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Mr. Hansen:

B/Gen W. Leonhard:

Mr. Hansen:

B/Gen W. Leonhard:

Mr. Hansen:

B/Gen W. Leonhard:

General Leonhard, would you identify what your duties
were with respect to the OSTF-2.

During the period 1956 thru 1961 I was assigned to

the Western Development Division which was redesignated
the Air Force Ballistic Missile Division. I was

deputy commander for facilities which ircluded design
and consiruction. Accordingly, with respect to OSTF-2

. of Atlas, I was responsible for the over-all manage-

ment and direction of this project for which detail
was executed under the management of Colonel Farwell.

Could you tell me what you feel were the specific

- objectives of OSTF-2?

I guess the best definition might be found in the
term itself, OSTF means Operational Suitability Test
Facility. About 80% of the ICBM weapons systems

are constituted in the ground environment and only
about 20% of the system is airborne. The flight

test programs of the ICBM missiles conducted at

Cape Canaveral confine themselves only to the air-
borne portions of the system and the portions were
not mated until they reached the operational environ-
ment at Vandenberg. The real purpose of the OSTF-2
was to enable a systems-integrated test program to
be conducted to be sure that the entire system would
function.. It served a further purpose in terms of
gaining some learning for downstream application for
both construction, installation and checkout. At
OSTF sites the subsystems of the total weapon systems
were integrated for the first time and learning was
acquired, as I said before, Doth in construction and
in installation checkout of that equipment. Thus, we
had a payoff in terms of msking the jobs easier at
the downstream operational sites.

Now as I understand it, there were cost-plus-fixed-fee
contracts utilized in this program in contrast to the
normal bid process of other programs. Would you
comment on that? Why were cost-plus-fixed-fee contracts
used?

As we have discussed before, tne normal custom of
the Corps of Engineers, our primary construction agent
for this program, was to utilize fixed price lump sum
contracts. In retrospect, I'm not sure that this
was ithe wisest course of acltion to follow even at our
operational sites, considering the philosophy of
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Mr. Hansen:

B/Gen W. Leonhard:

Mr.

Hansen:

e e

concurrency that we were following in the program
and recognizing that there was a good deal of research
and development involved, not only in the guidance
subsystem of the missile system, in the re-entry
vechile and in the propulsion but also in many features
of the ground environment including RPIE and other
fixed elements of the system. We were researching,
developing, and learning constantly through the
early squadrons of each major weapon system
configuration that we “ad, so we were prompted to
recommend strongly an¢ urge upon the Chief of
Engineers that he undertake the construction of the
OSTF ‘facility for us at Vandengerg on a CPFF basis.
The major advantage that we saw here was that it
would give the Government, the Corps of Engineers,
and the Air Force a degree of detailed management
control-wise, cost-wise and quality-wise on this
particular project that we would have lost had

the job been attempted on a fixed-price lump-sum
contract basis. I mentioned that there was
considerable R&D type of work going on even at

the operational sites. This condition certainly
existed in the OSTF-2.

Do you feel that the results bore out your beliefs
that the CPFF would be better?

Without question. I feel that any objective
analysis of the OSTF would bear out that this was
clearly the thing to do - in terms of schedule
control, in terms of the contractors responsiveness
to inevitable changes of direction in that time
period, and in terms of assurance that we were
paying costs the contractor was entitled to receive.
As an example, OSTF-2 is the prototype of Atlas F.
We had estimated this job - the first of its

kind - at a cost of about six million dollars.

When all of the bills had been paid the actual cost
to us was something less than $5.6 million. Contrasted
to that we had, at several of our six 0perationa1
squadrons of the Atlas F configuration, major

cost overrruns with one case approaching 100% above
the amount that was programmed. In terms of system
performance, stability of construction, schedule
adherence, and cost control, we had a very fine

and capable product turned in on the OSTF-2.

I'd like to pursue this question now concerning your
comparative experience with the CPFF and fixed price
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contracts on projects such as these? For example,
what about the Plattsburg operational-sites and the
types of contracts that were involved .there?

Happily, Plattsburg is not typical. At the same

time it is not totally unique. The experience that
we had at Plattsburg was repeated to a lesser degree
in most of ithe constructicn sites that:we've had in

: the ballistic micsile program., At Plattsburg we

"had a 100% crossuver line as measured against the
value of the original contracts that were placed.

I recall that in the summer of 1960 and again in the
spring of 1961, meetings were called in Washington,
in the summer of 1960, by the Secretary of Defense,
who at that time was the Honorable Mr. Gates. The
second conference was the congressional hearings

. conducted by Congressman Shepherd of the House

Appropriations Committee in the spring of 1961.

At the hearings they queried the contractors engaged
in our program concerning the adequacy of the
lump-sum fixed-price contracts in effect. There

. were a few exceptions to this statement bu., oy

and large, they generally recommended that the work
they were engaged in could better be accomplished

on a cost reimburseable contract rather than
attempting to do it with a fixed-price lump-sum
contract. This always raised questions as to

the allowable costs to b~ given to the contractor
for changed conditions, or for new work. This

led into long protracted negotiations between the
contractor and the government. On the other hand,
our CPFF experience on the OSTF-2 facilities at
Vandenberg and Iixed-vrice incentive experience on
the first-of-a-kind Minuteman sites at Mount
Sterling Montana showed that we have a much higher
assurance of cost control under those conditions
than we have under the fixed-price lump-sum contract.
Let me site a recent, specific case that has just
come to my attention. At two of our Minuteman bases
now under construction', BSD had packaged some
additional work in the area of site security and
this was preposed to be added to the going major
constructicn contracts. Negotiations were being
conducted between the government position of $4,000,000
and the contractor position of $6,000,000. In the
view of the project engineer that had drawn up this
particular oroject, and in the view of the Air Force
people at BSD, both these amounts were considered
exorbitant. As a conseguence, they insisted on a
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Mr. Hansen:

B/Gen W. Leonhard:

condition that additional work be done on a
competitive bid basis. Bids were then received.

In one case, the construction contractor on the site
who was negotiating from a position of $6 million,
bid for this work with the Corps of Engineers for
$1.6 million. He was not the low bidder and the
work was awarded at $1.2 million. Ve feel that

this condition is prevalent in our program and has
contributed significantly to heauy cost overruns
that we have experienced.

How about the effect of the learning that you
received through this CPFF contract on the 0STF-2°?
Did it or did it not carry over into later contracts,
or wasn't it applicable to later contracts:

Well, for one thinp, the learning acquired there
from an engineering standpoint was passed on down the
line to the subsequent 73 locations that we have in
the Atlas F program. The lessons learned from OSTF
were applied in improved designs and drawings in
specifications that were then put into effect at the

* operational sites. Now, its unfortunate that there

was something less than an optimum amount of
learning acquired in the actual construction. In
the I&C work, where Convair does that I&C work for
all squadrons and all launchers within a squadron,
learning is acquired from the early site that is
applied directly in procedures, operation, equipment
installation, checkout techniques, etc. It applies
downstream and they are able to do it with far less
effort because they are exploring fewer dead ends.
They have patented their procedures and techniques

‘by that time, so it comes easier, quicker, and

less expensively. But in a construction business
where we have a different contractor group at each
of our six nperational squadrons there is less
transfer uf knowledge. We set up procedures that
were designed to improve this and I expect that
actually some benefit was achieved, but it was not
of the hard core variety that you achieve from a
weapon system contractor. We did set up regular
visits by the operational site construction contractors
at critical stages of construction of the OSTF at
Vandenberg. We did this so they would appreciate
the problems we were geiting into, be able to
anticipate and plan for them and also to observe
solutions to the problems, good or bad, that were
being applied at Vandenberg, in the hope they could
adopt the better features of those plans in their
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own work on the sites they had under“construction.

Mr. Hansen: Would it be proper then to call OSTF-2 a pilot
model and the others production models?

B/Gen W. leonhard: Yes, I think this is true. It was in every way
a prototype, a2 pilot medel. I'm confident that
there was some benefit gained, even on the construc-
tion side, that may be somewhat intangible to
measure. Certainly it did exist just by the fact
that people do learn by observing the actions
good and bad, of others.

Mr. Hansen: Was this concept used for the Minuteman?

B/Gen W, Leonhard: Yes. But the time phasing was not =< good for
the Minuteman as it was for the Atlzc OSTF-2. We
were delayed for one reason or another in getting
started with the Minuteman prototypes at Vandenberg.
The work on the first operational squadron actually
got ahead of the work at Vandenoerg. A part of

. this was the result of our installation at Vandenberg

having a great deal more sophistication about it.
The requirements were much more comprehensive than
that of our operational sites. For example, the =
facilities that we put in at Vandenberg were much :
more highly instrumented because they were going co
be used for testing purposes. Additionally, while
our operational sites at Malmstrom and downstream
are designed for single-launch capability, those
that we put in at Vandenberg had to be used for
multiple-launch. We had to use them repeatedly.
This caused some stretch-out in the construction
timing at Vandenberg while the work at Malmstrom, .
where we had a very good contractor engaged,
actually got ahead.

Mr. Hansen: You mentioned the incentive type contract at
Malmstrom. Would you comment on how it worked out?

B/Gen W. Leonhard: I think it worked out with enormous success.
Although this was a fixed orice incentive, it
actually was of the type that allows the government
auditors to closely inspect the reccrds of the
construction contractor, billings of material,
equipment delivered, all payrolls, contract work,
travel expenses, communications, etc. So we knew
what the actual cost to the contractor was. The
incentive feature allowed him to benefit by increased
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Mr. Hansen:

B/Gen W. Leonhard:

Mr. Hansen:

B/Gen W. Leonhard:

profit or fee if he kept the cost down., There

was an incentive on his part to not allow his cost
to escalate. I am quite satisfied that the govern-
ment got a real good job for its money at Malmstrom.

Is this approach going to be used in the future
at all? ' :

I think that it is an approach that we ought to

sponsor whenever we have a long series of facilities

to be built and we need some measure of the cost.

If the contractor is exercising good judgment and

proper management control of the operation it gives

us a standard against which we can compare the

cost growth in lump-sum fixed-price contracts applied
downstream. We bought Malmstrom for $80 million.

Since this was first-of-a-kind there were many more
problems to overcome than for example at Ellsworth

or at Wightman or Minard or Grand Forks or Warren. The
latter would profit by the mistakes at Malmstrom. There
were many more changes incorporated at Malmstrom. The
weather conditions were more adverse. The labor market
was scarcer. All these conditions would tend to have
you conclude that the cost at Malmstrom would be higher
than the later ones. So, to me it would be inexplainable to
have Ellsworth come in at a cost of $120 million. This
would show total lack of responsibility.

I'd like to examine the type of management organiza-
tion that was used for OSTF-2. How would you best
describe the management program?

I would like to explain to you how it came about .

We had on board the designers - architect engineers

for the Atlas F - the Bechtel Corporation. After

their selection as the architect engineer, concideration
was given to their demonstrated capability on the
construction side. By the time we got to Atlas F,

we had gone through our experiences on Atlas D,

Atlas E, and Titan I. If there is anything to be
learned by experience, we thought we had sufficient
experience to make a major departure from the customary
practice that is employed in making snack bars and
bowling alleys and recognize that we are engaged in

the development and acquisition of total weapon system
of which construction is only a part. We felt that

we had to shake out, on a prototype basis, the first

of the Atlas F facilities. So I wanted to have our
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designer be given the job of fabricating, building,
testing out etc., the prototype that he had designed.
When the architect-engineer is selected in our
program he is accorded associate contractor status
and is brought into the weapon system program. He
puts key personnel of his organization with Convair.
Both Convair and Bechtel jointly prepared the
concepts for this system and were jointly respon-
sible for the configuration with review, approval,
modification, verification, etc., by STL and BMD.

We felt that a part of Bechtel's responsibility

as the ground system developer and designer was to
prove the adequacy of his product and that this
could best be achieved by making him responsible
for demonstrating the workability of the system in
a prototype. So, while the Air Force did have
authority out at BMD, derived from a Nov. 1955
decision by then Secretary of Defense Wilson,

to do both its own design and construction on

the ballistic missile program if we desired, I never
chose to exercise the construction part of this

- because it would have entailed a much larger

organization than the Air Force would have had to
put on it. We felt we wculd have had adequate
control, from a facilities standpoint, if we
retained the responsibility for constraction and
exercised that directly, and then utilized either
the Bureau of Yards and Docks or the Corps of
Engineers as our construction agent. Coming back
now to OSTF-2, we had Bechtel under contract to do
the engineering work and our job was then to
convince the Corps of Engineers that they should
engage the same outfit to the construction for
them on the same non-competitive source basis and
secondly, to do this on a cost-reimburseable
contract so that we could maintain an adequate
day-by-day control of the details of engineering
schedule adherence, and cost considerations. We
were able to convince General Wilson of the Chief
Engineers office that this was the thing to do and
I think that it was a very useful and certainly a
very profitable enterprise into which we entered.
This then pointed to a three headed management
group. Bechtel was the key to it because they had
engineering as well as constructicn responsibility.
BMD was a part of it because it had engineering
control of the Air Force responsibility for design
and the Corps of Engineers was a part of it be-
cause they were administering the contract.
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So we entered into an agreement, formalized and
executed between our office and the office of

the district engineer in Los Angeles, that we would
have this joint management group activated and
would prescribe the procedures for which they would
function. It called for rotating the location and
chairmanship of the meetings. It called for

weekly meetings of the three parties. It called for
on-site inspection by all parties concerned. In
retrospect it was one of the better things that

we devised.

Mr. Hansen: You feel that it operated very effectively?

B/Gen W. Leonhard: Oh yes, it did beyond question. It really put
Bechtel on the spot. They were responsible for
execution of construetion, quality product that
ther were claiming to give us on the engineering
side, and it also short circuited what are usually
very long lines of communication. If we have an
engineering change to be made, the Air Force evalu-
ates it, and then gives it to the designer. He
translates this with a new instruction into different
lines of words on paper. He gives it back to the
Air Force. We give it to the construction agency.
They in turn give it to the construction contractor,
and before you know it thirty days can easily go by
just transmitting papers of this type. There are
questions raised; there are delays in the in-basket;
it get. caught in the U, S. Mail and thirty days is
not at a.l abnormal for such a sequence as I am
describing here. But here we had a situation where,
as soon as the Air Force needed the engineering
judgment of the Bechtel Corporation on a change
that needed to be made, they immediately had a
close tie-in with the construction side. Although
contractually we routed it through’Bechtel,
engineering to the Air Force, through the Corps of
Engineers, and then to Bechtel construction, the
fact of the matter was it was handed right across
the door. It was a tremendous benefit in terms of
dollars and time saved and avoidance of wasted
motion.

Mr. Hansen: Instead of having a many-headed organization such
as you had here, why couldn't you have one contractor
just handle the whole thing, say Martin, Boeing or
General Dynamics?
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B/Gen W. Leonhard:

‘VWell, there are probably two answers to your

question. One is practical - the other political.
Let me cover the political side first. It .
is written in every appropriation bill to the Air
Force that money so zppropriated will be expended
for Air Force construction by the Corps of Engineers
of the Army or the Bureau of Yards and Docks of

the Navy. This then gives them the statuatory
right to do this business for us. On the practical
side, maybe I should explain it this way. The
Convairs, the Martins, and the Boeings are not

in the construction business. They reached their
point of eminence in the business world by building
airplanes and now by building missiles. I really
think it would be a mistake to have them become so
deeply involved in mundane elements of work such

as would be involved either in executing or
managing facility type construction. Also,

the VonNeumann committee findings in 1954, which
started the Atlas program, through study of the
capabilities of U. S. industry, recommended very
strongly against the assignment to total systems
responsibility to any single firm in this country.
There were firms that were proficient in airframe
development. There were other firms that had high
potential and satisfactory capabilities in elec-
tronics and elements in guidance systems. There
was another family of contractors who were highly
proficient in propulsion and there was a totally
different group that had been exploring, testing,
and developing processes acquiring capabilities in
the re-entry vehicle phase. The VonNaumenncommittee
felt that to give the total job to any one contractor
would so burden that company's capability (including
management capability) that the total program would
suffer. As a result they recommended that the Air
Force manage it on an associate contractor basis
giving major elements of the work to different
firms and doing the integration work themselves
with the help of STL. I would apply this then to
the ground environment facilities. I would

think that the construction industry and that the
engineering fraternity that we have are best able
to carry out the engineering and construction work
for this program. I think we have had our problems
here but, believe me, these problems would not have
disappeared or been minimized had this portion of
the system been turned over to Convair or Martin.
This is amply demonstrated by examination of the
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Mr. Hansen:

B/Gen W. Leonhard:

Mr. Hansen:

B/Gen W. Leonhard:

i : L_/;

record in ‘the design and construction of industrial :
test facilities undertaken early in-the program.
They had major slippages, major cost overruns,
comparable with any and oftentimes exceeding the
experience that we have had on the Air Force side.

One more question on organization. -As you get an
arithmetic increase in the number of elements in the

organization structure, you probably get an exponential

increase in communication problems. - Now, how did
you counteract this? : "

“You are speaking now of a way to short-circuit
. the problems of communication when-you put together

an organization that has one job to do and all the
people are involved in doing that job. I feel

the management conferences minimized the communication

problems and enabled us to avoid bickering, and
delays that all too often occur when communicating
by written correspondence. There was a minimum
of misunderstanding because people-who had the

job to do were looking at the same problem cone-

* currently and the solutions that were derived

from these management conferences were executed by
the three principals involved immediately.

Organizational structures have effect on the attitudes

of people. How about the effect of this organization
structure on the attitudes of the people involved?

From our standpoint I can speak only for two of the
legs of the stool. From the Air Force ballistic
missiles standpoint it was a most happy marriage.

We feel that it was highly beneficial to the program
and this is our primary interest. In the process,
some toes may have been stepped on. I'm sure that

some people's feelings got hurt because some of their
jealously safeguarded preogatives were short-circuited.

But no one was going to stop us if it was beneficial

to the program. I consider the arrangement profitable,

appropriate and desirable because it benefited the

program. I think that this view also is very strongly

shared bty the Bechtel Corporation - the second leg
of the stocl. They were on the spot and by this
management arrangement they had the means to fulfill
their responsibilities. They were not curtailed and
delayed by the administrative machinery and handling

of instructions to them between the Corps of Engineers

and the Air Force.
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Mr. Hansen:

B/Gen W. Leonhard:

Mr. Hansen:

B/Gen W. Leonhard:

]
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I would like to examine possible unique design
requirements of the OSTF-2.' Were there any
design requirements at the Atlas fac111ty that
were new to most contractors?

Very definitely there were. Atlas F is a silo

1ift configuration. This is the same at Titan I.
But in the Titan I program the crib containing

the missile 1lift mechanism was considered as a

part of ground support equipment. It was not
furnished by the contractor nor was-it funded out
of military construction appropriations. The crib
that we engineered and adopted in Atlas F was a
greatly simplified version. In the process of
simplification the cost was greatly reduced over
that which was experienced in Titan I. Other
elements of some uniqueness included the high

speed propellant loading system, the blast closures,
and the like. I guess another element of uniqueness
would have to be that the work was accomplished in
such a very restricted area, somewhat like building

. a submarine. We had a tremendous amount of equip-

ment to be installed, hooked up, checked out and
made to work. To integrate one.with the other in
this assembly and to schedule work space and sequence
in which equipment had to be installed so that

it all could be fitted together, required a great
deal of imagination and planning. Perhaps, in
retrospect, the most difficult part of the job was
in this exercise of planning. Ordinarily, construc-
tion contractors are not faced with the problem of
working in such confining, restricted, and hazardous
work areas as we had in this facility.

I would like to examine project performance now
for just a moment. Sometimes in CPFF contracts
there is a tendency to gold plate. Was there any
evidence of this on OSTF-27

No there was not. I am personally confident there

was none. Here we had a situation where the Bechtel
Corporation was committed to the Air Force to

produce an austere and economical design. They

were on their metal, so to speak, in the construction
phase of tne OSTF-z to prove that the estimate

of cost that they had prepared for us initially was

a valid cne. I believe that I mentioned earlier

that compared with their estimate and our verification
of same at approximately $6 million level, they came

.
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Mr. Hansen:

B/Gen W. Leonhard:

Mr. Hansen:

_ B/Gen W. Leonhard:

Mr. Hansen:

B/Gen W. Leonhard:

Mr. Hansen:
B/Gen W. Leonhard:
Mr. Hansen:

B/Gen W. Leonhard:
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in below this estimate by some 5 or 6%.

Would this hold true for all cases of CPFF? I think

this is a rather unique example.

I would not ordinarily favor a CPFF contract unless
we had the conditions that existed in this case.

I think if we want to assure ourselves of a quality

product, on time, we have to provide some incentive
for the contractor to meet these objectives. In
the case of the OSTF, both with this one and with
Parsons on Titan II, the incentive was supplied by
the pride they had in their engineering work.

We must look for other sources of incentive to
contractors who are not motivated in the same way.
For the contractors that we had ai. Malmstrom,

profit was the incentive., Profit sharing is perhaps

a better term, in that, if they were able to save
money below the initially agreed contract amount,
then they shared the profits from same.

How do _you feel about the quality of the original
design?

Good, although I am sure that if we had it to do over

again in light of what we have learned in the last
three years, there would be changes. But, I think
that for responsiveness of engineering work to the
weapon system requirements as were then defined in
consideration of the tight schedule required, the
Bechtel Company did an outstanding job.

Was the quality of construction work up to standard?

Yes. They are a first class outfit. They take
pride in their work. I visited Vandenberg almost

weekly during the time that this work was undertaken

and I observed no short cuts in quality. They
put highly experienced management on the job and

this carried all the way down through the technician

18\'31.

You found Bechtel to be a cooperative organization?

They were most cooperative, in every respect.

Do you recall any serious schedule slippages?

This is a matter we tracked very particularly because
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B/Cen W. Leonhard:

Mr. Hansen:

B/Gen W. Leonhard:
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this facility was going to pace the entire Atlas F
program. Therefore, we had a real clear under-
standing with the program office, Convair, Bechtel,
the Corps of Engineers, and in-house that this program
was going to be done on schedule. I think that

the record would show an on-schedule condition
throughout the entire program. There were small

minor delays from time to time as measured against

the earlier milestones we charted but then maybe _
our earlier judgments of how things would fit in, were
not too well thought out. I think the "prooi of the
pudding" is that the construction work was completed
by the time it was specified.

You had no significant labor disputes or work
stoppages?

I recall none. If there were, it would be a
matter of record with the Corps of Engineers.
There was no significant stoppage from the stand-
point of labor disputes. Some of the delays that

-+ they had on minor features of work were caused

by late delivery of equipment that was being
procured outside of the Bechtel contract, and over
which they had no control in terms of assuring
delivery. When that eguipment arrived late,
although they cculd work around it in part,
nevertheless it did involve later-than-scheduled
completion of sub-elements of the job. As a
tribute to their interest in the job and as an
indication of the flexibility that we derived from
handling the contract as we did, they were in all
cases able to cover the schedule without the
government paying the price for it.

What types of control mechanisms were used for
measuring progress on time and cost?

We had set as the first order of business in this
Jjoint management group, the detailing in as

precise terms as possible, identification of the
scope of the work to be done, starting with the
excavation, placement of the orders for long-lead
time equipment to be later installed, the fabrica-
tion, the assembly, the installation of the crib work,
all of the propellant lozding system, tankage, the
piping and the electrical mechanical services,
connections and the like. All of this was carried -
out in very minute detail - time phased so as to

Page 40

Le



best assure the total proficiency of the job on

tae date to which we had committed ourselves.

Then this basic milestone chart was constantly up-
dated to take advaniage of the improvements that
the field was able to accomplish; also to reschedule
around delays occasioned by late delivery of
equipment, You nave to bear in mind that when we
started the hole 211 we knew was that it was going
to be 52 feet in diameter and 174 feet deep or

some dimension like that. They started digging

the hole before we had the first detail drawing off
the board. All we knew at that time was the

broad, general geometry. We knew what the concept
called for and could visualize that there would

be a need for certain cryogenic materials and

high pressure vessels for the propellant loading
system but at the time we didn't know exactly

how many, or what capacity, or size. All these
details were those that this working group addressed
themselves to on a weekly or daily basis as
necessary.

Mr. Hansen: "What do you see as the advantages of using the PERT
and related technology that seem to work well
when you have interfaces and subsystems involved.
Do you see any values in the use of these types
of techniques?

B/Gen W. Leonhard: The term PERT is now fashionable and it will
7 pass. I'm not saying that the techniques of

PERT will pass from the scene but there will be
another gimmick that will be brought ir to
stimulate the imagination. To me the advantage of
PERT has teen that it has forced planners to plan.
It has forced a discipline into the process of
systems acquisition. Now, good program management
has always employed something like PERT and poor
program managers have neglected these principles
that are a part of PERT. At that time, PERT hadn't
yet come upon the scene. Ve really didn't recognize
that we had PERT. We had plotted all of the mile-
stones ahead, closelv fitted the scheduled arrival of
the equipment at the site, the integration of the
construction contractors work with the I activity
closely paralleling where demonstration checks would
prove out the compatibility of the iwo systems. All
of this was very closely detailed. So we just didn't
know that we actually had the PERT system in operation,
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3/Gen W. Leonhard:’
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If you had to go through it again, a similar type
oregram, what additional things would you like to
see done? let's take the whole ballistic missile
program and the relation OSTF-2 had to that program.

Looking at our program, OSTF-2 serves as an example
of a good product emerging from what could have been
a real bad experience. I think if I could turn the
time clock back to 1956 when we were just beginning
to think about operational deployment of the ICBM
force, I would have wanted to take a stronger position
than I did in terms of the use of the CPFF con-
tract for the first or prototype installation of
every one of our weapons systems. We should have
done it for Atlas D and Atlas E. We did do it

for Atlas F. We did do it for Titan II. We did
not do it for Titan I. Also, with the directive of
having the engineer held responsible to actually
prove out the efficiency of the performance of the
system, we ought to nave an architect builder

~ aboard that engineers it, builds it and proves it

out. All toc often we engage an architect who
completes his responsibility when he turns over

a package of plans and specifications. Wnereas

we may get angry with him if those plans don't
produce what we are looking for, nevertheless,
contractually he is off the hook. I think that

we can get sharp language in our contracts from

now on so that the engineer-builder is held re-
sponsible for the performance and cost control that he
claims exists in his plans and specification as origi-
nally submitted. I think that there is a place needed
in our way of doing things for having the architect-
engineer maintain this thread of responsibility from
the initial concept phase of a weapons system until
he has turned over to the user a system that has been
demonstrated for performance. Also, I would strongly
urge that we would follow the pattern that we did

at Malmstrom and get the first contract that would

be awarded on a competitive basis, put under an
incentive-cost reimburseable-type contract where

the government can be assured, on a continuing

basis, what the actual costs to the contractor are
and hence safeguard interestis of the government
during negotiations for changes. We could then
develop, for each of our major systems configurations,
a baseline against which we can judge the cost growth
of subsequent. squadrons.
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Mr. Hansen: Would you like to see the people who are involved
in the facilities installation, get more involved
in the original design of the entire missile system

_ or do you feel that thoy are close enough now?

_ B/Cen W. Leonhard: It probably varies between systems. I have heard
from Both Convair and Bechtel that that relation-
ship was a most profitable one to Convair. They
had a tendency to think only of the airborne part
of the system and were almost totally preoccupied
with the missile itself. They needed someone with
the reputation and the obvious capability of an
outfit like Bechtel's to keep their feet on the
ground, and help to not only solve problems re-
lating to this ground environment but to suggest
solutions to problems on which they had practical
experience.
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Mr. Hansen: What was your position in the program at the time and
what were your duties?’ '

Col Cristadorot I had executive management responsibility for all aspects
of the Atlas Weapon System acquisition. Today this
position is known as the System Program Director (spo)
in accordance with the AFR 375 series. At the time that
I was the executive manager of the program, the Ballistic
Missile Division (BMD) of the Air Research and Development
Command (ARDC) was the executive agent, and the
Ballistic Missile Center (BMC) of the Air Materiel
Command (AMC) provided the normal materiel command pro-
curement and logistics support functions. With the
reorganization of the ARDC and AMC to the now existing
Air Force Systems Command (AFSC) and Air Force Logistics
Command (AFLC), the two agencies, BMD and BMC, were
integrated. As I indicated, I was responsible for the
Ballistic Missile Division mission to provide program
acquisition for the Atlas 107A-1 Weapon System. As
executive manager, I was responsible for all aspects of

* --this program acquisition.

Mr. Hansens: What do you feel were the specific objectives of this
s program? : -

Col Cristadorot Recognizing some of the deficiencies that existed in the
"D" Series program, we set about in the early phases of .
the program planning for the "F" Series to provide. the
vehicle and mechanisms to avoid those discrepancies. To
this end, we included in our planning the OSTF/2
(Operational Suitability Test Facility) as the development
test facility for the operational "F" weapon system. We
had two primary objectives for that facility, The first
was to serve as a pilot type operation for the entire
period, from the beginning of construction to the end of
the installation and checkout phase. This pilot opera-
tion was to provide the assurances that the design,
engineering, validation of work effort, personnel- struc-
tures, manloading, etc. were consistent with program
requirements. More specifically, it was to allow for
the learning necessary that the planning established for
the operational buildup was consistent, that deficiencies
were recognized and corrections initiated. The OSTF/2
was designed and activated as closely as possible to that
of the operational facility. As a pilot operation, it
provided an opportunity to define and proof test the pro-
duction approaches and planning that were to apply at the
operational sites. The second objective was to conduct
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the development, test and evaluation of the weapon system
in as near an operational environment as possible to
determine deficiencies to the operational requirement,
establish the "fixes" for those deficiencies, and to test
those "fixes" to assure the capabilities in the opera- '
tional inventory established within the Specific Opera-
tional Requirement (SOR).

Mr. Hansent Do you feel the objectives were adequately achieved?

Col Cristadorot Yes, I think in general this could be said to be the case,
attested to by the fact that the operational sites came
in on schedule as it was originally laid down. As a
matter of fact in spite of the fact that the initial
sites were delayed to some extent, the final activation
date of the squadron was right on the date that was
originally established. This, in spite of the fact that
during the formulation of the planning for the “"F" series
program, we augmented the capability by some 33% from
what it was originally established to be. We did numbers

* -6f things to improve the capabilities in the process. So,
1 tRink that the general objectives were met.

Mr. Hansent How about major policies at the beginning of the contract
. contrasting to original policies? Were there any changes?
L4

Col Cristadoro:t The major policy change affected in the "F" Series and
more specifically related to the OSTF/2 was the management
organization conceived and utilized. This management con-
cept recognized that the principal integrating contractor,
General Dynamics/Astronautics (GD/A), and the construction
contractor had a great deal of cross-correlating to
accomplish, particularly in the initial design phase.
Recognizing this, we worked out a management scheme where-
by Bechtel, the architect and engineer for the construction
program, was the prime contractor for construction, but
likewise served as a subcontractor to GD/A to provide the
interface between hardware equipment and construction
designs. Together, these contractors provided the overall
top drawings for the entire ground systems element and
accordingly obviated a lot of the normal communication
problems and interface difficulties that had previously
existed. These were the major policy changes.

Mr. Hansen: Were the schedule requireménts in the contract adequate?

Col Cristaddro; When you say in the contract, if you speak in respect to
the construction contract, in my opinion they were. If
you speak in respect to the other integrating contract,
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Mr. Hansen:

iCol Cristadoro:

Mr. Hansen:

Col Cristadoro:

I think they were also. This is of course, recognizing
the flexibility that must apply in scheduling first-of-
a-kind items such as this. I think that the schedules

were exact enough, definitive enough.

What I'm getting at with that question actually is to
determine if the contract instruments .served you well.
This might have some effect on the determination of what
kind of contract instrument should be used in the future.

It is my understanding that military construction program
funds require the use of a "fixed-price" type contract.
There fs a school of thought that this type contracting

is too inflexible because of the nature and character of
the type of job that was being implemented in the ballistic
missile construction program. Specifically, it was allowed
that facility type changes which were inevitable would be
more costly in the end than what would have been under
different type contracting. Not being an authority in
this field, I cannot be sure of this point of view. In

‘retrospect, however, it would appear that a "cost-plus" or

a "cost-plus-incentive" contract would have provided more
flexibility and may have contained costs better.

. I know pretty well what type of management organization

you have. Would you like to comment on it and would you
tell me how well it worked?

At the time of the OSTF/2 and the "F" Series program, we
had come a long way in the implementation of a concept
which was fundamental to the prosecution of a program

such as this. This concept was predicated on a team
approach.with the WSPO or SPO as the captain of this team,
whereas earlier in the program much was left to be desired
in this management scheme. By this time in the atlas
program this management scheme was well understood and
working rather effectively. For example, the facilities
personnel of BMD, responsible for providing the facilities
construction program, were physically located within the
program office. Whenever matters involving facilities
might impact on the program and on the installation and
checkout phase, these personnel were extremely careful in
correlating and coordinating their requirements and inputs
with the program office to insure that proper balances
were effected and impacts minimized. Of course, the pro-

- gram office was the final authority concerning program

impacts. I think this scheme worked very well.
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Mr. Hansen: In the organization you had different people from different

organizations involved. What effects did this type of
fo organization have on the attitudes of these people?

Col Cristadorot If there are different ideas -to be gotten, you ought to
get them whether the organization is one scheme or another.
I think that you get more expression of ideas because of
the team concept perhaps than with another approach. I
for one didn't experience gross differences of viewpoint
which resulted in actions taken unilaterally in defiance
of the decision. Nothing like this ever happened to my.
knowledge. I

Mr. Hansen: With the team concept sometimes you have a problem in

: getting a decision made. Was this a problem at all?

Col Cristadorot This problem never bothered me. I was expected to make
the decisions. I was intrusted with the authority to
make those decisions and I had no trouble.

Mr. Hansen: . _.Were there any design requirements existing in the Atlas
F program that were new to the contractor?

Col Cristadorot Oh, I think the answer to that question is yes, without
qualification. The fact that we were developing criteria
for facilities design to live in the environment of
nuclear detonations and to withstand the weapons effects
of those detonations was quite unique. The lack of
specific experimental data required extrapolations and the
translation of these extrapolations into specific design
criteria. This again represented a new requirement to the
contractors. In our particular case the experiences of
the Tital program served as a useful backdrop, but still
the total technology was unique.

Mr., Hansen: Were there ﬁany design changes during the progress of the
program?

Col Cristadoro: There were changes. The question of how many, of course,
is somewhat relative. The number, however, I would con-
sider appreciable. As I mentioned, the changes in
facilities were principally the result of those brought
akout because of the interface requirements and progress
throughout the installation and checkout of the system being
integrated in the field for the first time. This is what the
OSTF had been planned to considerably alleviate. However,
the simulation could not be a complete one. We had provided
a hard mockup for installation and checkout but this too fell
short of completely configuring the final product. The
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interface between the facility, the RPIE and the AGE
{nevitably brought changes that had to be reflected back
into the facilities designs themselves. Therefore, in
this context the changes were numerous.
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dansen:

Farwell:.

Hansen:

Farwell:

Hansen:

Farwell:

Hansen:

Farvell:

What was your job at the time of the developmeat of OSTF-2?

At the time the initial discussions and meetings were going on
concerning how we were going to develop the Atlas F program
and OSTF-2, I was Deputy Chief of the Atlas Design Branch under

what was at that time, the Deputy Commander of Facility.
© Did you retain that position all through the.project?

' No, we started design in the spring and early summer of 1959

and in the summer of 1959 Colonel Hastings, who had the Atlas
office, was-transferred from Omaha and I was then made Chief

of the Design Branch and remained in that position throughout
the remainder of all of the Atlas program including the OSTF.

What particular role did BSD play in this project?

Well, BSD was responsible for the deployment, and development
of all of the ICBM programs at that time. As such BSD was
responsible for providing the designing of racilities for the
ICBM program as well as being responsible for the development
and testing programs for the missile and all of its associated
hardware. At that time we had an organization known as BMC or
Ballistic Missile Command that performed the procurement
functions. This was an Air Materiel Command office or station
contiguous with the Ballistic Missile Division and was our pro-
curement agency. Later on these organizations were combined
with BSD. in the reorganization of AFLC.

I have a little problem seeing the management structure or
organization at this time. I know that GDA was the integrat-
ing agency, that this agency built the missile itself, but I

am trying to put together the construction agency, the inte-
grating agency and all of these together in the management
organization. Where would BSD fit in that management structure?

BSD was the Air Force organization responsible for program-
ming, developing and getting this weapon into the tield. 1In
order to do that we had to depend upon many other organizations.
One of them was the Ballistic Missile Division under General
Schreiver, which was responsible for development. Another was
the Ballistic Missile Command, an AMC organization which was
responsible for the procuremeat and which actually did the
buying or contracting for BMD. Also we had Thompson-Ramo-
Wooldridge, which at the time were known as R-W. It was about
this time in 1959 or 1960 that they reorganized and formed a
division called the Space Technology Laboratory. STL was re-
sponsible for what is known as systems engineering and .
technical direction. They were responsible to BMD for the
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Heansen:

Farwell:

Hansen:

Farwell:

over-all systems engineering. They tied together all of in-
puts from the hardware manufacturers, the missile manufacturers,

" the guidance people and the facilities into a system. This was

a management task and a technical task that they did for BMD,
They provided the techaical talents and the scientific skills
that the Air Force didn't possess. For each of the weapons
systems, the Atlas, the Thor, the Titan, etc., we ended up

with different contracts. In case of the Atlas we had Convair .
Astronautics, now known as General Dynamics Astronautics, who
were responsible for the design and production. They were the
integrating contractors. Also, we had a group of associate
contractors. Since he was supplying the missile the integrating
contractor had responsibility for integrating the ground equip-
ment guidance systems and the engines into a single product.

He integrated them in the sense that he put them together in
the field and was responsible for the direction and testing orf
them. Where do the facilities fit into this? The way we
bought facilities in the Air Force was to identify a require-
ment, come up with some criteria, and give this criteria to

the construction people, normally the Corps of Engineers, who
then hired an architect-engineer to design it. Then it was

"let on.a lump-sum competitive contract:. The one difference

was that occurring in the ballistic missile program. We had
to get the criteria from the various integrating contractors
to the various associates, to work up contracts with them,
and then actually to provide the design which was given to
the Corps of Engineers to be given to the constructor through
& lump-sum-competitive contract. This is the way you produce
facilities in the Defense Department.

When you say you were responsible for the design and you con-
tracted out for the designing, what do you mean?

Yes, we were responsible for the design. We were responsible
to the Weapons Systems Program Office, the Titan Program Of-
fice, the Atlas Program Office, etc., for obtaining the neces-
sary information, the criteria, producing concepts and then
the design. That is, the office was responsible for this but
we did it also.’ The bulk of the work of course, was done by
contract. We hired an architect-engineer to do the work and

a project office who managed it.

This was Bechtel?

Yes, for the Atlas D and the Atlas F the Bechtel Corporation
did the work. For the OSTF-2 they were the builders. To
understand the management system that was used there you have
to understand what we were doing before what was done before
that was a very crash program - a very concurrent program. We




Hansen:

Farwell;

were designing facilities at the same iime that the integrat-
ing contractor and the associate con*ractors were designing

the missile and the herdware. In almost all of our programs

we had & completed facility available about the same time that
the missile that was used in this racility was launched the
first time. In the Atlas D and the Atlas E programs we got

the training and operational facilities at Vandenberg and they
led, to a limited degree, operational squadrons. But they

were never timed and built to the degree that they would give
us lead information on the facility that was really useful in
the follow-on programs. The Atlas F program was & very ac-
celerated program. We felt in order to do a decent job that

we should build as far in advance as the program would allow
and gain some learning on this operation. Tnere was also the
desire that we eliminate, to the greatest extent possible at
least in this portion of the program, the differing organiza-
tions that we had to contend with - the designer, the construc-
tion agent, a separate lump-sum contractor, then the integrating
contractor taking over the facilities and hiring a different
installation contractor. We felt that with the different
government manegement and different conturactors, the pro-
cedure that was not helping us in getting the maximum benefit
from the OSTF. So, in conjunctionwith the program office and
Colonel Christadoro‘s orrice and the primary contact in the =
ground systems area, Colonel Jack Calopy, who is now retired,
we decided to have a single designer, constructor, and inte-
grator involved. This was our objective - to have Bechtel do
the designing, to have them do the construction, and to have
them do the installation of the weapons systems hardware under
contract to Convair., This was the system that we proposed.

We had a design contract from my office, the Corps of Engineers
requested and received approval, which we justified in our
office for a CPFF contract, and Coavair was given authority.
for sole source of procurement with Bechtel.

I'd like to know more about the CPFF contracts which you let -

what about the satistaction of the contractors with normal

bid-type contructs. I am speaking specifically apbout Plattsburg
construction and the hearings that came ant of it, Manv af

the contractors wished that thsy had & CPFF contract, This came out
in testimony. Do you feel that the CPFF jis a better type of
contract for this type of project?

I think it was the necessary type of contract tor the OSTF.
I don't believe that it was necessary for Plattsburg. I'll
tell. you the difference. When we started constructing on the
OSTF November of 1959 I believe it was, we started building
it at Vandenberg. We did the first part of it by lump-sum
competitive contract. Digging & hole, pouring the initial




concrete - this was scmethiang that we could define on & com-
= petitive coatract. It presented no problem. Then it came to
installing the hardware and doing al. of this in a compressed
time, sterting off with a facility that is not more then 2/3
designed. We didn't know what the hardware was going to look
like and we still had to start the job if we were going to
get any running time because we hed the first operational
squedron, which was Schilling, under contract in March. We
had two training fecilities at Vandenberg under contract in
the Spring. So, we started the OSTF very early on Very
limited informetion. By the time that we got to Platisourg,
for instance, it was fairly well established. We knew by
then what we wanted. There were & lot of changes though I.
understand the reasons for the comments for going CPFF on the
constructive part. But then there is more than that.

Hansen: Would you say then that the type of contract that is let
depends upon the situation?

Farwell: The only justification for & CPFF is if you can't define the
scope of the job. At that time we couldn't do it.

Hansen:  This has a bearing really on the objectives of the program.
What were the specific objectives of the OSTF?

. Farwell: The objectives of the OSTF-2 were to end up with a test
e facility where we could install and test out all the total
components of the weapons system before or far enough in
advance so that we could get some learning into the seventy- .
two operational facilities that we were building. We hed to
follow the construction very closely because of the forcing
effect that the OSTF-2 had. It forced people all along the
line, not only ourselves, but Convair and the other people
defining their hardware and producing it and getting it out
to the OSTF early. This was to give us the chance to put in
the changes and see how they fit. Changes were prought before
the Configuration Control Board and then installed into the
system, The OSTF resulted in & greatl change, that of chang-
ing the weapon systems sooner and thereby saving money.

Hansen: In other words, if you had to have changes, you wanted them
early.

Farwell: Yes. The sooner you make & change the less it costs.

Hansen: How do you feel about this approach?

Farwell: I think it is the right way to go. I think it was successful.
Under any circumstances, &t any time, I would recommend doing
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Heansen:

Farwell:

Hansen:

Farwell:

the same thing where you are producing a lot of articles.
When you are building many items that cost $4 or $5 million
each, it is really werranted to spend & considerable amount
of effort on the prototype. If you had a concurrent program
that was stretched way out and you could teke your time with
engineering, maybe three years to build the first one before
you started final production, it would be an entirely dif-
ferent matter. I don't see any of our weapons systems ever
being in that atmosphere however. If it is an item that has
a large facility base then we should get in early and ex-
pedite the design and build the article with as much lead as
possible. I think everybody recognizes this.

Were there any major policy changes during the contract it-
self?

There were changes.to the operational program but not to the
OSTF. We ended up with a CPFF contract and one of the things
that we wanted to do, we actually got. I would say that we
did not have any major changes from the beginning to the end
of the OSTF. There were minor changes, but the way we con-
ceived it .was the way it was built.

Often in this business you hear comments like: "Why can't we do =
this in a business like way?" "What is the reason for not

doing it like manufacturers in industry?" My interest in

asking this question is to see if there is something different

about this business and if there is, to find out what it is,

Usually on a big project an industrial firm does not use a
competitive bid approach, A selection is made based on their
analysis of firms that can do the best job. If they don't
consider a big firm competent, they donit use it. We in the
government don't have this privilege. Then too, industrial
firms have much greater flexibility on contracting methods.
They may do part of the job with incentive coatracting. They
can negotiate the kind of contract that is most useful for the
particular project. They can also identify those portions of
the contract that they want to be competitive and they do it.
In the areas where they want a quality article and they are
convinced of just what the article is, they use sole source
technique. They pick anyone they want. The justifization
and limitation in the goverament and the military over this
kind of program is severe and to do anything other than open

. competition bidding is extremely difficult. Even to get CPFF

is difficult. This doesn't leave you off the hook as far as
sole source. ' You still must specify erticles and anybody can
bid on them. CPFF is just using a more versatile and flexible
management technique as far as your constructor is concerned.
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Still you have the problems that we had on this job of com=-
petently buying all of the other work that was done. You
retain the management and that is about all. There's a lot

of reasoning to be able to use & business approach. The
goverrment uses & business approach but it is dictated by the
laws of the land and this is the way that indusirial organi-’
zations of this country want it, at least this is the way

that they tell their Congressmen they want it. That's the way
we do business.

Hansen: Let's get to the menagemeat structure. Project management
usually exists in a functional management environment, that
is, in a functional management structure. Within the struc-
ture a project menegement unit competes for money and other
rasources and often has authority to take some kind of uni-
lateral action which treads on the toes of existing functional
authorities. Could you comment on this aspect of the program?
Do you feel you had a true project management set-up here and
do you see advantages or disadvantages to it?

Farwell: - .Well, we established and managed the OSTF construction, the
design of construction, with a memo agreement that was pri-
marily a document between the Corps of Engineers who were
handling the construction and my office who had the design.

In this memo we outlined the responsibility of each part. We
had a coordinating committee group which met weekly and was
responsible for the direction of this project. Represented .
on the committee were these organizations, the Coprs including
the CEBMCO design office which was our primary conuracting
officer, the project menager of the Bechtel Company on the

job, and the project engineer from Bechtel for design, &nd

also in most cases, two AFCE organizations Irom Vandenourg.

One meeting would oe in the Los Angeles disirict engineers
office and one in my office. We reviewed the progress made and
routinely we would review construction status progresss and

any items that were holding up the job. If anything were dis-
rupting the job we would take the necessary actions. We would
meke a decision on who should do the work. If it was a design
it was up to my office; procurement problems, for which we had
an input, were handled by us. Constiruction proolems were ine
Corps' problem. We kept accurate minutes of these meetings and
Bechtel would take design actions and go to the program office
and the Contiguration Control Board with them. We would
identify from these meetings items that were of significance

to the Configuration Control Board and then we would take the
necessary actions, go through the CCB and get the directed
changes. These would then get reflected into design for the
following construction. Now, we continued this method of. opera-
ting until about the time that we were having suo-systems




Hansen:

Farwell:

Hansen:

Farwell:

Hansen:

checkout - through the bulk of the construction, when we were
down to the point where we were operating utilities systems and
testing PLS systems and this kind of thing. At that time we
trensferred this management physically to Vandepberg. We
transitioned this. We started having a meeting a month at
Vandenberg of the whole committee and then we gradully trans-
ferred all the meetings to Vandenberg and then named

Vandenberg counterparts. Also, we would have someone from
Vandenberg go to the weekly meetings. Normally Lt Dale Strait,
or now Capt Strait, would routinely attend these meetings
representing my office. In the later stages of the program

we transitioned this management team over to a similar manage-
ment team when the I & C effort started. They actually ended
up having daily meetings of the Civil Engineer people, Convair,
and the program office representatives at the site, resolving
facility problems, installation problems, equipment problems,
across the board. This group transitioned up there right into
an organization running the rest of the work.

Would you care to compare this type of management organization
and the actions that could be taken with other types of organi-
zation? I would like to have some kind of comparison between
the two, in terms of ability to handle problems.

The fundamental difference was the degree to which we worked
on & problem and the amount of coordination we got with the
different organizations. Unless you set up some kind of a
project management group of this kird, your communications be-
tween the competing orgenizations just break down. You end
up writing each other letters, sending telegrams. You just
don't communicate fast enough with each other to resolve the
problems on a program that move as fast &s this one. On the
earlier programs and some of the leter ones where we had not
used this management technique, time slipped away from us.
You have to stay on top of the problem. When you have dif-
ferent orgenizations with different responsibilities, you
can't let the routine means of doing business apply. It

just won't do it. It tekes a lot of effort. It takes a lot
of people to run such an operation. You have to really staff
it, but it pays off in the long run.

Of course this gets into the delegéting of authority and cen-
tralizing it. Do you think that you had gquite a bit of
authority to deal with problems?

Oh, yes. We had all the authority we needed.

How about money?




Farvell:

Hansen:

Farwell:

At that time we haé no problems with money. We had ell the
authority eand we hed ell the money we needed. The test of

the program was the ability to manage it - get information

end make the right decisions. Of course, you don't get the
opportunity very often to rfun a job of this nature, with

these kind of ground rules. When we wanted to make & change,
we made it. This was the first program that we really
actually established close configurations for all over and

in the early stages of the Atlas F program the CCB was meet-
ing primarily on facility configurations and facility changes.
I think it was a good test problem end & good training prob-
lem. It worked out real well. It gave the opportunity to

let the other organizations in on what the changes and the
impact on them and meking sure they were adequately considered.
There was no slow up on this. We worked it out so that we
should have onemeeting one day and we would have a daily staff
problem. A meeting at Convair was scheduled a day later and
then a few days later a meeting at the CCB and we would have
all these staff inputs ready. '

Would you care to comment on this uvype of organization and the
attitudes of the people who might have been trasferred from a
functional or line position into & project position. Quite

of ten project managers will cut across functional organi-
zational lines. They heve authorization over people who are
answering to other people. I'm interested in finding out
whether you had any bad experiences with this.

I think we got excellent cooperation with everyone involved.
Of course, the organizations we were cutting across were in
the Corps of Engineers. We had to have the confidence and
authority of the District Engineer of the Corps to act on the
direction that we provided. This was real important. II we
didn't have this we would have veen totally unsuccessful. In
my office I had the zuthority generated from General Leonhard
and Colonel Christadoro also. Generel Leonhard was my immedi-
ate boss in the functional area and Colonel Christadoro then
had a project office where he depended upon the reaction of
people in different staff agencies.’ I was his facility man
even though I had another boss. He had o look to me to do

a facilities job for him. I had the authority from him to
get the job done. If I had to explain all the actions to my
immediate boss and to the project office to act on the Atlas
F program we would have been building it today. With anything
that moves this fast you just have to give the authority to a
group of project people and let them go. If they don't do the
job, you fire them. There isn't any other choice. Where you
have a program that is fast moving and if you want speed," you
have to do it this way. Otherwise, it would have taken a




month to make & decision thet we mede in two or three days,
doing it individually with coordinated positions to the vari-
ous functional offices. We had groups of people who had
delegeted authority for that. In other programs we didn't
have this group delegation. It just takes time.

Hansen: Could we talk a little bit about design requirements that
might have been new to most contractors?

Farvell: We had some new things. We were designing & single, so-
called unitary structure. The over-pressure level was not
new. It was the same as was used for the Titan I, so we had
some basis of design. But we were using & shock mounting
system &t an over-pressure that had never been used before.
We were building a silo deeper than had ever been built be-
fore. We were on a new frontier so to speak as far as
facilities design was concerned. So the design requirements
were pretty severe. Value engineering, this has gotten to De
like PERT you know? If you say you use value engineering then
you're all right. I think this is the same &s PERT. People
will say they have value engineering programs. That doesn't
necessarily mean that they do -value engineering. The same
thing applies here. Good design has always had value engineer-
ing. You reivew alternatives, you look at different techniques
of doing the job, you review the design when you are through to
see that you have considered the various things, to see if
you've gotten the most economical design. We do this, although
in our business we don't have 2 value engineering departiment,
per se. We come up with a design and somebody else makes it.
The one who gets, say two hundred Minutenan sites, is the one
who should have value engineering., If he can save five dol-
lars an article, on two hundred erticles this makes a lot of
difference. While we didnit call it value engineering, we
feel as though we used the value engineering idea all through
the job.

Hansen: Were design requirements too tight? Was il necessary, in
some cases to relax the requirements?

Farwell: I don't think we did. .There were certain things on which we
had to give deviations.

Hansen: Did you use many waivers?
Farwell: Some waivers. Most of the things we wanted were met. There
were deviations along the line of the type where you end up
with a different piece of hardware from what you were thinking [ |

of on & piece of paper. In most of the cases ve ended up
getting about what we wanted. We learned things through this, i
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of course, on the OSTF and ire aAtles F. Welve attempted to .
get into the other programs what we learned. It's surpris-

ing how difficult it is to get learning instilled in different

programs where you have different people. It's not easy, this

learning curve business. It's real difficult to get into an

area like this.

Hansen: Now about the question of the ranking of the parameters of
performance, time and cost in order of project importance as
they existed. The using agency, the Alir Force, is very much
interested in getting the item on time. Would you say it was
more interested in getting the item on time then it was on
what it cost to get the item?

Farvell: Specifically, with respect to the OSTF-2 program, I would say
we were fighting time as our number one problem. = Number two
was performance and number three was cost, If you .ook at the
situation we were in at the time, I don't think that the de-
cision could be any different. Today, in 1963, we don't look
at things like we did at that time. Then we had about three

. missiles in operational order. There was a lot of talk about
the missile gap and how far behind we were, and there was &
press for us to get operational. Cost was not the object. 'I
still think that as far as that was concerned it was the only
thing we could do. Later on, perhaps with the later squadrons
in the operational program, the importance of performance,
time and cost could have been arranged a little bit differently. .
Not so as far as the OSTF-2 is concerned. We could afford to
spend more money on that. It was well worth the exira cost for
the benefits that you could get downstream. I think it pald
off.

Hensen: How do you feel about the construction job?

Farwell: I think thet we got & good construction job up there. I think
that everyone was well pleased with it. We here felt that
Bechtel did a good job at interpreting what was to be done,
and did it in a limited period of time., I think it was a very
good way of doing it.

Hansen: Do you feel as though the original quality of work was .up to
standard?
Farwell: It was up to standard. It was far above what we got from the

other jobs because there was an inceantive for the contractor
to do it right. '

Hansen: What was the incentive?
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Farwell:

Hansen:

Farwell:

Hansen:

Farwell:

Hansen:

Farwell:

Hansen:

Farwell:
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Well, the incentive was that he wasn't bound by & lump-sum
contract. The lump-sum contractor is constantly thinking

about how he is going to come out.

If he thinks he is in

difficulty, he does oaly what the inspector might catch. The
approach here was to do the job as it's called for and do it
right. We were after performance and quality. This is not

alwvays true of lump-sum contracts.

How about rework?

=]

There was fot & lot of rework but there were & lot of changes
that had to be made. We had probably more than 50% to 70%
design change. A lot of things were rebuilt.

The rework was due to design - not quality?

It was primarily due to design in the OSTF. Where you had
reached & point and there was & change you just had to do
some tear-out. I don't want to give the impression that you
éid 50% tear-out when I say that we had 50% to 70% design.
Ii's not the fact that we did that much but that there were
design gaps because of program urgency. There was probably
& 10% rework ard the others were merely additions to the

program somewhere along the line.

Now that leads us into the next question. Wnat effect did
design changes have on ability to adhere to design or func-
tional requirements? There evidentually were quite a few
design changes and they must have had effect.

This was the object of having a designer-constructor. We

hed a Bechtel project engireer on the job and we were in con-
stant contact all of the time with the people on the site and
vith the project engineer. We had & project engineer in the
Bechtel design office who did nothing but see that there was
reaction quickly to requirements of the OSTF. The result was
that we could go from Bechtel designer through the Corps to
the Bechtel constructor in a real limited period of time. The
people in the construction obusiness knew it was going on con-
stantly. If we didn't have this contract arrangement it would

have taken much longer.

You said before that time was of the essence. Did you get 1t
done pretty much on time? Excluding scheduled slippages due

to design changes?

We ended up with this project, even with all of the design
changes and all of the problems involved, very much on schedule.
With the start of installation,

We were substantially on schedule.




we had & three monta joint occupescy period scheduled where .
ve would still be working and where Bechtel, working for Convair,
would be initisting installation. Convair people would be in

there supervising installation of equipment and hardware.

Hansen: Did the construction agency have to go inio much overtime or
extra shifts? N

Farwell: There wes overtime and there were exira shifts. I don’t recall
how much. I think that Bechtel can tell you and I think per-
haps that some of the Corps people can give you the idea of
the extent of this.

Hansen: Are there any other items you might want to comment on?

Farvell: Well, with regard to the question of whether the design was
up to the standard of design requirements. I would say that
it was. We did have some problems in this area. For instance,
there was a lot—of government supplied equipment that we hed
out in other coatracts that were lump-sum contracts. There

~ were some difficulties meeting what we were after in these

items. Here we learned in many cases that we were the first
to get articles and the first to test them out. But having
Bachtel aboard meant that we could get these things checked
out and find out what was wrong.

Hansen: How about cost of the pro'ject? .

Farwell: Over-all cost of the OSTF and over-ali cosl increases were
definitely below our experience on the rest of the Atles F
or the Atlas E programs. We ended up building the OSTF in
the shortest period of ‘time. It was the most affected by
changes. It had the greatest delays due to late delivery of
hardware of any site, yet we built it cheaper than anything
in the Atlas program. The recoré will show this. We know
what each one of these sites cost us and the OSIF at
Vendenberg was the cheapest one we built.

Hansen: Were there any labor disputes?

Farwell: I don't think that we had & problem with this. Bechtel had,
of course, interrational agreements all the wey around where
we had subs. There were preity good working relations as far
as this job was concerned and since Bechtel is also the manager
of the installaticn of the Convair hardware, we had a single

menager. over it all. I don't recall any labor difficulties on
that job at all.

Hansen:; What about the effectis of concurrency?




Farwell:

Hansen:

Farwell:

Hansen:

Ferwell:

Hansen:

Farwell:

Hansen:

Farwell:

This was the most coacurrect job that you could imagine. We
were constructing before people had finished design of any of
the herdwere and the missile. I thing that we had OSTF-2

about finished before we leunched the first Atlas F. I don't
think thet we built enything in the whole program as concurrent
as the OSTIF.

What effect did new materials and methods have on constructiion.

There wes nothing particularly new in this thing. We were using
steel and valves and the working positions were a little bit
different. Building in a hole this big is something a little
new. It isa't any longer, we've built so many of these silos
that people are quite fimiliar with them. There were no sig-
nificant material problems. By this time we had built several
silos of comparable size.

One of the complaints of the contractors at the Plattsburg
operational site was that they might get paid for a design
chenge but it had a snowball effect so that other things in
the job had to be changed and they could not get reimbursed
for these, other things.

Of course they ended up getting peid for it. There was a
settlement on this a few months ago. They ended up getting
around $7.5 million or $1l million. They ended up getting
peid for everything. .The job at Plattsburg turned out cost-
ing maybe two or three times what the original bid price was.
They were the last squedron in line and by no means were all
the costs here due to design changes. It was just & poor job
of management. Anybody that hed any connection with it would
effirm this. There is no question that changes did effect
the job and they should heve gotten paid for them. But they
had problems in management too.

You were milestoning for planning and control of delivery?

Yes, we were using the milestone technique and we were using
the menagement by exception. You establish milestones for
certain critical dates. We used lots of them. We included
in the construction contracts some tweaty-six different points
on which we wanted certain items to be finished at a set time.

Did you pretty well meet them?

Well, on the OSTF we did. This was the start. of the FERT
technique or at least the milestone technique of management °
in which we said if constructor is too far behind at this
time he will not finish on time. It was used with reasonable

)
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& success. I think we used this technigue to some degree in the .
Atlas E, and we used it more on the Atlas F Program. I think
it was helpful elthough there was resistence to it. The normal
menagement procedure on a contract is to tell the man what you
want, when you want it, say twoc years later., Then, when it is
& year later, ne isn't due to deliver and therefore you can't
meke him do anything. This had been our previous experience.
I've been up to some of our Atlas D sites where you could look
at some of the progress of construction and you didn't have to
be very smert to know that the man couldn't possibly finish on
time. The position of the contracting oficer was that until
the man didn't actually meet the schedule, I can't do anything
about it. Wait until the man has not met his scnedule and
contiracually, then we can do something about it. Sould we have
him accelerate? This is totally unacceptable. This is the
reason Wwe put some of these interim dates in. They were used
to & degree. If a contractor didn't meet one of these interim
points, the contracting officer had the authority to accelerate
him, that is, to tell him thgt he must put on additional forces
to come up to schedule. The way it worked out (not on the OSTF
. progrem because it was CPFF) in the operational program, was
the contractors were told they were behind and that they.must
increase the rorces to accelerate the program. Eventually these
contractors made claims against the government to the effect
that, well, if they had been left to their own devices they
would have met the schedule. They claimed they were forced to
accelerate and therefore should be reimbursed for all extra .
costs. They won every case. I don‘t think that there was a
single case where the contractor was not reimcursed for the
extra cost incurred through enrorced acceleration. Iiis not
for me to say that's for the contracting ofricer to say. I
would like to see & critical path technique that would oe use-
Tul in this area. I'd like to know what it could be, I'm not
smart enough to know what it should be when you have a lump-
sum contract.

Hansen: Maybe that's what they are planning to do with these incentive
: contracts, possioly with incentive contracts with a good
critical path system.

Farwell: That's the magic word today. There are a lot of contracts
we're looking at right now, where you can‘i identity a good
incentive technique. I know some contracts where we would
like to use an incentive contract but, if we made it incen-
tive, the objective of the contract would be other than to
menage the job. It would be to raise the target in order to
get a greater fee. You can't use an incentive contract unless
you can get & real good idea of the scope - a real firm
scope.




Hansen:

Farwell:
Hensen:
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Farwell{

Hansen:

Farwell:

Was tne manegement structure acequate 10 control and evaiuate
efficiently?

I think it was.
Do you feel thet it was quick to respond? .
Very fast to respond.

What provisions have been mede to have this learning, this
ability to respond carried to new contracts?

We carried it over to some degree. We attempted to do the
Titan II job at Vandenberg with this technique. This was a
CPFF contract however, it was not for a designer-constructor.
We had the design contract. There was another organization
that had the CPFF construction work for the Corps. We set a
similar committee but it was not as effective. First of all,
we did not have the designer-constructor relationship.
Secondly, the way the CPFF contract was managed, almost évery
significant job on the Titan 11 at Vandenberg was operated &s
& lump-sum sub-coniract, fixed-price. The result was that
when you wanted to meke a change in direction in the project
you had the seme disadvantage that you had if you had a fixed-
crice contract to begin with. All ‘we ended up with was hiring
2 construction contractor to provide our menagement. We hung
sc many fixed-price subs on him that we lost a lot of bene-
fits to be gained from the CFFF contract. We were restricted
in our ebility to react. It just wasn't as effective as the
Atlas job.

Finally, if you had to go through it again, what would you
‘like to see changed?

1 cen't think of anything in meneagemeni that I would change.
I think that the one thing that would have benefited us more
is if we could have done the Atlas OSI¥ on <ne seme schedule.
If we had the seame press of time, we could do it with pretiy
much the same management technique that we used, but to have
hed more time to get that construction experience vefore we
had to go out with the operation prograt. The one thing

thaet I would recommend in the future would be to gein a little
more informetion, to get a little farther along with the pro-
totype or know or define the sysiem 2 little bit more than we
needed to. This is in essernce saying that you should just go
so far on this concurrency idea. I think that we pressed it
a little farther than we needed to on this job. We're trying
the Minuteman and Titan II programs on this. We don't talk
about them being guite so concurrent but they heve the same
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problems of extreme concurrercy &s the early Atlas, They .

reelly do and we pey for it. I don't krow of any alterna-
tive.
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Mr. Hansen:

Col. Cowart:

Mr, Hansen:

Col. Cowart:

Mr. Hansen:

Col. Cowart
Mr. Hansen:

Col, Cowart:

Mr. Hansen:
Col. Cowart:

Mr. Hansen:

Col. Cowarts:

1 feel there were some barriers.,

Please identify yourself.

I am Colonel Robert P. Cowart, presently Cipil Engineer of the
6595th Aerospace Test Wing, Vandenberg Air )orce Base, California,

What was your position at the time you were\working on OSTF=-2?

During the time I was working on OSTF-2, I was Branch Chief in
charge of the facility design of the Atlas F program.

And your specific’ responsibility was design?

Facility design as contrasted to the weapons systems design and
its associated equipment development.

Do you feel that the contract requirements were adequate and
specific in schedule requirements?

I feel that the contract itself was acceptable as far as any con-
tract could be in this type of development system. We could not
reach a point of putting everything down in words because we were
developing concepts, design, and weapons systems all concurrently.
So yoy see, we could not write everything down to cover aspects

of things unknown. :

Does a development contract have to be more flexible?
Definitely. It must be so flexible that you can change it daily.

Are there any specific comments you might like to make about the
contract itself? Were you inhibited in any way? Were there
barriers to your actions?

When I speak of these barriers,
I mean ones that are set up by an Air Force contracting officer
working with a contracting representative of the weapons system
contractor, such as Convair or General Dynamics Astronautics.
This does not leave a clear line of communications between the
technical personnel in the Air Force, and the architect-engineer
Or weapons systems companies. - We attempted to develop this line
of communication, but in several instances we were actually
blocked by interpretations of the contract, as we were not sure .
if we were actually violating contract intent. This was a
difficult thing to uncover. o
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mr. Hansen: shat effect did past experience in site construction have on the
scheduling, construction, and the performance aspects of the OSTF?

Col. Cowart: Vo usod past experience on the waapons systom operation to davelop
criteria, schedules, and prepare our directions for architect-engineers.
There was considerable effort on the part of Colonel Farwell in this

area when we first started our work. Knowledge of construction
problems (such as weather conditions, long-lead procurement items,
labor problems, etc.) which we had encountzared in construction af
the earlier site, helped us to make much more realistic schedulec.
I+ must be remembered, though, that the civil engineer could only
make recommendations for construction schedules, since we were only
a part of a total program. This activity was not limited to the
OSTF-2. It actually went into the total weapon system since we
leaned very strongly towards configuration control in an attempt

to make silos throughout the country practically jdentical. Col.
Farwell pointed out early in the program that we had completed
several horizontal launchers of different configuration even on the
same base. We found that if minor details, such as wiring runs,
location of guages, size of equipment, are not specified, each
launcher will be entirely different. It was 3 shock to most of us
to see the freedom of interpretation of plans and specifications
allowed the workers of different trades with the construction
industry. Ve attempted to change this by having the architect-
engineers make construction plans with details approaching that

of shop drawings. e also constructed the 0STF-11 using the Bechiel
Corporation as the designer-constructor.

ir., Hansens Then the OSTF-2 actually served as a pilot model.

Col. Cowart: The OSTF-1l was a pilot model and we used it as such. It guiced
the construction of the total Atlas F program.

Mr. tansen: Did this configuration control hold during the entire Atlas program?
Col. Cowart: Yes, it did.

Mr. Hanseni What design requirements existed that were new to most construction
contractors?

Col. Cowart: The big thing was tolerances. Aircraft industries work with
tolerances of 1000th to 10,000th of an inch. The construction
contractors were not accustomed to working on massive steel and con=

crete structures with these controls, and in fact, had difficulty
meeting 1/16th of an inch. They were accustomec to tolerances of

+ inch, ¥ inch, or even larger in some cases. Living with these

rigid tolerances has become something of a habit to the people

here at Vandenberg. They are accustomed to this type of operation,
but the Atlas F was covering the entire country where the construction
people did not have this experience.
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ir. Hansen: Do you feel some of the tight tolerances were unnecessary?

Col. Cowart: Yes, I do. 'e attempted to block these as much as possible ==
especially tho ones we felt were unnecessary, but I know some
did creep into the design. We could have functioned well without
these. I feel a very cdefinite improvement in the design of
future weapons would be one which would allow adjustments for
inter-connecting weapons systems to facility type equipment.

Mr. Hansen: #ho had the responsibility for the designing of the silo?

Col. Cowart: The design of the silo was the responsibility of the Air Force Civil
Engineer., This included the concrete structure itself, the
tunnel from the control center, the flooring in all the arcas,
the major steel crib supporting the missile, the propellant
loading system, the propellant tanks and support utilities such
as roads, etc. All of these activities were designed and
controlled by the Air Force Civil Engineer.

Mr. Hansen: In other words, you had two design agencies involved designing
twa systems which fit together. How is it possible to make the
requirements compatible?

Col. Cowart We came to a point of terminology - "interface" - which has become

second nature to us in the missile game. We use the term interface

" any time the design of the weapons system company matches a point of
design of the facility engineer. It can be a mounting bracket, a .
wall plug, or an electrical outlet, It can be a connection for
water lines where the weapons systems people install a cooler
such as the missile air conditioner. It could be just a plane in
space where we are reserving a certain area in the silo where the

. weapons systems engineer is to place a cabinet., Such interfaces
are where the problems really have arisen between the weapons
systems contractor and the Air Force design agency. This inter-
face is very critical to us.

Mr. Hansen: Can you suggest a possible solution to this problem?l

Col. Cowart: I feel that, though the problem was easily solved, we did have
our differences, which was lack of communications between the
technical people of the agencies involved. ‘then I speak of technical
poople, I am speaking of the civil engineer types, and the Air Force
weapons systems engineers who know the equipment and the requirements.
But you cannot beat establishing good criteria, and actually having’
meetings of individuals around the table to lay out the problems for
group solution. One individual cannot make all decisions for this type
of facility. It has to be worked out as a group effort.
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Col Cowart:

Mr. Hansen:

Col., Cowart:

Mr. Hansen:

Col. Cowart:

Did you work together other than in group meetings?

We did, and it was invalusble. Ye had an engineer from
Convair-Astronautics who worked with us continually in our
design section. He visited us at least-once a week, and usually
twice a week. He discussed the possible changes and the problems
areas which could arise because of weapon system changes. He
would also pass current information back to his own engineering
section at Convair Astronautics. We also had continual liason
between Convair Astronautics engineers, and Bechtel Corporation.
People actually worked side by side on the drawing board when
the problems arose. We also had Bechtel pecople assigned to
Convair Astronautics, working in their area, working with

their engineers, and also working on the mock-up which you

saw in San Diego. They worked side by side in every case.

Do you feel that this type of arrangement was more satisfactory
than some other type of arrangement?

I feel that this is by far the most effective of any I have

seen, 'We became an organization made up of individuals from
numerous sections acting as one to develop an Atlas F,

We had Air Force weapons systems engineers and Space

Technology Laboratories people working with us. Bechtel

was our designer for the Atlas F program, but we also had

other architect engineers such as Black and Veatch, and

Stearn Rogers. There were Air Force c¢ivil engineers,

Convair civil engineers, Convair weapons systems engineers;

and we became, I would say, organizationally integrated as a team.

What were the conditions that brought this team approach about?

‘We were forced into this by earlier missile operaticns where

we were having continual complaints and a shifting of blame

from one agency to another. The weapons systems people,

Convair Astronautics, were continually blaming everything

that happened on the earlier Atlas sites on the Air Force engincers.
The Air Force engineers, in'turn, were blaming everything on the
weapons systems people for not furnishing good criteria at the
beginning of the job. e were actually fighting each other rather
than working together as a team. It was a natural reaction in
getting the job to run smoother and to complete it within the

time span specified. It just naturally fell into place that

we had to have a team concept, and no one, to my knowledge,

balked at this approach to the problem.




Mr. Hansen:

Col, Cowart:

Mr. Hansen:

Col. Cowart:

We've heard of the advantages of team solution of problems. Can
you think of any disadvantages?
Very definitely., Any time you work with large groups, or with
representatives of groups, you increase reaction time. At

times, we actually lost time in making cdecisions, or arriving

at a new approach to a problem. This in itself was costly when
you realize that we were building practically all Atlas sites at
one time. Any delay of reaction while making a change or decision
was reflected at all sites. This became quite costly.

Did you have a project manager?

Very definitely not that I could see from my operation in
program on the OSTF-II. We attempted to divide the tasks
the Atlas F program into a civil engineering task and one
the weapons system or the missile itself. Throughout this
program, we attempted to accomplish a project-manager type operation
by acting as a team; a representative of both the Civil engineering

this
under
for

side and a representative of the Air Force BMD weapons side acting

together to make decisions. This was used only if our committee’

or de¢ision making group could not render a decision. This

happened several times when our committees would actually

come to a stalemate, and could not reach an agreement, At

this time, a decision was made by a weapons system engincer and

a civil engineer concurrently to detemmine the direction the program .
should go. I would say that the attitude portrayed to the civil
engineers by General Leonhard was that even though the civil engineer
was not responsible for other than the facility design, we should

not allow anything to interrupt the continuation of the design,
conetruction, and future installation of the micsile. If de-

cisions were not handed down in time, we were to make them to

“ keep the program moving and on schedule.

The completion of the jobs on time was accomplished with the
approval of ev eryone involved, and I feel they were accomplishec
at a very reasonable time and cost. Like anyone else, I would
probably make decisions today which would differ from the decisions
I made two years ago, but now that is past history.
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dr. Hansen: Ylould you comment on achievement as far as performance, time, an<
cost are concerned?

Col. Cowart: Well, in achievement of performance and time, I think the programs
we have been associated with the last two years have been excellent.
The area which we could not directly control and the one 'which
secemed to cause the most trouble was cost. It very cefinitely varies
from program to program, from site to site, location to location,
and from contractor to contractor.

¥r. Hansen: Would you comment on why you think there was a great ceal oI cost
variance and why the average cost usually comes above what is
expected at the initiation of a project?

Col. Cowart: I feel that we can lay a lot of the guilt to contractor
. / management. The contractors, in making their estimates

of a job of this nature, didn't appear to tie in firm costs
at the time. At least this is the way it seems to me. They
lost sight of the fact that they must move fast; they must
expedite; they must manage numerous sites going on concurrertly.
The site locations are separated by as much as 100 miles for
the Atlas program. It can be as much as 400 miles for the
Minuteman program. They do not allow for enough management
coverage to actually maintain good cost factors. Therefore,
any time a change comes up, they must cover their inacdeguacies of
management by increasing costs. Also I feel that our
architect-engineers, in making their estimates on a change
order, did not have enough information available, nor dic they
consider close enough the cost impact a delay would cause
the contractor. Our change orders could run costs up Five
to ten times the original estimate of time and materials.
tlhere a contractor is faced with a large number of tacks, a
small change thrown into his operation could completely
throw him off pace and cause him to start a new attack.
This cost had to be covered. Now, this secms to be taking
the contractor's side by saying he had a reason for some
of it, but overall, from the way the programs varied from
base to base, I feel the contract management could have
been much better. )




Mr. Hansen:

Col. Cowart:

Mr. Hansen: .-

Col. Cowart:

Mr. Hansen:

Col. Cowart:

Mr. Hansen:

Col., Cowart:
Mr. Hansen:
Col. Cowarts

NMr. Hansen:

Col. Cowart:

“side where the govermment pays for all the costs.

Let's say that I am a contractor. I know I should bid.
properly as ‘ar as estimates for cost, time and performance
are concerned, but I know that if I do, I'm not going te
get the job. ‘'Mhat is my reaction going to be? I'll prob-
ably underbid the cost and hope that I get reimbursed.:

You are absolutely right, and I would probably work the
same way. I would underbid the job depending upon changes
that arise, immediately overbid, or put a high cost on thenm

-+ to come back with my profit.

Let's go back to the basic question then. Is the fixed-price

" .contract the most.logical type of contract for this type of

operation?

I don't think so. I think the CPFF type contract would
have been advantageous to us because of the numerous changes
that we knew would occur under the concurrency concept.

There are some hopes that the incentive type of contract
will be proper for work such as operational site installation.

I very definitely feel that we need something in between
these two types of contracts, and I think that this may be
our answer because, as we mentioned earlier, the fixed-price
leads us into high cost problems both on the contractor

side and on the government side. Also, the CPFF

can lead us into very poor management on the contractor

If

we had something in between where we could utilize the

best of both, we would have an excellent tool for this

type of work.

"As far as the OSTF-2 is concerned, do you feel that the

construction was'up to the standard of design requirements?
Yes, I feel it was superior.
The constructor was Bechtel?

Yes, it was Bechtel.

Wny do you think it was superior? Do you think it was the company

itself? Did they have better craftsmen or do you feel that
it was due to good management?

I personally feel that here it was due to goo¢ management.
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mI. Hansen:

Col. Cowart:

Jdould yeu say that most of your changes were due to problems cf
concurrency - that is = building a2t the same time that you =aore
designing?

Ne had numerous kinds of changes caused by concurrency.

The weapon systom was being developed at the same time as
the facility. Not many of my colleagues would agree with
me, but I believe that this was not the only problem. I
feel that during the design of a facility of this nature,
we were not given enougn design time to evaluate all
engineering problems, and this allowed the overlapping of
various trades. I have found numerous occasions where

the changes were caused, strictly within the facility
design itself, by the overlapping of these functions. I
feel this is an area for much improvement. I would like to
see a very strong project level over the facilities design
areas to tie the areas together in orcer to overcome these
problems. This is one example. Early in the program, it
was pointed out to me that an exhaust by-pass was needed
because of heating of a certain valve. This appearad
reasonable, znd we approved the change with instruction
that the change be implemented, and that anything associated
with it be implemented. The change was designed and ~
put into the field. Very shortly thereafter, a second
change came about stating that we had forgotten to place
expansion sections in this by-pass which would now cause
heating at a higher rate. So that took a change within a
change. Soon after this, it was found that by extending
the by-pass and the expansion section, there was an

~“interference with structural steel and several electrical

items had to be relocated. Finally, after I hacd several
harsh words with the project people at Bechtel, I discovered
that we had forgotten to change insert plates in the wall.
This is an example of how one change can happen right after
another, and how one change causes another in cascading
fashion. I feel very strong prototype activity could have
overcome this. A project engineer could have overseen thic
and design coordination could have accomplished the

job with a one-time change. In my opinion, this is 2
weakness in our design program.
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sr. Hansen: #hat types of disruptions caused either schedule slippages
. or acdded resources cost? e are getting into the area we talked about
before but now I'd like to treat it specifically. 'Were they mainly
-changes in design? I know that you didn't have a schedule slippaje
in the entire program although you might have missed 2 milestone or two.

Col. Cowart: We missed milestones several times. We were worried about
meeting schedules. Changes did cause much of the slippage of
milestones; rather, the effect of these changes caused slippages.
Ne had numerous delays in the change information reaching the
contractor so he could start. Also, we found that the contractor
would have some delays which we could not overcome. An example
of this is one problem we had in the early days of Schilling when
we put out a supply type contract from our Schilling contractor
to American Bridge in Orange, Texas for the crib structure.
They ¢id not start this until late in the program. We had
numerous changes caused by weapons systems changes or materiel
changes =-- things of this nature. ‘Actually, much of this came
about by a design change involving suspension supports or spring
connectors. But we did make these changes, and the immediate
reaction of American Bridge was that it was impossible to do this
job. We attended a meeting with them, the Corps of Engincers,
the Air Force people, and Bechtel designers to try tc solve the
problem. American Bridge was very insistent that the job could not
. be accomplished on schedule. Later Kaiser, steel fabricators on
the West Coast, approached Bechtel and General Leonhard with
the proposal that they could get the material, fabricate it,
and have it delivered to the first three sites at Schilling in
accordance with the original schedule. This proposal was accepted;
and this arrangement gave American Bridge time to deliver the first
of their nine cribs to the fourth site on schedule. These are
.the—types of delays we had throughout the program. We also had
‘many difficult problems with the tank fabricators. They could
not get material, could not fabricate according to schedule,
could not deliver. Other delays such as transporation delays,
- would force us to put tracers on flat cars enroute from plants
. on the East Coast to their destinations at the sites, and we would
have to know each stop. We had & flat car which was in St Louis
for a week, and no one knew where it was. With a CPFF contract,
we could have worked around such slippages. 'fe could not do this
with the fixed-price contract without an additional cost. This
actually occurred here at Vandenberg when a large quantity of
liquid oxygen tanks were delivered later than scheduled. We
had planned on delivery early in the operation so they could be
lowered to the bottom of the silo before the major stecel work.
The tanks were held up in delivery, so we had to erect the steel
work, and then find a way of very cautiously lowering a fifty-one
ton tank cdown through the silo steel to the proper location. This
job was done very efficently by the Bechtel Corporation.

-
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“T. Hansen: Would you care to comnarz tha changes, cisrustions, etc, with
- other non-dafense cc%structLOﬁ jobe? Is there anything really _
so unique about this that it cdocs demand a different typ2 of we

approach? For exampla, take a great big construction job lika
the Hoover Dam, 'lould you be likely to find somewhat similar
changes and somewhat similar problems?

Col. Cowart: No. Very definitely rot, from what I have seen in private
enterprisz or in govermment activities. e hear peopla
talking about spending four, five, or six years or more
on cdesign of major jobs. In fact, I understand that the
Corps of Enginecers is spending as much as five years on a
harbor design effort, and they can follow that with a program
of ten yeers construction. Comparing this with the dollar
value of the Atlas F, we accomplished design and construction
in two years in contrast to 15 years for major civil works.

“le were constructing sites from ocean to ocean which com-

plicated it even more. A time schedule is the hardest thing

to meet, I think. We really don't give people the time to
accomnlish the job as they would like to do it. This is the

oig difference. This was a new design area for us, especially

in the liquid gas and liquid oxygen field. e estimated
requirements which wers beyond our technical knowledge at

that time. e had to advance the state of the art as we designed.

. “r. Hansen: #hat management control methods were usec for changes and schedulas?

Col. Cowart: Yle usec¢ a system of bar grephe and schedule time factors. Our
bar graphs showed milestones, established by our technical ongineers
and by Bechtel designers, which we tried to follow very clecsely.
The grephs reflected the best estimates the engineers and designers
could make. This was not very successful, as you know, since
we might have a time scheduleof three months to dig a silo, /
and the contractor might “Col.e out with special ~quipment, cr
extra people, and would finish the excavation in six wecks.
Or it might go to the other way, taking five months. ‘e ended
up using the Corps of Engineers "S" chart which they persuaded
the contractor to tie in with our milestones. We hzd differences
of opinion in certain areas which we felt were critical. The
"S" chart shows the percentage completior of the job. Actually,
it has the collar value on one axis 2gainst s percentage completion
on the other. It is czlled an "S" chart because it starts out
very slowly, then progress increases very rapidly, and then in

ne end you see it slow down again trying to complete the last
per cent. So it looks like a figure "S". From observing this
chart, we could see when a contractor was failing to meet his
milestone for excavation, etc. At this time, we would present
this to the group to cetermmine how to get the job back on
schedule, or we would call in the contractor, and pcint up
what activity he could shorten in the future that would make
up for this loss of time. It was a system of monitoring
a bar chart. At the time we were working on this program,
I think we should have had a good PERT chart. feel that
. PERT gives us a much better control.




You asked sbout the control of changes. This, again, we
developed in the program, and I feel it is guite unique.
Every change, regardless of the magnitude, was controlled by
the headguarters in Los Angeles. I eay controlled bocauso
it had to go through that office for recording purposes. The
request for change would be made up on a request form by the
field man, the designer, Convair, or by the project office.
This request would be processed through our change control
at Los Angeles. We would record it, analyze it, and have
our designer, Bechtel, review it to see vhat effect it would
have on the operation, and to determine if it would change any
of their designs. We would hold a meeting to discuss this change,
and then it would be directed to the field. e could by-pass
some of this activity by allowing certain freedom to the field
offices. If problems arose which would stop work, endanger
lives, or would endanger government property, the field office
would immedistely make a decision and run the change through.
The paper work covering this change would follow later to the
control office in Los Angeles for recording. This had
tremendous advantages for the entire program. A change

' which occurred on the OSTF-II would” effect’ practically all
sites.. This was immediately placed into our change control
system and passed on down. Every change received a change
number -- an index number. We recorded these, and kept
them on record. They were cross referenced to the Corps of
Engineers modification of their contract, and all of this was .
recorded for posterity to give us a pretiy good control on
the system. This system was expanded and improved, and passed
on to the Titan II and the Minuteman programs. A similar type
system is being used on them at the present time.

Mr. Hansen: - In fact, what you did was to form a classification of critical
changes that had to be done right away, and other changes
that need not be done right away?

Col. Cowarty—~ This is right. I dislike to use.the word critical, because
/ we would not approve any change unless we Considered it
mandatory to make the system work. Once we had established
our design, we would not allow any change unless it prevented
hinderance in the operation of the system.

Nr. Hansen: Yhat I wes thinking of was the control over additions to the
working crawings. Did you have any prodblems therc? ‘'hile you
were anticipating change or the mechanics of making 2 change,
would they be constructing something which would have to be
altered by the change you were just beginning to put into effect)




Col. Cowart: — I mantioned this ¢eriier, I think. This was one of our

lir. Hansen:

Col., Cowart:

Mr. Hansen:

Col. Cowart:

sir. Hansen:

Col. Cowart:

problems. ‘hile changes on tha OST?-II ware being studied
and designed, supplics were being ordored and work was
actually being accomplished at the sariler sites. Thic was
one definite cisadvaniage of the change ordsr system. If a
change took too long, the contractors in the fizld would
have accomplished work which would have to be redone.
However, the advantage in the OSTF-II was, if the change

#as caught soon enough, it could avoid problems in the latar
squadrons.

How many drawings were involved on the OSTF-2?

I think we had over 300 drawings. This is only in the
civil engineering area, and does not include any of the
support equipment by Convair Astronautics.

#as there any attempt made to carry over the things that

you learned on OSTF-2 to other projects? What setup ¢id you
use to gather this information and to take what is learned
on the Atlas F over to the Titan? What was your mechanism
for doing this?

Very definitely, and this was one grcat advantage we had
over the separtation of the Civil engineer organization
within the BMD or BSD. This organization, under General
Leonhard, built the facilities for all weapons systems.
Even though thers were no direct relationships between

the Minuteman and the Titan II, and the Atlas on the
weapons cide, the civil engineers were all working together
uncder one commznder, General Leonhard, at BiD. We passed
the information back and forth to each other. “e had one
Central engineering of fice which reviewed the angineering
work of our architect-engineers; and by reviewing the plans
for all weapons systems, they raturally could compzre
engineering solutions. By just discussing mutual problems,
and the passing of information back and forth, civil
engineers would come up with soluticns applicable to all
weapon system facilities programs. An example of this was the
change order procedure which I mentioned. This has

now been accepted in all weapons systems.,

If you had it all %o do over again, what things would you like
to see changed?

I would like a tighter control on the change order procedure
and a more strirgent control by the one headquarters. This i
speaking for the total viespons systems. I feel that our oper
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on the CSTF-II were good, &nd I don't feel there should be
any changes in that type of project unless we reach tha point
where we could have one project manager heading the program.
If we had one program 2lone to cevelop, say the Atlae F, I
would like to sce one man at the top of it. But with scveral
programs to dsvelop, I feel the system we have been using
is working well.

Y¥r. Hansen: Do you have any other comments at all on any of the things
we have discussed?

Col. Cowart: No, I believe not. I think that covers nearly everything.
Wle did establish in the Atlas F a criteria development
section within civil engineering which was headed by
Lt. Colonel Charles Alexander. He worked in close
Coordination with the Atlas program office, and with
STL, who established criteria for our program. In fact,
he was physically located in their office. They worked
together in the beginning of the program, established
criteria and passed it on to us as designers to develop

It into a workable cesign for z construction agent.
“henéver we found a problem area for which we were unible
to find a solution, we would go back to Col. Alexander.
He would work with the program office which handled the
change orders, and would determine whether the problem
area was essential. If we found a problem area which
was becoming very expensive for the construction con-
tractor, we would immediately consult with the program
office to search for a middle of the road position which
would be easier for both sides. This was a new procedure
which was established in this program, and it worked with

- the two offices so close together. We have the same type of
setup now. We did not have a project manager. We had a team!

I found that the experience I had on the Atlas F was

invaluable when I went to the field on the Titan II. I

vorked on the construction of ‘the Titan II, and found that,

even though it was done by Parsons Company, the approach to

design change concepts, design approach, and everything
//’?tcpmplished in that program were the same. I felt the job

was well done. It was a very proficient design, and was one that "“as

accomplished on schedule. Again, I must say that the people

working together did a tremendous job, and I feel *hat any

any of the architect-engineers who worked on the program

should be complimented. The ones with whom I worked

never criticized nor complainecd about any part of the work

assigned to them, especially Bechtel Corporation, Parsons Company,

Black an¢ Veatch, and Siearn Rodgers. e talked carlier of the

blocks in contract activity. I never saw an operation blocked

between the Air Force civil engineer and the architect engineer.

This became a very closely knit team, and we all worked on the problems

sice by side, to achieve 2 common goal. I consider this resulted Lo-

cause of the attitudes and mutual respect of all personnel working

in this progra=. £y
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Mr. Hansen:

. Lt Col Everhart:
Mr. Hansen:

Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

-

Mr. Hansen:

Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

Please introduce yourself.

Lt Col John W. Everhart, Chief of Civil Engineering,
6595th Air Space Test Branch.

Would you comment on the specific objectives of the
OSTF-2? What do you see as the specific objectives?

I think that one of our objectives in the 0STF-2
was to see that our designs were right before

we moved into our operational bases. Also, it
was the operational test facility for the Atlas F
program,

What type of contracts were in effect?

You might say we had a combination here. We had

a hard dollar contract for the excavation and for =
the pouring of the concrete silo liner, and then a

CPFF for the remaining type of facilities.

Why?

We hoped to improve our design and take the bugs out.
It appears to be more advantageous to the government
to go CPFF except for that portion for which we have
a good definitive design.

Do you think the contractual arrangements were
acceptable?

Yes, I do. We could have gone hard dollar contract

. all the way if we had a completely definitized
design. This allowed us to pick up time by going
hard dollar with that portion we had designed and
CPFF with the rest. :

One of the other gentlemen I interviewed said that
one specific objective was to provide a prototype.
You could get design changes into the prototype so
that you would not have to be making them on the
operational sites. Is this correct?

This is part of what I categorized as improvement of
our designs. We realized, with the operational
bases coming in, that we had to have standardization.
If we could put in the prototype those things that,
from the design concept standpoint, appeared to be
the most feasible, we could prove in the field that
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Mr. Hansen:
Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

it would work and not be making costly mistakes down
range on the follow-on projects.

Did it accomplish this objective pretty well?
I think so.

Was the contract adequate and specific in its
requirements as far as schedule, specifications and
quality? Was it legally adequate?

Yes, I do. The construction agency Corps of Engineers
might have a different idea on this. After all, the
construction agency had the main responsibility for
the enforcement of the contract.

I am interested in trying to place 0STF-2 at some
point in a time continuum with regard to state-of-
the-art. What amount of technical know-how about
site construction had we gained prior to OSTF-2 that

..helped us? What did we gain from OSTF-2 that helped

us.further?

Construction-wise we did have some experience in silo
type constructions with OSTF-68 and TF-1. The
training facility for Titan was virtually completed
at Vandenberg. We could make a direct application

of the knowledge gained from this in the construction
of OSTF-2 beczuse TF-1, for instance, was what

was often referred to as "Hollywood Hard". In

other words, it looks hard. Ii did not carry the
inner design. The criteria for suspension, shock
mounting, and ground shock were designed inito OSTF-2.
OSTF-2 was basically a site adaptation of the
operational base which took inio consideration
overpressures and ground shock. So, generally
speaking, we had experience digging holes and pouring
concrete in them. But the design I would say for
OSTF-2 was sophisticated and was a design similar to
TF-1. The first operational Titan I facility at
Laurie, was uncer construction bui they were not

far enough ahead of us for us to gain any information
to use on OSTF-2. '

What type of management organization was used for
OSTF-217

Well, you have to describe it, I suppose, as a team
effort, the Corps of Engineers being one member of




i the team responsible for the construction and the
supervision of the construction, and the Air Force,
the other member, with responsibility for the
design and construction surveillance. Consequently,
any interface problems that came up were brought before
a weekly working group. This group consisted of the
Corps of Engineers, and their selected prime
contractors and sub-contractors, the Air Force,
who had present the airframe contractor or the
associate contractor working with and for the Air
Force, as well as a representative of the design
agency. At these meetings, a decision was made
on each and every problem based upon the time - )
involved, the cost involved, and effect on performance.
If it were the opinion of the team that it was more
economical to the government to change the
facility, the facility was changed. The necessary
paper work was sent to the Corps of Engineers at the

j construction agency. By the same token, if it
were more economical or feasible to change the
hardware being furnished by the Air Force side of
the house, the hardware was changed.

Mr. Hansen: In this OSTF-2, as in other missile programs, it

: appears that the using agency gets quite heavily
g involved in the project itself, more so than in

. a typical manufacturing type situation or delivery

of a piece of munitions equipment, for example.

You're much closer to the problem, sitting on these

committees, and so forth. Could you explain why?

Lt Col Everhart: It was necessary that the using agency work quite
closely with the design and construction agency because
of a basic requiremeni in the ballistic missile program
and that is the philosophy of concurrency. A
schedule for the design, construction, and operation
of a normal manufacturing facility would be put
together by determining how long it takes to design,
how long it takes to construct, and how long it takes
to place the equipment and make it operational. With
our ballistic missile program, in order to close-up a
missile gap, we establish a mandatory end date and
work back from that. This puts us behind before we
start. Thus, we have to go concurrent on some items.
The same philosophy was utilized in the design and
construction of the ballistic missile facility. In
order to have a facility to house and fire a missile
at a particular date, we started with that date and
worked backwards, taking so many months for installa-

- tion and check out time,
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This gave us an end date for the completion of
construction. Backing off from that énd date

for the completion of the design and further, we
came up with when we should start a design. In-
variably, one would find that the start date had
already passed. Consequently, the only way to
reduce or take out 12 to 14 months, which was
approximately the amount of time we were short

on schedule, was to overlap various activities.

For instance, when we had enough of the design com-
pleted to build a construction, construction would start.
Then, when the second package was finished,
design-wise, we would start construction with this.
This was alos true with the installation and check-
out contractor, in this instznce, Convair. Convair
was forced to start placing equipment, installing
equipment and in many instances, checking out
equipment before the construction contractor had
completed his %task on the facility. Thus, it was
necessary to have the using agency, in this case,

. Convair, aboard with us. Another factor that is
quite obvious to those who have worked with us,
though not to those who have rot, is that we were
forced to go to design and even censtruction of
this particular facility before the hardware or the -
equipment that was going to be placed at this
facility, had been designed. Consequently, as the
GSE equipment that was being furnished by the
hardware contractcr became definitized on the drawing
board, we found that the assumotion that we had
made in designing our facilities were not compatible
with AGE. Consequently, we had to have an almost
daily feeding of information from the airframe
contractor so that we would, in a timely manner,
react to the design changes that were mandatory to
make the complete weapon system operation.

¥r. Hansen: Authority was not properly delegated or the respon-
' sibilities were not defined properly?

Lt Col Everhart: The problem with management was getting ihe right
representative from the various organizations with full
knowledge and authority to act for that organization.

Vr. Hansen: I see. The man that was sent to the commiitee
meeting then, was someone who really couldn't make a
decision at that time?

Lt Col Everhart: This was true in some instances and this was not
necessarily a shoricoming of the individual himself.
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Mr. Hansen:

Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

It is very hard in an airframe organization, in this
particular case, Convair, to find one individual

that knows all the sutsystems of the weapons system.
It is even more difficult to find an individual
familiar with the interfaces that invariably come

Up with the many subsystems and the facilities. You
can find an individual that is completely familiar
with everything that goes with the booster, or
everything that goes with the airframe, or everything
that goes with the nose cone. But you cannot find

an individual who can answer the questions on all

of these. So the obvious schoolbook solution to

this is to have a representative of each one

of the subsystems and subcontractors. When you
resort to this you get away from team or committee
action and end up with a big conference where you
don't accomplish anything. At a meeting actual items
would be assigned to a particular representative to
find out what the position of his organization would
be.

Well, actually how do you feel about communication
between organizational units as a result of this
type of structure?

The communication at Vandenberg at field level

between the construction agency, the Air Force

as a design agency, and the using agencies representa-
tion at Vandenberg was very good. There was room

for definite improvement in the communications between
Convair-Vandenberg ané Convair-San Diego. Possibly
the communications could have been improved somewhat
between Air Force-Vandenberg and Air Force-Inglewood.

‘Possibly, in some instances there could have been

a little better communication between the Corps-
Vandenberg and the Corps in the Los Angeles District.

Has there been anything done since then to improve that
problem?

Yes. Communications were definitely improved. In the
case of Minuteman and some of the space programs that
later followed, the Air Force delegated more authority
to the field.

What effect did this type of organization have on the
attitudes of people involved in the program?

There is one thing that I know I learned and I am sure
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vr. Hansen:

Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

¥r. Hansen:

Lt Col Everhart:

Mr. Hansen:

that a lot of other people learned. That is that the
ballistic missile program was no place for heroes.
One man couldn't do it, and one organization couldn't
do it., I think this was reflected in the attitude
of the people that participated in the working
conferences that we had. 'They might be very firm

in their convictions on a particular point but if,

to achieve this point, they would jeopardize the
program and that would be giving in.

Would you say that there was more tendency for people
to stick their necks out in this project than in a
less critical project?

I would not want to commit anyone but if people didn't
have their necks stucklout we wouldn't have gotten

finished.

You agree then that there was a realization on the
part of the people involved that this was a very
important program and that it was bigger than any
individual or organization?

I definitely think this is a good way of wording it.
I would say that I think all agencies involved were
motivated, all agencies had a cooperative attitude.
What can we do to solve the problem? Not just
become a part of the problem. This does not mean
we did not have our differences of opinion. A
different approach to the problem, but which ever
approach appeared to be the most logical was
followed regardless of who thought of it.

Wnat about the attitudes of people towards the type
of organization you have?

Vell, the management organization at Vandenberg is
made up primarily of the using agency, construction
agency, and the Air Force. Any individual who had an
improper attitude or did not appreciate the over-all
problem to the point that he was not contributing
anything to the solution or to the problem was removed.
There were instances where individuals had to be
removed from the working committee. ’

There has been quite a bit of talk about gold plating
in the missile business. Value engineering is an
attempt essentially to eliminate unnecessary design or
gold plating and to simplify design where feasible.
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Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

Mr. Hansen:
Lt Col Everhart:

Mr. Hansen:

Lt Col Everhart:

Now, was there any attempt to use this approach -
in the design of OSTF-2, whether you call it value
engineering or some other name? ' '
Not value engineering, per se, as we know it

today. However, by virtue of the procedure followed
by the Air Force requiring preliminary and final
reviews a lot of items were eliminated that did not
appear essential or were of the gold plating type.

You would say that the installation was not over-
designed?

Generally speaking it was not over-designed.

I know that OSTF-2 was completed on schedule and that

-the cost was slightly higher than estimated at the

beginning of the project. What do you feel was the
primary reason for the slight increase in cost?

The slight increase in cost was caused by many
things. Concurrency hikes costs. Concurrency cost
us a little more in OSTF-2 than should be expected
as far as operational bases. This, we desired.

The primary reason for the increase of cost in OSTF-2
was due to the changes that were ground into it.
These changes were due to various things; change in
criteria, change in operational philosophy, design
changes necessitated in the facility because of the
late design of AGE eguipment, and changes that

were brought about due to interfaces in equipment.

Do you feel that construction was up to standard of

design requirements?

Yes, in comparing OSTF-2 to previous design facilities,
I think so.

How do you feel about the utilization of work
seasons, equipment, personnel and the method by the
construction contractor?

We were fortunate ir having good weather during the
whole construction period. Because it was a CPFF
contract the construction contractor had good
equipment and good personnel. We had the best of
everything on the job.




Mr. Hansen: Was the committee organization we spoke of before
reasonably quick to respond to needs?

Lt Col Everhart: In most instances it responded in rapid fashion.
You had a decision at the end of the meeting on
problems that arose that had a possible effect on
other parts of the weapon system and the decision
could not be made at a meeting, usually you could
have a decision in 48 hours to 72 hours. I think
it was very effective.

Mr. Hansen: Col Everhart, if you had to go through it again
what would you like to see changed?

Lt Col Everhart: I would like to see some concentration on improving
communications - not only improving communications
but the taking of necessary steps to assure that
individuals in working group meeting would have full
authority to commit their home offices.
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Mr. Hansen:

I‘IZ" . Hole H

Mr. Hansen:

Mr. Hansen:

Mr. Hole:

Would you identify yourself, sir?

I am Raymond E. Hole, Corps of Engineers. I was chiel of
the initial small branch within the Los Angeles District
which worked with the then Western Development Division

of ARDC., We started off with myself and four people.in

May of 1956 doing close liaison with the WDD office. This
small organization within the Corps was augmented and in-
creased in size during the following years, renamed, etc.,
becoming the Corps of Engineers Air Force Missiles Office

in 1958. In 1959 it was physically moved to the Ballistic
Missiles Division complex at Inglewood and in July 1959 it
was renamed and further staffed to be named the Los Angeles
Field Office of the Office, Chief of Engineers. All three
of these early organizations had cognizance only over de-
sign reviews of the Air Force prepared cesigns for the
Ballistic Missile Program. In August 1960, the Los Angeles
Field Office was abscrbed into a renamed and augmented
organization called the Corps of Engineers Ballistic Missile
Construction Office (CEBMCO) which physically took over as
contracting officers for all of the going missile projects
and advertised, awarded and administered all subsequent ones.
I have been Chief of the Engineering Division and Deputy
Chief of the Engineering Division continuously from May 1936
until February 18, 1963 when I was transferréd to North
Pacific Division at Portland.

ks you recall OSTF-2, what do you consider to be the specific
objectives?

OSTF-2 means "Operational Systems Test Facility" or "Opera-
tional Suitability Test Facility" depending on who you are
talking to. The two simply means the second one at
Vandenberg, but the second one only of this name because

the first one was for a.different missile system. The prime
purpose of the facility was to provide a location for opera-
ticnal testing of the missile system itself in the environment
and in the facility that was to be a part of the over-all
Atlas F program. :

VWhat kind of contract did you have with the coastruction
firm?

As I reczll OSTF-2, because of the urgency of it and the lack
of design, we actually had three different orincipal con-
tracts. The facility was not designed, although the size

and shape dimensions were pretiy much scoped, so tne first
contract was a contract for the excavation of the silo por-
tion only. This excavation inclvded, of course, the necessary
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Mr.

Mr.

Hansen:

Hole:

ring beams for support, During the time that this excava-

tion was under way, design was continuing and upon completion
of excavation either a separate contract or a continuation

of the same ona tock care of the concrete lining. In other
words, the shafi{ walls up to what we called the haunch ele-
vation which was where the door top, etc., went on. .In this
first contract of course, were none of the interior facilities.
There was the necessary imbedded piping, all the necessary
reinforeing 3teel and concrete, of course, and a certain number
of piping supports on the walls. I believe on this contract,
the launch control center and the connecting tunnel was also
included. Then, after this was pretty well along and the de-
signs were available for Schilling, which was the first of

the Atals F bases, the CPFF contract with Bechtel (who were
the designing engineers for the Atlas F Program) was nego-
tiated, justification being provided by the Air Force and
supported by the Corps, getting necessary secretary approval
for the CPFF contract. Bechtel completed the consiruction
incluéing all of the interior. The CPFF contract also in-

.cluded the installaticn of all the equipment that we bought

under separate contracts. They were lzbeled "assigned serv-
ice contrzcts" because they were destined not to be supplied

as government furnished equipment, but the construction con-
tractor was to take over administration. In this case, at
Vandenberg, I believe they stayed straight government fur-
nished and that Bechtel had nothing to do with administering
the contracts because they had only one of many setf coming out
of the factories

There has been quite a bit of discussion about the merits and
the deficiencies of the fixed-pricze contract. This isn't too
important in the case we're discussing but I wonder if you
would comment on the values that you see in a fixed-price con-
tract over the CPFF or vice versa for the type of work that
Bechtel is involved in. , You recall the Platisburg hearings
and the comments made there. How do you feel about this?

A lump-sum contract is basically designed for the construc-
tion of a facility for which you have a fixed design. Having
a fixed design, a limp-sum contract is the ideal way to run
the job because it puts the incentive on the contractor

where it belongs. On a CPFF contract there is no incentive
whatsoever for getting the job done or for solving problems.,
The reason for the CPFF contract on 0STF-2 for the interior
work, installation, etc., was that good plans were not avail-
abls. 'Je were told there would be myriads of changes which
would be worked out and then extrapolated into the plans for
the missile sguadrons which then would be relatively firm
Jobs. This was lip service as it turned out, because this




was not the case. Had we known that the Atlas T nro-
gram would have such numerous changes, a lot of them
after OSTF was compleied, we would have recommended
strongly going to CPFF on the entire Atlas F program.
There were too many changes, changes upon changes.

Mr. Hansen: 4 is my understanding that the Vendenberg site was sup-
posed to serve as a pilot model, in order to iron out the
changes so that changes to operational sites would be fewer.

Mr. Hole: This is true. This was supposed to be the shakecdown. Tt
was a prototype and it was designed orincipally for weapon
system testing, but it was also sugposed to serve a secondary
purpose: To shake down the design and work out the bugs.
Actually, there were two facilities, General Dynamics
Astronautics in San Diege had in one of their hangars down
there a full scale mock-up of the crib, that is, the struc-
tural steel assembly that goes into the actual missile silo,
upon which nearly all of their gear was modeled. Although
the 4ir Force was the designer through Bechtel and although
The Corps of Engineers was constructing, the ability to make

. on the spot changes ati the site and to get those back up int
the designs for the follcw-on-sguadrons was complicated by ¢
intermediary of GDi sitting there cdoing similar things to
their mcck-up and cominz out with changes that would back wo
the cther ones. So to get what appeared in the field to Te

avier
of weeks and weeks. This was further complicated when as
soon as we got some of the initial squadrons under contraci
the necessary contrcls, Configuration Control Beard, eic., on
the design itself tcok even longer.

0

0
he

Mr. Hansen:- ~As you look back, how cc you feel about contract reguirementis,
the orizinal requirements of specifications, drawings, etc.
Do you think that they were adeguate, could they have been

better?
¥r. Hole: The first contracl which was excavation, and the con-
tinuation of the first one, which took care of the
3

concrete lining, were completely azdequate. There were '
no proclems whatscever. Construction went along in 2
very timely fashicn. Because it was so early, those
contracts haé very very minor changes in them. The
CPFF contract for the "guts" piping and wiring inside
ané the tog, were, of course, inadeguzte, which was why

- we had a CPFF contract. That was the only justifi-
cation for it. You don't know Wwhat you are going to
build when you get z contract and therefore, you feed
drawings to the contractor.
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As a case in point, the structural steel drawings for
the steel crib were not cetailed comoletely and were
changed, and changeé, and changed as time went on.

We did make use here of a little ruse, because the
structural steel drawings were being shop-detailed

in the Kaiser plant, who had the fabriacation contract.
We decided that since those were going to be checked

out and availzble and because of a horrible burden

on each contractor in the sguadron program to prepare
and submit similiar drawings, starting with the first
squadron, we would include shop-detziled drawings in
the data to be furnished to the construction contractor.
These we toox from the OSTF coniract and put out to all
of the operationzl squadrons. This would have been fine
had they teen jelled at that stage, but even at that
time, they weren't. . So we got cribs in the hole that
had to have members replaced. We had a lot of erib
steel bought and then, of course, it got complicated

by that 1959 steel strike.

Mr. Hansen: Did you experience z lot of waivers in the program? Or
did you generally stick to the design?

Mr. Hole: Waivers weren't necessary. We stuck to the design.
Mr. Hansen: As you see it what tyve cf management organizations
were used or the OSTF-2? I'm thinking of the manage-

ment structure which involved the using zgency, the
constructer, the integrator. %¥hat iype of organiza-
tional manzgement woulé you call this-committee, team
effort or project management?

Mr. Hole: Well, it could probably best be categorized as a com-
pvosite management crganization. Over-zll mznagemen
concepts for all ballistic missile constructica was i
established by WDD early in the game. There were some
minor changes but the Air Force side of the family was
well established at Vandenberg, the first tase, a training
base. This was called the Z¥D Liaison Office. The office
title was changed, and changed, and agzin changed in the
last year or sc. Really, what this was to be was the
on-site cdetailed contact with the facilities design office,
which was the office responsible for the design, and
correlation of the design with the integrator doing all
of the coordination of the weapons system for the Air
Force. The field office vzs also to control the field
troops of the integrator and 2ll of its sub-contractors
or associate contractors. In the initial stage of a
construction job for instance, the B¥D field office
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or the ¥DD office at that time, would be working with
the resicdent engineer almost exclusively. As the job
came 2long with the installzation of certain inter-faces,
the integrator secple would be locking in and getiing in-
volved in cuestions, answers, etc. Then, as things got
farther along, tneir associates got involved also. So
far as the Corps is concerned, normal wmanagement assoc-
iations were utilized, zlthough a little bit different in
these cases because of the closeness, not only physical but
ideological. At that time our office was under the
Los Angeles Field Office. e had come from the Los Angeles
Distirict an¢ had good associations up there, so we went
direct to the Los Angeles District with information,
directives, etc., not going through the normal Division
Office-District chain and we simply had to advise the
people what we had done. We worked cirectly with them.
Qur office became involved in a managemenit committee
or special coordinating ccmmitiee set up for each one
of these jocbs for which we had CPFF contracts. This
was compesed of mempbership of our office, of the
District, and of B¥D. It was to be the first sounding
board fer acéitional changes, for new requiremeats, for
delays due to lack of decisions, or things like that.
This group had no pariicular authority except that it
- . was the place where ithe protlems were brought before

. everybody, including the Corps, for coordinated solu-

: tions. Zverybody would take their problems, hear the
proolems, or hear of scmething new like, "Would we add
this to the present contract? '‘zke a new coatract out
of it? Make a separate contract cut of it? Can we Bsuy
this thing separately? Can we expedite the procurement
of this somenow or other?" Apparently in the field, at-
the BMD Field Office Area Enginecers Level, they were
having similar meetings, in which the GDA people and the
integrators were invited, They would hash over field

provlems in the same grous aimesphere.

% 0
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Mr. Hansen: Do you feel that this organizaiion that you described
had authorities and responsibilities a

¥Mr. Hole: The responsibilities and authacriiies were defined
quately, yes. The prcsl T T "
Over and above this was on
which had its own fixed chan ¢r adoopticn of changes.
¥Whatever the field committee or the local committee falt
had to be done, they had to then go through this other
channel of communicatien.
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. Hansen: Do you feel that this was a real limitation?




:':r -
Mr.

Mr.

14
S0 o™

Mr.

Hole:

Hansen:

Hole:
Hansen:

Hole:

Hansen:

Hole:

Oh, yes, definitely.

.
Do you know of any other croblems that might have come
out of this type of managemert organization? .

No, simply responsiveness.
See any benefits?

Well, I think that with the complex organizations in-
volved and with the authorities either assumed by or
given to the Air Force, that this was about the only
way it coulé have been done really. Normally in a

job like this, the Corps would have complete authority
to go 2head and do the job. But with controls put upcn
it and because this was to be the operational prototype,
it had to be like the others that were coming along.

The Corps, having nc conirol over the designer .being
employed oy the Alr Force, hzZ to go the way the Air
Force wanted. e had to have the answer but we couldn't
get the answer because sometimes, "it was a state-of-
the-art type of thlng, or the black box that GDA was to
install here wasn't yen develcoed, or that they had the
inclination that the black box was two by two by twe

in the original criteriz." 3ut they finzlly got it
designecd or 2zt it built Ty Burroughs or somebody and
it turned cut to be two by twc by four. So, something

had to give and the change had to te uniform at all sites.

Do you feel that the Corps coulé hzve had more input and
authority in matters of approving cesign changes?

Well, the answer is yes, and I taink that this was proven

tai
by the eventuzl reorganization ¢ ize Corps to have a
closer control over con tr:ctic: v the time that this
job was cone ouwr office had no jurizdiction whatsoever
over censiruction. We weres charzed with a minor amount
of censtruction liaison, surveillance and report ﬂb but

had rno direct controls. Ais I
statements, the Corps in seein
a grzsp of what the entire bzlli

consisted, of the urgency of i

it would have on the construciion capabilities of
existing Corps of Engireers districts and upon thke con-
struction industiry itself, finzlly in 1960 the CEBMCO
(Corps of Engineers Missile Construction Office) was
organized and took over with jurisdiction over construc-
tion directly. Tais was consicerable improvement over
the old procedures. Although it didn't work 100%
effectively, there was continuity within CEZNCO from
program to program. This had nct existed before.

and the great impact
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The only place there was continuity in the orogram prior
to this was in the Omaha district where there were early
Atlas D and E types, the Titan I facilities and then the
Atlas F facilities., They had all three types, so they
had people who were familiar with problems etc., and
knew some of the stories. We felt from the very start
that our engineering division, given proper authorities,
could have been of consicerzble assistance in the pro-
gram acress the board. We had been in the program from

+ the very beginning. Without these construction authori-
ties we couldn't do anything but attempt to convey infor-
mation about problem areas to counterparis in the districts.
This became much simpler, of course, when we got our own
construction agency with the directorates of CEBNCO.

Mr. Hansen: Well, we have touched uoon the attitudes of the people
involved, how organizational structures have considerable
effect on attitudes. I am sure there was considerable
effect in this case. Would you comment on that?

Mr. Hole: - I think in this prcgram ‘here was not what you would call
. inter-service rivalry. In fact, there was very little.

There was some at the top management level. I don't
know whether it was serious or whether it .was of a pro-
pagancda type, but there was z constant threat hung over
the head of the Corps and there siill is. "Well, if

you people can't do this the way we want it, we'll

take it away from you anc¢ zive it to the Navy or do it
ourselves." Well, this doesn't mzke for gocd feelings,
obviously. At the working levels the relationships were
good. I use the word "gocd" in lieu of “excellent" here.
There were cases where they were excellent; we had somé
very fine contacts., There were indivicuals, again, who
could see only their way of doing things - a "we will do
it our way" attitude. This caused problems. A% the
field working level the attitudes were good. We had a
little difficulty with some of the cdisiricts relating

to them the urgency of the cver-all program. This was
more difficult with industry I wouldé say. This required
a training program and there are ctill cases where it

is difficult. Private tusiness will o things the way
they want to co them, you carn iry to hurry them all you
want Lo, and they are siill going tc do it their way.,
There was and is a problem just categorized by the simple
word "persoralities." Where I think that now everycody
is trying tc head down the same path, there are still
individuals in the Air Force and in the Corps toc, who
although they are working on the same weapon system only
at different bases, say, "Well, we are going to do it this
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way, we don't care what you guys are going to do, we are
going to co it our way." This is still goingz on and it
has caused considerazdle pain. I think in some’cases, it
helped the over-all program but it makes it extremely
difficult when you go back and try to retrofit. The fact
that these things must be all the same is lost sight of
by some pecple. .
Vhy do you think the Corps became involved in the program?
Initially?

Well, let's say the whole site activation problem.

Well, I think the Corps was properly involved in it. The
Corps has teen the construction agency stateside for mili-
tary censtruction ever since George Washington's days. I
don't think the Air Force could ever have tooled up a con-

-

struction zgency that could have taken care of the job; I

_don't thirk anyone but the Corps could have.

Well, let's get into the ues:.gn criteria wnich is probadly

of real concern here. What design recuirements existed that
wers new to most contractors in site activation of the OSTF-2
specilically?

I woulc szy there is nothing unique in the criteria. The
excavation job was SLIV tly unicue with the shafis being
somewhat larger in diameter thazn nad been put down before
in this country. But the oproblems were not severe. Cen-
erally speaking we had extiremely good¢ luck. There were
spol locations where there were proolems. I will still
contend' tnat most of these problems were contractor gen-
erated. Platisburg was an example. This was just poor
workmanship. We had scme extreme problems of running
soil at Schilling and lLincoln. With acdequate planning
before they started and with some thinking on the spot
afier they got in trouble they could fzve saved a lot

of the probiems but they didn't do it. The propvellant
loading system, which was a separate coniract, was no
great provlem to construction contractors. These were
not the firsi oropellani loading systems. UWe had

them on the Atlas D z=c I gregrams a little more com-
plicated than on the Atlas D and E orograms a little
more complicated ithan on the Atlas F. We also had then
on the Tita: Z. So this was not new. We had very few
problems with instrumentation. The b*ggest problem

and- the newest concept here was scmething that most con-
tractors lost sight of in doing the job, and it became
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Mr. Hole:

Mr. Hansen:
Mr. Hole:

Mr. Hansen:

Mr. Hole:

a real problem during the middle stages of construction
when we were getting changes upon changes. The multi-
level construction going on in the holé and the fact
that you have so many pecple in such a small horizontal
space makes it extremely difficult. This little aspect
was one of the things that caused more problems than
anything else. It is still going on in Titan holes.
You have to build this crib up from the bottom. This
is the way it was set up to be designed and built. You
can't very well get ecuipment down to the lower levels
while you're working upper levels of the crib because
you need hcist space and there is not enough room to do
work, etc. Therefore, you have to do your steel work,
bring it up,hang it off on the sides with the Convair
furnished hangars, then start at the bottom and do-all
the piping and wiring and 21l this sort of thing. It
makes it difficult when you have to get so many people
in this small area.

Workingz on concurrent tasks?

Yes, on concurrent tasks.
complete detail to try and 3
it's ceming on up and tringing up your vertical rungs

as you go. You cculd have plannec this thing down to

the nth degree and had it worked cut very nicely, but
your plan would have been upset the minute the first
change was issued. So, you're going back falling all
over yourself. Suppose you have ycur electrical work
done. Your mechanics are in there putting in piping,

and equipment. For electriczl changes you nave to put
electricians in the same place moving wires and conduits
around at the same time the mechanics are irying to do
theitr work and they've gct to move their stuff, so preity
soon you've got six guys standing there saying, "what

do we do next?" and "Who has priority?"

hen you plan your work in
o this level by level as

1 0. -3
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Was there a great cdeal of this?
Yes, constantly.
Well, was there an inordinate amount, considering the

size of the project, the dollars involved and the com-
plexity of the cperation?

Well, you can't very well relate it to OSTF-2 because
this was the way of the CPFF contract. So far as the
operational squadrons were concerned - yes, there was
an inordinate amount involved. I don't have the
specific number of changes involved, but it doesn't mean




too much because "Whzt is a change?" YWe got a certain
number of change packages but these could have changed
thiwps from the ICC <o the botton or top of the hole
in one change. IS you want to talk about the number
of times you changed the location 01 a light switch,
or changed a cenduit, I would sgy that there were
thousands. .

Mr. Hansen: Vell, we touched upon this before. %hat other comments
would you care to meke zbout the design and spec require-
ments for OSTF-2? Could we have simplified designs con-
siderably later on in the progran?

Mr. Hole: No, not the design. The design was pretty well estab-

lished. Just looking at this thing from a qiick bird's-

eye view, the facility itself is an extremely simple

one. The only unigue raquiremeﬂt here is that you have

a specified hardness level. Really, all the facility

is, in either the launcher cr the control center, is

.2 place in which we put the weapon system gear, plus

whatever necessary pumps and water handling and elec-

triczl generating ecuipment you have to have. So,

the facility itself is simply designed. It was ordinary.

concrete, a little thicker than you would normally fi

in a hole like this tecause of the hardness level re-

guired and with heavier steel. The hole inside was

then tailored to f£it the location wrere power, air,

water, gas or anything like that would be required by

the missile. You cculdn't very well simplify this un-

less the missile was simplified sc you had tight con-

trols. Space contrcls were iryinz to keep this thing

a&s small as possible, therefore, as chzazp as possible

Lo accommodate the inside. In other werds, just putting

a cocoon around the dird. When you start asking whether _
there would have been simplificaticns, I say yes, the |
progellant loading system could have teen ’imole“ But '
this would have required z basic ciange in the thinking

Lecause zt the start of the or he oxlu;zer selected

for theses s;s»ews was lichid oxygin. 2a

€S necessary to

lecad the bird in the short reaciicn time reguired transfer
at a rate of unro“‘ﬂa:e_y 5,000 zailens per minute. %hen
relating this to anything that yecu or I are familiar wiih,
this is eguivalent tc 20 firehosze strzams. Vell, ab

the time the decision was made and the planning was going
on, there were no sumps available to o ump Lox at this rate.

There were small pumps, lzboratory type and of -loadluo

type at plants an d on trucks, but they were not the large |
ones. The decision had been made then that we would have |

to go to a high pressure gas transfer system.
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Well, at the time ocur construction was under vay,
pumpmanufacturers were going ahead with experimenta-
tion anc¢ there were pumps that could have doné the
job, a battery of them - 2 much simpler system than
gas transfer. By this time design and construction
of the pressurized system were down river to a point
where you couldn't back up and change to pumps. This
is the principal simplification taat could have been
mzde, but it was too late. You can always do some-
thing better after you nave already done it the hard

w-ay.
¥r. Hansen: By "too late" what do ycu? To far along in the program? ) '
Mr. Hole: Too far along - so mzny things hinged upon this. To

have used pumps would have required additicnal povier
- the power being cn-site power generators within
the cirb itself. This might have cdoudbled or iripled
the amount cf power reguired. There is no place for
more generators on the crib so the silos would have
had to have been cdeeper, or dbigger around. Well,
you coulédn't do this. You can't stretch a concrete
shaft. Add o this the fact that procurement con-
tracts were out and fzbrication was uncderway on the
. = vessels arné on the PLS valve zsssxklies and on the

piping. There would have Seen cancallaticns across
the toard and re-deing of ccnsiruction in places

wnich were unthinkable because of the target dates.

Mr. Hansen: The proolem of concurrency again?
¥r. Hole: This was the fault throuzhout the pregram. It was a
war planning decisicn which I'm not qualifiec to

criticize. Bui when you first choose a wezgcns systenm

and decice to go with it zrnd you decide concurrently

you're going to have emplaced as of a given montn of

2 given year, you have autcmatic:ily made z decisicn ¢
on which you can't make zny basic changes. 3ui ithere

is nolhing unicue and nothing too much that could have

ged in the Atlas program based ucon Titan I

=

¥r. Hansen: Would you care to comment on the state-of-the-art of
missile system facilities?

Mr. Hole: There is not too much state-of-the-art involved in

facilities, I'd say concurrency contributed to
many of the problems. For one example, you decide
to mount the equipment on shock mounted platforms
and unless you give the contractor all the informa-
tion and meke him design it, you are forced to desigzn
a set of springs, we'll say, -for what you think the

. item is going to weigh. Well, if the item you gzet
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weighs something different you've got to pick this
up immediately and reces:g: the sorings. There vere
slips in this process. In fact there are still slips
in the Titan II pregram we're poing back and putting.
in new springs in a loct of cases.

¥r. Hansen: Eow do you feel atout the construction itself? Yas it
up to standardé on thae 0STF-27 :
¥r. Hole: I've heard very little criticism on the 0STF-2. The

initial excavation and the concrete were very wel‘ cena.
Bectel did an excellent joo cn the installation. Ive
heard of no problems with it.

¥r. Hansen: How about scme of the other sites?

Mr. Hole: Cenerally speaking construction was pretty good througioutl.
There were problems in various spots. There were design
interpretations taken which caused us serious problems at
some of the Lincoln sites where for the sake of econcmy,
the decision was made to put in z so-callec "soft betton"
“in the silo. It was only 2 six inch slab. You get a
certain amount of setilemeni or excess pressure on the
outside due to high water tables, and the slzb has a
tendency to raise up and crack all to pieces. But,

- generally speaking, the consiruction was good.

Mr. Hansen: I noticad that water seess thrcugh suite z bit. Are ;
water snd mcisture a probleam?
Mr. Hole: Water is z problem, go. Anytime

you put a structure in water ycu zzvz trouble. Theor-
et-callj, concrete is 2 good materizl if used progerly.
But concrete is not a water-proéf wmaterial. Water
will come through it. Then, il you get i",er“uptcd
and get stuck in the middle, for sxample, and end us
with a cold ceanstruciion joint where you get new con-
crete going to old, yosu are go-ua 1o have a garting
seam. To mzke this thing zbsolutely wzter tight is
almost impossible. Therc is no wey, of course, with
this type of construction, to put z water-uroof mem-
brare on the outside as you do with double-Scrmed nor-
mal construction. Also, there are so many penetrations
coming through, ¢ onduits ané sc forth, waich also pick up
water outside and Crop it insice the hole. AL the time
the early joos were done, there was no requirement to
have the hole water tight. Subsequently, this was one of
the strictest requirements the Air Force imposed mainly !
because of interpretation by individuals. i
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I take it then, that you don't completely agree with
these demands? ‘

There is no apparant need for them. There are air
conditioned spaces wnich are reguired, but air con-
ditioned space is separate from the bulk space. The
air corditioned space’is required around the missile
and for certain critical equipment, but it is not in
the same ztmosphere as the over-zll hole. There are
sump-pumps to tzke the water ocut; therefore, a small
amount of leakage cannot do any harm. Concrete can
be made water tight, but you have to make additional
provisions over and zbove ordinary construction prac-
tice. In fact, at one time we had the requirement
for water stops in all joints but because elimination
of this requirement theorétically saved a few dollars
it came out.

Was the construction cost relatively high for OSTF-2?
In order to meet schedules in this business usually

‘c0st nas to suffer.

I den't recall the figures on 0STF-2, and here again
I am talking strictly frox mermory, but as I recall
the duy-cut cost for ihe entire Atlas program was

1.8 or 1.6 of the initiazl coniract cost.

This is on the low end of the specirum as far as
missiles are concernad because ihey can go as high
as 10 times the criginzl estimate.

Well, yes, as far as the missile gart itself was con-
cerned. Bul as far as our part wiih the facilities,
it was in this range someplace. And I think this was
expected by everybody.

Wnat has been the range on cther facilities?
1.2 or 1.3 in some of the later programs. I guess
Minuteman is down arouné i.: cr :i.2.

That is the low level?

Yes, and then up to 1.8 or 2.0 for the early Atlas "D"
and "E"., 3wl then again, this isn't 2 fzir comparison
elther, for you are comparing different things. In the

early programs they weren't complete fzcilities as awarded,

so what went into them by changze were often times zddec

to make them complete.
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Mr. Hansen: Yow 2bout time?
Mr. Hele: As I recall, OSTF-2 stuck protiy well to the initial

ime schedule. There were nc time delays authorized.
It was a CPSF contract to get the job done by the
certain date, so there was zdditional cost brought
on by overtime work and additional shifts.

Mr. Hansen: Were any new materials and methods introduced that
constructicn people were nov familiar with?

Mr. Hole: Not that I recall. There were, in the loading system,
of course, new type gaskels al fittings and so forth
that they were nct fzmiliar with, but they were recent
developments: and simply modifications or extensions of
existing trade knowledge. The biggest thing here again,
T think is the mazinterance of cleanliness which is some-
thing cver and zbove anything that nas ever teen done
vefore in all of these propellant loading systems. Uncer

_.field conditicns, trying to install heavy piping and
eouipment with surgical cleanliness is pretty rougn.

Of course, z1l sorts of special measures were required
- enclosures of plastic and clean clothes, nylon gloves,
specizl spark prooZ tools, and all that sort of thing.

*r. Hansen: This is = little bit aside, 2ut ' interested in it.
On fixed-price contract wiere jou are dealing with
exotic ecuipment and numerous design changes, how do
you verify the allowsbiliiy of cosi Cue to a change?
How do ycu determine wheller it tg 2 justifiable cost,
or too muca? It would seem to me thig would be a de-,
finite prooclem arez. iHow do you determine this?

YMr. Hole: We in engineering had nothinrg to do with claims cor
change crder negotiaticns. But the way it is cdone
is this: The ccntractor is recuired To suomit &
prcposal. The goverrment is reguirad to nave an
estimate. The cifficuls thing, and this 1is where
the argurent always comes in, is upon the impact.
mais is the great big grey zrea. It is not difficult
at all to work up time and materials. You change
your fabricating, say & change in the size of some i
drum hezds. Many & the sizes cut in the shop you have !
to throw away. You have to go out and ouy new material
to make new ones. It takes so much ac itional time to |
refaoricate these. You have a fixed dollar value, for i
loss and refzbrication but if you are waiting for these |
drum heads to be assemdled in the field with 77 men i
standing around, you've gct increased costs. How mucn
allowance is given for this standing and waiting? And
this is where this accelerated schedule has effect in
the paying out of claims for increased costs cdue to
changes.
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They were set up to do the job on the time scale
established. They could have done the job. Ve

changed the situation somewhat and didn't respond

to their recuirements more for clarification of

oroblem areas. They had crews standing by. They

had equipment standing by. They had subcontractors ~
standing by. Their insurance went on. .Their bords

went on. How much of this is the government obligated

to pay? There is no question about this of course

on a CPFF contract.

Mr. Hansen: Could the Corps had made the decision to let any kind
of contract that it wished to make for the Atlas
# facilities?

Mr. EHole: No, we are limited by the ASPR's and departmental
controls, tc lump-sum coatracts. You can go in and
attemot to get authority for CPFF contracts, but
this has o te approved by the Secretary of Defense.
With zny iype of contract, whether it be CPFF, cost-

4 3 plus-incentive-fee, or aquhlﬁg else, the p*cblem
is that you have too many other people mixed up in

the jcb.
¥r. Hansen: . Do you think that the incentive coniract will prove
of any benefit in the constiructicn tusiness.
¥r. Hole: I think that the inceniive contract would be extremely

-~

misplaced as far as consiruaction is cencernad. I
think it is very fine ir mzking shcestirings or gun
barrels. We have a construction job on an incentive
contract. It is jusi about closed out. It belengs
to Minuteman. If we had duilt the Minuteman jobt
the way it was designed when awarded, it probably would
hzve worked fine; but you change, and you change, and
you change. Vhere is the incentive? You xeep on
‘“ro'lqg tnese changes at the contiractor, so you

end up by raising your ceiling price or something

.d you still have the argument: "I did this thing
in excellent fashion. ¥y management was good, there-
fore, I should not Ze penzlized by the fact that the
cost of the job grew because you made the changes in

ety
Mr. Hansen: In other words, it should be pretty firmly designed?
¥r. Hole: Tt has to be, I thirk. 3ecause you have so many

fabricators, so many subcontractors, such a complex
chain. I don't think incentive contracts should
ever be used in constructiion.

1]
2
2

~
3




Mr.

:‘:I" .

Mr.

Wl e
id =

¥r.

—
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Hole:

Hansen:

Hole:

Hansen:
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Hansen:-

_this?

How about engineering change centrol. You
already commented on this:
was adequate in the 0STF-2:

have

Do you feel that it
I think you mentioned

that communications presented some groblems.

Communication was a problem.
Changes took too long.

Change control was good.
There was almost, no way to

run them through on an expedited basis. Ve circum-

vented this in some cases (in

effect we were sticking

our necks out) by putting out directions to the field

to go ahead and make changes unilaterally.

However,

we used Air Force concurrence and let the change paper-

work catch up whenever it could.

tle had to do this.

We didn't like to because quite often thére would be
something else in the mill which hould have an effect

on this.

Were there instances where you had people working

without drawings?

very common, but this is alwgy

a hundred and fifty silos in on
trol centers scattered over ihree 1
thousand sguare miles and changes, changes
with eacn and every one cf tre chanzes havi
out to each site as rapidly as possible.
messanger service to get them there is a mw
tion.

Yes, this happened in a few isolatl
: a
8

How many draw
operation?

ings are involved in the typi

I guess that there were.a couple of

If you had it to go throuzh againa, what
things you'd lize to suggest. Taxz the ex
tazt you had with the Atlas. If you had ¢
the same thing again, just exactly what wo
to ses change*?

Well, going back to the original design, I
the piece that I have spoken hundreds of t
in the last seven years.

What was your method for avoiding

. It wasn't

?oclcn when you get

and 15 con-
cr four

s Changes,

virng to get

The pure
2

or opera-

cal Atlas

zre some of the

perience
o go through
uld you like

will speak
imes before

Spenc znother couple of

months on design, geiting the job ready in its so-

called final form.

Then settle back for a good review,

not only by the engineers, but by the operators, the

weapon sysiems people, and
is what we are going to do. If you don't
now or hold your peace in the future.

make it real clear that here

like it, speak




We are goinzg to build it this way. You go through
this and chack out everythin When you get through
with 1%, we will make tre necessary changes. * Aside
from this, we are not zeing to make any. We could
still build ize job in ihe same over-all time that it
takes us ncw and procably even shorten it, but you
cannot make scme peodople recognize this. A necessity
is seen for shooting fcr a certain cate. Somebody

set this up on 2 war plan. You're back here now, but
to hurry up tcday and get a set of plans out because
this is a nice construciion period is wrong. You get
these plans out and then you start changing. Ade-
guate time should be itzken back here to clear the de-
sign up, to jell it, ihen allow a reasonable contract
pericd. I think over-zll time would be shortened this
way. Also desirable is more continuity between similar
systems. There is not too much similarity, for example
between Minuiemesn and Titan II, aside from the basic
excavation and silo lining. The interior is quite
gdiffsrent. e can certainly learn about management
technicues Ircm ons another.

How about the organization? Would you like to see any
changes in ihis?

Well, tais gets into a critical type of statement, but
I would szy yes. The ihing that I always critize about
a military tyoe organization is that there is no con-
tinuity of personnel. Aand this causes more problems
than amfth*“a else. In a2 civilizn type organization,
which has teen the strength of the Corps for years

ard years, you have peoole who have been worxing on -
a type of joo in an zrea for many years. They've

seen all of the past joos and provably helped to

plan future joos. The way this program went in the
Air Force, for instance, they would pull scme people
in znd create the +tlzs D, and E, or ¥ sheons and
probzbly sut

ut a full Colenel in cba* e of it, working

under z Ceseral in ths dcsig“ office. The Colonel
gets nis three yesars in and tekes off for Lrlgnn-

atterson rir Force 2ase, Thule, or someplace elss.
?:cbg i1y hig replacement is not bought in until a
menih or so before he leaves. During this time, the
Colonel is taking his month cof vacation before nis new
assignment. So thers is no cross talk here. This is

a brand new man. Yayoe he knows what the Atlas F
systems look like, dut as for detail, he doesn't and
the same thi Qg goes true for the junior officers. Well
to me this is excessive military staiffing. For something
like this, it should be more on the c1v111an side. In




Mr. Hansen:

{r. Hole:

Ceros of Engineers, when CEBYO was

the case of iz

created, we had and hava what I consider a similar
nroblem. They trowzht in 1 bunch of officers for

the principsl reasca izl the ir Force was staffed
with so many cfficers and thers 2ad to be paralleling
of rank. They fel: they could rct put in civilians,
therefore, all of these officers were brought in.
Well, as they get their two or three years in - away
they go.

'
-
o

Well, of course the military in peace time is really
a training organization. Don't they rotate them for
training purposes?

That is right. Buil when you consider this progran

was the number one criority program in the couniry
then there should have been some waivers made. There
were in a few cases, but very positive walvers vere
necessary. If you are going to use officer personnel,
the officer personnel should be assigned and left there

‘until some lozical conclusion of the job. Cther than
=1

that, staff with civilians with officer understaffing
for training ourposes, but don't put them in positions
of responsibility and then pull them out in a short tinme.
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Interview with
Mr. Charles Zleizy
Project Engineer
Corps of Engineers

on 6 March 1963
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Hansen:

Zleizy:

Hansen:

Zleizy:

Hensens:

Zleizy:

Hansen:

Please introduce yourself.

Charles N. Zleizy, Project Engineer, Corps of Engineers.
Do you think the contractual arrangements were acceptable?

I think that it gave us additional time. We knew what .
the house was going to look like, the concrete liner, and
the depth of the silo. It gave the Air Force additional
time for designing the operating mechanism that would be
installed in the house, In the meantime we gained some
120 days on the over-all program.

Was the contract adequate and specific in its requirements as far
as schedule, specifications and quality? Was it legally adequate?

Schedule requirements. were realistic because the job vas completed
on schedule. The tolerances, methods and equipment used in the
construction requirements, I think, were all proven to be
realistic. We met them. The reason that we went CPFF was so that
we could make changes in the contract and specs and only pay for
the. direct cost of the changes. The quality of CPFF, of course

is not.limited by by someone's personal opinion. -Thus, the
quality is probably better than the average hard dollar contract.
Also, penalty clauses are completely absent,

"1 am interested in trying to place OSTF-2 at some point in a

time continuum with regard to state-of-the-art. Wwhat amount
of technical know-how about site construction had we gained
prior to OSTF-2 that helped us? What did we gain from OSTF-2
that helped us further?

This was the first unitary concept design where the bird along

with all of its support was housed in the same silo. In the

Titan I, it took three silos to house all of the support facilities
and the bird., The Unitary concept made it easier to design for
over-pressure. You only had to protect the one unitary silo. So,
I think that was learned.

‘lhat benefits do you think were derived from this committee fomrm
of organization?
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1 think the greatest benefit was that there was a lot of
improvement needed over previous forms. Yell, first

you must understand that even though we had these weexly
meetings, the people that had to make a final cecision .
were not there. So, 21l that we could co in some

cases was establish that we had a problem. I had to

go to higher headquarters to find out what to do.

So too, did the Air Force representative in that

same meeting, have to go in some cases to higher
headquarters for 2 final decision. Thus, the improvement
that we gained was to bring either more authority into
the meeting - maybe not more people, but more authority.
This is certainly an improvement. -

Authority was not properly delegated or the responsibilities
were not defined properly? - . -

No, I think that what I really meant, was that the people
that attended thic meeting representing higher authority
didn't have all the information necessary to make.a decision..

Has thefe been anything done since then to improve that preblem?

I think it was improved in the Corps of Engineers
internally, by the assigning of specific people within the
district at Los Angeles to solve problems that the field
level might have. Thus, there was a direct contact
instead of a contact with the organization itself. There
was direct contact in all departments - engineering,
construction, legal, and safety. Individual people were

assigned to particular positions as representatives for
particular jobs.

Let's get into the design and development area now. Yere there any

design requirements on the OSTF-2 and the Atlas F that were new to
most contractors?

I think not - speaking for the Corps. Cryogenics was not new to our
contractors. The silo and slip-form operations were not new to our

contractors nor were the expiration shaft and rise-mining. The only
thing that might have been new were the close tolerances.

Some tolerances were relaxed though?

Definitely, yes.

You would say that the installation was not over designed?
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As a matter of fact, I think that most of the criteria
that we use, especially in the cryogenic systems, are - s
still being applied. If it were gold plating then it . - ©
would certainly have been discovered by now. Some of

the criteria we used in cleanliness requirements have been
relaxed slightly but there has been -no great change. . .

Do you feel that construction was up to standard of design reqﬁiremeﬁts?

The difference between 2 hard dollar contractor
supervision and a cost-plus-fixed-fee contractor
supervision is that the hard dollar contractor supervision
has to have the ability to show that he is earning money.
The CPFF contractor's supervision doesn’t have to have
this ability. Therefore, the quality is marked better
under cost-plus-fixed fee than it is under hard dollar.

A

In this matter of types of disruptions that caused added
resource cost, let®s consider changes. How many changes were there?

There were approximately 300 changes which rarjed from very minor

to major seriousness, and from practically no cost to very high cost.
The reasons- some of the changes were costly is that work that was
already accomplished had to be removed and the new work re-accomplished
in the same place. This would increase the cost considerably because
you have the installation of the original, the removing of the original,
and the installation of the new work. .o

Would you compare this type of project to other big non-defense con-
struction jobs as far as the impact of changes are concerned?

I don't think it could be comparec because here we had concurrency

of facility design, facility construction, and the design of the

weapon system. In non-defense construction or non-military construction,
the client knows exactly what he wants, and has it well designec

before the construction actually starts. ‘e

Did you have trouble with labor disputes at all on OSTF-27

There were no labor disputes and no lost time due to labor disputes.
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Mr. Hansen: W"hat kind of method did you use for scheduling and schedule control? r.

Mr. Zleizy: We used the “ant: method with an S§ curve. This is a curve that shows
time vs. percent of construction. For any place on the curve you
can pick off where you should be. You can put major milestones on '
this curve, If you are meeting these major milestones you should be i
in good shape. But there is no way in this system for evaluating |
the effect of changes. That's the bad part of it. If the scope of
the work increases greatly you have to redraw the entire .thing. |
Everytime you redraw it, you put the job back on schedule at that |
particular time and the next day you are behind or ahead again. If
PERT planning were used there would be better evaluation very early
and overtime could be utilized in the critical activities instead of
crashing all jobs near the end. :

Mr. Hansen: Are you starting to use PERT on Corps projects?

Mr, Zleizy: Yes.
Mr. Hansen: How will you do this on fixed-price contracts?

Mr. Zleizy: Special Ebnditions will be made a part of the contract requiring
the contractor to develop a network and, before very much construction

is started, it will have to be in and approved by the construction
agency.

I
I'
i
i
Mr. Hansen: Will ttis be PERT-Cost? .

Mr. Zleizy: At the present time, no. It will be just construction effort and
manpower loading. Resource allocation.

Mr. Hansen: Mr. Zleizy, if you had to go through it again what would you like
to see changed?

Mr., Zleizy: 1 would like to see some new form of scheduling and manpower

loading used - a different type other than a Gantt or bar chart -
possibly a critical path or PERT method including manpower loading.
Also, I would like to see the facility construction agencies. have
more authority in the program. We had many interface problems that
wouldn’t have caused as much trouble if the interfacing items were
both the responsibility of the same organization. In other words,

I would like to sce the project divided into three stages, namely
facility construction 2s we know it now, installation, and check out,

and the organization that has the facility construction should also
have the I & C.
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tiould you identify yourself, please.

I'm Eugene McFadden presently manager of the systems engineering
on Atlas Weapons Systems At the time of the OSTF-2 development,
1 was project engineer for Atlas F Weapon System, which included
the silo. One of the problems at the time, a problem we may
never have again in this field was the mating of the large
construction industry with the aerospace industry on a nation-
wide basis. This was most critical in the area of developing
large underground buildings using close to aircraft tolerances.
This was probably the biggest growing pain that we had in any
original silos. The fact that the construction industries were
accustomed to normal building tolerances which are much looser
than the aircraft tolerances required for missile, AGE interface.
1 think OSTF 2 developed for the Atlas F weapon system the
methodology required for following operational bases..

How do you feel about the quality of the original design
requirements? ——

Because of concurrency, the original design requirements were
established prior to design proof testing.and compatibility

_ testing; therefore, some redesign was required as a result of

changes in criteria after test data analysis.

In other words, any changes that occurred in the design require-
ments were more in terms of state-of-the art rather than in
temms of relaxing a little bit on the two parameters of cost
and performance to get it on time or ahead of time actually.

The reason I'm asking the question is that it seems that time
has been a very important parameter in this business and that
sometimes we may start out with real high reliability specifi-
cations and tend to relax them and also to relax our costs
budget to meet the time requirement.

Time is of the essence, particularly in the prototype program.
In the case of OSTF-2, however, the prime requirement was test
completion, since completion of the construction is really
worthless unless missile, AGE compatibility can be demonstrated
in time to incorporate any required changes into the operational
sites. During the construction of OSTF-2, there were two prograr
running which did in fact cause quite a number of changes in the
OSTF-2 design. One of these was OSTF-1 which is the horizontal,
semi-soft Atlas installation, the other was Titan I which is
comparable in many respects to our Atlas F installation in that
it has a silo with an elevator to bring the missile above ground
prior to engine firing. During the buildup of OSTF-2, we were
running missile tests on OSTF-1 and Titan was just a little ahea
of us with their silo installation at Vandenberg.
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Was OSTF-2 campléted on time?

That is a loaded question, it certainly was not complated to the
original schedul. - .nat is - the schedule developed in the ori-
ginal design phase. It was completed within the schedule de-
veloped to support the operational bases with test data and
change information. I think that the proof of this it that the
other installations, the total program, came in well ahead of
the original schedule. That is, the entire Atlas F AGE program
and activation of the Atlas F bases.

Do you feel that construction was up to the standard of the
design requirements?

Here again, I would like to touch on the requirements placed on
the construction people by the aerospace industry. Many of the
subcontractors had never worked to these types of tolerances be-
fore. I feel that by far the large majority of work was done

to meet these requirements. I think that the overall construction
of OSTF-2 was satisfactory. There were some problems which even
the A&E could not envisicn at the time, and Bechtel is a leader
in the field of engineering aerospace ground installation. I
think these silos were unique at the time because of their size
and design criteria. The relatively low failure history of this
equipment since activation speaks well for the original design.

Did you have problems in the area of the A & E design not being
compatible with the design of the missile itself because of
changes that were constantly occurring? Doesn't this cause a

big problem? If you change the missile might it not require a
change in the silo?

That's true. There were changes in that respect. During the
time that OSTF-2 was being built there were many changes to the
missile. Some of them effected the design of the around equip-
ment to be installed in the OSTF-2 and therefore, effected the
basid design of OSTF-2. However, these changes were the headache
changes rather than the high cost or time consuming changes.
These are the type of changes that perhaps drive the detail man

on the A&E crazy but don't to a great extent effect the cost
or the schedule on construction,

Let's go back a little bit to the concept of Russian design
versus U.S. design. Russian design is fairly simple and the
U. S. design is somewhat more complex because of miniatureiza-
tion and for other reasons. Value engineering purports to be
Concerned with making an item more simple by recucing the
number of components, standardization or in some other way,
causing the item to give more value at less cost, Was this
concept used even though it might not have had this name?
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Mr, McFadden: In that respect, several approaches are used here. The .. -
design criteria is compared to moff~the-shelf™ hardware in @ " °
order to make maximum use of avallable equipment to avoid the: % -
time and expense of developing and testing new design. Where - -
a present design does not exactly match the design criteria,
the designer is requested to review the avallable equipment and
specifications to see if one or the other might be modified
to make them compatible. Where noff-the-shelf™ hardware is
not available, we look for peculiar, but presently designed
equipment within the aerospace industry; this does not save
any construction time, but can save costly design and test time,

A third thing, the basic design of OSTF-2 .was .specifically to
have the capability to store a missile underground, service it,
bring it up above the ground and launch it in the fastest possible
time. An example of value engineering here might be the delsgn
approach used to get the fuel aboard the missile. One of the -
original concepts was to increase by order of magnitude, the
flow rate of fuel from the ground installation to the missile
in order to reduce the reaction time. This design became .
very complex and expensive so an alternative approach was taken,
This approach was to store fuel in the missile. This required
minor modifications to the missile and permitted the fuel to be
transferred to the missile at a very slow rate using completely

, "off-the-shelf" hardware. It reduced the reaction time even
further than the fastest fuel loading system since fuel could
be loaded prior to putting the missile on operational status,
Another example was to simplify the control console to reduce the
crew size to a minimum. This doesn't meet the classic example

- of value engineering by simplifying the hardware because to

simplify the controls actually complicated the control hardware,
thus increasing the cost of the original design., However,

1t decreased the cost in the long run by greatly reducing the
number of people required on a long-term basis,
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PART IV C-1

Interview with
Mr. William Van Horn
Program Director - Atlas Weapon System
Astronautics Division of General Dynamics Corp.

" on 25 February 1963
at San Diego, California
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Hanseni What role did GD/A play in the OSTF Project? Sy
. n """"'-""1".‘;\% T
Van Horns  GD/A was the integrating contractor. This is misleading in on
sense, Our responsibilities for the contract called for us to
prepare the criteria from which the A & E engineering design was
made. In other words, we described what the actual construction
should be, what it would have to do in terms of hardness, rigidity,
stability, etc, Tha A & E contractor, Bachtel Cozporation, had
a prime contract with the Air Force to do the A & E work. Once
they completed their drawings, we reviewed their drawings for
conformance to the criteria we had established.and those drawings
were then given to the Corps of Engineers who actually contracted
for theiconstruction work. At the same time there were a number of
associate contractors on the program; Rocketdyne for the propulsion
system and the ground equipment that supports it, Arma for the
inertia guidance system, General Electric for the nose cone and
the re-entry system, Acoustica for the propellant utilization
system. The efforts of those contractors were to be integrated
by GD/A and melded into a whole. In addition to that, there was
a contract for communication equipment, also a prime contract
with IT & T (International Tel and Tel). Their efforts also were
to be integrated by GD/A although the arrangement was a little
less clear since their work was done principally during the con-
struction phase under the Corps of Engineers rather than the phase
* when GD/A was prime. In addition to this effort, we had a respon-
sibility for surveillance during the Corps of Engineers construc-
tion period. Our role in that effort was to maintain knowledge-
able people at the base during the construction period and to
- bring to the attention of the Air Force any discrepancies that
we noted between either the design or the intended design as
provided to the Corps. Finally, once the construction was completed
and the occupancy turned over to GD/A, we were responsible for all
of the prime and the sub-contractors' efforts during what was called
the "installation and checkout" phase. It was our responsibility
to turn over a demonstrated weapon system to the Air Force at the
conclusion of the project. These then were the things that we
were responsible for. I think in retrospect you can find a
couple of things that are worthy of note. Surveillance responsibility
is a difficult one to discharge because there is no authority
along with it. In other words; we could not stop the Corps of
Engineers from doing something. We could only bring to the atten-
tion of the Air Force the actions that we felt were necessary.
I think that we found no instances to my knowledge, that satis-
factory action was not taken, but the lack of authority certainly
lengthened the time period that these actions required. Our
general relations with the Corps were very good, particularly at
Vandenberg where we had worked with their people many times in
the past. It was a harmonious arrangement. One thing that should
be recognized, of course, is that the OSTF-2, while it was the
first of the so-called silo complex configurations, was about the
fiftieth launch-complex that we installed. We had already completed
quite a number of operational complexes in the series "D" configura-
tion and were working on a number in the series "E" configuratian,
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so we had quite a bit of background in the business to draw on ;
in setting this up. ‘ —_

Hansen: Wno were the designers of the missiles?

Van Horn: We designed the missile and we designed what was called the
: ground support equipment which is now called aerospace ground

equipment, This brings up an interesting point here. The silo
is a rather massive installation. The ground portion of the
Weapons system, the silo and the equipment inside the silo, probably
contributes something in the order of, I would guess, 90% of
the total cost. The missile and its equipment contribute only
about 10%, so even though the missile is the "bullet", you
might say, the relatively expensive gun that this is launched -
from is the silo. Now in the silo there are two different kinds
of equipment - real property installed equipment (RPIE), which
consisted of facility-type items and which was procured under the
direction of the Corps of Engineers. This would include the steel
work in the silo, the propellant loading system and a number of
items which are in the so-called facility category. At the same
time, the silo includes a number of items which fall in the ground
support equipment - that is - items like the launch control
equipment, the elevator itself for example, the platform, and a
numher of items that are associated directly with the checkout
of the missile, various pre-launch or pre-countdown checks that
are conducted. These items were furnished by GD/A and the
other associate contractors. Thus, you have a rather large amount
of two different kinds of equipment under two different responsi-
biIities. Therein lies one of the stories on the OSTF program
and the over-all integration of those two differently managed
acquisition programs.

Hansen: Would you care to comment on the joint responsibilities of Air
Force and Corps of Engineers in the program?

Van Horn: . The urgency for getting these silos was so great, everyone wanted
them right now. Once they were approved, from then on the big
cry was "when can we get them?" If you look back at the program,
you find that we were scheduled to complete the first installation,
which was the OSTF-2 installation at Vandenberg, in a period of
time that was about four months after we were scheduled to fly
the first series "F" missile. Thus we were inventing the missile
and conducting an R & D test program in Florida, and simultan-
eously were having a major program going up at Vandenberg for
the invention of the silo and its associated equipment and the
installation and the demonstration of that site. And while this
was going on, we were in the process of construction of silos '
at regular operational bases at Schilling, Lincoln and Altus. i
Now let me describe this silo briefly to you. It is a hole E
excavated in the ground 174 feet deep, plus or minus a few feet,
and 52 feet in diameter. It 1s circular and to one side there is .
a tunnel that leads off to a launch control center which is !
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Van Horn:

separately installed. Inside the silo is a large metal structure
called a crib which extends from the top of the silo to about
10 feet above the bottom of the silo. I think the dimension
is something of around 40 feet square. It, and the equipment
installed on it, weighs about 3 million pounds, and it is
suspended on 4 shock spring assemblies. This 3 million pounds
comprises many thousands of individual installations as well
a8 the crib steel. All of thase numerous equipments had to be
developed as part of this program. Not only that, but the
locations of each had to be identified ahead of time. It

was, in every real sense, a production-type contract. In
order to reproduce repetitively you had to have a pre-planned,
pre-engineered product which meant that you didn't have any
liberty in the placement of equipment. I think as we look
back on the program, the construction -contractors who worked
for the Corps of Engineers had a very difficult job since
they had not, as a matter of course, been involved in a
production-type program. Almost everything they had done was

.- usually custom built. If you look at tract houses where they

build 1000 houses in a sub-division from the same plan, you'll
find rather marked differences one from another because the
requirements are not so precise that everything must fit

the way it does in an airplane, for example. But in this

. particular system just because of the sheer size and complexity

of it, it had to fit much closer than ever before. When we got
ready to install some equipment, possible a conduit had been
placed in the wrong place, or a duct had been installed where
you intended to place a piece of equipment. We were constantly
called on to take something out and re-install it in a different
way or a different place. I know that it certainly happened

a number of times at OSTF-2.

What was your specific position and responsibility with
respect to OSTF-27?

At the time that that program took place, I was manager of our
long-range planning department. The long-range planning
department had several functions, the principle one of which

was the over-all master scheduling for all programs in this
division. All of the initial’scheduling work, all of our

master manufacturing and production schedules and division
schedules were produced in the department I managed at that time.

Would you care to comment on the specific objectives of OSTF-27?

hYes, I would like to because it has an interesting history. It

was originally justified and conceived as a design tool. In
the days when we first talked about it we wanted a place where

- _we could try out and prove the design and more importantly,

after we had completed it, the engineers could prove the changes
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that we considered desirable or necessg3ry to make it work
better. This is the basis on which the program was established. =
Because of its developmental nature and aspects we had planned

a test program, including launching of missiles from that
installation, and we had a rather elaborate plan for how this
test plan and engineering development work would be conducted.
About the time that we were ready to put some of these plans

{n operation, during the early construction days of the program,
we were directed to re-orient our thinking and use OSTF-2

as a place where we could checkout the manner and procedures

of installation so that once we got in the field we would

know that everything would fit. Thus, it became a sort of
production tool, if you will, for a period of time. Then,

as we went a little bit further down the road, it became a

place where we were going to test all of the operational
characteristics - the technical data, the tech manuals, the
personnel sub-system aspect of the program. We were going

to devise a method in which SAC would actually operate these
squadrons once they were turned over the them. So it became an
operational prototype.

Hansen: Did you find that any of the performance objectives were
relaxed to meet time schedules during the course of the
contract? :

Van Horn: No, there was no substantial relaxation. What occurred was

of this nature. The site has a requirement to be self- =
sufficient for ten days and it has a requirement that everything

that operates continuously must operate for a minimum of 240

hours between failures. We found in certain instances some

equipment might need more tinkering with than other, we would

relax the requirements with the idea that when it was

finished, we would go back and bring those items up to

specification compliance. It was a very limited number of

instances where this happened. In performance requirements

there was no relaxation.

Hansen: In retrospect what would you change or do differently if you
had the program to do over?

Van Horn: If we had to do this program over again there are several
things we would like to do differently. Whether they are
possible or not, I don't know. First, I would propose a
much more rigid specification on the Corps of Engineers.
In other words, much less ability on the part of the Corps to
select required equipment from competing manufacturers. I
think that we can prove conclusively that some Of the equipment
is just not suitable for competitive bidding. When you are
pushing the state-of-the-art as we were in this program, there
are a limited number of companies that can produce to the [
requirements that we establish. We found instances where we
would have liked to have specified a single source recognizing
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that they were the only ones in this country that could - e
meet the specifications. A second is that we were responsibldf_, i
for maintaining surveillance during this Corps constructionéf+§hﬁ¥
period, yet had no control over the Corps or its contractors.” .
More importantly, it was impossible for us to maintain surveil-
lance on a continuous basis on all of the things that they did.
The arrangement is not as good as desirable and we would prefer
to change that aspect on any future program. Another thing

is to reach a common agreement earlier in the program-as te

what the objectives were to be = a production tool or an
operational tool. Changing from one to another creates two
different series of problems. From the contractor side of

the program, we would want to bring in more people conversant
with the construction side of the program. We were missile
builders, although we had built launching equipment, etc.

but we"wefe oriented to the missile stage more than to the
construction phase. As a contractor, I think more top construc-
tion talent in our organization to better understand their
requirements, their activities, would have benefited to some
degree, If we were going to do it over, we would go into a

PERT type system also.

Hansen: Do you like PERT?-

Van Horn:  There are'a lot of advantages. I think that it is very
difficult at best to know where you stand on a major construction
program. Even the construction industry itself has some
pretty arbitrary measuring rules, like you're 20% complete

at a certain milestone when in fact that may not be the case
at all. Secondly, when you are integrating the output of
several different agencies, it is difficult. Now the PERT
concept gives you two inherent advantages. First, you can
plan your job ahead of time in a much more detailed fashion.
Whether or not you like it, nobody can quarrel that good
planning gives better results. It also gives you a mechanical
system that lets you quickly and mechanically calculate where
you stand. I think that some of the fancier aspects of PERT,
the probability factors, etc. may not contribute too much.

The two basic schemes of network planning and the mechanical
status collection are, I think, very desirable.

.
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S’ Mr. Hansen: Would you tell us a little about your company, Mr. Myers? .

¥r. Myers: Bechtel is a company composed of a good many technical
personnel. We are engineers and constructors. The :
bulk of our work is done under the single responsibility of
designing, procuring, estimating, figuring, constructing,
initially operating a project in the fields of power and
industrial refinery and large heavy industrial work. We
are one of the largest firms in the country from a stand-
point of construction alone or of the combination engineer=
ing and construction. Our volume is in excess of $200
million a year. We specialize in difficult and complex
jobs, which require ingenuity in design as well as
construction. We are not interested in the run of the
mill type of construction, housing developments and that
sort of thing. Ve do heavy work where competition is
probably limited to possibly a couple dozen or more firms
of the necessary size and the financial capability to carry .
out multi-million dollar jobs. We were not involved in
weapon systems work prior to 1958 but this is typical again
of our company throughout the years. When a field opened
" up or we saw that our services could be utilized we got
into the area. Typical of that would be the jump we
got in nuclear power work back in 1948 when we first
- became interested in the field. We were part of the
- original team that was set up by the Atomic Energy
Commission. As a result of that early entry into the
field we wound up designing and constructing the bulk of
the nuclear power plants in the country and we alone have
probably constructed two-thirds of the plants.

Mr. Hansen: How do you manage such projects?

Mr. Myers: We put one man on top of a project, call him a project
manager. lHe is assisted by anybody necessary in the
company and takes the complete responsibility to get a
job done. The same project manager is responsible from
the inception to completion of a project. An example of
Bechtel's flexibility in getting into new fields would
be what occurred when we got our first contract with
the Air Force for the Atlas weapon system. The size of the
design effort was such that the Air Force had to go to a
large company that had manpower resources and capability.
This type of project requires approximately 200 people
and to suddenly get a job of that size for design without
hiring extensively is difficult to do. How we did it was
to utilize the specialist resources of our refinery division
in San Francisco and we managed the job here. The
greatest share of personnel were in Vernon (the Bechtel
office at LA), however, we managed to spread out certain
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work which could be adequately cefined so that the personnel PSRRI
in San Francisco could do it. We had, at one time, 100 S
people thers. Thus, we could react very quickly to the

problem at hand and get the job done, without excessive

hiring immediately.

Mr. Hansen: Vhat do you feel were the specific objectives of Q0STF-2,
Mr. Oliver?

Mr. Oliver: The specific objectives of OSTF-2 were to first, build a
complex that as nearly as possible would reflect the
configuration of the operational Atlas F facilities and
could be used as the operational test facility for the
wezpon system. In conjunction with the 0STF-2, a full scale
mock-up was constructed at San Diego (see Figure 11).

Tt was planned that tooling would be developed here

for hydraulic piping, cable runs, these types of things
as well as the proving of space allocations. The
tooling would be built in a2 single unit. A piece of
piping spool or cable would then be fabricated from the
tooling that was ceveloped from the mock-up and would
be proven at OSTF-2. This applied to the GSE which

is under CDA surveillance because they have the responsibility
for all the holes in the squadrons. An additional
objective for OSTF-2 was to prove out the man-machine
relationships, and to prove out and verify and validate
the work in the technical data and systems manuals, the
inspection requirements manuals, and the personnel
subsystem evaluation test program that describes the
task that the military people of various skills have

to perform in order to operate and maintain the Atlas F
system.

Mr. Hansen: Were there any changes in major policies or objectives
throughout the course of the project?

Mr. Oliver: I think the basic objectives stayed the same, however,
because of the lag in implementing changes to the mock-up
it became necessary to rework a good part of the configured
articles when they came to OSTF-2. Really, what happened
in many cases is that our people who are involved in the
installation of the ground support equipment made two
spools, one they put in the OSTF-2 and the other they
sent back to Gereral Dynamics and this then was laid
against the mock-up and against the tooling that was
developed.

Mr. Hansen: We talked sbout the objectives of the project itself. _How do |
you view your specific objectives with respect to the
OSTF-2 program?
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- Mr. Myers: Our objectives were to design and build facilities for the
OSTF-2 at Vandenverg and to meet a schedule that was . - ,*
established to fit the basic needs of the over-all ueapon
system.

Mr. Hansen: Do you feel that you pretty well accomplished the objective?l

Mr. Myers: I think we did it in extremely good fashion. Considering
all of the problems, we did meet our schedule. :

Mr. Hansen: The customer (Air Force) by the way, commented on how well
it was done. Mr. Myers, would you comment on the adequacy
of the contract requirements?

Mr. Myers: You have to recognize the OSTF-2 is an unusual type of
contract for typical government procurement - mainly
because it involves an engineering and construction type
of effort under a cost-plus-fixed-fee basis. Most
provisions of the contract, I would have to say, were
adequate and specific considering again the type of
contract it was. Schedules were spelled out. This was

“all important. An over-all estimate of cost was made and
there was cost limitation to this contract as is typically
done. It was a reasonable estimate. It may have been

= increased slightly as work progressed. There was no

0 - problem there. You have to bear in mind that the scope of
work was, by necessity, very broad to get the job done.
It was not specific and could not lend itself to a .
specific lump-sum price without a ridiculous contingency.
The only disagreement that I had in relation to the
contract was this. The Corps of Engineers, in negotiating
this contract, wanted a certain amount of the effort
fixed. Because the definition was not made it was
difficult to fix. A part of the effort, however, we
did fix. This related to what you might call the home
office at Vernon, in contrast to what we did at Vandenberg.
All effort at Vandenberg was reimbursed. In the office,
our engineering which related to as built drawings and
vendor relations was a fixed amount. So also were

“certain procurement activities. In addition the fee
was extremely low, particularly in contrast to our
private work. Considering the objectives of this project
it was of not too much consequence to us. Ve were mainly
concerned with getting the job done. Again, for the amount
of effort and the amount of talent tied up, my basic
comment would be that it was an extremely low fee, and this
could be typical of the views of a lot of contractors.

' Mr. Hansen: Mr. Myers, would you comment on why Bechtel became involved
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Mr. Myers:

* Mr. Oliver:

both as an architect-engineer and constructor on this - ... =
project?

Yes, we were both designers and constructors. Actually,
we were designers first under a separate contract to the
Air Force and we continued that way through the complete
design of OSTF-2 as well as the follow=-on operational
squadrons. The air Force had on file several hundred
qualification brochures of many architect-engineer firms
throughout the country. In selection proceedings they
selected Bechtel to be the prime designer for the Atlas
weapon system. We were first added to the program in
roughly Aug. 1958 for the horizontal configuration which
was the E series Atlas built at Fairchild anc Forbes as
well as at Vandenberg. Later we were selected for the .
F series and the silo configuration of waich the

OSTF-2 is an example. We obtained the design contract at
a late date due to a slippage of the starting time,
basically beczuse of late Department of Defense approval. -
The end date (operational date) did not slip, therefore,
the schedules were compressed considerably. With

the OSTF-2 being the first silo to be constructed it
became apparent in General Leonhard's mind that the

only way it coulc te built on schedule with a reasonable
cost was to enter into a contract with Bechtel Corporation,
combining design capability with construction capability
and in fact coming up with an engineer-construction
operation or a construction operation where a single
project manager hzd the responsibility to see that design
was accomplished piece-meal to fit the needs of the
construction schedule. This type of contracting is
unusual for the Corps of Engineers and I give full

credit to Ceneral Leonhard and his staff of facilities
officers for pushing this type of contracting through
the Corps of Engineers and convineing the Corps of
Engineers that this was the only way to meet their

objectives.

When we were plaming on the Atlas F it was decided that 1
an effort should be made to achieve maximum standardization !
of major equipment. This was based primarily on some of

the troubles encountered in the Atlas E Sites. The

original planning envisioned that we would go out for

procurement of major equipment in early August 1959.

Corps of Engineers competitive bidding procedures would

then allow approval of vendor prints and would allow

incorporating into the actual construction drawings the

informatior relating to specific equipment so the construc-

tion contractors both on OSTF-2 and operation sites downstream

would have the standard package which would enable the
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installation and checkout to take place with a minimum -’
of time and cost. Actually program go ahead wasn't AN
received until after January 1960 so orders for equipment - P
couldn't te placed until around the middle of February. . °
This served to compress the construction schedule at e
OSTF-2 to a great extent. It would be impossible to meet
the final completion date of OSTF-2 if the design vere
made to wait until verdors prints could be incorporated
into the construction drawings so that the Corps of
Engineers could go out and get competitive bids. This

was probably the prime reason General Leonhard pushed for
the contract with Bechtel Corporation on a cost-plus-
fixed-fee basis. With this they could actually start
construction prior to completior of the engineering
drawings. Major items which could be started were the
construction of steel cribs which was going to be made into
a 15 story building, vessels that were scheduled for
procurerent by the construction contractor, and the
completed piping drawings. Other equipment drawings

could follow at a later date. I think this probably

serves to amplify Mr. Myers statement concerning the

effect the late aporoval of go ahead by DOD had on the
OSTF-2 construction schedule.

Would you comment on how an organization was formed
to effectively manage the program?

There was a coordinating cormittee set up consisting of

the Corps of Engineers, the Air Force and Bechtel. The only
purpose of this committee was to make certain that timely
decisions were made in order to protect the schedule of

the job and the design integrity. These people were
empowered with the authority to jointly make decisions on
the spot. If further checking were necessary it could
generally be done in a 24 hour period. The committee

met at least once a week and more often if it was necessary.

Normally, when you have a2 complex organization like this
involving several different parties, you have cormunication
problems. Changes are made. Information doesn't get

to the various levels, of other organizational units

in time. Your reaction time is slow. Do you feel

you had something here that circumvented that problem?

Very definitely so. We had almost immediate contact by
telephone and personal contacts, so we have no delays
due to communication problems.

Normally, when you have an organization which involves
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¥r. Oliver:

different functionsl units, people normally reporting to
one organization head, now find themselves in a

position where tney are, in effect, reporting to other
organizational heads. This could effect the attitudes
of people. Was this true in this case?

T don't think that this happened. I think that people
reported to one hcad, but they recognized that it was
important that they support the other activity. The
areas of support were well defined and the organizational
interfaces were well established.
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Major H. B. Arnold Jr., Chief of Facilities
“a 551st Strategic Missile Squadron

(Atlas F)
Lincoln Air Force Base, Nebraska

on 18 March 1964
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7~ Mr. Hansent Would you identify yourself, please?

N

Maj. Arnolds: Major H. B. Arnold, USAF,- I was the Chief of Facilities at Lincoln
AFB where the 551st Strategic Missile Squadron (Atlas F) was being
constructed, :

Mr. Hansen: Could you elaborate a little bit on your responsibilities in the
position that you held at the operational site?

Maj. Arnold. Mainly, the job for which I was responsible was facility engineering
including mainly the modifications fed into the system during the
Corps of Engineers' Construction Phase. In my section.we had two
.officers, three Bechtel engineers (one civil, one mechanical and
one electrical). Also, we had one GS-13 civil service engineer,

Mr. Hansen: I'd like to talk abéut the contract a little bit; specifically the
contract requirements. First of all, do you feel that the contract
was specific in the requirements for construction?

Maj. Arnold: Yes, I feel the basic contract was specific. Actually we did not
have too much trouble until the many modifications started coming
in as a result of the problems and work done presumably at the
prototype 0STF-2, In many cases we ran into problems as a result
of telling or directing the contractor how to obtain the end product
rather than telling him exactly what the end product was that we
desired. As an example on this, during his excavation we told him
o o exactly how to excavate and shore things of this nature, or in
. detail, exactly how to dig the hole, in other words. Well, this .
worked out fine until we started hitting water, cave-ins and
things of this nature. When he reached a problem such as these
he would just flat sit down. He knew he couldn't do the job according
to the plans and specs, and until the Corps of Engineer representa-
tive - directed him to take a specific action on paper, for which he
certainly had a claim, he would not use any ingenuity or any engineer-
ing skill on his own. And, of course, this again was after he started
getting into trouble on the contract at Lincoln itself., It was
estimated by various people and I more or less concurred that he was
approximately ten million dollars "in the red™ on his excavation alone.
So. when he found himself in this bind, getting short of cash and
seeing the handwriting on the wall, he just flat would not do anything
without specific direction. In other words, we had to tell him how
many well points to put down, we had to tell him various other things
of thie nature. To me there seemed to be several ways of solving the
water problems to continue mining; however, he did nothing on his own.
He sat there and waited for us to direct him to do something. (Us,
being the Corps of Engineer representative)? Everytime we directed
him there was a claim. So, to me it seemed that if we had told him
‘more or less the end product desired, rather than how to do it, we
would have been better off in this case. Especially in the excava-

tion earth work phase where you do run into many change conditions and
unknowns of this nature.

L}

Mr. Hansen: Was there a penalty clause in the contract and if so how restrictive
was 1t?
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Maj. Arnold:

Mr, Hansent

Maj. Arnold:
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There was a penalty clause in the contract and it was estaﬁlis'edd {f\§
on various milestones or certain degrees of completion, I, believe
we had ten milestones which supposedly was where we could measure '
his progress. Some of these milestones_did not have a penalty St
clause. However, on the ones that did have a penalty clausej . the
penalty itself was inconsequential in amount compared to what 1t
would cost him to work on the weekend, put on another shift, or .- . .
double time. So, it was cheaper for him just to sit there and- pay R
the penalty than it was to speed up the job. As such he would work1
five days a week and wait for the Corps of Engineers to direct him
to go seven days a weeks 24 hours a dayj; and when they would do
this, then he also had a plece of paper to make another claim against
the govermment. Then the milestones, after the first couple, were - °
rather hard to identify in that we got so damn many change clauses
we couldn't identify how many days went to what change order that

‘we had directed him to build in the system. So it got so garbled

you couldn't even tell where a milestone was finally,

Do you feel that the quality requirements in the contract were étrict
or of the usual sort? Could you comment on this a 1little bit?

As far as the materials or the facility items which were furnished
such as fuel tanks, oxygen tanks, things of this nature? The specifi-
cations were adequate I'd say. A great deal of the equipment that

was to go into the hole was govermment furnished equipment and

quite a pit of this did not arrive as promised. In several cases =
where the equipment arrived after the scheduled date, he was so ,J
far behind that he could not have installed it, but be this as it may
this still resulted in a claim for so many days delay. In other
words, 1f a tank; etc. showed up ten days after we said it would

even though he wasn't in a position where he could have put it in,

he still claimed ten days delay., As far as the tolerances

themselves, the grossest one I can think of is the propellent loading
systems As you know, a proportion of the PLS system was put in by
the Corps contractor. In our case, Western Contracting Corporation
subleased it out to Paul Hardeman, who I believe had this sub on all
of the six Atlas F Squadrons. The tolerances as shown in the specs
were zero. Well, hell everybody knows you can’t build anything to
Zero, We'd bicker around about whether a quarter of an inch could be
allowed or a half inch or three inches. Usually we could get no
direction in this matter from BSD, However, as a result of
experience at Offutt, we knew GDA iInsisted on very rigid tolerances.
At Lincoln; and aliso the construction of the D Squadron at Offutt,

weé would dicker over a quarter of an inch, half inch and so forth.
And as we suspected, when General Dynamics came in to complete

the system, they would show up with a 6, 8, 10, 12 foot flexible

hose so that it didn't really make a hell of a lot of difference

what the tolerance to a degree was. We understand that in a-shock

or blast condition that you had to have so much flexibility in

the bose 1Lse4F but to show ir. o with a 9 or 12 foot flex ‘G
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for a 1iquid oxygen and insist on it being in one place (+ or -
.01") to hook up looked rather ridiculous to us.” Also, the specs
themselves did not really identify exactly where these interfaces .
should be. - At one time we thought it was from a certain point
from the sides of the silo, and a little later we thought it was
from a certain position on the crib itself. Of course, the crib
shifted a little bit which made this point in space shift also.
So obviously they were rarely the exact same place; well, it is
obvious they weren't the same place in many instances. So, this
brought many CDRs (Construction Discrepancy Reports) from Con-
vair. They would come in and survey these and if they weren't
where they thought they should be, they put a CDR in. Of course
Convair, in this particular case, it seemed to me was building
up their case for delays when they started to work. They ended
'up with hundreds of CDRs, as on PLS system. This was probably
the main one about which we were dickering over zero tolerances
--= zero tolerance from where we weren't sure =--- and then when

they show up with a long flex hose we thought we were whistling
Dixie in Maine.

Mr. Hansen: I'm interested in the learning experience that was gained from
: the prototype at OSTF-2 at Vandenberg. What is your opinion of
. the type of information that you gained from this that was of
help or possibly hindrance in the operational sites?

Maj. Arnold: Without a doubt the prototype concept was the proper concept

- to use. They should have furnished us with very timely and

- valuable mockup information. Between OSTF-2 and the three million
dollar mockup crib which General Dynamics sold the government .
that was constructed down at San Diego, we could not see where
he could have so many problems with this outlay of dough. Well,
personally I feel three million dollars at San Diego was value-
less though we might have got some learning for the prototype
from this. However, the overall value of the prototype of OSTF2
as it turned out was rather questionable, This I know is a
change from many people's thinking. The problem as I saw it,

_ (being the Indian down at the bottom lower rungs) was that

OSTF was a cost plus a fixed-fee contract and Bechtel being
a good company wanted to do it as cheaply as possible. This
was commendable, but the work did not proceed as rapidly as it
seemed to me it should. Had they really turned on the steam,
we would have been money ahead regardless of the cost.

OSTF-2 would hit a problem and of course they would be hung up
on this for several days or maybe a week or longer. All this
time where we were getting good design from the prototype, we
were gaining time on them. So, I would say approximately a half
to two-thirds of the way through the construction at Lincoln we
"~ were practically neck and neck with OSTF-2, in fact sometimes

we would hit a problem that they hadn't even faced. Of course,
the Schilling Squadron was a little bit ahead of us, being the
number one squadron. It seemed to me that at OSTF-2 certain

— parties were moré interested in holding down than expediting the
job and saving the other 72 missile holes money.
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As I say, it seemed to me that the work was not as diligently e
pursued out there as it could have been; this is just my own Mool
personal opinion. I was out there a couple of times, I don't
think they worked on weekends, whereas our contractor was
working 24 hours a day, 7 days a week and you can see that
pretty soon all the.squadrons, all six of them, were practically
at the same state of completion. We would hit a problem at this ;
point, and it would hold us up as long as it held up OSTF, So,_‘_gﬁﬁ :
I feel that OSTF-2 would have really pald off if they had  ~° . =
started, say several months ahead of us and had worked full ]
bore. It seems we could have delayed the contract awarding

on the operational squadrons another couple of months and we
would have still finished at the same time at much cheaper

cost. Of course, political pressures and things of this

nature may have dictated otherwise on this; but I think we
actually could have started on a later date with a better

set of plans and specs and done the job in the same amount b
of time at a much cheaper price,

Mr. Hansen: Naw, let's get back to this question that I had before. Why
wasn't this particular problem of interface that you mentioned
before discovered in the construction of the OSTF-2?
Maj. Arnold: Well, here again we ran into a rather hairy situation where
OSTF-2 was not far enough ahead of us when they did install the =
PLS System. . I think we did our first DPL (double propellant .
loading) about the same time OSTF ran one. So this gets back
to not being far enough ahead of us; also Hardeman, down in
in his plant in Los Angeles, prefabricated the PLS System for
six squadrons and OSTF. So he was shipping these to the
squadrons practically at the same time he was shipping OSTF's
to them. Consequently we'd get a piece of tubing or a piping
out at Lincoln and not know it would not fit because of some
minor construction deficiency or change required. That would
‘hold us back. None of the cribs hung exactly the same as they
kept loading the cribs and adding materials to it-and the cribs
started stretching. This again created a problem with us on
the PLS piping.

Mr. Hansen: Let's talk about management organization a little bit. What
type of overall management organization did you have at your
site?

Maj. Arnold: Well, our SATAF for the construction at the Lincoln Squadron

was somewhat different from the other ones at Mead, Nebraska;
we had a SATAF commander who was in charge of two squadrons
simultaneously. These were the "D" Squadron at OFFUTT, and also
" the "F" Squadron at Lincoln. The organization was a normal
SATAF organization with very little extra manning for this
extra load. We did have a problem of the SATAF headquarters
not being in the general vicinity of the Center of the "F" Squad-
ron construction. In other words, it was somewhat displaced,
making distance problems greater. The distance problem plus

2 squadrons under control at the same time should have been
manned as 2 squadrons.
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Mr. Hansent * There were other elements of the overall organization; the T
construction firm, the Corps of Engineers and Convair got )
— in on it as an integrating contractor.’ Were there any others
that were involved in the overall organization? The reason -
I am asking this question is to determine what problems, if
any, might be ascribed to the structure of the management of
the organization and the fact that there were organizational
loyalties involved. Hopefully, you had a team here that would
be working toward one common objective, but we realize that
in project management structures, it is difficult to completely
eliminate organizational loyalties. -Would you care to comment
on the effect of this on the project itself?

Maj. Arnold: Well, in this problem of management we certainly were like
all the other SATAFS in that practically each individual
members did have divided loyalties. An example was the Corps
of Engineers Representative on the organizational chart for
the SATAF; however, he was an Armmy Colonel and generally took
his direction from CEBMCO in Los Angeles. We had the contract-
ing officer in his section, this was AF contracting officer.
He was working for, I believe, WCMR -- his loyalty was divided.
We had, even in the blue suiters, people that were assigned to
BMD (later BSD). We had people assigned to SBAMA,
"We had people assigned for awhile to AMC and Civilians working
for the prime contractor and many subs. There was a mixture
of people working for the SATAF Commander, primarily to accomplish
' a mission, but yet the loyalty to a degree was to whatever
- headquarters they happened to be a part of.

Mr. Hansen: Now it's pretty well known that communication lines increase .
geometrically with the addition of organizational units. Were
communications a problem with this organization?

Maj. Arnold: I didn't notice too much delay in communication, in other words,
if we got a facility change order it would come out of BSD in
Los Angeles, and it would come directly to us in the facility
section. If the Corps of Engineers got one directly out of
CEBMCO it would go directly to the Corps of Engineers Repre-
sentative at Lincoln. SBAMA direction and WCMR pretty well
came to their counterparts or the people to whom they were
assigned as a parent unit.

Mr, Hansen: In your history of construction of the Atlas Unitary Silo at
Lincoln AFB, Nebraska you made a statement that there were
two major problems. You state that the contractor's supervision
at the individual complex consisted of one person who was supposed
to supervise and coordinate the work of all crafts. Also, you
state that a secondary problem was the inferior construction
methods and techniques utilized during the excavation phase.
Would you care to comment on these two problems?
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Maj. Arnolds ' On the management problem the Corps Cdnffééﬂﬁrfgevef did %
: ~ actually, as far as I can remember, have:. one person in % . f“”{‘

charge on the site that was responsible for that site alon A=
This created quite a few problems as you can imagine., The™: .
problem also was magnified in that when the contractor found
he was dropping about ten million dollars on the excavation - -
phase; he was very reluctant to let anyone do anything except
on direction from the Chief Supervisor, or Chief Engineer for
the construction company. All this time they were building
up 3 big legal case, so they didn't want anyone on the site
who didn't know the legal and political amplifications making
any big decisions. So this certainly was a problem. The
second problem was due to the contractor's being a "dirt

- company"”, rather than a mining company or mechanical company.
The problem here gets back to something we spoke of earlier
which was directing -- well, it was directing the contractor
exactly how he would do the job. The contractor was a dirt-
moving firm, primarily a dam builder -- levees, etc. As
far as deep mining was concerned, they had no experience and
with our telling him in the plans and specifications exactly

"how the job should be accomplished, we were in for trouble.
True, BSD had some experts do the planning, but conditions
are never the same. When he ran into any kind of a problem
large or small, -- he said "well your system won't work", and -~

- he wouldn't display any initiative and try anything else until
he was directed to do so.

Mr. Hansens Were the design requirements new to most contractors?

Maj. Arnold: As far as new design requirements or extremely difficult
requirements -- no, I do not feel that this necessarily was
due departure from anything that hadn't been done previously. We
had mined before without too great difficulty, we had poured
concrete for such tube in the past, we've shut off water
where we excavated or drilled in sub-surface water, and the

. crib steel is nothing but a skeleton of a building, more
or less hung or supported on the side of the tube. It was a
problem of putting together several construction techniques
which had never been incorporated in one particular type
building before.

Mr. Hansen: I'm interested in the general statement that's often made

about 'making out on changes". Could you give me your opinion
why a contractor is able to make money on changes? 1Is it
because our cost estimating is inaccurate enough that he is able
-to make out in this way? Just exactly what is the reason? If
our estimates are correct, he really shouldn't make out. If we
do a good job of estimating, all he would be able to do is to
absorb overheads.
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Maj. Arnold:

. From my experiénhe at Lincoiﬁ;fl'certainly agree with }éu t at

" here which is part of a TWX sent by AFBMD to AFOCE July of . “/.

-the contractor -did make money on change orders. My persoh{l?
feeling is that once you make that contract, it's best to %<}
go.ahead and build the thing the way.you said, build it and%’
then if necessary modify it, come back and do all the modifi-
cation at one time on a separate fixed-price contract, But’t:"A0H
as -to how he-makes out on the changes themselves, you ‘start -

garbling the contract by giving him change orders. He can 5%
dream up any number of ways a.change order has "impact®™ on the

; ¥
over-all job. This impact certainly is there and has an .’ lyii¥

effect on other work .which he is doing, maybe he can't hire iy
enough people in!the right skills, etc. AR

Further, on this problem of changes and how the contractor .
makes out, I would like to read a little bit from my history

1960.. At this particular time we were behind anywhere from L
a couple of weeks up to three to four months behind on 12 AEv i
individual silos.there at Lincoln. This TWX pointed out z R

. the serious slippage in construction schedule at Lincoln and

further stated these "conditions protend serious delay in
meeting AF objectives and following the usual pattern cost
increase to the AF for later acceleration justified on some
-possible future change order having nothing to do with the oy
present job site inefficiency". So here we were, the contractor .
was way behind time, with no change orders initially. He spent
much more money in his excavation phase than he thought and
these changes just gave him a chance to get back his money

which he had lost through his inefficiency on the excavation
phase, plus a profit. This is further pointed out by the

first few change orders that were given to the contractor.

The proposalsthat he sent to the Corps of Engineers were

fairly reasonable. Then they started going up rapidly.
Something that looked to us like about three or four-hundred
thousand dollar change order would come in for two million

and it finally became outright ridiculous. The Corps of
Engineers Contracting Office couldn't even attempt to negotiate,-
they were so ridiculous. And here he was trying to get his
ten-million dollars back. In the end he finally just quit
sending proposals for the modifications; he wouldn't even

set an amount on them. Because of this and other problems at
Lincoln, they never did settle individual modifications; they
just paid him a lump sum on all the modifications, based on
going through all his books, figuring out what he spent, and
then paying him off plus his profit. With things so garbled
this may have been the only way to do it, I don't know; but

‘as I say, his proposals got more unreasonable until finally

he just quit putting proposals in for our modifications.
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Mr. Hansens

Maj. Arnold:

Mr. Hansen:

Maj. Arnold:
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On this problem of the Contractor's being so far be o Hak,
the excavation and the concrete phase, hindsight is 20-20, =% .

. @s everybody says. Had we had a contract for the excavation

concrete tube separately, we would have had time to come 1§
in later with the drawings and spend much more. This gains ’
you a couple of months of time to definitize your later
mechanical phase better. Had we had our contractor bid )
this separately, this guy would have had a hard time .
getting his ten-million dollars back. This system was used

on the Titan II missiles.

You used Convair as an integrating contractor. Were there
any organizational problems as a result of using an inte-
grating contractor? Did you have any disputes or complaints

revolving around complaints that were made by the integrating
contractor?

We did have a certain amount of trouble in this area. General
Dynamics was on board practically from the day construction
started performing surveillance, surveillance being all they

- Were supposed to do. In some cases the Corps Contractor

complained to us, in fact several times, that General Dynamics

was getting in his way, trying to run his business, things of

this nature. And of course, General Dynamics in this surveil- —~
lance job was really inspecting to a large degree. This :
assisted us to a certain degree, but it also helped General
Dynamics build up a case for extra money to complete things
that weren't completed the way they wanted them. Some
"deficiencies" actually met the specs as far as the Corps
of Engineers was concerned, but they weren't good enough
for General Dynamics. So we ran into some problems in this
area. There were advantages to having GDA on board early.
The Corps didn't have enough qualified people to do a good
job of inspection, so GDA helped us here.

Let's talk a little bit about modifications and the effect
they have on completion of schedule and costs. Would you
care to comment a little bit about this with regard to your
experiences at an operational site.

Well, this particular area is the one where I feel that OSTF-2
did not properly accomplish its mission. It seemed to me

in several cases, say on something as simple as building the
crib for the silo, we would take in and put out the same

piece of steel three times. It just doesn't seem possible
that if we had had the guidance that we should have received

"~ from OSTF-2 that things like this could have happened. 1In

some cases, I cannot think of any specific instance, but we
would get a modification and before we could even implement
it we would get another one changing it, So I think you
can see that contractively it's fairly difficult to even
arrive at a price on something like this.
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™. Mr. Hansen: In substance then, you feel that 'a better definition and more - .

(:: time spent on the prototype even if it meant increased costs

would pay off in less modifications oﬁ'operatioqal sites? .

Maj. Arnolds: Well, in this particular case I don't think there is any
doubt in this.” You take one modification which had to be
made at OSTF-2, had to be made at 72 other holes; so even
a five, six, seven hundred-dollar modification multiplied
by 72 gets into a pretty sizeable chunk of change. If
OSTF-2 had cost 20 million dollars to expedité and get all
the modifications settled before we went to contract, it
would have been well worth it. Now, the idea of holding
down the cost of OSTF-2 couldn't be Jjustified in my opinion,
Whatever the reasoning, it appeared to me fallacious in
that any time or delay or modifications that are rung out
before you actually go to contract on 72 more holes, would
be money well spent. ,

Mr. Hanseni Would you care to comment on specific problems that you
had with labor, that is delays due to walk outs, work
stoppages, slowdowns, etc.?

Maj. Arnold: . We had quite a bit of labor trouble at Lincoln and our
construction phase. There were several reasons for this,
number one, part of them were under the Omaha locals, and

B the rest of them were under the Lincoln locals. The
Lincoln union was practically non-existent until this
project came along and as such we find some people with

a tremendous amount of power, which they had never ex-
perienced before. In many cases this power could have been
used a little more wisely I feel. I commented earlier that
another big problem we ran into was people working seven
days a week, 24 hours a day, This meant for some of the
laborers, 70 and 80 working hours. Of course they were
drawing fabulous wages, more than many of our supervisors.
These common-laborers or craftsmen who were working these
long hard hours nhad more money than they could spend, and
besides they didn't really have time to spend it, they
worked so much. This certainly added to the problem that
these people were just completely overworked and worked out.
The labor force wasn't adequate to hold down the number of
hours per week by hiring additional shifts. So many times
1 felt the walk outs or strikes or whatever we should call
them, were just a result of the laborers being so tired
and overworked that they just had to have a rest. I don't
think there is any doubt but what many times this was the

case. They were really looking for a reason to take a few
days off.

Mr. Hansen: Would you care to make some general comments then, on the
overall program as you saw it and how you feel that we might
make some improvements in future programs similar to this?
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" Maj. Arnold:

., L

On a program which is relatively new where we do have
political pressure and other types of pressures, to com-
plete the job very hastily, I feel that we should break

down the contracts further. I commented earlier on having
one contractor put in the concrete tube and that was his job.
Had we done this, we would not have had all these facility
modifications later where he could recoup his losses and so
forth. For us we would have had another three to four months
for OSTF-2 to complete or to progress a great deal further
on their facility construction, their crib steel, the PLS
system, things of this nature. This being done, the over-
all cost of the construction would have been at least a
third less. And say at Lincoln, with a final cost of 57

or 59 million dollars after the initial contract for 25
million, you can see that the problems you actually do run
into, garble the contract and double the cost. Another
problem I felt was very evident at Lincoln was the quality
of the supervision and Engineers and General Dynamics.

This quality was lacking in many cases in that perhaps
General Dynamics could not recruit enough capable people

.for the jobs and of course they have politics in their
- system like we do, they're always worried about their jobs,

and they have a great deal of trouble in this area. Again,
their contract being cost-plus, holding down the cost,
interested them very likely.

‘Sometimes, we would run into problems where we would

practically have to direct General Dynamics to do some-
thing on our site and they would come back with the question
"who is managing the job". Well, in many cases somebody
should have been managing it and it was not being managed
properly, They would come up against a problem which was
not even fully investigated and boom, here they go -- let
a contract for umpteen dollars, it doesn't cost anything.
It's just the quickest and easiest way to fix it rather
than actually investigating it further with an idea of
saving money. Later on at Lincoln they did come under
the incentive plan (which I have personally not seen), but
I can see no reason it would not work, especially in a
case such as the construction of the 551 SMS at Lincoln.
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