operating services to the MSFC computational
facility. : :

A mission support contract is one in which NASA contracts for a
particular end item to be used in support of a mission. Requirements
for the end items are included as part of the contract; there is usu-
ally a separate contractor-managed group set up to perform the task.
Forpal NASA monitoring by way of reviews, written reports, and accept-
ance. tests characterizes these efforts with minimum day-to-~day contact
between the NASA users and contractor personnel. The unique technical
considerations of the contract meke it mandatory in many instances
that the techniques used to monitor these efforts be tailored to the
individual system., An example of a mission contract is the contract
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for the Real-Time Computer Complex at Houston. In this contract, IBM
provides computers and computer programs that are used in the Houston
Mission Control Center to assist flight controllers during a manned
space flight,

5.4,2 Management Tools

An extensive set of management tools has been developed by OMSF
and its centers to aid in contract monitoring, The following are
typical examples:

Work statements, task orders.- Each contract contains a work
statement which serves as the basis for contractor support and for
evaluation of such support. For mission contracts, the work statement
defines the end products to be produced, management requirements,
required contractor tasks, and schedules. The exact content and detail
of the work statements vary in OMSF according to application, partic-
ularly for software contracts, [For support contracts, work statements
define the general task and management requirements., Detailed descrip-
tions of required end items and delivery dates are incorporated into
individual task orders during the period of the support contract.,

These task orders serve as "little wirk statements," so to speak, to
monitor the contractor s performance, )

Incehtiwfe contracts.- It is MSF policy to lend incentive to con-
tracts to the greatest degree practical. This policy has also been
applied to contracts that utilize computer resources, Typically, these
contracts encourage improved contractor performance by paying fees
according to the quality of the product, performance, total cost, and
delivery date., Both support and mission céontracts either have been or
are being made into incentive contracts in MSF wherever possible.

At MSC, for example, the support contract for the computational
facility has been made into an incentive ‘contract (Contract NAS 9-5384),
as has the mission contract for the RTCC (Contract NAS 9-995). Com~
puter resource contracts have also been made into incentive contracts
at MSFC-and KSC, The RTCC contract is an interesting and particularly
significant one in that it contains incentives for the production of
large-scale computer programs, the first time this has been done in
NASA and, quite possibly, in government.,

: Manasgement guidelines.~ The Office of Manned Space Flight and its
Centers have issued an extensive set of guidelines to be used in the
management of contracts. A typical example is the MSFC Support Contract
Management Manual which provides guidance for the management of all
support contracts at the MSFC, ' This manual covers such items as
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survelllance of services, travel and security regulations, incentive
award fee eveluation, acceptance of. products, manpower control, and so
forth,

Monitoring organizations.- Total contract monitoring is usually
accomplished by several organizations. In general, technical monitoring
is done by the organization which utilizes the contractor's services
and end products. This monitoring is accomplished by design reviews,
evaluation of test results, inspections, and so forth, The purpose of
the monitoring is to insure that the technical work of the support
rendered meets the requirement stipulated.

Each Center has contractual offices to monitor contracts in a legal
and fiscal sense, .These organizations work closely with the technical
monitoring groups to insure total adherence to contractual requirements.
by the individual contractors, For incentive contracts, performarce
evaluation boards are established to determine the incentive fee due
the contractor., The board may consist of personnel from organizations
other than those directly responsible for monitoring a particular con-
tract, For example, in the RTCC contract, the Incentive Evaluation
Board consists of the Center Director; the Center Deputy Director; the
Director of 'Flight Operations; the Chief, Flight Support Division; and
the Chief, Procurement and Contracts Division. This board, in turn, is
supported by an Incentive Evaluation Committee which is composed of
those technical and contractual personnel most closely associated with
the contractor's effort., In certain mission contracts, change control
boards have been established., These boards evaluate proposed changes
to determine if they should be incorporated in the system., The boards
are cognizant of the activities of all contractors who may be affected
by ‘the proposed changes. The board members are technically oriented
personhnel, If an'action of a board requires a change in scope, the
change will be. negotiated by the contractor and the responsible con-
tracting officer.

Workload control.- Support contractors are included in the com-
puter workloed .control systems in effect in the computational -facili-
ties, This system provides visibility of contractor expenditures for
use in contract monitoring and controls a contractor to keep resources
for computer expenditures to a minimum.

Cogguter resources as management gids.~- A major advantage of
contracts that utilize computers is that the computers themselves may
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be used as a management aid. This is done throughout MSF, as illus-
trated by the following typical examples:

(1) Computers are used to help in leasge versus purcha.se deter-
minations.

(2) Computers are used to compute and store up-to-date budget and
allocation records in the workload control systems.

(3) Computers are used for the generation of PERT reports a.nd
schedule ipredictions.

(4) Computers are used to keep track of the specifications and
documents that describe complex computer-based systems.

(5) Computer simulations are used to aid management in meking
decisions regarding alternate strategies.

5.4.3 Special Considerations for Mission Contracts

Several factors of a technical nature tend to meke the management
control. of mission contracts more complex and more individualized than
management control of support contracts. - 'In many of these contracts,
the end items (computer hardware, computer programs) are parts of large
systems which contain complex interfaces., The development of each end
item must be controlled so that the items will work together when the
system is assembled, Since a change to an end item may affect a number
of other items, different groups and levels of management in a Center
may be affected, Further, the equipment and computer programs developed
may be extremely complex and require the efforts of several MSF elements
in the monitoring task, For example, the RTCC effort requires the
production of a program with more than 1,000,000 instructions. The
requirements for this program are developed in one branch (which is
assisted by a support contractor), technical monitoring is done by
another branch, and contractual monitoring done in yet another branch,

In many of these mission- contracts, software development is a major
consideration, = The traditional methods of management availsble for
hardware development have to be modified or abandoned for software and
new techniques developed. Most of the resulting management techniques
have been tailored to individual software requirements, Despite these
considerations, some progress has been made in simplifying and stand-
ardizing menagement techniques for mission contracts.

One significant development is the initial effort in the Apollo
§pacecraft program to bring certain computeér-based systems into the
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Apollo configuration management system. This procedure provides

control of the technical requirements, which define a large system.

The Apollo Configuration Management Manual has been amended to provide
for the specification and control of these computer programs, and the
new procedures are currently being phased into on-going projects, Also,
the Apollo Program Office has sponsored a study of management procedures
for computer programming efforts (Bellcomm Report No. TR 66-320-2, "Pro-
cedures for the Management Control of Computer Programming in Apollo™).

5.4,4 Puture Efforts in Contract Management of Computer Systems

There is a continuing effort in OMSF and its Centers to improve
the level of contract management of computer systems, Several areas
are presently under study, such as:

(l); How to collect, code, and disseminate the experience gained:
in software management so it can be applied to future efforts

(2) How to more effectively use computers to manage other computers
(3) How to effectively incentivize selected software contracts

(4) How to develop standard milestones to provide all levels of
management with increased visibility when monitoring computer contracts

(5) How to more effectively identify computer costs in contracts
that cover both computer and non-computer elements.

5.5 COMPUTER RESOURCE SHARING

5¢5.1 Policy

Computer resources (computer time, programs, program outputs,
personnel, program descriptions) are shared extensively in MSF, both in
formal programs and on an informal basis. Sharing is encouraged by
stated NASA and government policy (NASA Document NHB 2410,.1, “"Manage-
ment Procedures for Automatic Data Processing Equipment") and controlled
through Center participation in special panels developed for this pur-
pose, In addition to inter-MSF sharing, resources are shared with other
NASA Centers, government agencies, and private organizations.
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5.5.2 Sharing Organizations

Several organizations within MSF have been established for resources
sharing:

(1) The MSF Resource Sharing Panel is comprised of the Directors
of the MSF Computational Laboratories; Bellcomm, Inc.; and NASA Head-
quarters representatives and was established in late 1963 to promote:
the sharing of computer resources in MSF and to exchange ideas on the
management of large computer complexes. The current membership of the
panel includes C. L. Bradshaw, Deputy Director, Computation Laboratory,
MSFC; E. H. Brock, Chief, Computation and Analysis Division, MSC;

R. H. Bruns, Chief, Data Systems Division, KSC; J. Costantino, Chief,
Technical Support Branch, OMSF; B. G. Griffin, Chief, Computation Branch,
KSC; H. Hoelzer, Director, Computation Laboratory, MSFC; I. D. Nehama,
Director, Analysis and Computer Sciences Division, Bellcomm, Inc.;

E. P. O'Rourke, Technical Support Branch, OMSF; and R. L. Reeves, Chief,
Computer Operations Office, Slidell. The panel meets periodically to
discuss and recommend policy standards that will aid sharing. In
addition to its regular meetings, the panel has sponsored and directed a
study by Bellcomm to develop specific standards and procedures for re-
source sharing in the Manned Space Flight Centers. Bellcomm is provid-
ing continuing support in this area; and MSF Centers, by direction of
the Associate Administrator for Manned Space Flight, are implementing
the standards developed by the panel.,

. (2) Project COSMIC.has been established by NASA Headquarters Tech-
nology Utilization Division and MSFC, utilizing the services of the
University of Georgia on a contract basis, to disseminate information at
minimum cost to all.interested parties concerning the availability of
computer programs developed by all NASA Centers and contractors. (The
centra(.l li?rary for this project is maintained at MSC ag described in
item (4).)

(3) Both MSC and MSFC have been designated as ADP Sharing Exchanges
for their respective geogrephic areas by the General Services Adminis-
tration (GSA).  The computational elements at these Centers coordinate
ADP sharing for all government agencies in the designated areas and
provide current information on available ADP resources.

(4) A central librarian for the sharing of computer programs has
been established at MSC.
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5.5.3 Sharing Accomplishments

It is estimated that $7,321,200 in computer resources were shared
in 1965 (see table 5-I). The most significant saving resulted from the
use of available computer programs, or parts thereof, in lieu of pro-
ducing a new program. Several factors indicate that the level of shar- -
ing will increase in 1966 and that this trend will continue. For
example, the MSC and MSFC computational facilities will be using the
same general type computers starting in FY 1967. This will aid greatly
the exchange of machine time and computer programs between the two Cen-
ters.

As a result of both individual initiative on the part of the Cen-
ters and efforts of a Resources Sharing Panel/Bellcomm study, & number
of significant innovations have been made to aid further sharing. These
are reported in a NASA Document, "Procedures for Computer Program and
Telemetry Resource Sharing," October 1966, and include:

(1) The establishment of a progrem sharing library at MSC — Ab-
stracts, describing computer programs available for sharing in MSF, are
produced by the responsible programmers and transmitted to a central
librarian. The central librarian disseminates the abstracts to MSF
personnel. An interested potential user contacts a local librarian at
the programmer's Center to get a copy of the program and its descriptive
documentation. The effect of this system is to provide a wider dissem-
ination of information concerning aveilable programs in MSF.

(2) The establishment of a standard form for a computer program
abstract = This form is used in . the program library as described above;
it is also used as the abstract for program documentation and as a. -
header to all program card decks and tapes.

(3) The establishment of guidelines for computer progrem documen-
tation in the MSF computational facilities -- The use of standard doc-
umentation techniques will facilitate one Center's using programs
developed at another Center.

(4) The establishment of standard computer languages in the com-
putational facilities =~ FORTRAN IV is standard for scientific and en-
gineering applications; COBOL is standard for business applications.
All progremmers in the MSF computation facilities must use one of these
languages unless technical considerations require otherwise. The use
of common language will ease the problem of one Center's running a pro-
gram written at another Center. This procedure will aid sharing of com-
puter programs between Centers and the use by one Center of availa.ble
machine time at another Center.
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(5) T™e establishment of a starndard f&r the formatting of telem-
etry calibration data — This standard will reduce the amount of pro-
gramming required to handle telemetry processing requests made by
engineers and scientists in MSF.

(6) The development of a standard set of routines for driving out-
put plotter devices - A standard program reduces program maintenance
requirements at the Centers and reduces the total programming effort
required to handle printout requests made by MSF engineers and scien-
tists.

5.5.4 Future Efforts

The development of methods and standards to facilitate resource
sharing is continuing. Several areas are currently under investigetion,
including:

(1) The further development of a unified documentation procedure
for use in the MSF compute,tion facilities to replace the present doc-
umentation guidelines

: (2) The establishment of a telemetry data tape standard
(3) The jdentification and development of standerd programs to
fulfill common needs at each Center (for example, payroll and accounting
programs may be standardized to minimize updating and maintenance costs)

(4) The establishment of standardized programming practices to make
programs produced at one Center more usable at another Center.
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TABLE 5-I.- SUMMARY OF OMSF ADP RESOURCE SHARING

IN TERMS OF TOTAL VALUE

[January 1, 1965 - December 31, 1965)

493

KSC MAF MSC MSFC
Programs requested
by other NASA Centers, 0 0 (20) (33)
dollar savings 0 0 $1k40,900 $666,500
Programs requested .
by non=NASA' government 0 0 &) (6)
agencies,
dollar savings 0 0 12,000 52,500
Progrems requested by
government contractors, 0 0 (25) (151)
dollar savings 0 Y 255,300 549,000
No-man deys shared on .
other support; (145) (320) (138) “(417)
dollar savings $6,900 { $15,300 6,600 19,900
Computer hours shared; (6,500) | (1,290) | . (7,547) (11,247)
dollar savings 810,000 | 467,100 | 2,473,900 | 1 ,1455,300
$6816,900 |$482,400 [$3,188,700 [$2 743,200
Total resource sharing value $7,231,200
Total program sharing value $1,976,200

76-265 O - 67 - pt.- 2 = 32
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COMPUTER USER

Determines the existence of applications or requirements

for computers, requests Center computation element to
review application or requirements

CENTER COMPUTATION ELEMENT

Evaluates applications and requirements, initiates the
acquisition approval procedure

CENTER DIRECTOR

Reviews and concurs in the computer acquisiton plan

NASA HEADQUARTERS

Reviews and approves acquisition plan, as appropriate

From $1 000 000

ASSOCIATE
ADMINISTRATOR/MSF
More than
Establishes Source $5 000 000
Evaluation Board
Less

to §5 000 000

than | $1 000 000

TO
PROCUREMENT

CENTER DIRECTOR

Establishes Source
Evaluation Board

Figure 5-1.- Computer acquisition plan cycle.

L e e
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PROCURING OFFICE

Receives approved pro-
curement plan from
NASA Headquarters

SEB : NEGOTIATOR
Establishes evalua- Prepares and issues
tion criteria Requests for Proposal
I ) DIRECTOR
SOURCES SEB
. Concurs
Prepares and submits Receives and evaluates y
proposals proposals

I

"NASA Headquarters

Receives SEB presen-
tation. and selects
source -

Figure 5-2.- Procurement cycle (source selection through
the Source Evaluation Board (SEB)).
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6.0  FUNDING SUMMARY

During FY 1967 and early 1968, the three MSF Centers will be en-
geged in meking major equipment changes. At Kennedy Space Center, the
GE 635 system installed in the Central Instrumentation Facility will
be expanded to .provide for simultaneous testing of multiple vehicles.
The expansion will permit centralization of all data processing and
will accommodate the business-type applications that formerly required
separate machines.

At Marshall Space Flight Center in Huntsville and at Slidell, all
of the existing general-purpose computers are being replaced by a cen-
tral multiprogrammed-multiprocessor system at each location. Involved
in the change &re 39 computers and 48. remotes that will be replaced by
the UNIVAC 1108 II computers being phased in by late 1968.

The general-purpose scientific and engineering computers at Manned
Spacecraft Center are being installed in early 1967. The RICC Mission
Control Center, where computer capabilities are required for mission
monitoring, inflight mission planning, and simulation, is in the process
of converting to IBM 360 computers for use in the Apollo Spacecraft
Program.

Attached are summary statistical schedules (tables 6-I to 6-III) by
fiscal years 1966, 1967, and 1968 for both category A (general-purpose
computers) ‘and category B (special-purpose computers). These schedules
‘reflect costs by appropriation and by purpose of funding (purchsase,
lease, and maintenance).. The total equipment costs for FY 1966, 1967,
and 1968 are $43,900,000, $36,100,000, and $29,600,000, respectively.
Figures 6-1 and 6-2 depict equipment costs for the past, current, and
budget years. Figure 6-1 illustrates OMSF equipment costs in relation
to the other Program Offices., Figure 6-2 shows the costs.of each Center
by funding method. (Refer to figure 1-2 for a breakdown of the equip-
ment costs by appropriation,)

One trend that can be seen from reviewing the total equipment costs
is the continuing reduction in fiscal years 1967 and 1968. Fiscal year
1967 total equipment costs are .$7,800,000 less.than those for FY 1966,
and FY 1968 costs are $6,500,000 less than those for FY 1967: These
reductions in costs are the result of the installation of third-
generation equipment and the cemtralization of the computetional capa=-
bility. ‘
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7.0 - CONCLUS IONS

This survey was conducted to provide information on Manned Space
Flight computer systems in terms of their use, capabilities, and the
techniques used to manage these systems. It hes become clear that the
computer systems being used in the MSF programs are an essential part
of the overall NASA mission, and the sustained growth of 'computers in
MSF reflects the conmtinual blending of this tool into on-going: research
and development programs. Not only has automatic data processing shown
a growth in magnitude in MSF, but by its very nature, the diversity of
its applications has also increased. Although, in meny government agen-
cies, emphasis still seems to be placed on the business and management
applications, only 5 percent of the digital computers in Manned Space
Flight are used for that purpose; the remeining 95 percent are used in
scientific and technieal research ‘and development activities, including
resl-time mission control. ' The task of mansging the computer systems
in the MSF orgenization, then, has by necessity been tailored to the

- preponderance of the research and development computational activities.

The largé number of computers in use in the:Manned Space Flight
program and the wide range of their applications have led to a classifi-
cation of computer hardware that recognizes the functional area .in which
the -equipment operates.” As a result, computers in this survey report
have been described in terms of mission control, test and checkout,
training, and data processing, including real-time, general and special
purpose, and service center operation. The capability of MSF computers
has been carefully structured to match the missions and workload of the
organization. Special efforts, &s in the Mission Control Center, have
been made to take optimum advantage of advanced techniques ‘in planning
the procedures and resources needed for the most advanced system design.
Thus, the MSF organization has, by necessity, operated on the frontiers
of computer technology to achieve an orderly and coordinated program of
computer capability. ) FRtaE] ¢ kel : il

An ‘inventory of computers has been included in this survey (appen~
dix A).V This inventory identifies each system, whether it is purchased |
or leased, the average monthly hours it is in service, and 1ts:location
in the MSF organization. 'The inventory has been expanded over previously
published inventories to include those: special~purpose computers which,
in the past, did not meet- reporting criteria, since they were integral
parts of total systems whose usage was dependent on total-system utili-
zation. ~Although the computers have been categorized as being in cat-
egory A (general purpose) or category B (special purpose ), this

76-265 O - 67 - pt. 2 - 33
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classification has many shortcomings stemming from the fact that com-
puters do not fit neatly into such narrow classifications, and there
are many cases where a single computer installation functions within
both categories in meeting verying program demands. Further, the utili-
zation figures are not necessarily a meaningful comparison between
computers, since they are.not an adequate deseription of the utility of
the computers/ in their diverse applications. However, in the absence of
a universally accepted computer classification system, which would not
only reflect the different purposes for which computers are used but
also the operating requirements surrounding their uses, the present A
and B categorizations have been used as a reasonable basis for meking
asppropriaste distinctions in applying policies.

The Menned:Space Flight organization for managing its computer re=-
sources has. been structured to carry out overall programs of which the
computers are an integral part.. Because of the differing missions at
each of the MSF Centers, the computer orgenizations which have been de-
veloped are also different. However, in all ca.ses, the thread of sim-
ilarity which runs through each of the Center's organizations is that
the director of the Center is the final authority for computer policies
at that Center. All computer acquisitions must be approved at his level
prior to submission to NASA Headquarters for final approval.

Programming and computer operation at each center is carried out
prrimarily by contractor support personnel on a task-order basis. -The
contractor method of supporting computers in MSF has provided a highly
trained staff through the pesks and valleys of work requirements.. The
total number of contractor personnel used by the MSF Centers in computer
support of all progrems is approximately 2200. :

While the capability of MSF computers is expending to meet increased
program requirements, with equipment changes to third-generation hardware,
the FY 1967 and FY 1968 costs show a significant decrease. This reduc-
tion can be attributed to both the third-generation hardware, which has
a greater computation per dollar ratio, as well as to the centralization
of computa,t:lons.l capability. Both of these. trends are continuing.. .

:~ The natural growth that has been ehara.ctemist:lc of the computer
industry has resulted in a whole new generation of computer equipment
that has necegsitated frequent. re-appraisals of existing management tech-
niques and the development of new procedures, such as the ADP Resources.
Sharing Panel, which have imea,surably improved our ebility to carry .
out manned programs )

There is a continu:lng a.wa.reness in the MSF program that the com-
puter is inextricably entwined with the achievement of manned space-
flight goals. The application of computers must be viewed in terms of
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their relationship to the total mission-oriented structure of the agency.
The basic policies and procedures by which the MSF organization menages
its computer resources are a prudent course which will be continued on

a high-priority basis with such modifications and refinements as may be
suggested by future experience. R



512 1968 NASA AUTHORIZATION

APPENDIX A
COMPUTER INVENTORY

NASA has adopted a two-part categorization of computers, Cate-
gory A computers are general purpose in character and make up the
large centralized computer service facilities at the Centers. Major
menagement effort is directed to this category with emphasis on utili-
zation and cost. Acquisitions are individuslly approved by the Deputy
Administrator and operations are subject to detailed management report-
ing. Category B computers are special purpose in character. These
computers are dedicated to a single use and are usually part of a
larger system with special interface requirements included in the
installation. Special purpose computers are normally purchased and
acquisition is accomplished through normal program management channels.
Manegement reporting is confined to an annual inventory. The inven-
tories for category A and category B computers for Marshall Space
Flight Center, the Manned Spacecraft Center, and Kennedy Space Center
are given in tables A-I to A-VI.
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GLOSSARY: OF ABBREVIATIONS AND ACRONYMS

Acceptance Checkout Equipment
Analog to Digital :
Autometic Data Processing
Automatic Data Exchange
Automatic Ground Station
Apollo Launch Data System
Apollo Mission Simmlator
Apollo Process Control Unit - -
Astrionics Laboratory

Burroughs Corporation
Bureau of the Budget’
Breadboard Terminal Landing System

Computational and Analysis Division
Communications Command &nd Telemetry System
Control Date Corporation

Central Instrumentation Facility

Common Business Oriented Langusge
Computation Laboratory

Cathode Ray Tube ~*

Computer Sciences Corporation

Command and Service Module

Data Acquisition Facility
Direct Coupled System

535

Digital Data Processor (origina.lly manufactured by Computer

Control Corporation acquired by Honeywell 5, Inc.)

Digital Equipment Company
Digital Event Evaluator

Decision Machine Inec. (subsidiaz'y‘ of’ Decision COntrol Corp.)

Data Reduction Complex
Data Reduction Fgcility v

Electronic Assoclates, Inc.*

Electronic Accounting Machine-

Electronic Systems COmpa.t:lbility Facility
Electronic Support' EBquipment -

Electronic Systems: Test Program

Eastern Test Range !

Frequency Modulation (si@al on an m ce.rrier)

Fiscal Yesr
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LvVDC

McC
MILA
MOC
MPAD
MSC
MSF
MSFC
MSOB
MIF
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Grumman Aircraft Engineering Corp.
Guidance and’Control

General Electric Company

Ground Equipment Test Set

Ground Operations Support System
General Services Administration
Ground Support Simlation Computer

Honeywell, Inc.
Honeywell, Inc,
Huntsville Operations Support Center

International Business Machines Corpora.tion
KSC Information Systems Directorate
Input/Output

Instrument Unit

John F. Kennedy Space Center

Leased

Launch Complex

Launct Computer Complex

Launch Information Exchédnge Facility
Lunar Module

Iunar Module Mission Simulator
Launch Umbilical Tower

Launch Vehicle

Launch Vehicle Digital Adapter
Launch Vehicle Digital Computer
Launch Vehicle Operations

Michoud Assembly Facility .

Mission Control. Center - Houston
Meritt Island Launch Area

Mission Operations Computer

Mission Planning and Analysis Division
Manned Spacecraft Center

Manned Space Flight

George C. Marshall Space Flight Cenver
Manned Spacecraft Operations Building
Mississippi Test Facility

National Aeronautics and Space Administration
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OART NASA, Office of Advaenced Research: and Technology
OMSF NASA, Office of Manned Space Flight -
0SSA Office of Space Sciences and Applications -
OTDA Office of Tracking and Data Acquisition
P Purchased
PB Raytheon (formerly Packerd-Bell)
PDM Pulse Duration Modulation
PDP Digital Equipment Corporation
PERT Program Evaluation snd Review Technique
POP Program Operating: Plan

. PSDF Propulsion System Developmént Facility .
" P&VE Propulsion and Vehicle Engineering
RCA— Radio Corporation of America
R&D Research and Development
RF Radio Frequency
REP Request for Proposal

. .BSA Redstone Arsenal
RSDP Remote 8ite Data Processor

{ RTCC Real-Time Computer Complex

SCATS - - Simulation Checkout and Treining System :
SDS Scientific Data Systems
SEB Source Evaluation Board
SLCC .. Baturn Launch Computer Complex
80C Simulation Operations Computer
8-V Saturn V
TCO Telephone Central Office
™ Telemetry ' L
TRICE Telemetry System
TR Thompson Ramo Wooldridge

' UNIVAC UNIVAC Division of Sperry Rend Corporation
VAB Vehicle Assembly Building

WSTF White Ssnds Test Facility
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The total computer equipment costs in Manned Space Flight have
been going down. They are, in fiscal year 1967, $7,800,000 fess than
the fiscal Kear 1966 costs and the fiscal year 1968 costs are $6,500,000
less than those for fiscal year 1967. o :

Mr. Fuuron. On the general purpose of computers rather than spe-
cifically built components, what is your policy—do you favor the Gov-
ernment owning the particular computer or do you favor leasing,
everything else being equal v

Dr. MurrLer. We have some careful guidelines prepared by the
Bureau of the Budget and by the General Accounting Office which

rovide criteria for making a selection depending upon which is the
east expensive total cost for the Government and we are applying
those procedures to each of our purchases. o

Mr. Furron. Did you ask eéach individual computer whether it
ShOé.l}d be bought or leased and did it reply to you: “Buy me or lease
me S :

Dr. MueLLEr. We ask another computer to arrive at the answer to
this rather complex question. -

Mr. Fouron. That is all.

Dr. Muerrer. We want to avoid a conflict of computer interest.

Mr. FortoN. That is all, ,

Dr. MueLLer. That is all I had, Mr. Chairman.

Mr. Teagur. I am sorry Mr. Rumsfeld wasn’t in here. . It was his
question. :

George, while Don is out, I wish you would discuss support services
at the different centers. Every time you change your procedure, all
of us get swamped with letters and calls from contractors all over the
country. They all come to see us. Would you comment on how you
make a determination for contracting the in-house support service
functions? Are they uniform in each center ¢

Dr. MueLLer. Most of the changes that we have been institutin,
have been in the direction of bringing uniformity of applications o
our support services contractors between the centers. Of course, their
missions are different so you can’t %et absolute uniformity, but, as you
recall about 2 years ago, we established a new support contractor
structure and those structures were deliberately different at Marshall,
MSC and KSC because we were trying to learn how best to utilize
support. contractors in the operation of these facilities. We have
been learning from this process. In general, we have adopted the use
of a contract involving a determination of an award fee, and insofar as
we could do so, objective fee criteria. We are using an incentive fee
structure for our support contractors and this has worked quite well.
We are in the process of consolidating certain of the contracts in order
to provide for both better management on our part and also to reduce
the administrative overhead which it would appear, because of the way
the contract structure has developed, could be done by consolidating
certain contracts.

Mr. Teacue. Take Cape Kennedy. What do you go to? Eight
to four down there ¢

Dr, MueLLEr. From seven to four.

Mr. Teague. Seven to four.

Dr. MueLLEr. Yes.
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Mr. Teacue. Each one of those contractors have been working for
a number of years down there? FE— C
Dr. MUBLLER, Yes. . . e T el e .
Mr. Teague. You know which ones do a good job and which one
does a poor job?. : R : i
- Dr. MUeLLER.. Yes. _ e : Gt l
Mr. Tracue. You ask for a proposal. Some spent $50,000 on a pro-
posal and some spent $100,000. The rumors come to us that the com-
panies put all their good people on the proposal. They know unless
they have a good proposal they don’t get the job. So a poor company
spends $100,000 on its proposal, and. sends it in. The good company
spends only $50,000 on its proposal. How does a staff of yours come
out with a decision on which company gets the job? i :
_Dr. Muerrer. There is, Mr. Chairman, a very carefully developed
~ set of procedures which are established by NASA regulations for the
letting of contracts which we have implemented. - = L
Based on these procedures we establish Source Evaluation Boards
comprised of qualified individuals who evaluate those proposals. We
are required to compete for these contracts and we comply with the
existing regulations. ‘ . e L S SN PR
Mr. Tracue. Do you have any evidence that you have achieved
greater efficiency and saved money by your enforced consolidation ?
.In one part of Government we encourage small business and small
companies and NASA appears to be emphasizing fewer business firms
and bigger companies. o , S
Dr. MueLLEr. We do have some experience at the Marshall Space
Flight Center where we did accomplish some consolidation with con-
siderable savings. . ' o e e g v
‘Mr. Teacue. You went to what! From 80-some odd companies
down to what? ' G
Mr, Liuy. We had 77 support contracts, Mr, Teague, at-Marshall.
In January 1965, the value of the 77 contracts was estimated at $76
million. We consolidated these contracts to 11, ‘The actual cost for the
first year of operation, including the award fee, was $60,298,000. - We
also reduced the. contractor. personnel. by ;a}lﬁ:roxima}tely, 882.. Based
on substantially . the same .contractor workload, though I couldn’t
prove it exactly, the savings would appear to have been about $15,-
Of course, we have not yet. completed -the: consolidation at KSC.
Since KSC is still growing, I couldn’t give any firm figures of the
estimated savings there. ; : e i
Mr. TracuE. You consider the $15 million a true figure resulting -
from your consolidation at Marshall? -~~~
Mr. Ly, I consider the consolidation a contributing factor. I
think 77 was too large a number of support contracts:to really man-.

age efficiently. -~ e v

Mr. Teacue. At Kennedy, you are consolidating ;
ment and police department. Yet, so far as I kno
our whole country has: any city combined-their:po
partment activities. ot TR L S e s
- Dr. MuEeLLer. Both services are currently provided at KSC by one

‘depart-
place in

‘pla
tj‘:ve‘ and tﬁ«re‘ de- ,

contractor, TWA.
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Mr. Tracur. Isthat correct at present ? - ‘

Mr. Ly, Let me ask Chuck Bingman, who is in our Manage-
ment Operations office, to comment on this arrangement. ‘

Mr. Bineman. They are combining the fire and safety contract
and the securitﬂ guard contract at the Manned Spacecraft Center
in Houston. The two services are now performed together by TWA
at the Kennedy Space Center. : :

Mr. Furron. For example at Marshall Spaceflight Center, were
their reductions in the operating personnel or management ?

Mr. Ly, The personnel that I referred to at MSFC were the
suEport contractor personnel and were a combination. I don’t have
a breakdown here on how many were management and how many
were operating. '

Mr. Fuovrron. The question would certainly arise as to whether you
could have accomplished the same purpose by simply putting pres-
sures on for economy and cutting out certain overlapping and cer-
tain things that needed to be done, so that you achieve this efficiency.
Because I can’t see that the simple fact of having one contractor or
two or a certain type of contract would have that big an effect on
operations. It just doesn’t seem logical to me.

Could you explain that? : : ‘

Dr. MurLLer. One place where savings would become immedi-
- ately apparent is in the area of reducing the number of people sup-

porting those who do the actual work.

Mr. Furton. George, that wouldn’t involve $15 million. :

Dr. Murrier. That factor could account for a relatively large
fraction of the saving inasmuch as the paperwork involved in the
commercial enterprises in terms of keeping the tax forms filled out
and all the other things that are needed is an appreciable fraction of
the cost of labor. ‘ ‘

Mr. Fouron. You are saying that small business operations inher-
ently are not efficient and that since large ones are more efficient,
NASA should deal with them ? : 4

Dr. Muerier. No, sir; I didn’t mean to imply that. We have a
very active small business program in each of our centers. Each of
these consolidations is very carefully worked out with the local Small

- Business Administration and with their representatives. ,

Mr. Furron, With the chairman’s permission, I would like a state-
ment put in the record of the factors that caused the saving; if
you would do that. P ' ‘ : '

That is all. , SR

While it is extremely difficult to develop a precise measure of the individual
factors which resulted in a reduced cost'after consolidation of the service con-

tracts at' MSFC from 77 to 11, we believe the following factors contributed
significantly to the first year’s savings of over $15 million: :
1. More efficient work assignment and greater flexibility in the use of
the work force; T IR WO s
2. Blimination of duplication and overlaps;
8. The reduction of interface problems.

For example, there were seven contractors providing various kinds of engi-
neering and fabrication support. After the consolidation, a single contractor
was able to provide the total support with fewer people by having complete
flexibility in the use of the machine operators and technicians and by more
efficient work assignment.
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Mr. GurnEey. Dr. Mueller, getting back to the chairman’s question
about the high cost of preparing proposals for furnishing services.
As T understand it now, you are required by law to periodically re-
contract for these services, is that correct, every 3 years?

- Dr. MueLLER. Actually, we are required by law to compete on con-
tracts: ‘ : :

Mr. Corron. We generally set different periods for the renewal of
our contracts so that they don’t all phase out at the same time.

Dr. MuerLer. What is the limit? el

Mr. Corron. Including renewal provisions, these contracts generally
run for 5 years. We are contracting from year to year for planned
periods running from 3 to 5 years without formal recompetition, as
101;& as performance is good.

r. Gurney. You are legally bound to negotiate a contract for no
longer than 5 years, is that correct? ‘ 4

Dr. MuerLer. The legal requirement is to have maximum practi-
cable competition in‘all our procurements.

Mr. GurNey. Then regardless of whether you have a good operation
or not, you have to negotiate for a new contract?

Dr. Muerrer. Our Agency policy is to recompete at the end of the
total planned period of contract performance.

Mr. Gurney. Do you have any suggestions to improve this? Ob-
viously if you had a good and efficient operation, it would be a useless
exercise to seek new contracts.

Now I am aware that one reason why you do this is to prevent a
contractor from being locked in forever. ’

Do you have any other suggestions as to how this could be done?
What is your own idea? ' ' ‘

Dr. Murrier. In this area as well as in other areas, I think that
there is a very real problem in maintaining a competitive industrial
situation. You can, in fact, create a situation where there is no fur-
ther competition. - o Sl

Mr. Gourney. I wasn’t suggesting that there shouldn’t be any fur- -
ther competition. Suppose you had no limitation at all as far as a
contract is concerned, that the law said nothing about it and suppose
you negotiated a contract for 1 or 2 years and you were continuously
looking at it. If you wanted to, you could at the end of 6 months or
a yea,rél tl}rgw it open because you didn’t think the contractor was doing
a good job. F :

%)n th]e other hand, if he was, you could continue this almost in-
definitely. S ' :

Would that make any sense? i RN

Dr. MueLLEr. As a matter of fact, our contracts are written in such
a fashion that that is in fact possible. Each of our contracts provides,
at the convenience of the Government, for rebidding. NASA policy
%roﬁdes limits for various types of contract and program situations.

he principle is this: if the contractor who is doing the work is good,
then he ought to win the next competition. = : 5

Mr. Gurney. Then you run into what the chairman says. A lot of
people have to go through expensive exercises as well as tying up your
own people. 5 S ’ S

76-265 0—67—pt. 2——356
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Dr. MueLLer. We have tried to improve the situation through our
phased procurement procedure in our R. & D. activities. This ap-
proach was designed to reduce the cost to industry of preparing
proposals. ,

I don’t think that has worked to actually accomplish this. Again,

- the competition is very large. The desire for getting new business
is very great and it is difficult to actually limit the amount of money
that the company will put into proposals. ;

Mr. Gorney. Do you have any ideas on how the present method
can be improved upon ?

Dr. MUELLER. IE), sir; I do not.

Mr. Tracue. I have seen some of those proposals and they stack up
about 1 or 2 feet in height. :

How do you relate performance to proposal ?

Dr. MueLLEr. It takes 3 or 4 weeks for 70 people to go through
one set of proposals. :

Mr. TeacUE. You have that many people down there doing this
function ?

Dr. MueLLER. Yes, so it takes a great deal of time on the part of
the Government to carry out a real evaluation of these proposals.
It takes a great deal of timé on the part of the companies involved
to prepare the proposal. , '

Mr. Teacue. What are you going to say to a company you have
given a superior rating to when he doesn’t get the renewal contract
and you award the new contract to another company that didn’t re-
ceive a superior rating? ,

How will you explain it? There is no law that tells you what to do.
It gets down to somebody saying: “This company gets the job.”

]%S‘ MuetLer. Each of the source evaluation boards takes into ac-
count past performance in their evaluation of the suitability and rank-
ing of the contractor.

I agl gure that the people that lose one of these competitions feel
very bad. o :

Mr. Teague. All companies do. o .

_ Dr. MueLter. I found that I felt bad every time I lost one when I
was in industry. On the other hand, I have observed the operation
of the letting of contracts in Europe, for example, where quite often
the work is contracted by the Government and is divided among a
set of companies in order to build basic capability and maintain that
caliability. My own observation is that our system works about as
well as any system. It is far from ideal and that is simply because
there is no absolute measure of competence. There is no absolute
measure of performance in the future.

You can always say what the performance was in the past, but
there are a few key people that have actually caused the past per-
formance to be good and if you transfer 20 people out of any organi-
zation, the right 20 people, you will find that its performance will
decrease. , :

That doesn’t say that the performance level won’t get good again,
but the performance pattern will change.

Mr. Teague. You have really had a very satisfactory performance
particularly at Cape Kennedy. Couldn’t you save a heck of a lot of
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money and wear and tear if you put all the names of qualified com-
panies and choose them by lottery ¢ 8 '
Dr. MurLLER. Mr. Teague, if the Congress would like to authorize
that procedure, I am sure we will comply. o ‘ \
Mr. Trague. I have a suspicion you will come out as well because I
think you have got seven good companies down there, ,
. Dr. MueLLEr. I certainly agree because the work hasbeen very good
in this support contract area. C

Mr. Tracue. Those proposals must consist of 10,000 pages.

Dr. MueLier, Yes.

Mr. Trague. What does the contract negotiator know when he gets
through with a proposal that he didn’t know when he started ? -

Mr. Fuqua. This has intrigued me for some time. I think you
will find in many cases that the firms’ capability to write proposals
probably far exceeds their ability to perform the task that you set out

or them. Isnot thistrue?

Dr. MueLter. It is often difficult to have the proposal writers actu-
ally working on the project that they write for. One thing that we try
to do, is to be sure t{:at the same people who are working on the })ro-
posal will be the same people actually working on the project itself.

Mr. Fuqua. Some universities are being accused of “grantsman-
ship” in getting grants. Some people have a better ability to express
themselves on paper and maybe these companies find themselves (‘fet- :
ting into “pro¥losalships.” Like the chairman I think you would be
bettter off to choose from among qualified contractors by lottery. It
would save 70 people a lot of time and paperwork. ’

Mr. Trague. Any questions? . ‘ ' .

Mr. Rumsfeld, you were out when we were going into your favorite
subject, automatic data processing. ‘

Do you want to go back to:it and ask some questions? : )

Mr. Rumsrerp. I would rather review what I understand will be
put in the record and spend some time on it. , -

If I have any questions I can get in touch with NASA.

Mr. Tracur. All right. : . ,

Mr. Rumsrerp. On this question of contractors, how precise a sys-
tem do you have for recording the past performance of contractors in
the area of technical performance? o

I can understand how you can evaluate a number of things about
a contractor, but as far as the real hard area of technical performance,
do you actually have a system for this? :

Dr. MueLrer. In the case of the support contractors, yes. We-break
it down so that there are essentially supervisors in particular areas of
work who monitor what is being done and hold periodic meetings with
the contractor management.

Mr. Rumsrerp. Is this recorded ? : :

Dr. MueLLer. It is recorded. There is a scorecard of performance
which is given to the contractor about once a month so-that he knows
how he is doing against the various items in this evaluation and so, in
turn, that he can improve. : : :

The objective, of course, is to get the support-contractor to do as
good work as it 18 possible by providing him an award as an incentive.
The problem you have with a supervisor evaluating the performance
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in a given area is that he always compares the work that another
individual does with what he thinks he could do, and we generally
tend to have a rather high opinion of what we think we can do.

Mr. Rumsrerp. Is this also true of your R. & D. contract?

Dr. Muerrer. With our R. & D. contractors we do not have that
greplse an evaluation system. There, performance is assessed on the

asis of the performance evaluation system. We are a member of
the program that DOD has set up for evaluating past performance.
In R. & D. it is a more objective thing. The R. & D. hardware con-
 tractors are essentially operating independently and the Government
1s measuring the end product rather than monitoring what they are
doing on'a day-to-day basis. There is a danger in trying to do too
much monitoring with respect to. the evaluation. We do have a fair
handle in the technical performance area from our incentive contract
structure because that was carefully written out to identify key items
that had to be done. You can pretty well evaluate at the end of the
contract by just looking at performance on key points.

Mr. RumsreLp. With respect to the R. & D. contract; is that re-
corded ? '

Dr. MuerLLer: Yes.

Mr. Rumsrerp. In each case, it is made available to these boards?

Dr. MueLLer. Yes. ~

Mr. Rumsrerp. When they review the collection of recorded infor-
mation, do you find a substantial disparity among companies working
in similar areas with regard to their ratings?

Dr. MukLLer. Generally there are not wide variations in the scores
of the evaluation groups on the companies. You will find, however,
typical variations of maybe 25 percent of the total points from the
best to the worst—maybe a little more. But that is not surprising
bceause you are dealing with a number of competent people who are
trying to get the same work. It is about like grading students, in
a sense. You have the same problem. If you have a highly select
group of college students, how are you going to differentiate between
the man who is making the highest grade and the man who is going
to flunk the course? You have to determine the difference between
an A and B when this difference may not be very large in terms of
scores on tests.

Mr. RomsreLp. When you are grading students or contractors, de-
pending on how you set the standard, you can have a greater or
smaller disparity, depending upon the scale you use and how you
adjust it.

Dr. MueLrer. Precisely. ~

Mr. Rumsrerp. Have you drawn a cutoff line?

Dr. MueLLer. Yes. '

Mr. Romsrerp. Have you moved that line from time to time, as the
program matures? Are you requiring a higher standard ?

Dr. MuEeLLer. Well, we tried not to move the line but rather to pro-
vide an incentive for the contractor to do better. You see, if you move
the line, you tell the man when he enters into the contract, that this
is where the line is.

Mr. Rumsrerp. I mean that if they fall below the line in perform-
ance, they are not going to get more contract work.
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Dr. Murries. If they fall below it in performance on an existing
contéact,b then we get a new contractor, immediatly. That is what
we do. :

Mr. Rumsrewp. But do you move that line? I take it you haven’t.

Dr. MueLLer. No, we have not. The minimum performance that
we expect is say 75 percent. I believe that is an average number for
performance in all of the categories.

Mr. Rumsrerp. What happens specifically when some contractor
falls below it and they get no more contract work? Do the employees
from that company go to work for the other companies?

Dr. MueLLer. Actually, we have not had an example of a company
that has fallen below the minimum for 2 months consecutively. That
is simfply because there is a very large incentive for them to stay above.
The fees for below minimum performance are very low, and conse-
quently there is a large incentive for them to try to stay up around
95 percent. We haven’t been so unfortunate, as I recall; to have a case
where the contractor stayed down around the minimum region. There
was one company that was there for 1 month. The company changed
its management and improved spectacularly.

Mr. Rumsrerp. Thank you. -

Mr. Teague. Mr. Roudebush. '

Mr. RoupepusH. The thought occurred to me as to what system do
we have of encouraging individual contractors for making suggestions
on saving money for the Government? In other words, let us assume
a hy}l)(othetical case, say TWA will come to you at Kennedy and say,
“Look, Dr. Mueller, we can save $50,000 by combining some services.”
What do we do? Cut their contract by $50,000 or do we give them
some sort of inducement? :

Dr. MueLLer. We cut their contract by $50,000. There is essentially
a cost-saving sharin’% which increases their profit. '

Mr. RoupesusH. They would make money by making such a sug-
gestion? :

Dr. MuerLer. Yes. , ;

Mr. Roupesusa. When you combined these 77 support contracts,
Mr. Lilly, to a much lesser number with a saving of $15 million, why
wasn’t someone aggressive enough to make some suggestions? . Ob-
viously there was overlapping and duplication of services. Why didn’t
someone make a suggestion? o

" Mr, Lizr.y, When we reduced the number of support contractors at
Marshall from 77 to 11, we converted to the incentive contract strue-
ture. The physical processes of monitoring these award contracts
represents a considerable burden on the Government structure. It was
not feasible. We didn’t have enough people with the right training
to be able to monitor and manage %‘7 support contractors.

Mr. RouvpesusH. Did anybody suggest a combination of services
when the reduction of a number of contractors was accomplished ¢
Did anybody turn in any suggestions saying we can do this? Do you
follow my line of questions?

Mr. Liovy. Yes. o

Mr. RoupeBush. Were any suggestions received which recom-
mended a combination of services? o S :

Dr, MuEeLter. I can récall one instance of a contractor at MSC that
did suggest a combination of services because he thought it would re-
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duce the cost. I believe we accepted the suggestion. Unfortunately
in the ensuing competition, he lost the bid.

Mr. RouvpeBusH. That answers my line of questions.

Mr. Teague. Mr. Gurney ?

Mr. Gurney. Dr. Mueller, I would like to renew my annual request
for a complete breakdown of the public relations of NASA. There is
nothing in this budget book anywhere which shows how much is being
spent for public relations and how it is being spent. T asked for this
last year and NASA was extremely unresponsive. It didn’t furnish
any information in detail. I think this committee ought to be in-
formed especially as to how much is being spent and where. I remem-
ber one year NASA requested funds for Columbia University in an
attempt to learn how to do public relations or how to improve it. We
got that stricken out of the budget. I know two newspaper editors

rom my home district who have said: “Can’t you get NASA to stop
flooding us with all this enormous paper they send out,” which these
two people said “they constantly dump in the wastebasket.”

I am interested in how much NASA is spending on public relations
and a breakdown of how it is being spent. In fact, I think it might
be well if you furnished us with your inhouse public relations budget
as it may be accepted by the Administrator and in turn put into your
budget when you send it over to the Director of the Budget so that we
actually know what this public relations money is.

Mr. TeacuE. Shouldn’t that properly go to Mr. Webb?

Mr. GurNEY. Yes, I think probably 1t should. I don’t care who
furnishes it as long as we get it. .

Mr. TEAGUE. V‘% will send the request to Mr. Webb.

(The following is submitted for the record.)

National Aeronautics and Space Administration agency-wide pudlic affairs
budget estimates, fiscal year 1968—Summary

{Dollars in thousands]
Headquarters Field Total

Personnel:

Professional.. 73 128 201

Secretarial and clerical i 44 72 116
Salaries and benefits. $1, 596 $2,337.8 $3,033.8
Travel 114 201.7 - 318.7
Information/educational publications preparation, printing,

and di ution. 440 492. 5 932.5
News photogxaphic services. - - 150 510.6 660. 6
Information/educational motion pictures froduction, process-

%g, distribution, and depository operation_....._....._..... 930 1,362.3 2,292.3
Radio and television production, distribution, and service..__ 510 21.4 731.4 -
Educational programs. ... . 205 100.0 305.0
Spacemobile program 3,260 |ocoee oo 1,260.0

xhibits design, construction, display maintenance, trans-

portation, and warehousing. 1,843 674.4 2,817. 4
Community relations and local activities..... 195.0 195.0
Supplies, materials, and equipment_ . ... oLl 17 219.7 236.7

Total 7,088 6,315.4 13,380.4

Dr. MurrLer. We don’t happen to have that part of the NASA
bult\ilg t under our jurisdiction and control.
r. GURNEY. I understand that. I was using this opportunity be-
cause it has to be brought out somewhere in committee.

A
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- Mr. Teacue. How do you guard against a very large company
charging off all kinds of costs in the proposal preparation, as against
a small company ‘who can’t charge off anything in a proposal?

Dr. MueLrer. In our support contracts and also in our large con-
tracts, but in our support contracts particularly, we normally have a
separate cost center which gathers aﬁ the costs associated in that cen-
ter. They are special kinds of things. We don’t want to carry the
overhead rate of the company as a whole. ' There are standard account-
ing Eractices, and unless the company is willing to spend its profits
on this operation, they won’t permit them to divert costs to another
operation. You can’t have a loose division in Government contracting
unless it is a fixed price contract and most companies aren’t willing
to put their profits into this kind of an operation. _ C

r. Teacue. I have one or two more questions on facilities. Last
year this committee authorized $96 million for construction of fa-
cilities. NASA had requested something over $101 million. - Then
the Appropriations Committee reduced this to $83 million. What was
the impact of these reductions and were there serious delays as faras
this program was concerned? ' ‘ i

Dr. MuErLer. I will turn that over to Mr. Lilly. - '.

Mr: Liruy. The total amount requested for the Agency’s fiscal year
1967 construction of facilities program was $101.5 million ; $95.9 mil-
lion was authorized by the Congress. The Appropriations Committee
reduced this amount to $83 million. As you know, in your Authoriza-
tion Committee you made certain specific cuts in the fiscal year 1967
Manned Space Flight construction of facilities request. = You made
two in which you reduced the Lunar Receiving Lab from $9.1 million
down to $8.1 million and denied the project at Marshall for the en-
largement of the Hazardous Operations Lab. Those were the two
specific cuts. ' o X o

The other cuts from the A ppropriations Committee are not specified
against any particular project. It is'up to the Agency as to how it
now rebalances or utilizes the appropriated funds, whether it comes
back for a supplemental amount or comes back with the request in
the following year. In terms of the fiscal year 1967 construction of
facilities history, Manned Space Fli%ht was authorized by your com-
mittee approximately $53.8 million for facilities, and ended up with
$43.8 million. Now, our criteria in trying to determine which ones
would have the least adverse effect on our operations led us essentially
to defer facilities which were primarily in' the ‘administrative area:
‘We have been able to accomplish each of the facilities that you au-
thorized, except for four at this point. Those four are the warehouse
at KSC; the engineering building at MSC; and two other projects:
one for rehabilitating and keeping up to date the test facilities: at
Mississippi and the same type of project for the S-IVB facilities in
Sacramento, Calif. We have not found a way to fund these projects.
We have not given up on the requirement. We still think they are
required. It is costing us more money to operate without the ware-
house-at KSC. It is a gradual kind of thing and I'still have hopes
of getting additional warehouse space. SN

‘We have taken certain actions to alleviate part of our problem.
By converting space in the Vehicle Assembly Building, we have found
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ways to pick up about 20,000 square feet. It is not efficient but it
allows us to continue to operate. We also picked up some more space
from the Air Force on the Cape Kennedy side which we had to pay
for. However it is still not an efficient arrangement. The prior resi-
dential structures used for storage on which there was considerable
discussion’ last year are continuing to cost us more,mone(aiy. There is
more security surveillance involved. Some of the studies that we
have done show that the operation and maintenance is costing us about
$3.50 a square foot under these circumstances whereas the cost is less
than a third of that amount in our regular warehouses. Now, in terms
of technical facilities at the Mississippi Test Facility and at the S-
IV B SACTO location, we may well be back to the Congress for those
facilities as a special reprograming -action this year if we are not
able to live without them. At Mississippi, one of the things we are
waiting for is the first test firing of the S-IC flight stage. We know
we have to change the cooling holes and so forth in the deflector plate
for the S-IC test stand. I will have to wait and see if we have to come
back for a large amount. In the case of the S~IV B as you know,
we had the S-IV B accident out at Sacramento. We are evaluating
that problem to determine whether or not we will replace the dam-
aged stand or if there is a different way of meeting our requirements.
I wouldn’t be surprised if we didn’t have to use the emergency.au-
thority provided to us by the Congress to go ahead and repair the
S-IV B at SACTO. That will mean that we will have to take R&D
funds, which are already tight in order to carry out the repairs.

I can’t say specifically that the items that we have deleted so far
have delayed us.- Since we wouldn’t have had the facilities completed
yet anyway, I can’t really tell. However, I feel that these items are
a requirement and should be done. :

‘When the Lunar Receiving Lab was reduced from $9.1 to $8.1 mil-
lion we had to take - certain specific -actions. In restudy,
we did reduce the total area of the proposed facility, which
was around 87,000 square feet. We were able to reduce this down to
about 83,000 square feet, but our major planned saving so far is that
whereas we had originally proposed having what is called a dual
vacuum system, we have now removed one leg of that vacuum system
so that we have a single vacuum system in the Lunar Receiving Lab.
As far as we can tell right now, the major disadvantage of the change
will be some delay in being able to process the lunar samples and get
them out to the universities. That will be the major result.

When you are running widely spaced trips to the lunar surface it
won’t have such an adverse effect on the handling capabilities, but if
you have two, say, within.a 3 or 4 month interval, you could be ac-
cumulating a backlog in the Lab without getting the samples out
quickly. - The major drawback would be the delays in the handling
- of the samples.

However, the change does not. degrade the quality of the facilities
in terms of the quarantine function. v -

Mr. TeacuE. -Mr. Gurney. .

Mr. Gurney. I have a question here on communication costs. I
notice you have provision for an increase of about a third of a million
dollars. Why should your communications goup?
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Mr. Loy, Is this communications that went up in Administrative
Operations? : ,
r. GURNEY. Yes.

Mr. LiLy. Was the figure you read for the agency as a whole?

Mr. Gurney. I don’t know if this is all for the Manned Space
Flight area.

Dr, MueLLer. These budget books were put together, they present
Administrative Operations for the agency as a whole, they are not
all broken out separately for Manned Space Flight. A lot of those
figures in the budget statements are for the agency as a whole.

Mr. Liuy. I don’t have the number in front of me at the moment,
but I can give you reasons that cause Manned Space Flight communi-
cations to Increase.

Mr. Gurney. All right.

Mr., Liury. During fiscal year 1968 there is an increase in man-years
of work. For example, KSC is increasing its man-years during this
time. They are not yet up to the 2,720 strength shown for the end of
fiscal year 1967. They are now about 139 below that end year level, and
are still in a build up situation. By the end of fiscal year 1967, KSC
will have 2,720 permanent civil service personnel. . Therefore we will
have for all of fiscal year 1968 the manpower that you had only for

art of fiscal year 1967. As a result, your total manpower increases.

hat situation is also true at Houston, and it increases your personnel
costs as well as other related categories, such as communications. In
addition the previously authorized buildings that are being completed
and are coming into operation at our Manned Space Flight centers
must be accommodated. In fiscal year 1967, we will increase the square
footage occupied at our centers by 535,000 square feet. In fiscal year
1968, buildings coming into operation will increase this figure by an-
other 400,000 or so square feet. That factor adds to the operational
costs, janitorial, communications, et cetera. :

Specifically, in terms of communications, my recollection is that
there has also been some change in the Federal Telecommunications
what is called the System (FTS) rate. I have the numbers here on
the communications costs at our centers. At the Manned Spacecraft
Center the fiscal year 1967, requirements are $2,337,000, and will go
up to $2,343,000 in fiscal year 1968. ‘ :

The basic increase here is in several areas, but mainly in terms of
the local telephone and exchange service where you need more people
and more instruments. :

At the Marshall Space Flight Center, where the number of people
has declined, requirements go down to an estimated $1,695,000 in fiscal
year 1968. We get our largest reduction in the local telephone and -
exchange services. The leased lines and the long distance calls have
not really changed. S e

Mr. Gorney. How do you monitor the long-distance calls to make -
sure that people aren’t wasting the Government’s money? Do you
have any effective way of doing it ¢ . v

Mr. IZILLy. I would have to answer that I don’t believe that the
agency has any definite way to determine whether or not an official
call that an engineer, for instance, would make really was necessary,
other:than to continually keep in front of these people the cost of this-
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service. We assess, at our centers and headquarters, what the com-
munication costs should be. We monitor the number of instruments
that are installed at the centers, in other words, to prevent having two
or three instruments for one man and things of this nature. We also
have a dprocedure that requires long-distance commercial calls to be
certified by a supervisor to assure that these were official calls. We
follow up to see that all long-distance commercial calls are made in
the cheapest manner and any deviation from that procedure comes
back to the supervisor, who has to check into the reasons for the devia-
tion.

Mr. Teacue. Any questions?

Dr. Mueller, I think I should tell you that I had a little experience
in World War II that caused me to ask a number of questions on con-
tracts. I had a battalion of a thousand men. Ed Gurney will well
- understand that, I soon learned that the decorations I was recom-
mending were not being approved. The battalion personnel officer
who would write up the citation for a decoration originally had been a
contractor. I searched around and located a journalism major to
write up the citation for the decorations. The situation completely
changed. I knew we were doing as much fighting as anyone. Very
quickly, all the recommended decorations came back approved. If I
were a contractor, I would hire a capable proposal writer.

Any other questions?

Dr. Mueller, we have scheduled the markup of the bill for the 4th
and 5th of April and we hope that you and Mr. Lilly will be available
at that time either up here or at your office so we can get in touch
with you. -

Dr. MueLLer. Thank you.

Mr. Teacue. Any further questions?

If not, we will be adjourned.

(Whereupon, at 11:40 a.m., the subcommittee was adjourned.)



ANSWERS TO QUESTIONS FOR THE PUBLIC RECORD IN
EXECUTIVE SESSION BY MEMBERS OF THE SUBCOM-
MITTEE ON MANNED SPACE FLIGHT, APRIL 4, 1967

Question No. 1:

Mr. Gurney. You say the experimental program is mainly funded
through a university who in turn engages contractors. What univer-
sities are these and what are they doing ¢

The answer to this question is partially contained in the answer
to Mr. Teague’s question “I would hope on Apollo Applications you
would put out in much more detail for our hearings than what we have
in our backup books for the ordinary layman to know what the vehicles
are you are using and what the experiments mean and that type of ex-
planation,” on pp. 334-335 of the March 20, 1967 fiscal year 1968 au-
thorization hearings and the answer to Mr. Daddario’s question on p}{.
310-312 in the March 20 hearings: “In the area of manned earth
orbital telescope activity, Dr. Mueller, will you briefly name some of
those members of the astronomical community who have advised you
in this and supported this ?”

Question No. 2: .

Mr. Dabparto. As I understand from Mr. Wilson, we will not get
copies of this (the Apollo Applications amplifying statement) until
it 1s put in galley proofs, because that is a costly procedure ; I make this
request that this all be provided to us prior to this going into galleys
so that it can be put into fixed form and so we need no supplement to
complicate the matter for us.

Answer. The answer is identical to the question posed by Mr.
Teague, during the March 20 hearings (see pp. 334-835), Mr. Teague:
“I would hope on Apollo Applications you would put out in much
more detail for our hearings than what we have in our backup books
for the ordinary layman to know what the vehicles are you are using
and what the experiments mean and that type of explanation.”

Question No. 3.

Question by Mr. RUMSFELD :

What I am trying to do is get some feeling for the types of total
sums for different categories that NASA is going to be spending that
are not going to show up in a beefed-up space program such as the ac-
cident, such as wage increases, such as the effect of strikes. Some of
these things I would think would be helpful to me in understanding the
absolute level of funding, if I can use that word as o;iposed to the
budget figure which will either stay the same or show a slight increase
from last year or slight decrease. ' ,

There is a gap between that and what we are really getting because
of these various things such as the accident, wage increases, strikes,
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and possibly these things that you are funding through NASA that
DOD and Congress used to fund. I would be interested in having a
list of these things with an estimated dollar amount so that we can get
some feel. Tiger, does that make sense to you?
Mr. Teague. Yes, sir, it does.
] * * * * * *

Mr. Furron. Could we have an estimate put in the record on that ?

Dr. MueLLer., Yes,sir. :

Mr. Fouvurown. If you will put that in the record for us, it would be
the best thing. Why don’t you make a complete survey and put it in
the record.

Is that all right, Mr. Chairman ?

Mr. TeacuE. Yes. v

Answer. Known or potential increased funding requirements, ex-
cluding those that will result from the 204 accident, that were not in-
cluded in our fiscal year 1967 or fiscal year 1968 budget requests are
shown below. ‘

The unbudgeted requirements in fiscal year 1968 could reach $150
million if the cost of doing business continues to increase at near 8
percent per year and if it is decided that we must replace the S-II
structural stage. ‘A more optimistic outlook would place the increase
between $75 and $100 million.

Known or potential increased funding requirements

[Dollars in millions}
" Total Fiscal year | Fiscal year
1967 1968
11 ) Ly G $291.0 $141.8 $149.2
S-IVB explosion... .Gl icaeiilowie 16. 5 2.5 14.0
Stage yreplacement_ - 140 [acoocmeea 14.0
Stand repair_ . . lieiiien 2.5 N 3 [N,
S-TI Stage 108808 . mu o oo oo e 33.6

Structural stage replacement_.____ _
Stand repair. . . eoialale

Service module 017 tank rupture
LC 39 LOX line faiture
Increased Eastern test range reimbursements. . ..

5.

1

8 2

Civil service pay raises........_ oL aoiia. 7.
1
6.

Engineersand scientists_ ... . ...
General civil service raise. ... ool

Potential increase in contractor wages and other costs of
doing business ... e 215.0 115:0 100.0




ADDITIONAL QUESTIONS FOR THE RECORD; REPLIES
SUBMITTED BY DR. GEORGE E. MUELLER, ASSOCI-
ATE ADMINISTRATOR, OFFICE OF MANNED SPACE

FLIGHT, NASA
: Arorr.o PROGRAM

Question 1. What are the major launch schedule changes since 1961
in the Apollo program for Saturn I and Saturn V? (Without con-
sideration of current rescheduling for the Apollo 204 accident.)

Answer 1. The first firm Manned Space Flight schedule was estab-
lished in November 1962, based on the Lunar orbital rendezvous deci-
sion of July 1962. v

The first major rescheduling action occurred in the fall of 1963,
when both uprated Saturn I and Saturn V launches were delayed
approximately 6 months to accommodate the “all up” concept, to com-
pensate for elimination of six Saturn I flights, and in consideration
of existing funding constraints.

The second major rescheduling action took place in January 1965
after a prolonged assessment of program milestones. Early develop-
ment flights were slipped due to the impact of ground test problems
and the operational ftht program was stretched out because of fund-
ing considerations. .

Question 2. What rescheduling has been maode for either Satwrn I
or Saturn V unmanned flights based on the Apollo 204 accident?

Answer 2. To date no rescheduling of the only planned Saturn 1
unmanned flight (LLM-1) has been made due to the AS-204 accident.
However, a review of LM systems is being conducted based on the AS-7
904 accident and this review may result In the rescheduling of LM-1
Jaunch. Areas that will be reviewed are materials, environmental con-
trol system wiring, minor schedule adjustments to the two unmanned
Saturn V launches et cetera. - We are now examining the need to make
(A§t_501 and 502) to flight test proposed modifications in the space-
craft. :

Question 3. What is the net effect of the $60 million deferral of
funds on fiscal year 196768 program plans? ;

Answer 3. Of the $60 million which was withheld from NASA by
the President last year, only about $8.8 million was allocated from the
Apollo program. This is being absorbed in the ALSEP program.
The net effect of this deferral of funds is to reduce our carry-forward
funding at the end of fiscal year 1967.

Question 4. What effect on fund requirements has been determined
to date, on rescheduling unmanned Satwrn I and Saturn V flights?
When do most increases based on rescheduling because of the Apollo
20}, accident begin to ajffect the total program? ,

_Answer 4. The fiscal year 1967 and fiscal year 1968 resource plan-
ning will be analyzed to determine the full impact of the accident on
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both the Apollo unmanned and manned flights. This analysis will
be completed subsequent to the final report of the AS-204 Accident
Review Board.

Question 5. What is the estimated cost of investigation of the
Apollo 204 accident in dollars and man-hours?

Answer 5. There are about 1,500 people now engaged in one aspect
or another of investigating the accident who will have worked about 2
months, 3,000 man-months, or 250 man-years. At $17,000 per man-
year, the cost is estimated to be about $4 million. (Better estimates
will be available when the Board has completed its report.)

Question 6. Does NASA expect to alter its manufacturing tech-
- niques in fabricating the tank walls of the S-II stage? If so, when?

Answer 6. We do not anticipate any further changes in the manu-
facturing techniques for the S-II stage tank walls. As a result of
the liquid hydrogen tank cracking that was experienced in mid-1966,
a number of small changes were made in the manufacturing of the
tank wall panels, and in the handling and assembly procedures of
these panels to form the actual tank. These changes included such
items as welding techniques, tooling, and handling fixtures and han-
dling procedures. ‘

Since the implementation of these improved and refined fabricating
methods the LH, tank cracking problem is now considered to be under
* control.

The manufacture and assembly of the S-II stage has presented
new development problems. These problems have been due mainly to
the very large structural components involved as well as the use of
the 2014 aluminum alloy material for the pressurized portion of the
stage. Although this material was successfully used for the S-IV
and S-IVB stages, it had never before been used in the large size
sections required for the S—II, The use of the 2014 material was dic-
tated in order to achieve the optimum thrust to weight ratio required
for the entire Saturn V launch vehicle.

Regarding the tank wall insulation, we are evaluating a spray-on
foam to replace the present bonded honeycomb material. If tests
presently underway are successful, this foam material will be applied
to the liquid hydrogen tank walls of S-IT-8 in late 1967. This stage
should be delivered to KSC in August 1968.

Question 7. What are the most feasible current alternatives to the
life support system currently designed for the Apollo Command
Module?

Answer 7. The Environmental Control System is being reexamined
with emphasis on materials, failure modes, choice of fluids and mainte-
nance and servicing,

Particular attention is being devoted to improving fire resistance
by careful selection of materials used and the types of plumbing con-
nections with the aim of minimizing the potential of leakage or joint
failure as well as improving the maintenance and servicing of the
system.

Tradeoft studies are being conducted to determine the feasibility
of eliminating the present coolant fluid from the crew compartment.
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A second approach is replacement of the glycol in the cabin by
water while leaving the mixture of water an% glycol in the service
module.

A third approach involves the examination of the flammability
characteristics of other mixtures of water and glycol.

Finally, the design of the environmental control system is being
r%‘{;ewed with a view to improving its maintainability and service-
ability. ' ﬁ

With regard to spacecraft atmosphere we are continuing tradeoff
studies on spacecrait atmosghere for each operational phase of the
Apollo program. These studies include one versus two gas tradeoffs,
evaluation of the prelaunch atmosphere and a fire resistant oxygen
system.

Question 8. What have been the major contributions of the Apollo
engine development program in the past 4 years?

Answer 8:

F-1 Engine:

1. Successfully developed the largest thrust engine fired to
date in the free world (1,522,000 pounds thrust) enabling
United States to launch significant payloads.

2. Completed flight rating test qualifying the engine for
flight test. :
~ 8. Completed tests qualifying the engine for manned flight
and continued intensive reliability analysis and test.

4. Successfully solved the high frequency combustion oscil-
lation problem which has long-range benefits for other pro-
grams as well as the Apollo program.:

5. Successfully completed three S-IC acceptance stage fir-
ings where all five engines are fired for the full duration of
150 seconds. :

6. Advanced state of the art: (a) achievement of combus-
tion stability of a large rocket engine, and (b) development
of the turbopump machinery to pump the large volume of lox
and RP-1 required. v

J-2 Engine: V ‘

1. Successfully completed flight rating tests qualifying the
engine for flight. : ‘

2. Successfully completed tests qualifying the engine for
manned flight and continued reliability testing.

3. Successfully flight tested this engine. ‘

4. Solved the problem of testing at sea level, conditions that
exist at altitude. ‘

5. Solved the fuel pump stall problem by prechilling the
pump and chamber and to limit the temperature conditions of
each under which a start will be effected. ' This will have
long-range benefits for other programs. :

6. Largest hydrogen fueled engine in the free world with
long-range benefits for future programs due to high perform-
ance demonstrated during static and flight tests,

7. Exceeded specific impulse and thrust to allow greater
]S)ayload (2,200 pounds in Saturn IB, 4,700 pounds in

aturn V).
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" 8. Demonstrated restart capability on AS-208.
H-1 Engine: :

1. Uprated from 188,000 to 200,000 to 205,000 pounds thrust.

2. Developed a method of furnace brazing critical parts, a
much better and more economical system of production.

3. Improved turbopump and injector performance (spe-
cific impulse increased from 255 to 263 seconds).

4. Successfully completed Saturn I flight program and
demonstrated one engine out capability. :

5. Successfully completed three uprated Saturn I flights.

6. Successfully completed man rating of the H-1 engine at
205,000 pounds thrust level. ,

RL 10-A3:

1. This engine was the first turbopumped hydrogen-oxy-
gen engine to be developed. ,
ﬂ’2hSuccessfully completed flight rating tests qualifying for

1ght.

3. Successfully completed six Saturn I flights and demon-
strated the first flight use of a hydrogen-fueled rocket stage.

- 4. Successfully powered Centaur ﬁghts, including engine
restart in space. _

Question 9. What work will be accomplished within the engine de-
velopment program in. fiscal year 19689 = Has part of the costs of this
effort been transferred to other parts of the budget? ' If so, where and
how much?

Answer 9. Engine development project funding for fiscal year 1968
provides propellants and test support to continue performance and
reliability verification, J-2 engine restart capability assurance and
related efforts. All effort by the prime contractor after engine quali-
fication is carried in the appropriate launch vehicle account (Saturn
IB for H-1 and Saturn V E)r -2 and F-1). H-1 funding for sup-
porting activities involved $4.1 million for fiscal year 1967. Saturn
V funding for fiscal year 1967 includes $38.9 million for supporting

" work."

In fiscal year 1968, funding for engines within the vehicle projects
covers production and test of engines plus supporting activities such
as the following:

1. Flight support of the launch program.

2. Improved engine reliability. ,

3. Flight worthiness verification. This is a series of tests to
verify that the engine reliability has in no way deteriorated as a
result of shipping and handling, environmental conditions, and
elapsed time from manufacture to flight.

4. Investigation and reduction in material rejection costs.

-~ 5. Continue elimination of possible failure modes to increase

reliability.

6. Effective cost savings in refurbishment programs.

Question 10. What is the composition of the Advanced Missions
program, by study area, and cost, for fiscal year 19682 How does this
differ from fiscal year 19672 .

Answer 10. Requested fiscal year 1968 funding for Advanced Mis-
sions, by study area, and comparable data for fiscal year 1967 is
shown below : :
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[Dollars in thousands]
Study area Fiscal year | Fiscal year
1967 1968
Earth orbital S e mmmn e $3,100 $3,800
Lunar. o : 450 1,400
Planetary_._.. 1, 500 1,200
Launch vehicles and general Program. .. cocueoioomecoammenmmesncocnana= 1,150 1, 600
b 101 7Y [ dmcencccamaiaennnan 6, 200 8,000

Question 11. What has contributed most significantly to delay in
delivery of the lunar module? When will this deloy versely affect
the flight schedules? To what extent have program. costs been in-
creased by the delayed deliveries? :

" Answer 11. Schedule delays which began in early manufacturing
have continued through subsystem installations and integrated check-
out. We experienced some development problems in such systems
as the ascent engine, descent engine, abort guidance and rendezvous
radar. Tooling, manufacturing problems, and late delivery of sub-
system hardware by vendors have had their effect. No single factor
can be pointed to as a predominant contributor to the delay, but
rather it has been a combination of factors which are normal to first
of a kind flight hardware at this stage of development.

It is possible that we will experience some impact in our Iunar
module development program as a result of the AS-204 accident.
We have deferred detailed consideration of the lunar module until a
basic understanding of the AS-204 accident could be developed. We
will reevaluate the lunar module cost and schedule in the context of
changes required in the command module and expect to ‘complete this
review in the next 6 weeks. ~ C ~ ,

Question 19. Since only block II command modules will be used
for manned flight, what is the disposition of block I command. mod-
ules? How does this affect program schedule and costs?

Answer 12. The program plan provided for six block I command
module flight articles. Two unmanned command modules (009 and
011) were flown as AS-201 and AS-202, respectively. An additional
two unmanned eommand modules (017 and 020) are programed for
flight on AS-501 and AS-502, respectively. Command module 012
was destroyed in the AS-204 accident at KSC. Command module 014
was shipped to KSC to support the AS-204 Accident Review Board
and was disassembled. Since the block II configuration spacecraft
will be used for manned Apollo flights, the disposition of block I.
command modules will not directly affect the program schedule or
costs. The flight schedule will depend on the availability of the block
1T spacecraft. ‘ .

~ Question 13. What are the cost_and manpower requirements in
Apollo quality assurance and reliability in the fiscal year 1968 budget
plan? How does this compare with fiscal year 19672 Has the Apollo
204 accident caused a shift of emphasis or modified operations of the
Apollo quality assurance and reliability program? N
] Answer 13. Quality assurance and reliability has been an active and
integral part of the Apollo program. Throughout the Manned Space

76-265 O—67-—pt. 2——36
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" Flight organization a primary function performed is the management
of contractor effort. Under this criterion approximately 15,000 man-
years of government and center support contractor effort are involved
in quality assurance and reliability related activities. For example,
the review of program changes by the various levels as outlined in the
Apollo management presentation to the committee involves quality
assurance and reliability activity. Other examples are to be found
in the working groups and test programs conducted at the centers.

In fiscal year 1967 effort of Apollo personnel specifically classified as
quality assurance and reliability is divided between Government per-
sonnel, who are performing 2,200 man-years, and contractor personnel
who are performing 8,200 man-years.

The fiscal year 1968 budget plan, which was formulated before the
AS-204 accident, provided for a level of effort corresponding to the
planned decline in overall engineering, manufacturing, and test effort.
We are now in the process of conducting a thorough review of our
current R. & Q.A. program. The results are expected to be available
in April 1967. ’

Question 14. What effect will recent loss of a S—-IV.B stage have on
the flight vehicle delivery schedule?

Answer 14, Actions are underway with Douglas Aircraft Co. to
reallocate existing flight stages. S-IVB-503 will be replaced by
S-IVB-504 for launch vehicle AS-503. Subsequently each flight
stage will be advanced to replace the preceding stage.

Question 14(a). Will it affect the unmanned Apollo flight schedule?

Answer 14(a). No. S-IVB planned deliveries were ahead of sched-
gle at the time of the loss. S-IVB deliveries will support KSC need

ates.

Question 14(b). At what point in time would it affect the manned
Apollo flight schedule when ¢t is resumed ?

Answer 14(b). We expect S-IVB deliveries will support the
manned flight Apollo schedule.

Question 15. To what extent is NASA hardware and technology
available and utilized by the Department of Defense space effort?

Answer 15. Much NASA hardware and technology have already
been made available to the Department of Defense with respect to the
Gemini program (question 17). In addition, elements of the U.S.
Air Force are working for, or closely with, the NASA organization
in prosecuting the Apollo program at both headquarters and our field
centers. For instance, a large number of Air Force officers are em-
ployed in the Mission Control Center, Houston, contributing, as well
as gaining, experience in the operating area. We have carried, and
plan to carry, DOD experiments on NASA space flights.

It is NASA’s policy that all technology gained is available to any-
one requiring it.

The policies regarding hardware which governed disposition of
Gemini equipment will prevail in the Apollo program as well.

Question 16(a). Is experimental space awailable in the Apollo
program?

Answer 16(a). Yes. Payload space has been made available and is
being used in all uprated Saturn I Apollo Earth orbital flights. These
consist of medical, scientific, and technological experiments. Addi-
tional space can be made available on certain flights. However, the
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feasibility of flying experiments on Apollo operational flights depends
on other factors such as weight, crew participation, and propellant
usage. Proposed additional experiments will be judged against the
operational constraints.

The experiment complement for Apollo lunar missions consists of
the Apollo lunar surface experiments package and the lunar geologic
experiment tools and equipment. Other in-flight experiments could
be carried but none have been recommended or approved. If recom-
mended they would again be judged against operational constraints.

Question 16 (b). To what extent is experimental space utilized when
available by the Department of Defense? ‘

Answer 16(b). There are three DOD experiments currently as-
signed to Apollo program earth orbital flights. These are: (1) D008
radiation in spacecraft (AS-207); (2) D009 simple navigation ( AS-
207); (3) D017 carbon dioxide reduction (AS-209). It should be
noted that the flight designations are the current flight mission assign-
ments. They are now being reevaluated. Additional DOD experi-
ments in support of DOD’s Manned Orbital Laboratory (MOL) are
being included by the Apollo Applications program in the S-IVB
workshop missions. :

Question 17. What has been the disposition of equipment available
from the Gemini program? To what extent has this equipment been
made available to the Department of Defense? ;

Answer 17. Gemini hardware is finding its way into many programs
and activities. One of these is the Air Force Manned Orbiting Labo-
ratory which is making use of significant amounts of both flight and
ground equipment. As an example, certain of the crew trainers and
simulators with modifications were applicable as part task trainers
to the Manned Orbiting Laboratory program of the Air Force and
have been transferred to them. ,

Two Gemini spacecraft have been transferred to the Air Force and
a third will be transferred soon. One of these has since been flown by
the Air Force in a test in which a crew access hatch had been installed
in the heat shield. This access hatch is utilized as part of the Manned
Orbiting Laboratory to and from the spacecraft. The Gemini fuel
cells have found application in the NASA biosatellite program and
have also been transferred to the Navy’s Marine Engineering Labo-
ratory for their experimental use. The Federal Aviation Agency is
putting flight computers to such diverse usage as components of a
collision avoidance experiment. ,

The Apollo and Apollo Applications program will use significant
amounts of Gemini equipment in direct support of their activities.
Finally, the Gemini spacecraft are being exhibited both here and
abroad and will be displayed at the Canadian International Exposi-
tion in 1967. , , , ’

The specific disposition of Gemini spacecraft is as follows:

Gemini 1: Not recovered.

Gemini 2: MOL program.

Gemini 3: MOL program.

Gemini 3A : MOL program.
Gemini 4 : Smithsonian Institution.
Gemini 5: On display at MSC.
Gemini 6: In storage at St. Louis.
Gemini 7: Expo-67.
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Gemini 8: In storage at St. Louis.
Gemini 9: In storage at MSC.
Gemini 10: In Australia on tour.
Gemini 11: In storage at St. Louis.
Gemini 12: In storage at St. Louis.

Question 18(a). To what extent will other Govermment agencies
furnish experimental payloads for Apollo?

Answer 18(a). In addition to Department of Defense experiments
mentioned above, Dr. Eugene Shoemaker of the U.S. Geologic Survey
is the principal investigator for the lunar geologic experiment. Ex-
cept for limited photographic analysis by the Department of Interior
no other agency is involved in Apollo in-flight experiments at this
- time. Many agencies including Commerce, Interior, and Agriculture
are expected to participate in the Apollo Applications experiment
program.

Question 18(b). What mechanisms are available so that promising
experiments can be incorporated in Apollo flights by other Govern-
ment agencies and, private sources?

Answer 18(b). NASA has periodically issued a general publication
titled “Opportunities for Participation in Space Flight Investiga-
tions” (NHB-6030.1) in which we outlined the entire scientific experi-
ment participation program and procedures for manned as well as
unmanned flights. This has been supplemented by the Apollo Experi-
ments Guide, dated June 15, 1965. Presentations have been made at
many technical society meetings to alert the scientific community to
the opportunity for participation. In addition, special notices are
issued from time to time to all interested parties when relatively short
notice events become available for experimental participation. By
this means, all Government agencies, universities, and private individ-
uals showing interest are notified of the opportunity to propose
scientific experiments for Apollo through a NASA program office
to the Manned Space Flight Experiments Board. After a feasibility
study all submitted scientific experiments are considered by the board
and, when selected, are assigned to the appropriate program office
for implementation. In the case of experiments requested by private
sources they are submitted through the Office of Grants and Research
Contracts 2, recently renamed Office of University Affairs) for distri-
bution to the appropriate NASA program office.

- Question 19. Based on current planning, what is the flight-by-flight
mission assignments for the Saturn I and Saturn V in Apollo (and
Apollo Applications) ? :

Answer 19. The basic logic of our flight program incorporates
seven major phases for the Apollo/Saturn flight schedule. This plan
employs both the uprated Saturn I launch vehicle and the Saturn V.

The first Apollo/Saturn I program phase included unmanned
launch vehicle and Command-Service Module flights and was com-
pleted with the successful AS-202 mission in August 1966. Remain-
ing phases include unmanned Lunar Module development, manned
Command-Service Module long duration operations, and manned
missions involving orbital operation of the Command-Service Module
with the Lunar Module. '

The first Saturn V phase consists of unmanned launch vehicle and
spacecraft development flights. The second phase will be manned
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lunar mission simulation flights. The Apollo flight program will
culminate in the Apollo/Saturn V missions achieving manned lunar
landing and return. :

The five major Apollo milestones are:

1966: First Apollo uprated Saturn I unmanned flight.
1967: First Apollo uprated Saturn I manned flight.
1967: First Apollo Saturn V unmanned flight.

1968: First Apollo Saturn V manned flight.

1969: Apollo Operations.

The exact number of flights in each phase depends on the degree
of success achieved on each mission.

Question 20. What has been the disposition of the $41.9 million
provided in fiscal year 1967 for long-leadtime procurement for the
Apollo Applications program? Hawe other funds been used to sup-
plement this effort in fiscal year 19672 If so, what was the use of
these funds? ’

Answer 20. The disposition of the $41.9 million provided in fiscal
year 1967 is as follows:

Long-lead procurement of follow-on Uprated Saturn I - $24.0
Design and development of spacecraft systems modifications . 14.6
Experiment definition : 3.3

Total 41.9

No other funds have been used to supplement this effort in fiscal
year 1967. The development of experiments for AAP is covered by
other line items. :

Question 21. Early flights in the Apollo Applications program are
based on a success schedule in the Apollo program. What are the
schedule -alternatives available in Apollo Applications flights and
what are the cost effects of these alternatives? , ,

Answer 21. Many problems that might arise in the Apollo program
would not impact AAP. For example, a problem associated with
the Saturn V/Apollo flights may not impact Saturn I/Apollo hard-
ware used by AAP for early missions. As a matter of fact, the AAP
planning and scheduling is consistent with and would not be changed
by moderate difficulties or moderate success in the basic Apollo
program. :

In the event that Apollo hardware is not available for AAP usage,
the AAP payloads for the early missions will be stored for later usa%z
on follow-on missions. The alternative schedules for AAP will
determined after analysis of the situation at that time, The storage
and maintenance of the AAP hardware will involve increased cost.
However, the AAP payloads will be available for modifications and
improvements while in storage, thus permitting the experiments in
the payload package to be kept abreast of the state of the art. Thus
the experiments will be maintained in a configuration to obtain the-
quality and quantity of data consistent with the latest scientific and
engineering techniques. 5 :

%uestion 22. What effect does the availability of tracking ships
and aircraft have on the Apollo and early Apollo Applications
programs? : R '

Answer 22. The availability of tracking ships and aircraft is ade-
quate to support the current Apollo and Apollo Applications schedule.



APOLLO APPLICATIONS
(Set No. 1)

Question 1. Because the delay in the Apollo program will cause, un-
doubtedly, a similar delay in the first flight of the Apollo Applica-
tions program, why does NASA still need, in fiscal year 1968, all of
the funds it has requested for hardware modifications, experiments,
and, mission support in the Apollo Applications program?

Answer 1. A delay in the Apollo program will not necessarily impact
the AAP program which has been deliberately structured so as to be
able to absorb some possible Apollo problems. The Apollo program
has not yet determined the extent to which their delay will affect the
1968 Earth orbit flights. It is likely that several AAP flights will be
possible in calendar year 1968. Fiscal year 1968 funds are needed for
A AP experiments, hardware modifications, and mission support to be
available for calendar year 1968 flights that are not required for
Apollo lunar mission simulations.

As was pointed out in the answer to question No. 21 (Apollo pro-
gram), certain problems may arise in the Apollo program that might
not necessarily affect AAP. For example, a problem associated with
the Saturn V/Ag)ollo flights may not impact Saturn I/Apollo hard-
ware used by AAP for early missions.

Question 2. In fiscal year 1968 how much money is programed for
actual spacecraft and laounch vekicle modification of equipment still
in the mainstream Apollo program as opposed to design and develop-
ment efforts relating to “how to modify” such hardware?

Answer 2. The fiscal year 1968 funds programed for modification of
equipment still in the Apollo mainstream are associated with space-
craft only and are as follows:

CSM: $1,900,000.
LM: $5,700,000.

The CSM modifications are related to the orbital workshop mission
and the LM modifications are related to the Apollo telescope mount
mission. No modifications are planned for the mainstream Apollo
launch vehicles. \_

The definition efforts relating to “how to modify” such hardware
are included in the fiscal year 1966 and fiscal year 1967 study activities.

Question 3. The PSAC report on “the Space Program in the Post-
Apollo Period” recommends (p. 25) that the orbital workshop should
proceed because of the opportunity for 28 to 66 day flights in 1968.
In view of the Apollo fire, does NASA still expect an AAP flight in

1968?
(@) If a flight does not ocour in 1968, should NASA still pro-
ceed with the orbital workshop ? ‘

562
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Answer 3. Yes, NASA has a reasonable expectation that it will be
able to release uprated Saturn I launch vehicles and spacecraft for
A AP Earth orbit flights in 1968. :

() The orbital workshop is an important step in developing
the capabilities for long duration space flight; it should be prose-
cuted even if delayed somewhat. :

Questz’on 4. The PSAC report infers that NASA should use the
Titan III/MOL for ﬂifkts up to 60 days’ duration and develop a more
permanent ground-built space station for longer flights. Please com-
ment on this proposal discussing also what studies NASA has made
concerning use of the Titan I1I/MOL and the relative launch vehicle
and development costs involved ? :

Answer 4. During the past year NASA has considered carefull
whether the Titan IIIM launch vehicle or the Titan ITIM-MO
sﬁystem should be used in the post-Apollo nonmilitary manned space

ight program in lieu of the uprated Saturn I-Apollo system. The
key questions have been:

1. Possible use of the Titan IIIM instead of the uprated Saturn
Itolaunch the Apollo system.

(@) Would 1t be technically feasible ?
§b) ‘Would it be less expensive ? , ‘
¢) What would be its advantages and disadvantages?

9. Possible use of the Titan IIIM-MOL system in place of the

uprated Saturn I-Apollo system:
gag Could essentially the same objectives be accomplished
(b) Would it be less expensive?
(¢) What would be the advantages and disadvantages?

Several specific possible programs and alternatives were studied in
some depth by NASA, with the collaboration of the Department of
Defense in providing data and cost estimates with respect to the
Titan ITIM and MOL systems. Ground rules for performance and
cost comparisons were worked out jointly by NASA and DOD. In
the studies, NASA used without modification or independent valida-
tion the technical data and cost estimates on the Titan ITIM and the
MOL systems provided by DOD. ’ o i

These studies have léd to the following main conclusions with
respect to the questions listed above : - .

1. With respect to the possible use of the Titan IITM instead
of the uprated Saturn I to launch the Apollo system :

() The use of the Titan IIIM to launch the Apollo sys-
tem appears to be technically feasible, but its feasibility would
have to be confirmed by further ground and flicht testing.
Use of the seven-segment Titan IIIM from ETR would
provide capabilities approaching but not equal to those of

_ the uprated Saturn I-Apollo system. The low orbit pay-

load performance penalty would be about 10 percent per
launch. At least 814 years would be required for systems
integration, facility modifications at ETR, and flight qualifi-
cation of the Titan ITIM-Apollo configuration. ‘

(b) Funding requirements for the first several years for
programs using the Titan IIIM. would be substantially
higher: than. for corresponding alternative programs using
the Saturn IB-Apollo system because of the nonrecurring
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costs of about $250 million for systems integration, facility
modifications at ETR, additiona{, checkout equipment, con-
trol center modifications, and two unmanned launches to
qualify the new Titan ITIM-Apollo system. The Titan
IITM-Apollo system would have lower recurring costs than
the u}})lrated Saturn I-Apollo system by about $15 million per
launch, and after about 17 launches the savings would amor-
tize the initial nonrecurring costs. Compared to a corre-
sponding program using the uprated Saturn I-Apollo sys-
tem, and assuming four launches per year in both cases, it
is estimated that the crossover point at which a lower total
Ii‘gogram cost would result from introduction and use of the

itan ITIM-Apollo system would not occur until 7 years
after a decision to proceed with it.

(¢) Use of the Titan IIIM-Apollo system would have
several disadvantages as compared to the uprated Saturn I-
Apollo system. These include: (1) the payload penalty of
about 10 percent; (2) the problems of integrating the Apollo
system with Titan IIIM; (3) the program discontinuities
involved in shifting to the Titan ITIM-Apollo after 12 up-
rated Saturn I-Apollo launches; (4) the delay of about 2
years in the time at which a post-Apollo nonmilitary low
earth orbital manner program could get underway; and (5)
the fact that the Titan IIIM cannot be used to place S-IVB
stages in orbit for use and reuse with the airlock in the
approach to the development of long duration flight capa-
bilities which now appears to have significant advantages.

The only advantage in using the Titan ITIM to launch the
Apollo system appears to be the lower ultimate total program
cost if the total number of launches is large enough so that
the potential long-term savings can be realized. In view of
the experimental nature of the nonmilitary post-Apollo

‘Manned Space Flight program now under consideration, and
. the possibility of a decision sometime in the next several years

that a new system should be developed to meet the require-
ments as seen at that time, it does not appear prudent to make
a decision at this time based on the assumption of high-vol-
ume or long-term use of either the Saturn IB-Apollo or Titan
ITIM-Apollo system.

2. With respect to the use of the Titan IIIM-MOL system in
place of the uprated Saturn I-Apollo system :

(@) An unmodified Titan ITIM-MOL system could meet
some NASA post-Apollo objectives but would not be capable
of achieving the longer duration flight and related experi-
ment objectives which are a primary post-Apollo goal. An
extensively modified Titan IIIM-MOL system suggested by
the DOD (designated the uprated MOL system) might ac-

-complish some of the long-duration flight objectives now en-

visaged, and this corifiguration has been used for comparison
with the uprated Saturn I-Apollo system. Development of
the uprated MOL system is estimated to require almost 4
years from the time a decision is made. With a vigorous
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program entailing 4 launch rate of six per year, a milestone
of 1 year in orbit might be achieved about 1 year later than
~with continued use of the uprated Saturn I-Apollo system.
DOD has no plans at this time to proceed with such a develop-
ment for DOD purposes.
~ (b) The uprated MOL system would necessitate DOD and
'NASA nonrecurring costs for development and -facilities
" modifications estimated at about -$480 million. Recurring
costs would be higher for each 1-year mission than with the
uprated Saturn T-Apollo system since a larger number of
launches (six versus four) would be required. Achievement
of the same number of man-days in orbit would require an
even greater number of launches with the Titan IITIM-MOL
system. v ~
(¢) Use of the uprated MOL system in lieu of the uprated
Saturn I-Apollo system has several disadvantages, including:
(1) the two-man-per-launch limitation on ferrying operations
as compared to three with the possible increase to six men per
launch with the Apollo; the 2-to-3-year delay and hiatus in
low Earth orbital application of the technology being proven
in the Apollo program; and (3) the lack of direct compati-
- bility with Saturn V-launched systems which means that ()
the advantages of common use of S-IVB ‘stages, includ-
ing the spent stake “workshop,” would be lost, and () there
would be no economical capability to test in low earth orbit
the same systems to be used with the Saturn V in high and
~ synchronous orbits or out to the Moon or beyond. ‘
"~ Use of the uprated MOL system would have the advantages
of (1) compatibility with the DOD Titan IITM-MOL sys-
tem, and (21; a capability for polar orbit from WTR launch
facilities being built for the basic MOL. :
In view of the above, it has been concluded in summary that:

1. A decision at this time to discontinue use of the uprated
Saturn I-Apollo system and to introduce in its place either the
Titan IIIM launch vehicle or the Titan IIIM-uprated MOL sys-
tem for use in the nonmilitary post-Apollo Manned Space Flight
If)rogram would not be technically desirable or clearly cost ef-

ectlve. : .

2. Use of the uprated Saturn I-Apollo system will take advan-

tage of and maintain continuity with the Apollo program and
~avoid the prospect of a hiatus which might jeopardize the U.S.
position in space. ' :

8. Assuming success in the experimental program now planned,

Ca ca,fra.bility‘ for long-duration flight of 1 Jtea;r or more could be
available sooner and at less cost by proceeding in fiscal year 1968
and subsequent years with the uprated Saturn I-Apollo system.
4. If the experiments to be undertaken by NASA with the up-
rated Saturn I-Apollo system and by DOD with the MOL system
indicate a requirement for a nonmilitary program involving a
large number of missions within the capabilities of the MOL sys-
tem, the use of the Titan IIIM-MOL or a modification thereof
should receive careful consideration. ‘ :
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Question 5. If the solar telescope cannot be launched during the
hetght of the solar activity in the 1968-69 time period, would it still
be worthwhile to launch the solar telescope after that period#*

Answer 5. The forthcoming period ofp maximum solar activity is
expected to range from 1968 through 1970. This period is probably
the most interesting period of the 11-year solar cycle, however, there
is still much to be learned about the Sun’s behavior during the re-
maining portion of the cycle. Scientific returns from the ETM ex-
periments package mission (ML67-5558) during the 1970 portion of
solar maximum, and on into the period of degrading activity would
be extremely beneficial to the scientific community.
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Question 6. What is the estimated total cost of the solar telescope,
and how much is being funded in fiscal year 1968#*

Answer 6. The total cost of the ATM experiments package is esti-
mated at $19.5 million. Of this amount, §7 million is planned for
fiscal year 1968. The ATM experiments package contains five experi-
ments. Two of the five experiments are specifically for telescopes
with a total of $7.9 million, of which $2.7 million is planned for fiscal
year 1968,

* It is assumed that solar telescope refers to the Apollo Telescope Mount (ATM) experi-
ments package.
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Question 7. How many solar telescopes does NASA plan to build,
and has a contractor been selected ?*

Answer 7. The ATM experiments package carries five scientific
experiments containing nine separate telescopes. The total cost of
the five ATM experiments is estimated at £19.5 million. Of this
amount, $7 million is planned for fiscal 1968. Two of the five experi-
ments are specifically for telescopes with a total of $7.9 million, of
which $2.7 million is planned for fiscal year 1968. The principal in-
vestigators are contractually responsible for the development of their
instruments. In some instances, they subcontract major portions or
all of the instrument development and fabrication to an industrial
organization. In the case of the ATM experiments package, three
of the investigators (g—TIarvard College Observatory, High Altitude
Observatory, and the Naval Research Laboratory)r%ave given major
portions of their instrument development effort to the Ball Brothers
Corp. ; one investigator (American Science and Engineering) is doing
their own development work in-house; and one (GSFC) is having
their instrument developed by MSFC. These solar telescopes com-
plement those instruments which have been flown and planned for
flights on balloons, rockets, and the orbiting solar observatories.

Question 8. In view of the comments concerning ATM in the PSAC
report, what efforts are going on within NASA to develop an “op-
timized” space astronomy program?

Answer 8. Initial steps are being taken by NASA to develop an
optimized space astronomy program. Studies have been made in this
regard and others are currently in process. . NASA is working with
the National Academy of Sciences and with some of the leading
astronomers to develop the best approach to a space-borne astro-
nomical observatory. ” ‘

Included in such an observatory could be a large astronomical tele-
scope and a number of smaller ones including solar, planetary, X-ray
and radio types. It might be automated with remote olieration by
astronomers on the ground. It is expected that it would be man-
tended in that man would maintain it, focus and repair instruments,
replace parts as required and change and return film.

e ATM and OAO are current development steps being conducted
in parallel, leading toward this objective. In gathering fata, regard-
ing solar phenomena the ATM incorporates man into the data gather-
ing loop and also provides for the use of photographic film for obtain-
ing high resolution data at a high data rate. 'Fhe 0AOQ, being an
automated spacecraft carrying instrumentation to study stellar as-
tronomy, provides experience in long-term operation of astronomical
scientific instrumentation in a space environment. The combination
of these two programs provides the logical development know-how
to obtain the currently viewed optimum astronomy program.

Question 9. When does NASA plan to use operationally the lunar
mapping and survey system? o

swer 9. NASA plans two missions in 1968—one an Earth orbital
test mission, and the other a lunar contingency mission, if required

* Tt is assumed. that solar telescope refers to the Apollo Telescope Mount (ATM) experi-
ments package. )
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for operational support of the Apollo program, For AAP lunar
orbital missions, contingent on the success of the manned lunar land-
ing mission, we will be ready to fly one mission a year beginning in
1969. '

Question 10. Assuming that the mapping and survey. system will
not be used until after the manned lunar landing, why does the system
have to be funded in fiscal year 1968 and flown on the first Apollo
A pplications flight ? ~
- Answer 10. Both Apollo and Apollo Applications lunar surface
missions require surveys and mapping of candidate landing sites.
Operational requirements may not be fully satisfied by unmanned
Surveyors and Lunar Orbiters. The Apollo Applications require-
ments may be more rigorous than Apollo because extended duration
exploration sites can be at high latitudes or near rugged geological
- features. A larger area must be studied in detail to suppport large
area surface traverses, and safe landing areas must be found in close
juxtaposition to interesting, therefore potentially dangerous, surface
features. Funding in fiscal year 1968 is needed to provide for an
Earth test mission in mid-calendar year 1968 to prepare for subsequent
lunar missions in the 1968-71 time frame.

Question 11. In Dr. Mueller's prepared statement, the LMSS is re-
ferred to as “Apollo-developed.”” Please explain what you mean by
“Apollo-developed,” and when was it developed? :

Answer 11. The LMSS has been under definition since 1964 with
feasibility studies started in 1968. The system is funded by Apollo
since it is being developed to meet Apollo contingency requirements
for site certification and landmark location. Apollo Applications re-
quirements are also covered, and the c?ability to meet general scien-
tific objectives is now being incorporated.

Question 12. Was the LMSS reviewed by the President’s Science
Advisory Oommittee in connection with its report, “The Space Pro-
gram in the Post-Apollo Period” ?

Question 12(a). Do you consider it significant that LMSS is not
mentioned in the report?

Answer 12. The LMSS was not formally reviewed by PSAC, but
several members of PSAC and their staff have been kept informed of
its development. ‘

Question 13. Will NASA use the lunar mapping and survey system
in conjunction with earth resources surveys? If so, have the Depart-
ments of Interior and Agriculture been consulted regarding the design,
development, and use of LMSS?

Answer 13. No, there are no present plans to use the LMSS for
earth resources survey. The system is designed and configured for
lunar missions. The earth test mission-in 1968 will be a lunar simu-
lation mission. ‘

Question 14. Will the L. M. & 8.8. provide both photographic and
. infrared coverage? ' ' :
Answer 14. We are planning to use primarily fine grain, panchro-
. matic emulsions imaging in the 4000~7000 Angstrom range, but infra-
red emulsions, sensitive out to approximately 1 micron can also be
used. Color emulsions can also be used with the L.M. & S.S.
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Question 16. How many L.M. & 8.8. will be built and has a con-
tractor been selected? What is the estimated total cost of the
LM.&£8.8.2

Answer 15. Five systems are being developed, and contractors have
been selected by the DOD, which is NASA’s agent for this effort. The
estimated total cost of procuring, integrating, operating, and reducin%
thaﬂ: data from LM. & S.S. for five missions is approximately $7
million.

Question 15(a). What portion of the $464.7 million requested for
AAP in fiscal year 1968 is devoted to LM . & 8.8.7

Answer 15(a). The LMSS development will require $17.9 million
in fiscal year 1968, to be included in the Apollo budget. The AAP
request includes approximately $2 million for L.M. & S.S. mods to
increase its scientific caBability.

Question 16. Is the Department of Defense devel?pmg or funding
any portion of the mapping and survey system? - If so, what is its
interest in the system? :

Answer 16. DOD, pursuant to a NASA-DOD agreement, is devel-
oping the LM. & S.S. flight hardware to meet NASA lunar mission
requirements, under NASA funds transferred for this purpose. DOD
isnot funding any portion of the L.M. & S.S. development.



APoLLO APPLICATIONS

(Set No. 2)

Question 1. Of the $61,247,000 budgeted for AAP in fiscal year 1966,
how much has been committed and how much has been costed as of
February 28, 19672 :

Answer 1. As of February 28, 1967, the latest date for which data is
available $45,147,000 of the $51,247,000 had been committed. Actual
obligations were $41,787,000.

Question 2. Of the $80 million budgeted for AAP in fiscal year
1967, how much has been committed and how much has been obli-
gated as of February 28,1967 ?

Answer 2. As of February 28, 1967, $44,323,000 of the $80 million
had been committed. Obligations totaled $35,382,000.

Question 3. The back-up books (p. BD 2-2) refer to the long dura-
tion flight capability of AAP as a key requirement for most of the
significant advances in Manned Space Flight. Does this indicate
that NASA will wait until it has demonstrated the ability of man to
survive in space for at least 1 year before recommending the approval
of new space goals such as a manned Mars flyby orlanding ?

Answer 3. Full assurance that the crew would not only survive,
but would function effectively throughout the mission, is, of course,
a prerequisite to embarking on a manned planetary mission and will
require extensive test operations and demonstrations in orbital flight,
as well as a comprehensive ground test program. A goal such as a
manned planetary mission could be established on the basis of con-
sidered judgment against well-defined risks, taking into account the
state of knowledge at the time, with demonstration and confirmation
of key capabilities at their proper time in the development program.
In the planned AAP Earth orbital series, we expect to have results
during 1968-70 from flights of progressively longer duration, rang-
ing initially from 1 month up to 1 year. These results will provide
either increased assurance of the feasibility of manned planetary
flight or early indications of problems to be solved. NASA is recom-
mending that the United States go ahead with a vigorous program of
long duration manned flight in the Apollo Applications program so
that the United States will have the basic data for major decisions
beyo_ri)(% the post-Apollo space program as early and completely as
possible.

Question 4. Will shielding against radiation hazards and micro-
meteoroid penetration have to be added in orbit to the walls of the
S-IV B stage in order to make it safe for astronauts?

Answer 4. It is possible that shielding may have to be added to the
S-IVB stage to lower the probability of micrometeoroid penetration.
"The probability of penetration during planned occupancy is quite low,
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and the danger to the astronauts from such a penetration has not been
fully evaluated yet because the habitability quarters design is not com-
plete. If it is considered advisable to use a micrometeoroid shield, it
will be installed prior to launch. ,

~ Studies based on available data show that the trapped radiation
environment at the altitude of the orbital workship mission will not
present a radiation hazard to astronauts within the workshop. Solar
flares do not significantly raise the damaging radiation level at this
altitude. The Command Module, with its inherent radiation shield-
ing capability, will function as a radiation “storm shelter” for the
orbital workshop crew in event of a massive solar flare.

Question 5. 1}{)7hat are the relative merits regarding building the
orbital workshop in space versus making the necessity modifications
to the S-IV B stage on the ground and then launching into space?

Answer 5. Some of the modifications required to make the S-IVB
stage habitable cannot be made prior to launch if the stage is to be
used also for propulsion. On the other hand, complete assembly of
the habitability structures and equipment in orbit would require an
inordinate amount of astronaut time. A balance has been established
between these extremes. A basic structure will be installed prior to
launch that will not interfere with the propulsion characteristics of
the stage. Experimental equipment and partitions will be packaged
externally for launch and will be brought into the S-IVB hydrogen
tank and assembled in orbit. ‘ ,

Question 6. Will systems or subsystems being developed for the
MOL program find application in NASA’s AAP program?

Answer 6. This question should be answered in terms of mutual
benefits of the MOL/AAP programs. The NASA and the DOD now
have agreements in operation that provide an interchange of per-
sonnel and' technical data. The majority of the MOL systems are
basically the Apollo and Gemini systems or extensions of those sys-
tems to obtain an orbital capability of 80 days. Any developmental
improvements of those systems by the MOL program will certainly
be evaluated for utilization in the AAP. One area, as an example, is
the electrical power system. DOD is sponsoring the improvement of
the Apollo fuel cell by incorporating ceria coated/cobalt activated elec-
trodes to obtain a longer life. Though the MOL operational char-
acteristics will differ, AAP is seriously considering the application of
this technology development in the use of the improved fuel cell for
AAP missions. : S ,

In the experiments area, the DOD is sponsoring several experiments
for flight in the AAP orbital workshop. This will give the MOL
preliminary flight evaluations prior to finalization in the MOL flights.
These experiments deal with in-space maintenance and repair tools;
crew activities such as suit donning and sleep station evaluation; ex-
pandable airlock technology; and recoverable expandable structures.
 Question 7. Will @ Lunar Module ascent stage be diverted. from the
Apollo program to provide for mating to the ATM? If so, how long
before the launch of the ATM must such a module be dwerted?

Answer 7. Yes. If the Apollo program goes well. Present plans
identify the need for the assignment of an ascent stage which will be
delivered approximately 1 year prior to the ATM launch date. LM/
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ATM design definition to date indicates that the LM ascent stage
should be assigned to AAP approximately 9 months prior to launch
in order to mal%e the necessary modifications and to conduct tests.

Question 8. What is the orbital lifetime for the OSM on AAP-1?

Question 8(a). If for some reason the AAP-2 orbital workshop
cannot be lounched as expected, can the L.M. & 8.8. be left in orbit for
later use? , 7 ‘

Question. 8(b). Why isn’t the launch of the unmanned orbital
work-shop the first mission in the Apollo Applications program since
;’t mnhr;main in orbit and is not dependent upon an immediate second

aunch !

Answer 8. The orbital lifetime of the CSM on AAP Mission 1 at a
nominal altitude of 120 miles is governed by the electrical power ca-
pabilities of the CSM. Depending upon the exact power profile to be
used during the mapping and survey system test, the total hfetime may
run from 8 to 12 days.

Answer 8(a). The L.M. & S.S. cannot be resumed in its present con-
figuration.

Answer 8(b). The orbital workshop is established by a series of
venting and passivation actions accomplished partly by automatic se-
quencing and partly by the crew on the spent S-IVB stage. These
take place during the first few days after launch and while the assem-
bled vehicle is under the control of the CSM. For this reason it is
important that the CSM be in orbit and ready to rendezvous at the
time of the orbital workshop launch. We also plan to have several
days of low Earth orbit qualification with the L.M. & S.S. prior to
initiation of the orbital workshop mission.

Question 9. The established production capability for the Apollo
program is six uprated Saturns and six Saturn Vs per year. In the
Apollo Applications program,it is expected to launch four Saturn IB’s
and four Saturn V’s per year. What effect will this reduction have

“upon your organization? '

Question 9(a).- Since such items as facility overhead remain rela-
;f?’;l% constant, what effect will this reduction have on the cost per ve-

icle

Question 9(b). What is the current cost of an uprated Saturn and a
Saturn V2 :

Question 9(c). What is the estimated cost per wehicle for those
being funded in fiscal year 19682

Answer 9. There will be no substantive effect on the total organiza-
tion, only a possible shifting of some personnel away from the hard-
ware production area to the experiments area. =

Answer 9(a). The Apollo schedule requires a maximum delivery
rate of four uprated Saturn I’s and six Saturn V’s per year although a
production capability of six of each vehicle has been established. The
average cost of the initial Saturn V’s procured for AAP will increase
significantly in the transition to a four a year rate. The affect on up-
rated Saturn I unit costs is minimized by the continuation of essen-
tially the same production rate as Apollo and the recognition of cost
savings introduced in this more mature project.
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Answer 9(b). The current recurring production cost for an uprated
Saturn I and a Saturn V delivered to Cape Kennedy is $42 million and
$163 million respectively.

Answer 9(c). The estimated cost- per vehicle for those funded in
fiscal year 1968 for Apollo Applications is $39 million for the uprated
Saturn I and $193 million for the Saturn V. The unit cost is greater
for the Saturn V than in Apollo since the follow-on production rate is
lower than Apollo.

Question 10. How many uprated Saturn I and Saturn' V flights does
NASA currently envision for the Apollo Applications program?

Answer 10. The tota] scope of the Apollo Applications program is
not measured in a specific number of flights but in a planned rate of
mission capability over the next several years. The total number of
missions in the program will depend upon progress and successful
achievement of sequential objectives, upon problems encountered, and
upon the resources available. : :

Question 11. Is it expected that follow-on orders for Saturn/Apollo
hardware will be fixed price contracts or will NASA continue to use
tnecentive contracts?

Question 11(a). What was the nature of Saturn/Apollo hardware
contracts awarded with fiscal year 1967 funds?

Answer 11. It is expected that NASA will continue initially to use
incentive contracts for follow-on orders for Saturn/Apollo hardware
in order to continue to motivate the contractors to increase their effi-
ciency and reduce costs, while producing the best possible items.

It must be no*ed that as yet many of the Apollo and Saturn engines,
stages, and modules have not been flown a sufficient number of times
to establish the production configuration. Changes are still antici-
pated and drawings and specifications are constantly undergoing re-
vision. As experience is gained in the production and performance
of these items, and when cost data permits an accurate forecast of
costs, full consideration will then be given to firm fixed price (FFP)
contracts for later follow-on orders.

Answer 11(a). The major AAP hardware contracts presently uti-
lizing fiscal ASyea,r 1967 funds are: '

(1) S-IB stage—Contractor, Chrysler Corp.: Cost plus fixed
fee (CPFF) type contract for long leadtime materials, compo-
nents, and parts, including engineering support, necessary to
maintain a follow-on capability at the rate of four uprated Saturn
I’s per year. The next procurement phase which will specify the
fabrication, assembly, and delivery o%) stages will utilize incentive
contracts.

(2) S8-1V B stage—Contractor, Douglas Aircraft Corp.: CPFF
type contract for long leadtime materials, components, and parts,
including engineering support, necessary to maintain a follow-on
capability at the rate of four uprated Saturn I's per year. The
next procurement phase which will specify the fabrication, as-
sembly, and delivery of stages will utilize incentive contracts.

(8) H-1 . engine—Contractor, North American Aviation,
Rocketdyne Division : Fixed price incentive (FPI) type contract
for production and delivery of 60 H~1 engines. ,

76-268 O0—687w=pt. 2-——37
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(4) Apollo telescope mount-pointing control system (ATM-
PO8S—Contractor, The Bendix Corp., Navigation and Control
Division : Cost plus fixed fee contract with option to later convert
to cost plus incentive fee (CPIF). For three units plus test
support equipment and critical subassemblies.

(5) Airlock—Contractor, McDonnell Co.: Firm fixed price
(FFP) type of contract for design, development, fabrication, test,
checkout, and delivery of one airlock module for flight.

Question 12. Discuss the relationship of the Department of the
Interior’s EROS (Earth Resources Observation Satellite) program
to NASA’s AAP program. What functions will NASA perform in
regard to the EROS program?

Answer 12. The Department of the Interior’s EROS program is

understood to be in the conceptual stage aimed toward the eventual
establishment of an operational space system for Earth resources obser-
vation, The NASA effort in Earth resources observation is directed
toward establishing the feasibility of such observations and developing
the most cost-effective systems for multiple-use applications; in this
effort it is expected to carry out both manned and automated experi-
ments. In the Apollo Applications program, NASA is planning
several payloads that will Eoth test the instrumentation for Earth
resources observations and define the most effective use of man in such
an effort—as an observer, equipment operator, data collector and
discriminator, or maintenance and repair engineer. The data from
both manned and automated systems will be made available to all
potential user agencies to guide their definition of requirements and
capabilities for operational systems.
_ Specifically with regard to EROS, NASA has responded to the
Department of the Interior’s request to analyze the feasibility of the
concept and to provide the necessary R. & D. background for such an
approach to Earth resources observations. '

Question 13. How does NASA plan to hendle the tremendous
amount of photographs and other data that will be obtained in the
Apollo Applications program? Will a new data-handling mechanism
have tg be created or are present facilities, personnel, and systems suf-
ficient

Answer 18. During the high data Gemini 7/6 mission the existing
NASA data collection, han(fling, and reduction facilities were ade-

uately employed and provided the major portion of the support. In
the determination of facilities, personnel and systems requirements
for AAP, consideration is being given to frequency, timelines (how
quickly is reduced data needed) and quantity of data. Itisanticipated
that the data rates for AAP will be not too much greater than those
currently employed in the unmanned programs which are being ade-

uately handled with present capabilities. The Space Science Data
%enter at GFSC is receiving data at the rate of 100,000 tapes per
year; 300,000 tapes have already been stored there. This storage
facility will be expanded to accommodate the additional quantity of
data generated in AAP.

In summary, a large portion of the data-handling mechanism neces-
sary to support AAP requirements is in being. In certain areas where
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additional facilities, personnel and systems are required, they are being
identified and implementation started. The initial AAP experiments
will be supported by existing capability.

Question 14. If the AAP program uncovered information concern-
ing another country that is or may be of military significance, how
does NASA propose to handle such information?

Answer 14. The scientific results of the NASA flight programs are
openly available to all nations, either directly or through the publica-
tion of research results. Any Government agency including the De-
fense Department has complete access to such data from our flight
experiments. The Apollo Applications program experiments now
planned and foreseen will produce information of great value to the
scientific and engineering community on the role that man can best
play in space systems, on solar and stellar astronomy, and on many
techniques and approaches for the utilization of space systems for
furthering the welfare of this Nation and of mankin(f Such informa-
tion, while of potential significance to the defense capabilities of the
United States, is intended to provide tests of crews and instrumenta-
tion in Earth orbit and at the Moon.

Question 15. The Department of Defense is using a miwvture of
oxygen and helium in the MOL program whereas NASA indicates
that it will use a miwture of oxygen and nitrogen in the AAP program.
Would you discuss the reason for the oxygen-nitrogen selection?

Question 15(a). Will it be used operationally on the first AAP
fight or will NASA rely on a pure omygen environment?

Answer 15. The Apollo Applications program presently plans to
use a 5 pound per square inch absolute, two-gas atmosphere of 69-per-
cent oxygen, 3l-percent nitrogen in the airlock module and S-IVB
spent stage workshop for planned mission durations in excess of 30
days. The 5 PSIA pressure level selected for this mission was dictated
by present Apollo pressure vessel capability and system compatibility
considerations.

The primary consideration in utilization of the two-%as system for
long-duration missions is a desire to avoid physiological uncertainties
and the possibility of atelectasis or collapse of the alveoli of lungs
from ready absorption of oxygen and concomitant lack of inert gas.
Nitrogen is not metabolized by the tissues of the body and the addi-
tion of a small percentage of the gas appears to prevent the clinical
effects attributed to the absorption of oxygen.

The oxygen-nitrogen atmospheric composition was selected as being
physiologically equivalent to the Earth environment in most essential
aspects.

The orbital workshop concept permits Apollo astronauts to work
and perform experiments and enables us to investigate the feasibility
of using a launch vehicle spent stage in orbit as a large habitable space
structure. It provides an early capability for a large, controlled en-
vironment to evaluate human performance in long-term zero gravity.

 Man’s evolution on Earth in an atmosphere consisting primarily of
oxygen and nitrogen provides us with a massive amount of baseline
data for comparison with biomedical observations to be made in the
AAP Workshop. The baseline data on man’s behavior in atmospheres
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containing primarily oxygen and helium is significantly less. While
there is no question of harmful effects of an oxygen-helium atmos-
phere, the interpretation of biomedical data obtained in space with
this atmosphere is more complicated.

Answer 15(a). A two-stage (oxygen-nitrogen) atmosphere will be
used on the first AAP orbital workshop mission.

Question 16. If it becomes necessary to reprogram additional funds
into the Apollo program as a result of the accident, will the funds be
ialcg; from AAP? If so, what part of the AAP program will be cut

ack

Answer 16. No determination has been made that funds will be re-
quired from AAP to cover Apollo costs resulting from the accident
until the report of the review board has been received and analyzed.
Should AAP funds be required for this purpose later, the decision
on which parts of the AAP program to cut would be made at that time
on the basis of minimizing impact to work already underway while
maintaining the best possible balance for future effort.



APOLLO APPLICATIONS

(Set No. 3)

Question 1. According to figures previously presented by NASA,
four A0SO satellites would have cost about $167.4 million, or about
$42 million each. The PSAC report states (p. 74) concerning ATM
“the expected value of scientific return may be no greater than would
have been obtained with one of the original 9-month AOSO flights.”

(a) What information will ATM provide that could not have
been provided by AOSO? v .

b) Why was AOSO canceled?
¢) At the time of the PSAC review, what was the estimated
cost of each ATM, exclusive of launch cost?
d) What is the current estimated cost for ATM ?
e; How many AT Ms will be built?
What is the estimated launch cost per ATM, including
the cost of the launch vehicle?

(g9) If there has been am increase in cost since the PSAC re-
view, what was the reason for the increase?

(k) Why, in terms of scientific return, is the ATM worth the
increased cost over what AOSO would have provided?

Answer 1.

(a) The scientific objectives of the ATM experiment are not
identical to those of the AOSO. The instrumentation was
tailored, in each case, to the unique capabilities of the respective
missions. e

The ATM, using film as the basic means of data acquisition,
will provide wide bandwidth, high-resolution studies to be made
of rapidly fluctuating solar phenomena. As an example, the rise
time of solar flares, measured in seconds can be photographed by
the ATM. AOSO would have provided long-term studies of
the sun, but with a low data rate capability. = '

Launches for both ATM and AOSO were planned during the
next period of maximum solar activity because data from both
types of space telescopes are essential to understand solar activity
and solar flares. ‘

(5) The AOSO was canceled because of budgetary considera-
tions. In particular, the AOSO imposed heavy constraints upon
the fiscal year 1966 and fiscal year 1967 budgets since development
fungiiélg requirements for the program peaked during this time
period.

(¢) At that time (September 1966), the estimated cost of the
first ATM, exclusive of launch, was $36 million.

g{l) The current estimated cost of the first ATM is $38.4
million.

577
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(e) The fiscal year 1968 budget request includes funds for con-
tinued development of the first ATM and the initiation of
development of a second. Both will be configured for solar
astronomy missions. A third ATM, for a stellar astronomy mis-
sion, is planned, however, no funds are contained in the fiscal
year 1968 budget for initiating this development.

(f) The estimated launch cost for the first ATM, including
the cost of the Uprated Saturn I launch vehicle and Lunar
Module, is approximately $130 million. However, this launch
will provide other benefits besides the solar obtained with the
ATM. The mission will provide data on man and his capabilities
in space, on a family of other technological and scientific experi-
ments, and on the utility of the ATM concept as well as direct
solar data during a scientifically important period. Further-
more, the ATM is planned to be reuseable.

(g) Estimates have increased by $2.5 million since the PSAC
review. All of this is in development efforts of the ATM itself
and consists of additional work related to the solar cell array
and the pointing control system.

(A) The ATM and AOSO programs are complementary from
a scientific standpoint. . The ATM, by using film as its basic
means of data acquisition, will return hi-resolution, wide band-
width data of rapidly varying phenomena. Launching ATM
during the next period of maximum solar activity will increase
the probability of photographing a greater number of solar
events, thereby improving its cost effectiveness. AOSO was to
have flown during the same time period, but for a longer dura-
tion, and would %ave telemetered data of slowly varying phe-
nomena, thus complementing ATM. ,

AS?AO report makes three criticisms of ATM on

pages 73 and 74 of the report (items lsted as (@), (b), and (¢)).
Please answer these criticisms if they are valid and explain how the
problem_has been corrected. If inmvalid, tell why they are invalid?
Please also respond to PSAQ’s criticism concerning the workload of
the astronauts (p.74). .

Answer 2.

(@) From an ATM operational viewpoint it makes no difference
whether the astronaut is 10 or 100 feet away from the instruments
just as long as he is above the obscuring atmosphere and in the
same orbital viewing position as the instruments. From an astro-
naut safety and comfort point of view, it is far better to have
him operate within the cluster. This arrangement not only gives
the astronaut more maneuverability and flexibility, but also from
a safety consideration keeps him within physical reach of his
return vehicle. At the time that the PSAC committee was briefed
on the ATM there was concern regarding manned motion or
activity within the cluster and the effect this would have upon
the accuracy of pointing and stabilizing the instrument platform.
A vernier gimbal system has since been added to the ATM con-
trol system which will eliminate any impact of manned activity
or motion upon the instrument pointing accuracy.
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(8) Tt should be noted that ground observations and commands
and electromechanical acquisition and pointing systems do not .
provide the most suitable arrangement to acquire solar activities
in a timely manner. Accordingly, such interesting solar events
as flare buildup patterns (rise time), are not obtained due to the
time required for instrument pointing and acquisition by those
other means.

(¢) The concept of repair and maintenance of the scientific
instrumentation is being investigated in the development pro-
gram, It is considered, however, that this concept can be pursued
to only a limited degree without overburdening our capabilities
in both extra-vehicular activity (EVA) and instrument com-
plexity. This feature is one of desire but not necessarily re-
quired in obtaining success in our early manned observatory
missions.

(d) Operational time-lines are currently being investigated to
determine the best and most feasible operational arrangement for
acquiring data and optimumly using the astronauts capabilities.
One example of such an arrangement could be the operation of
the ATM instrumentation during four orbit shifts, approximately
three times a day. Each orbit would consist of approximately
50 minutes; 10 for orientation and 40 for data acquisition. With
three astronauts to conduct this effort, no undue hardship appears .
to be imposed. Approximately 300 hours of experiment opera-
tion time could be achieved in such a manner.

Question 3. Please distinguish between AAP studies and Advanced
Mission studies—where is the dividing line? For example, during
Dr. Mueller’'s AAP discussion. on March 16, 1967, he referred to one
chart which was entitled “Ewxtended Lunar Erploration.” The ques-
tion is where does extended lunar exploration leave off, and where does
advanced lunar mission studies begin?

(a) Is it fair to say that unltke when everything other than the
Apollo program was automatically considered Advanced Missions,
today there is no real difference between AAP studies and Advanced
Mission studies ; and that for all practical purposes, Advanced Missions
should be a line item under AAP and refer to all studies and concepts
other than those programs which are being actively pursued in the
fiscal year for which the funds are requested? :

Answer 3. The Apollo Applications program (AAP) is distin-
guished from Advanced Manned Missions by the approval status of
the projects being considered. AAP engineering and planning is
limited to that family of missions which utilize modified Apollo sys-
tems and which have been approved for detailed planning by the
Deputy Administrator. Advanced Manned Missions studies-include
overall systems engineering, planning and definition of manned mis-
sion studies and projects, until these projects are approved for inclu-
sion in the NASA program. However, Advanced Manned Missions
studies do include consideration of major alternatives or additions
to approved projects.
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Advanced Lunar Mission studies cover those potential approach
to the extension of lunar exploration beyond the capabilities of both
Apollo and AAP.

n reply to the suggestion that Advanced Mission studies be a line
item under AAP, we would not consider that good management. The
AAP effort should be directed toward specific missions without divert-
ing responsibilities. Advanced Manned Missions efforts provide the
base on which to plan and select other future missions, which may
involve new systems. Such advanced studies, in the past, provided
the definition of the Apollo and the Apollo Applications programs.
Studies of space stations, lunar exploration beyond AAP, and plan-
etary missions are more appropriately identified and managed as Ad-
vanced Manned Missions rather than as a part of AAP.



ADvANCED MIsstoNs

Question 1. Of the $10 million budgeted for Advanced Missions in
fiscal year 1966, how much has been obligated and how much has been
expended as of March 1,1967 (or the latest date for which figures are
available) ?

Answer 1. Latest information available from a canvass of NASA
Centers shows $8 million of the fiscal year 1966 funds have been obli-
gated. The remaining $2 million has been committed on study con-
tracts now under negotiation. Of the obligations, about half has
been costed.

Question 2. Of the $6.2 million budgeted for Advanced Missions in
fiscal year 1967, how much has been obligated and how much has been
expended as o?f March 1, 1967 (or the latest date for which figures
are available)

Answer 2. The consolidated fiscal year, 196668 Advanced Mis-
sion Study program is a progressive set of phased studies directed to
provide the in-depth technical and fiscal data required for major pro-
gram decisions. In keeping with the phasing of this study program,

scal year 1967 funds have not yet been obligated. However, they
are earmarked for specific studies which we are proceeding to imple-
ment by the end of this year. The fiscal year 1966 program is cur-
rently phased for obligation as a followup to the fiscal year 1967 pro-
gram and we are planning full commitment during fiscal year 1968.

Question 3. Why was the Advanced Missions budget reduced by
NASA in November 1966 $1.8 million below the 38 million authorized
by the committee for fiscal year 19672 Would not the same level of
funding ($6.2 million) be adequate for fiscal year 19687

Answer 8. The reduction qu $1.8 million resulted from the Presi-
dent’s directive to the Agency to reduce expenditures as part of his
anti-inflation measures. A total of $60 million in obligational author-
ity was withdrawn from NASA.

The Advanced Manned Missions: study program investment pro-
vides a progressive set of %)hased studies directed at providing the in-
depth technical and fiscal data required for future major program
decisions that are anticipated in connection with fiscal year 1969-70
budget submissions. The soundness of the Agency’s proposals will de-
pend upon the quality, scope and timeliness of the fiscal year 1966-67—
68 study program results. .

The fiscal year 1968 study program takes cognizance of the $1.8 mil-
lion reduction in fiscal year 196% and, in our judgment at this time,
represents the minimum budget necessary for the 1966-67-68 study
program to properly support major management decisions. ‘

Question 4. What studies have been conducted by NASA relative
to using solid strap-on rockets on the wprated Saturn, and what does
NASA foresee as possible missions for such vehicles?
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Answer 4. In fiscal year 1964, NASA initiated feasibility studies of
improvements to the uprated Saturn I (Saturn—1B) which included
consideration of strap-on solid rocket motors (SRM’s) for increased

erformance. The same contractors were funded in fiscal year 1965

or studies of promising configurations in greater depth. These fol-
low-on fiscal year 1965 studies were the “Saturn-1B Improvement
Studies” with Chrysler (contract NAS 8-20260) and Douglas gcon-
tract NASA 8-20259). These contractual efforts included considera-
tion of Minuteman and 120-inch (five and seven segment) strap-on
SRM’s. For a 100-nautical-mile circular orbit the resulting strap-on
SRM configuration ranged in payload capability from approximately
50,000 pounds with four strap-on Minuteman to approximately
110,000 pounds with four strap-on 120-inch SRM’s (seven segments).

Missions for which the uprated Saturn I (Saturn-1B) with strap-
on solid rocket motors might be used include earth orbital manned and
unmanned experiments, orbital injection of small, short duration space
stations, and logistics support of large, long-duration space stations.
Other possibilities included high energy, unmanned missions, usually
with an upper third stage such as Centaur.

Question 5. What studies have been conducted by NASA relative to
manned weather satellites and what is the outlook for such satellites at
this time?

Answer 5. Investigations related to meteorology and weather satel-
lites conducted in connection with our space station studies have been
concerned with manned support of meteorological experiments. These
studies did not address themselves to the creation of operational weath-
er satellites in the sense of TTROS, Nimbus, and so forth, but rather
toward manned facilities to conduct exl[:eriments and develop opera-
tional systems. The studies examined the spectrum of meteorological
research objectives, instruments required for experiments in support
of these objectives, flight mission requirements, and accommodation of
the instruments aboard the conceptual station configurations.

Question 6. How are the fiscal year 1967 funds budgeted as between
the four classes of Advanced Mission studies? :

Answer 6:
Fiscal year
1967

Study area: (thousands)
Barth Orbital $3,100
Lunar 450
Planetary 1, 500
Launch vehicle and general program 1,150

Total . 6, 200




CONSTRUCTION OF FACILITIES
GENERAL QUESTIONS

Question. The Subcommittee on Manned Space Flight has made five field
trips to NASA field centers and contractors in the last 2 months. Based on these
trips, it is obvious that the current NASA request does not include many con-
struction requirements originally considered necessary by the field centers. It
is recognized that budgetary considerations often preclude acceptance of many
field requests. However, it would be illuminating to be apprised of such fleld
projects. What was the total reduction by the manned space fiight area and by
field center, of field requests by NASA headquarters? What were somc of the
major projects eliminated by NASA headquarters and by any Bureau of the
Budget action?

‘Answer. The total reduction in the proposed fiscal year 68 C. of F. program for
each Manned Space Flight Center occurred at two levels, first at the OMSF level
and then at the NASA headquarters level. The following table summarized
these reductions. The figures are in millions. .

[In millions of dollars}
Center | OMSF NASA head-
Center submission | submission |quarterssub-
mission
Kennedy Space Center 53.1 26.7 22.6
Manned 8 aft Center. 15.1 4.4 | 3.3
Marshall Space Flight Center 1.0 .9 .9
Michoud Assembly Facility . - 1.1 2.2 2.0
Mississippi Test Facility. 2.0 0. | 0
Various locations. - 10.3 4.1 0
L7 O 82.6 38.3 28.8
The major projects eliminated included such facilities as:
‘Engineering Laboratory Addition Kennedy Space Center.
Engineering Building. Manned Spacecraft Center.
Spacecraft Recovery Environmental
Test Facility Manned Spacecraft Center.
Upgrading and Modifications to
Test Stand Facility Mississippi Test Facility.
Optical Experiment Facility. Various.

The BOB review resulted in the reduction of one OMSF project. This
was the Automatic Checkout System Experimental Facility, Manned Spacecraft
Center. :

Question. In the past, NASA oficials have expressed concern over the lack
of flewibility in the Fiscal Year 1967 budget level and the difficulties built into
budget constraints which do not provide a margin of funds to adjust to unfore-
seen techmical problems. How serious has this problem been with regard to
NASA construction projects; how is NASA meeting this problem; and what
i8 the outlook for Fiscal Year 19687

Answer. The lack of flexibility in the budget levels for construction has caused
NASA to reduce the size of its construction program through the elimination
of projects which improve our technical capacity, which improve our ability
to adequately house personnel on our centers as well as the elimination of those
projects which improve and rehabilitate our physical plant. NASA has made
do with the budget levels provided and anticipates making the same adjust-
ments during Fiscal Year 1968.
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Question. Last year, the Congress authorized o total of $95,919,000 for con-
struction and facility planning and design activities, instead of the $101,500,000
requested by NASA. This amount was further reduced to $83,000,000 by appro-
priation action. What was the specific impact of these reductums? What
serious delays in flight or test programs can be attriduted to these actions?

Answer, Reduction of the NASA authorization request from $101,500,000 to
$95,919,000 resulted in deletion of the Marshall Space Flight Center Hazardous
Operations Laboratory Addition, and a reduction of $1 million in the author-
ized cost of the Manned Spacecraft Center Lunar Receiving Laboratory. Sub-
sequent appropriation action reduced the NASA Construction of Facilities total
from $95,919,000 to $83.000,000. As a result of this reduction four MSF projects
have been deferred. These projects are:

Extension to Central Supply, Kennedy Space Center_______________ $600, 000
Engineering Building, Manned Spacecraft Center_________________ 2, 600, 000
Facs to Support S-IC & S-II Test Prog Mississippi Test Facility_.___ 1 700, 000
Fac for S-IVB Stage Program, Various Locations 1, 100, 000

The deferral of institutional projects such as warehouse and engineering
building additions will have a decided impact upon operational effectiveness and
costs.. This will result from continued overcrowding of personnel, equipment
and supplies, and the use of dispersed substandard facilities. The deferral
of technical facilities will particularly impact field center ability to react
rapidly to the solution of complex problems, and in some cases equipment
will be operated above capacity so that overhaul or replacement cycles will be
reduced significantly.

Question. Based on  present mzsswn.s, mcluding those proposed in the FY
1968 request, what is the latest NASA estimate to complete all new construction
requirements in support of manned space flight activities, and what is the esti-
mate of such requirements by field center? What is the current value of the
NASA physical plant of the NASA manned space flight centers? Include a break-
out. of mew construction or other CofF requirements, by Center, specifically
needed for Apollo Application activities assuming currently requested programs
are approved.

Answer. It is expected that the Apollo Applications Construction of Facilities
requirements will be limited to modifications of existing facilities. These modi-
fications are now in the process of definition. Essentially the funds have been
provided for the completion of all major technical facilities required to support
current programs approved through FY 1968. Approximately $25 million will
be needed on a yearly basis for the next several years, to meet requirements as
yet unidentified for the rehabilitation, repair, modification and upgrading of
technical facilities. In addition reqmremen*ts for support facilities such as ware-
houses, office space, and shops will continue to be identified as appropriate to
meet deficiencies which have resulted from reduced appropriations. The follow-
ing is an estimate of distribution :

. Million
Kennedy Space Center - $15-20
Manned Spacecraft Center ——— 5
Marshall Space Flight Center, including various locations______________ 5

The current value as of June 30, 1966, of the NASA physical plant by MSF
centers is as follows:

Kennedy Space Center. $808, 549, 000
Manned Spacecraft Center s 3

Marshall Space Flight Center 376, 519, 000
Michoud Assembly Facility 134, 450, 000
Mississippi Test Facility. 215, 994, 000

Question. Last year, NASA estimated that about $2 million of FY 1967 facility
planning and design moneys would be used in support of manned space flight
‘activities. Is this estimate still valid? If not, what factors caused the changes?
What po'rtum of the $3 million requested for FY 1968 facility planning and design
i8 to be used in manned space flight areas?

Answer. Current plans call for Manned Space Flight to utilize about $813,000
of Fiscal Year 1967 Facility Planning and Design Funds. Last year’s estimate
that about $2.0 million would be required, was based upon a projeeted FY 1968
C. of F. Program of about $40.0 million, in lieu of the present $27.9 million. In
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addition to a smaller program, significant elements of F'Y 1968 projects, such
as Launch Complex 39 contract settlements, do not require design. Consequent-
ly, FY 1967 FP&D requirements have been reduced from $2.0 million to the
present estimate of $813,000. However, the requirements for planning and
design funds by OART and OSSA have increased correspondingly. It is esti-
mated that about $1.25 million of the $3 million requested for F'Y 1968 will be
utilized for facility planning and design in support of Manned Space Flight
requirements. )

Question. Have there been any work stoppages or strikes at any of the Manned
Space Flight Centers during Fiscal Year 1967 and, if so, where and what dura-
tion? What has been the impact, if any, of such labor problems? -

Answer. Information concerning work stoppages and strikes is maintained by
calendar year. During Calendar Year 1966 a total of 36,276 man days were lost
due to work stoppages. In 1965, 72,288 man-days of work were lost. This
reflects a significant improvement in the labor relations area. The following
tabulation shows location and duration of work stoppages :

Lost man-days—~Calendar Year 1966

KSC - 20, 139
MSC : . 4,283
MSFC 450
MAF : 0
MTTF - 11, 053
WSTF ____ i : 351
Various locations 0

Total -.- 86,276

The improvement of 1966 over 1965 is due primarily to a program of preventive
labor relations initiated by NASA. 'This program provides for detailed anticipa-
tory planning on the part of NASA to avoid or work out labor problems before
they reach the critical stage. The success of the program may be determined
by an analysis of lost man days at the Kennedy Space Center. While this loca-
tion had the highest number of lost man days during 1965 and 1966, it is signifi-
cant tgg%%te that. no work stoppages have occurred at this Center since Septem-
ber 8, 5

During Calendar Year 1966 there has been no impact on launch or test
schedules resulting from work stoppages.

Question. What types of maintenance services arc currently contracted out by
the Manned Space Flight Centers? What is the value of such contracts by center
for Fiscal Year 1967, and what is the estimate for Fiscal Year 19687

Answer. The following is a listing of the types of maintenance services cur-
rently contracted for by the Manned Space Flight Centers :

Engineering in Support of Maintenance Activities :
Maintenance and Repair of Buildings, Structures, and Equipment
Maintenance of Roads and Grounds

Custodial Services

Maintenance of Utility Systems

Fire Protection

The estimated contractual value for Fiscal Year 1967 and Fiscal Year 1968 is
as follows: . . I :

" Center - Fiscal year | Fiscal year

1967 1968 .
Kennedy Space Center........__ - $13, 908,000 | - $17, 586,000
Manned Sp: raft Center. _ SRS , 484, 000 10, 125, 000
Marshall Space Flight Center Cin 3, 179, 000 3, 300,000
Michoud Assembly Facility . .. iiiciiiaeaas 4, 512, 000 4,213,000
Mississippi Test Facility . .- lililliiaild 4,100, 000 4, 300,000
White Sands Test Facility .. iiiiiieaais 2,304, 000 2, 385,000

Question. During last year’s hearings NASA estimated that it would spend’
about $3,147,000 of Administrative Operations funds for minor construction and
modification during FY 1966 and about $3.5 million for similar work during FY
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1967. What was the final figure for FY 1966, the latest estimate for FY 1967
anz the curlf:')enti estii‘nate Jor F'Y 19682

nswer, During Fiscal Year 1966 Manned Space Flight Centers expended
$3,372,$0({ for lllliill:r construction agd modifications. Duig'ing Fiscal Yeal;e1967,
current plans call for a reduction to $2,480,000, while Fiscal Year 1968 i
to be $2.258.900. ) 68 is expected

Question. Have all the NASA manned space flight centers fully devcloped their
master plans and are they being kept current? What inspections were conducted
by NASA Headquarters construction management personnel of the fleld centers
during FY 1967?

Answer. The facility master plans for each of the NASA MSF Centers are
kept current through a continuous process of reviewing, analyzing, upgrading
and updating so that reliable documents are in effect when required. Itis NASA
policy to have the facility master plans officially updated by September 1 of each
year. The timing is such that the updated documents are available at the time
of the CofF budget preparation.

During FY 1967 construction management personnel periodically visited all
MSF Centers and participated in design reviews, reviews of construction progress
and adherence to approved projects, review of project funding requirements and
to assure compliance with NASA construction and safety standards. Also in-
cluded was the review of master plans. Field trips were made to provide ap-
propriate guidance on master planning, and to assure that the plans are being
properly implemented.

Question. Last year, there was considerable discussion on the Lunar Receiving
Laboratory at the Manned Spacecraft Center. What progress has been made
on this facility and will the original deadline date for its completion be affected
by the recent accident at Cape Kennedy? Did the reduction in last year's re-
quest by the appropriation action result in any cutback in the construction for
this facility; and if so, did such cutbacks reduce the capability of the facility
to perform its function and in what way?

Answer. As of March 13, 1967 the overall construction of the Lunar Receiv-
ing Laboratory was approximately 65 percent complete, and all elements of work
are on schedule. The following work has been completed: foundations; sub-
structure; erection of structural steel; precast concrete wall panels, and alumi-
num window walls; roofing ; underfloor utilities, and concrete floor slabs; utility
tunnel and piping; and site utilities. The mechanical and electrical systems
and interior partitioning are currently being installed. The vacuum systems
and radiation counting equipment are in the fabrication phase.

The recent accident at Cape Kennedy will not impact the construction com-
pletion date of August 1967. However, the deadline date for operational readi-
ness will be adjusted based on any changes which might be made to the Apollo
Program as a result of the accident.

As a result of the $1.0 million reduction for the Lunar Receiving Laboratory
which was imposed, it was necessary to delete one branch of the dual vacuum
system, and reduce the square foot area of the facility from 86,800 to 83,000
square feet. The vacuum system is required for processing lunar samples with
minimum terrestrial contamination while insuring against the release of biologi-
cal organisms in the samples to the surrounding environment. In limiting the
facility to a single vacuum system the operational flexibility to process samples
was reduced. Although the quarantine period will not be affected the total
sample processing time will be extended, thereby delaying release of samples to
the scientific community.

Question. Last year, the committee ewpressed concern over the large amount
of authorization not funded for facility planning and design. In fact, “the
surplus authorization through FY 1967 amounted to about $11.6 million. What
disposition is to be made of this surplus authorization? How much of it will
be automatically rescinded under the three-year expiration rule by the end of

FY 1967?

Answer. For the Agency, approximately $9 million of the unfunded authori-
zation for facility planning and design will automatically be rescinded at the
end of FY 1967 under the three-year expiration rule. '

Question. Of the total construction of facilities funds appropriated to date,
how much has been obligated and expended to date? What are the obligations
and expenditures to date on facility planning and design funds provided by
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Oongress? What are the obligations and expenditures to date on the FY 1967
funds provided for Manned Space Flight construction of facilities and facility
planning and design?

Answer. Of the total construction of facilities funds allocated to date (F'Y
1961 thru FY 1967) to Manned Space Flight, the following amounts have been
obligated and expended as of January 31, 1967.

Million
MSF Program $1,596.5
Obligations 1,544.8
Expenditures - 1,423.6

The status of obligations and expenditures for facilities planning and design
funds provided by Congress thru FY 1967 as applied to Manned Space Flight
Projects as of January 31, 1967, is as follows:

Million
MSF program $27.9
Obligations —_— 26.3
Expenditures 25.0

The status of obligations and expenditures as of January 31, 1967 for F'Y 1967
funds provided for Manned Space Flight construction of facilities and facilities
planning and design is as follows : .

[In millions of dollars]
Construc- Facility
tion of planning
facilities and design
Fq‘l\gdsgvaﬂahle s;g. g $g 6
Expenditures : 2.0 0

Question. Now that the major new construction program for the manned
space flight centers is nearing completion, what measures has NASA taken to
establish, maintain, and supervise an effective facilities maintenance program?
In view of continuing rising costs for labor and materials, what steps have been
taken by NASA to hold the line on maintenance costs without jeopardizing the
effectiveness of the NASA mission and operation?

Answer. The establishment, maintenance and supervision of an effective main-
tenance program at each NASA Center and location was recognized as a major
requirement early in the construction program. Within the Manned Space
Flight Facilities Office, a maintenance group was established which has been
augmented concurrent with the growth of the program. The basic purpose
of this group has been to provide guidance and assistance to the Centers. It
provides management with a review and evaluation group which strives continu-
ously to improve center maintenance programs.

At each MSF Center or location, the maintenance structure includes a civil
service management organization. Since five of the six MSF locations utilize
contractual services to perform maintenance; this civil service entity provides
guidance to control and evaluate the contractors’ efforts. At the Marshall Space
Flight Center, maintenance is performed primarily by civil service craftsmen
with some augmentation by a support services contractor.

Each location has implemented effective procedures for budget planning,
execution and work scheduling. ~Central work control offices have been estab-
lished at each installation to insure: effective utilization of resources, cen-
tralized control of work, improved coordination between the accompaniment of
maintenance work and interference with normal operations and better cost
control ‘systems. = Maintenance work order flow procedures which recognize
the need for approval processes are now a part of each Center’s program. Pre-
ventive Maintenance programs are in effect as are maintenance stores and spare
parts control methods. An equipment management program to determine
‘the capability of each piece of equipment and to insure its effective utilization
hias been implemented at certain installations and is being initiated at the other
sites. , :
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.Each of the foregoing techniques undergoes periodic recvaluation and review
by both the Centers and the Manned Space Flight Facilities Office.. These re-
views are augmented by periodic reports which provide performance data and
serve as a basis for a continuous total analysis of the maintenance program.

In view of continuing rising costs for labor and materials, definite steps have
been taken to insure more effective utilization of maintenance resources while
holding the line on maintenance costs. Significant improvements in maintenance
management techniques have been accomplished resulting in improved efficiency

~and a reduction in costs. Examples of areas where cost reductions have taken
place are as follows :

a. Utility Conservatlon—Savings have been effected by the institution of
comprehensive conservation programs, and by scheduling activities to avoid
high peak electrical demand periods, thereby reducing electrical utility costs.

b. Reduced Frequency of Custodial and Grounds Maintenance Tasks— Re-
duced costs have been effected by reducing the frequency of cleaning cycles,
and reducing the intensive care areas for grounds maintenance. These
reductions have not been made without due consideration to the possibility
of increased deterioration of the facilities. Essentially, those services that
were reasonable but were not essential to safety, health or necessary to the
long-term preservation of condition were the only services reduced in
frequency.

c. Supply Support—Annual purchase contracts for the purchase of stand-
ard maintenance supplies and materials have been negotiated at each location
covering several thousand items. This technique reduces the cost of pre-
paring numerous purchase orders throughout the year at obvious savings in
clerical and processing costs. It has been found that a potential annual con-
tract has led to spirited bidding by suppliers with resulting savings to the
Government. Also the schedule of deliveries, agreed to by vendors, has
permitted a reduction in storage requirements.

d. Instrumentation Pooling Program—As a part of the equipment man-
agement program, instrumentation pools are being initiated at several MSF
installations. Savings are being derived due to improved utilization of
existing instruments, and consolidation of Center-wide requirements for
common-usage instruments resulting in ‘“quantity procurements” at sig-
nificant discounts.

e. “Off Season” Award of Service Contracts—Analysis of market condi-
tions has led to the award of “one-term” repair projects, such as building
repainting, repaving and reroofing, during the “off season”. The cycle of
these activities has been rescheduled now to take advantage of lower rates
and competitive market conditions prevalent during these slow periods of
construction and maintenance activities.

f. Reduction in Emergency Crews—~QCareful monitoring of the need for
emergency crews during evenings or weekends has disclosed that significant
reductions could be made in the size of crews required to provide this serv-
ice. Emergency back-up is now provided by individuals who are designated
to remain “on-call” in the event of an emergency during off-hours. This
decision has led to significant reduction in costs but still provides for
effective response in the event of an emergency.

g. More Effective Use of ADP Equipment—As the maintenance work load
began to stabilize at each MSF Installation, positive steps were taken
to reduce clerical scheduling and posting through the wider use of available
ADP capability. As soon as sufficient information was accumulated, deter-
~minations could be made as to the most effective operation of facilities, better
scheduling of preventive mamtenance and more effective utilization of
maintenance resources.

h. Increased Use of Automatic Monitoring Systems—As a part of the
design of utility systems, cost studies are made. to determine the ‘“cost
trade-offs” of operator monitoring of equipment operation versus automatic
monitoring systems. The installation of the monitoring systems has led
to significant operator cost savings as well as increased efficiency of the
utility plant equipment. For example, at one MSF Center, the installation
of a heating and cooling plant monitoring system has led to a force of
roving operators numbering 54, where an unmonitored system would require
108 operators. The cost of acquisition and installation of the automatic
monitoring system has been amortized in less than four years. At some of
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the older MSF installations, where such devices were not originally provided
in the utility systems, analysis of cost studies has led to the installation
of these devices with attendant cost savings.

Question. What is the estimate, by field center, for the FY 1968 cost of main-
taining the NASA manned space flight field centers? What is the breakout by
R&D and AO funds? How many personnel, by center, are involved in the main-
tenance function?

Answer. The estimate for maintaining the NASA Manned Space Flight Center
Facilities during FY 1968 is:

Kennedy Space Center & S S $25, 661, 000
Manned ‘Spacecraft Center - - 12, 495, 000
Marshall Space Flight Center. - Sin 11, 532, 000
Michoud Assembly Facility 8, 746, 000
Mississippi Test Facility____________________ 5, 320, 000
White Sands Test Facility. 2, 500, 000

Total ____ - . 66, 254, 000

The breakout by R&D and AO funds is:

R&D Funding_ . _____________________ ——— $21, 524, 000
AO Funding - ——— 44, 730 000

The number of Civil Serv1ce and contractor personnel involved in maintenance
functions is as follows :

Kennedy Space Center______________________ 1,647
Manned Spacecraft Center_____ ——— - 857
Marshall Space Flight Center__.___ : : . 641
Michoud Assembly Facility-_ ——— 261
Mississippi Test Facility___ 342
White Sands Test Facility 91

KENNEDY SPACE CENTER

Project: Launch Complex 39

Question. The FY 1967 NASA estimate of final runout costs on this launch
complexr was given at $475 million. How much of the $16.66 million request is
for new construction as contrasted to modifications and alterations? -Does this
amount when added to the $473 million of prior year funds approximate the FY
1967 runout cost estimate? Is it anticipitated that any further funds will be
requested for new construction in the Launch Complexr 39 area? Does NASA
have any estimate for annual repair, rehabilitation and modernization costs?

Answer. Of the $16.6 million contained in this request, the following items are
considered as new construction :

Launch Umbilical Tower Refurbishment Area ~ ; $4=82, 000
Gaseous Helium Storage. : 678, 000
Photo Support System ; i 900, 000
Instrumentation _______.___ S S R N 830, 000

TPOLAL il 2, 890, 000

Currently we do not anticipate a requirement for major new construction in
the Launch Complex 39 to meet the currently planned operational capability.
It is estimated that approximately $10 million of ‘CofF funds will be required on
a yearly basis for rehabilitation and modernization of the complex.

Question. What is the specific basis that NASA used in estimatimr the funds
required. for contract settlement? How much has been paid in contract settle-
ments to date on the work at Launch Complex 392 Is some of the money required
for settlement of new claims as contrasted to settlement of appeals: from con-
tractors on unilateral settlements by NASA? If so, what portions are esti-
mated for each category? Is the estimate in the FY 1968 request considered
adequate to cover all present and potential claims under the contracts for work
on Launch Complex 392 Furnish a few typical examples of cases where there
were differences in interpretation of specifications, and project delays.

Answer. In estimating the funds required for the settlement of claims, a
factor was. applied against the contractors request as set forth in his original

76-265 O0—67—pt. 2——-38
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filing. This factor which gives a realistic appraisal of the final settlement, is
based on experienceé with similar major construction projects of both NASA and
DOD. It took into account claims which were filed and later denied, claims
filed and subsequently withdrawn, together with those on which settlements were
negotiated and paid.

As of March 1, 1967, $2.434 million had been paid for the settlement of
claims connected with work on LC 89. It is estimated that an additional
$10.6 million will be required for the payment of claims during Fiscal Year 1968,
$7.2 million of which is required for claims which are presently on file and $3.4
million for anticipated filings. Of the latter, approximately $2.7 million will be
required for the settlement of appeals from contractors on unilateral settlements
by NASA and $0.7 million for the settlement of new claims on work that is
presently in process.

The funds requested should satisfy our requirements through FY 1968. Since
contractors are not limited as to the time in which they may file a claim there
is a possibility that some claims might be filed and settled after FY 1968.

The following examples of claims that have been filed where there were
differences in interpretation of specifications and/or project delays:

Provision of Hurricane Protection During Construction of VAB____ $1,000, 000
Correction of Deflection in Horizontal Rolling Door Guide Rail—

VAB _— 59, 138
Definition of Electrical Interface Between Crane and Construction

Contracts—VAB 186, 000
Late Delivery of Amended Contract Drawings and Specifications___ 20, 000
Delays in Defining Discrepancies in Contract Drawings____________ 10, 000
Delays in Resolving Problems on Heat Sensing Devices—Jib and

Bridge Cranes—VAB : — 11, 070

Question. Will the Launch Umbilical Towers be refurbished after each lounch?
Is it anticipated that all three towers will use Launch Umbilical Tower Park
Posgition No. 3 for refurbishment?

Answer. The Launch Umbilical Towers will be refurbished after each launch.
All three towers will use Launch Umbilical Tower Park Position No. 8 in con-
nection with refurbishment operations.

Question. What type of storage is KSO presently using for helium? If rail-
road cars are being used, is KSC paying demurrage for such storage and what
are the estimated annual costs of such demurrage? Does NASA anticipate that
the permanent storage requested will pay for itself over a period of time? If so,
what i8 the time period estimate?

Answer. KSC currently has permanent facilities capable of storing 2,720,000
standard cubic feet of helium. This storage capability is being augmented
through the use of railroad tank cars. We are presently paying $25.00 per day
per car for demurrage or about $130,000 per year. The actual expenses from
December 10, 1965 through December 31, 1966 was $138,425. These additional
permanent storage facilities will pay for themselves in approximately 5 years.

Question. Funds are being requested to remove pockets of clay below the
surface of crawlerways and to replace them with suitable fill material. Did
not KSC or the contractor take core samples of the area before the crawlerways
were initially built? If so, why were such clay pockets permitted to remain?
Why was not this work considered before the surfacing operations in FY 1966
and 19672 Will the funds requested complete, in NASA’s opinion, all of the
necessary subsurface work?

Answer. Deep core borings were made at 1,000 foot intervals on the crawler-
way to Pad A. Intermediate, shallower borings were taken at 250 foot intervals
and at 100 foot intervals in areas where the borings indicated poor subsoil
conditions might exist. The unsuitable material discovered as a result of the
boring data was removed and back filled. The pocket in question is quite local-
ized, is not in an area where the borings indicated questionable subsoil condi-
tions existed, and was discovered when the crawlers underwent fully loaded tests
in May 1966. - As a result, the work included in this request could not be con-
sidered before the surfacing operations took place. The funds requested are
expected to complete all necessary subsurface work. .

Question. During last year’s hearings, NASA estimated that the final runout
costs on the Marion Power Shovel contract (for the crawler-transporters) would
amount to $13.9 million (including a 3} million overrun from the original contract
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price) and that the overall costs for the tramsporters would amount to about
$15.1 million. Are these estimates still valid? )

Answer. The overall estimated cost of $15.1 million for the transporters is
still valid.

Project: Alteration and Rehabilitation of Launch Complexw Nos. 34 and 37

Question. What is the age of the launch towers and associated equipment and
were they specifically designed for the Saturn I and uprated Saturn I vehicles?
If not, what shortcomings ewist relative to adequate handling of currently
planned launches?

Answer. The launch towers and associated equipment for Launch Complex 34
were completed in 1961. LC 37 was completed in 1963. Both stands were de-
signed for the Saturn S-1 vehicle. Since then both complexes have been modi-
fied to provide an uprated Saturn I capability. Both complexes are capable of
supporting the presently planned launches; however, certain structural and
other repairs and modifications must be undertaken to retain this capability.

Question. Does the proposed repair and rehabilitetion work conform to the
experience of the Air Force both at Patrick and Vandenburg bases? Are the
estimates for repair and rehabilitation in consonance with cost factors used by
the Air Force on their older launch complexes?

Answer. The non-recurring maintenance costs experienced by the Air Force
as well as NASA on similar structures were considered in the development of
the cost estimate for the subject project.

Question. What has been the impact of the Apollo accident on repair require-
ments and what i8 the current estimate of the amount of damage caused?

Answer. The alterations and rehabilitation which are included in this project
request did not stem from the Apollo accident. The latter is currently under in-
vestigation by a Board of Investigation. The estimated cost of modifications
resulting from the accident will not be known until the Board has completed
its work and filed its report.

Question. Specifically, what are the reasons that environmental control systems
must be replaced and where are such systems now located?

Answer. The environmental control systems, which are located on the service
structure and umbilical tower at both complexes, have been in continuous opera-
tion for over five years and have reached the point where major repairs and the
replacement of some key elements is, or will be necessary. While normal mainte-
nance has been provided, a program of major repair and rehabilitation has not
been accomplished previously on these systems. Such a program wherein major
elements such as compressors, valves, and controls are rebuilt or replaced, is
normal for equipment of this type and must be accomplished at approximately
five year intervals. An engineering investigation of the condition of the en-
vironmental control systems has established that major repairs will be neces-
sary during FY 1968. .

Question. Why 18 it necessary to replace or install structural members? Was
this caused by inadequate design on the umbilical tower and the launch structure?

Answer. The replacement of structural members is not the result of inadequate
design. The need to replace or install new members stems from the effects of
past launches on the structures and the corrosion which has resulted from the
salt laden atmosphere at Cape Kennedy. Some new members will be added to
provide for additional loads imposed by platform mounted ground support
equipment. :

Question. If the obsolete drum type elevators need to be replaced, is it because
they are inadequate or simply worn out? If inadequate, why did the original
design provide for such slow elevators and is not such lack of speed a potential
danger hazard in the event of an emergency at the capsule level of the tower?
How many elevators are involved at each complex and on what time basis does
NARSA intend to replace such elevators?

Answer. The existing obsolete drum type elevators are at or nearing a point
where they will be beyond economical repair. A phased replacement program
is therefore necessary. The speed of these elevators was considered adequate
for the support of unmanned launches. Higher speeds will be incorporated in
the replacement items. These elevators will compliment the high speed elevators
that provide the astronauts ingress and egress at the capsule level. There are
three slow speed elevators on Launch Complex 34 and two on Launch Complex
87. One elevator will be replaced on each Complex during FY 1968. The re-
mainder are scheduled for replacement starting in FY 1969.



592 1968 NASA AUTHORIZATION

Project: Utility Installation

Question. It is understood that the mterconnectmg (or loopmg) of the three
hot water systems is required in the event of o break in the main line serving any
one area. How critical would such a break be in the carrying out of o launch
mission? If uninterrupted service is8 of Mhighest priority, why was such an
interconnection not included in the original design and program for the utilities
for the area?

Answer. A break in the main line serving any one area could result in the loss
of the environmental control in one of the launch critical facilities and could
cause a cancellation of a planned test or launch. The original design provided
an economical and efficient high temperature hot water system. Cross connec-
tions were not included as the possibility of a major break in a supply main
was considered to be remote. Subsequent studies have been completed which
dictate the need for redundancy on certain systems to reduce the possibilities
of single point failures. This requirement for cross connections is considered
to fall within this category.

Question. Are there any other wutilities systems (eg, electrical, communica-
tion) that may require interconnection at some time in the future to imsure
contimuous service? If so, identify such needs and provide related cost estimates.

Answer. Currently there are no known requirements for further intercon-
nections of existing utility systems. .

MANNED SPACECRAFT CENTER

Project: Modifications to the Environmental Testing Laboratory

Question. Will this request complete all major modifications based on known
technological needs? Did MSC request additional funds over and above the
$1.9 million?

Answer. The request for Modifications to the Environmental Testing Labora-
tory will complete all major modifications based on known technological needs.
However, due to the complex and sophisticated nature of this facility it will be
necessary to accomplish future modifications to incorporate technological ad-
vances and retain the operating efficiency.

The MSC budget request was for $2,695,000 as compared to $1,900,000.

Question. How does the $410,000 for the conversion of the single manlock to
a double manlock compare with the initial cost of the existing single manlock?

Answer. The existing manlock, with its supporting systems, was included as an
integral part of the Chamber A structure. The contractor priced this work on the
basis of the overall project and his bid information does not provide a basis on
which the several elements of the manlock can be isolated and priced. A com-
parison of costs between the original work and the planned conversion would
therefore not be realisticc However, the proposed modifications to provide a
double manlock are in essence a duplicate of the existing installation and to this
degree the costs should be comparable.

Question. About $1.5 million is requested for the rehabilitation of the solar
simulation system and it is stated that by FY 1968 this system will have been
operated for about 1,500 hours which is the limit of its life ewpectancy. Is it
to be understood that at the 1,500 level there will be a recurring need for com-
plete rehabilitation of this system? If so, is it expected that it will involve an-
other $1.5 million and when is it anticipated that the next rehabilitation cycle
will take place?

Angwer. Although rehabilitation of the solar s1mu1at10n system will provide
certain improvements, it is expected that a major rehabilitation will be required
after every 1,500 hours of operation. The rehabilitation costs are expected to
remain in the area of $1.5 million unless significant improvements to the carbon
arc system are developed. It is anticipated that the next rehabilitation cycle
will take place in 2 to 3 years after completion of the proposed work.

Project: Center Support Facilities

Question. It is stated that the local authomty, the Clear Oreek Basin Authority,
has ruled that all séwage treatment plants in the area must be operated at the
highest level of efficiency. What specific deficiencies now exist that do not mect
the effluent requirements of the local authority? What are the current operating
effluent levels of other sources feeding into Clear Lake? What are the relative
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turbidity levels and BOD conients of the efluents feeding into the lake as com-
pared to that of the Manned Spacecraft Center sewage treatment plant? When
was the latest requirement placed on the users of the lake as a point of dis-
charge? Are all other parties now complying?

Answer. MSC is meeting the current requirements imposed by the Health
Department of Harris County. The current operating effluent levels of other
sources feeding into Clear Lake meet, or are below, the 20 ppm BOD and 20 ppm
of suspended solids as established by the Harris County Health Department.
There are no turbidity requirements, Periodic inspections by the County Health
Department are made to enforce compliance. The Clear Creek Basin Authority
was established in 1965 with charter of preventing the eventual contamination
of Clear Lake through further improvements in sewage disposal methods. The
modifications which are included in this request are needed to improve the
operating efficiency of the sewage treatment plant. These improvements will
also assist in the control of water pollution in the Clear Creek-Clear Lake area
in accordance with the long range program of the Clear Creek Basin Authority.

Question. It is stated that the present highway system creates delays during
rush: hours of wp to 30 minutes. What percentage of the traffic during this
period is actually delayed as long as 30 minutes? Why should the traffic volume
during rush hours (preswmably when the work day is starting or finishing)
cxceed the number of NASA and contractor employees located in the Manned
Spacecraft Center? How often has the average daily traffic volume erceeded
21,000 vehicles per day?

Answer. State-NASA Road 1, which serves as the principal access to the
Manned Spacecraft Center, is a major four-lane highway which interconnects
the Gulf Freeway with the State Highway 146 which leads to LaPorte, Texas
City and Galveston. As such, this route carries the traffic entering or leaving

- MSOC, as well as that generated by the local communities and residential areas,
and the cross country traffic which leaves the Gulf Freeway to enter the LaPorte
Highway. It is this condition which adds to the delay of employees entering
or leaving MSC. The average daily traffic volume which was stated in this
project request, and the 1970 projections, were developed by the Bureau of
Public Roads. ‘It is estimated that up to 50% of the traffic entering or leaving
MSC encounters delays of up to 30 minutes.

MARSHALL SPACE FricHT CENTER

Project: Water Pollution Control

Question. The construction of new holding basins and the enlargement of
ewisting basins implies that the creation of wastes from manufacturing and
testing activities is going to increase. Is this true, particularly in light of the
activation of the Mississippi Test Facility and the qualification of the various
cngines through numerous past tests? Why should there be any substantial
amount of industrial wastes generated “in the manufacturing comples”? Isn't
the manufacturing phase almost finished in the Marshall Space Flight Center? If
not, what activities are being carried out?

Answer. The construction of new holding basins and the enlargement of exist-
ing basins is not associated with an increase in manufacturing and test activities
at MSFC. These improvements are needed to provide a means whereby wastes
‘which are generated by the present Center research, development and test
activities can be held during periods of low stream flow, can be properly diluted
or processed, and disposed of at times when conditions are favorable to the
preservation of fish and wildlife. A substantial amount of industrial wastes are
generated in the “manufacturing complex as a result of the research which is
conducted on improved fabrication and manufacturing techniques as well as
the development of prototypes of new parts and equipments. While the principal
manufacturing efforts at MSFC has been reduced, research and development is
being continued in consonance with the Center mission. i

Question. It is stated that untreated wastes from the Center is a matter of
concern to the Tennessee Valley Authority and the U.S. Public Health Service
and that these agencies concur with the need for corrective action? Have either
of these agencies at any time requested that the Center take corrective action?
If so, when and in what way was such action to be taken?

Answer. Both the Tennessee Valley Authority and the U.S. Public Health
Service have requested the Department of Army to take corrective action on
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wastes generated within the Redstone Arsenal reservation. The Army, has in
turn, made the Marshall Space Flight Center responsible for taking corrective
action on wastes generated in the NASA portion of the reservation.

The Department of Health, Education, and Welfare requested that they be
furnished information on a plan of action which would control pollution in
accordance with established criteria including: the start and completion date
of the necessary engineering reports; an indication of the time and conditions
of the authorization of the respective agency ; the fiscal year in which the agency
proposed to finance facilities ; a time schedule for the commencing and completion
of construction; and, the date operation of the facility is scheduled to com-
mence. MSFC was requested to give serious consideration to providing hold-
ing facilities of sufficient capacity to provide protection from the adverse
effects of accidental spills in test or component development areas.

Project: Fire Surveillance System

Question. How critical is the absence of a central fire detecting system?
Have there been any instances where o fire was undetected for some time amd
would have caused intensive damage had it mot been detected accidentally?
How much demage would have resulted if the fire cited as occurring in the
basement of the F-L Engine Test Stand had not been noticed?

Answer. The absence of a central fire detection system is critical to the quick
suppression and control of fires. It is a generally recognized fact that fires
which are detected during the initial stages can be extinguished with a minimum
of damage whereas fires which are undetected up to the point where they have
gained substantial headway frequently result in a complete loss of the structure
and its contents. ’

In one instance a burning motor on an air conditioning system serving the
film vault in one of the major MSFC warehouses was detected by sheer accident.
Had this fire, which was started through an electrical short circuit, not been dis-
covered a major facility and the supplies stored therein could have been lost.
Had the fire in the basement of the F-1 Engine Test Stand not been noticed and
been brought under control it could have resulted in damage to the S-IC test
stand as well as the F-1 stand since both are interconnected through an under-
ground tunnel leading to the Test Control Center. The Government’s investment
in these facilities exceeds $35 million, all or part of which could have been lost.

Question. What other NASA ceniers employ a ceniralized fire detection and
reporting system? Are such systems used im other Government installations?
(Name a few represeniative installations). Doés industry employ such systems
and, if so, which companies as an example?

Answer. Other NASA centers employing a centralized fire detection and re-
porting system include the following:

Mississippi Test Facility

Michoud Assembly Facility

Manned Spacecraft Center

Kennedy Space Center (Three separate centralized systems due to the
large area to be covered)

‘White Sands Test Facility

Goddard Space Flight Center

Ames Research Center

Langley Research Center (Partial)

Lewis Research Center (Partial)

Such systems are used in Government installations including the following:
Arnold Engineering Development Center, Tullahoma, Tenn.
‘Warner-Robbins SAC Base, Macon, Ga.

Fort Gordon Army Base, Augusta, Ga.

Fort Jackson Army Base, Columbia, S.C.
Dobbins Air Force Base, Marietta, Ga.
Turner Air Force Base, SAC, Albany, Ga.
Fort Benning Army Base, Columbus, Ga.
Charleston Air Force Base, Charleston, S.C.
Fort Sill Army Base, Oklahoma

Fort Bliss Army Base, Texas

Carswell Air Force Base, Fort Worth, Tex.
Milan Arsenal, Tennessee

Large industrial corporations also employ fire detection and reporting systems
such as the Ford Motor Company and the General Shoe Corporation.
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MicHOUD ASSEMBLY FACILITY

Project: Extension of Saturn Boulevard to State Road System

Question. It is stated that vehicular traffic to and from Michoud averages
12,600 vehicles per day with peak surges exceeding 3,000 vehicles per hour. Has
any attempt been made to stagger starting and closing hours at the Facility?
What is the average delay during peak hours of trafic?

Answer. A staggering of the starting and closing hours at Michoud has been
in effect for an extended period. Currently the work force arrives in five stag-
gered groups between 7:00 am and 8:18 am. The outgoing traffic is similarly
staggered from 3:30 pm to 4:48 pm. A recent survey showed the average
peak period delay to be 30 minutes per vehicle.

Question. What is the estimated traffic volume when the Chrysler and Boeing
production rate is reduced from siw vehicles per year to a mazimum of four per
year? Might not much of the current traffic congestion be eliminated by virtuc
of lower employment levels in the near future?

Answer. If Chrysler and Boeing production is reduced, our analysis indicates
the traffic volume will average approximately 11,400 vehicles per day with peak
surges exceeding 2,800 vehicles per hour. This traffic has to enter or leave the
facility into the high speed network being constructed by the city and the State
to accommodate the increasing traffic in the Michoud vicinity. Therefore, the
safety hazards and the congestion will still exist even if the employment levels
were to be reduced in the future.






