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UNUSUAL FEATUR

l. Unusually shos:

and complex facility.

as With norm. !

to produce the most eco

Atlas F facility wpui
wag completed in 17 v o
mally intense and com
maintenance of comple
supplies and material
construction delays ¢
not be avoidedy to T
ference between vari
quartersy and to sec
rapidly developing f
bs. The shor
job, and the sequent
required that rigid
launcher silo, excav !
could start; most oi
tion backfilled befc °
steel) could start, '!
installation could ria
be installed and coinn
checked and adjuste:'.
almost any feature «f

had a direct delayi.ia

_MISSILE FACILITY CONSTRUCTION CONTRACTS

me_allowed for construction of a large

nstruction methods, whose tempo is adjusted
ical schedule, the construction of an

+ at least 24 months. The Lincoln Squadron
. The short time allowed required abnor=
nsive attention to the eetting up and
edules; to assuring timely delivery of

» using extraordinary methodsto prevent
overcome the effect of delays which could
.ng the aggravated problem of mutual inter-
‘ades working simultaneously in close
adequate inspection to assure that the
ty met the needs for vhich it was designed.
formance times allowed for such a complex

ature of the component parts of the job,

ules be set up and maintained. 1In the

had to be completed before concreting

concrete had to be placed and the excava=
e interior structural steel framework (crib

rib steel had to be placed before eguipment

and practically all the equipment had to

d before any one utility system could be
.th noappreciable slack time, a delay to
+ work, arising from any cause whatsoever,

fact on work scheduled to follow. To guard




against such delays, exceedingly detalled and complex schedules

had to be developed. The several circumstances of delay and

change which ultimately developed here required an inordinate effort

in attemptling to keep schedules current.

c. Among the many scrious problems encountered in materials

dellvery, securing timely fabrication and delivery of veseels for

the propellant loading system (PLS) was particularly troublesome.

In this regard Western Contracting Corporation deserves a pat on

the back. The design of the PLS required use of 6 high pressure

(4,000 = 6,000 psi) tanks and four cryogenic vesscls (vacuum=-

insulated, low temperatur~ liquid storage tanks) per site. Since

the fabrication of such tanks is a relatively new art, and since

such large numbers were ivcquired, Western secured the services of

Chicago Bridge & Iron, A. O, Samith Corporation and Southwest

Welding Company to suppl; their tanks. Production proved to be

difficult and in some ca‘~s behind the required schedule. Because

of the size and weight o/ all of the vessels, and the relative

fragility of the eryogen!cs, transportation to the work site was

slow, was subject to fre uent delay by not being allowed to

travel on Nebraska highw'ys and frequently caused damage to the

tanks. Placement of the

remounting equijnent and

the partial sus; “nsion ¢

de Glve ' a comp’

shorter than nos al cons

delays which arise in

tanks in the silo required demounting and
structural members already in place and
work of trades then at work.

ation date that must be met, and given a

ruction period, the normal and inevitable

y construction job could not be tolerated.




To agyravale the delay preblem, the cemplexity and changing criteria
inherenl in this censtruction transfermed situations which would

net delay norizl construction into circunstences which had a profound
end critical eifect on performance tire. There being little slack
time aveilable, delays cculd be overcome only through the use of
additional mcnpewer and equipment. The short iime available for
completion of the projects made it necessary, perticularly in

the leter stuges of construction, to schedule simultaneous work by
several tracee inthe same work area. Since the work performed by
one trade vcuclly directly affected the rate or cffectiveness of
vork by znother, o delay to any one trade usually had & direct
delaying cifcct cn nost other trades. For example, certain tests
and checks neceesary during the instzllation of the propellent
loading sysiem required the use of extremely high gas pressures,

or the release of large volumes of nitrogen gas. Because of the
hazard of explosion or asphyxiation and the extreme noise levels
created, Lhe vork area had to be partially or entirely cleared
while these checks were in progress. Delays in the conduct of

these tesls created wdditional delays for nearly all working trades.,
As a further example, neither certain parts of the crib steel, nor
many mechanical and elertrical connections, nor certain vital

parts of the ventilati: and air conditioning system could be
installed until the fc s for the concrete silo cap had been
removed. QObviously, ¢ 1ys in cap placement had an impediate and U

direct effect in delay ;) nearly all other trades.




¢. The diversity of the cesign featurce in the Atlas F
launciniers requred that use of specialized and oguclified construction
inspecetors und enginzers from every mejor kranch of engineering.
come fectures of construction---PLS for example---were so new to the
construction incustry thit personnel had to be specially trained
or hired commarcially to quelify as inspectors. Because of the
distunce seperating the silos, and since the short time perlod
required that similar operations be scheduled concurrently in
each silc, no significent rotztion of trained personnel between
siles was poussible.’ Thus, unucually lorge numbers of incpectors
ad eingecrs were required. Personnel procurement was difficult and
slow, so that most jobs werc operating shorthanded. The few
people evellable had te work long hours under tight scheduk s to
prcvide tne minimun cccepteble coverage.

2 Unusuclly large geocraphic limits of the conctruction areas.

The Atlas F squadrons consist of twelve separate launcher
facilities clustercd around a central base. The individual launcher
is scparated from its base by from 22 to 60 miles; the individual
cites are as much as 100 miles apart. Normally, a series of like
structures can be built relatively economically through repetitive
use of trained erews, use of central supply, use of central equipment
pools, and simplified supervisory schemes. However, the iride
separation between Atlas F work areas nullifies theses advantages to

a large oxtent,



ae  Zven though the sites are widely separated, trained

crews can b used on successive sites, and hove b2en so used
affoctively. llowave i, the Ineffoctive tlme of such crews is
rarkeZly <ffecieds  With o typlicsl and Inevitable delay of 2 hours
at one losatlon In o gorpact work area, the crew can readily be
ghifted to .nother iccation; Ineffective time is short. With lost
iine Letwoon sites 'n the crder of one to three hours, however, the
poscikility of shii ing eiforl for short perliods is eliminated;
inoffective lzbor 1 -tee rTise considerably.

b, The transportstion time betwean the centrzl cupply
peint ind Ale sites becemes & limiting facter in the operetien of
an econcriicaol centrxolized supply pointe Dally recupply of small
ftems (lLolis, wz1ldi g rod, nails, smzll tocls) and d2ily servicing
imgeses so lorge z loglstical burden in handling and transportation
that it becomezs nec:ssary to set up substantizlly complete supply
and servicing points at eich site. Thus, total inventories cf
supplies .nl servicing equipment are considerably increaseds As e
neccssary consequen e, wastage factors, duplicated service manhours,
and unproduciive service equipment time are substantially increased.

¢. 1lhe distance involved makes the transfer of construction
equipment Lelween cites on expensive and time consuming process.
Instead oi teing driven boiween work areaey equipment must be
loaded on ir:cilers, transported, and unlosdeds A normal operation
requiring a half hear and costing fifty dollars becomes an all-day
job costing iive hundred ‘lollars. Equipment cannot, then, readily
be shifted from sit? to site to meet immediate demands and maintain

a high productive »ate, but rust be kept idle to promote economy.
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(1) In normal construction, access to work areas can
be obtained from severzl directions; men can enter the work
areas readily and materials can be delivered into place in several
ways. In ihis construction, however, tihe major part of ihz work must
be accomplished with only one route of access - from the top of the
holes In later stages, personnel can gain access through ihe
iz2reonnal tunnal connecling the sile and the Lauach Control Center
{LCC); however, it is not possille to use this route for tha
aellvery of bulky or heavy items of supply or eguipment. Thus,
whon placement of the cap and overhead dvors blocks access from the
top of the hoile, only man-handled supplies can enter the .ork
arege for a perlod of about three weeks. The installztion of heavy
equipnenl lat:e in del Ty 1ust be delayed even further, and the
prosucuticn oo worii In rogress 1s slowed by the difficulty 4n
procuring suppliss.

() With the aecassarily compact arrangement of the
wndre 'S of aotors, punps, control panals, gencrsiors, ConJressors,
Lanksy ond oiiier items, ooricasa found It difficult to anchor and
counast equijnents  In cevorzsl cases, i% was physically impossible
“o work oo oo dtea If Tis nolghbor were in place. ot only
Was e leclellstion <I.fleull, Lul also inevitadble Changes were
ciflicuitl e cecomplizii  For exwnsle, making a ¢imle change in

vhe ploce of rquipucnl equived that the adjelining pizce be completely

gisconnccicy, Jle.ounit , wad cved vsidey purely {o peruit accesse
Thus, o ilen-diliary w. dwx change is trensfornes ity one taking
WO Lo, s il e hund Uoaiars Lo ecciupiicie




(2) Jebs thot would nornelly be scheculed in seqguence

hzd Lo 1o scheduled concurrently to neet the cverall completion date.
in 2he cioviled interior of the silo, it becewe common to see such
inciances ws « plumber hanging water pipe, en electrician stringing
cablec, ond ¢ PLS workrat placing his piping--all &t the sanme

Lime in o jpuossageway where two men could barely squeeze past

each olhcr. fnother of Lhe many instunces of enforced interference
between worumen involved the placement and wiring of an electrical
distriluvcion ccbinet located in a narrow passage - the only entrance
to a mejor work arca. The electrician wiring the cabinet repeatedly
hed Lo stop work «nd move aside to permit olher workmen to pass.

(4) Lince the miscile system was beiny developed while
the facility was bLeing conslructed, {acility changes were nunerous.
In oxder Lo permil incorporation in the work as early as possible,
the changes were | rocesccd rapidly with only the minimum essential
engineeriny revic'+ Unidor such circumstances, and when construction
vias done in zn en ironm nt of closely-pecked equipment, 1t was
inevitable that r local on, rerouting, size increases, end additions
viould generate ph sical interferences with unchanged work. A
relocated electri il po ol had to be relocated again because a
motor control box iad | eviously been installed zt the new location.
A relocated pipe ' .d tc be relecaled agsin because its path was
interrupted by 2 »w cr'b steel member. Such occurrences numbered

in the hundreds.



(5) 1In the close confines of the silo, and with the numbers
of people workinp topether, damage to completed work was widespread
and impossible to control adequately or prevent entirely. Workmen
would use installed pipe as stepladders, thus breaking insulation,
crushing thin-walled tubing, or bending hanger brackets, Workmen
maneuvering bulky objects into place would break off valve handles,
break the glass face plates of guages and cut electric cables, The
damages were repaired without cost to the Government, of course, but
the accumulated time loss was considerable,

e TIncomplete Plans and Specifications.

The urgency of the missile activation program required that
facility construction conlracts be awarded before design was complete,
Our contract as awvarded contained, essentially, only the initial design
concept for the crib steel, with provisions for later issuance of
cefinitlive crib steel drawings, It was also known at the time of
award thal changes would be required to adapt the design to accommodate
a number ol ltems of centrally procured equipment, specifications for
which were not then available. The contractors were forewarned as to
the crib pteel changes, and were instructed not to begin fabrication
until the definitive drawings were received. However, late and
incremental issue of the definitives caused substantial confusion and
delay in the overall job,

a. The construction concept called for standardization of
certain critical items of equipment. This equipment was procured by
a series of single-pupplier contracts let just refore the earliest
launcher contract was awarded, Since the specifications and dimensions
for this equipment was not known until all of the shop drawings had

g




been submitted I+ the supply contractors, and since it was not

possible io prod revised dravings until after award of the last

launcher contract, it »a3 necessary to base the design on assumed data.

It had been determins

necessary; however, 1!

that the chanpge packs
8ilo to a marked exteci

study by the contraci:

and made nccessary €
b. There v
omissions contained
not sc spectacular a:
of several days of d '

r
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stantial number of ton
a, A ma}
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providing a system v
of missile fuel, 1n ol

very low bLemperatur .

ltially that only minor changes would be
'sign changes necessary became so numerous
inally igsued affected every system in the
The change eased extensive engineering
required reorder of mich of their materials,
Lve re-work,

1 number of inaccuracies, contradictions and

r contract, These, although individually

it mentioned avove, had a cumlative effect

ication Hequirements.

2 missile system dietated construction to
rcleanliness, and operation which are far
nrmally encountered in heavy construction,

ng required standards required disproportionate
cated numerous delays, and generated a sub-
ctor claims for large amounts of money,

[iculty was the near surgical cleanliness
erience was limited in this new field of

2 storapge and rapid transfer of large volumes
. pases under extreme pressure and liquids at

abricators had little experience and were
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required to learn on the job. Inspectors had no experience and had
to undergo special training and continue learning on the job. United
Testing Laboratory engineers were hired on a Man-Day Contract. The
extreme precautions necessary to prevent contamination of the systems
during installation, to check the systems for cleanliness and proper
operation, anl to prevent personal injury during the course of
installation and testing caused major interference with other work,
Delays in resolving discrepancies in the often inadequate specifica=
tions frequently czused delsy in the proserution of the work.

b. The reqiired erib steel tolerances were difficult and
time consuming Lo meet, The mill tolerances specified for fabrication
proved to be incompatible with the precise final assembly tolerances
specified. In iy cases, it was determined only after members had
been placed in position in the hole that the accidental variations in
member tolerance were such that structure tole rance could not be
achieved - the offending members had to be corrected or replaced
hefore erection could proceed, In an extreme case, and despite the
contractor's intensive effort to control the progressive steps in
erection, il took two weeks of effort after completion of erection
to adjust and rework the crib to meet the structure tolerancs,

¢, The close tolerances rcquired for steel inserts imbedded
in concrete were completely foreign to most contractors' experience.
Preparation for concrcte pours was time consuming, and involved
gpecial effort in verifying the precise placement of the inserts in
the forms. Slipght displacements caused by the nouring operations,
normally incongsequential, were critical in this construction, IExtra=

ordinary care in concrete placement was required, increasing time and

effort expanded.
11




de The sight tube = a 12-inch steel tube about 150 feet

long, slanting upward through the earth from a point midway on the

8ilo wall lo the surface, and aligned as to permit precise observations

of Polaris from the silo

interior-presented another tolerance problem,

Despite careful attention to the backfill operations, a mmber of

instances arose in which
that the contractor had
again,

6. Abnormal Combin

settlement bent the tule to such an extent

'n re-excavate, realign the tube, and backfill

1tion of Safetvy Hazards.

The Atlas F 1la
construction hazards whi
in combination presented
measures necessary to pr
with the prosecution of

f. The PL3 ws
used pgenerated the possi
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constant ciphasis on the
occurred due to a fall |

by, The hagard
to the harard involved I
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Ce A concentz

the danger of falling ol

'ncher design presented a combination of
hy while not entirely unique in themselves,
a serlous safety problem. The extraordinary
‘Lect 1ife and health interfered materially
he construction,
& prims source of concem, The high pressures
ility of exlosion and required suspension of
i progress, One death was directly attributable
systems In the test of certain PLS vessels,
! gas were released on confined areas, Despite
need for care in this repard, one death
1lowing partial asphyxiation,
in crib steel erection is directly comparable
t structural steel work anywhere, Inmumerable
experienced during this phase of work.
‘bion of workers dispersed vertically aggravated

lects, Several serious accidents end one death

occurred from this cauac.

12




d. The need to energize partially finished and incompletely

protected electric circuits generated, in the close working quarters,

another aprrravated har= ° “hat could not be completely offset,
7. Abnormal Sur- ince,
The divisio: ihe missile activation program into two
major seqential cont: 1l operations created the need for close
attention to Lhe prog: f the facility construction contractor by

the follow-on installel! = and checkout contractor, The facility cone

struction program was ! rfered with to a degree by the additional

surveillance effort, delays were caused, An unassessable amount
of ill-feellng was ge »d, undoubtedly generating further inefficiency
and delay.

a. Physica »rference resulted from the continual
presence, in a limite 1, of double and even triple the normal
number of visitors, i tors, and overseers,

b. Adminis ve delays and occasional physical delays
resulled from the son 5 mistaken nllaga?ions by the follow-on
cont:actor of constru ! deficiencies or oéissiona.

c. Tests # © rifications mecessary to determine the

comp: Jbility of the ity construction with the missile and its
conti vL ¢ lements were consuming. The resolution of discrepancies,
ofter involving modid ons to the facility contract, caused an
abnormally protractec od of construction clean-up.
Je Lnbor Diffic 2.
A large nu [ skilled workmen were required on short
noti ¢ for short per! . This requirement coincided with a generally

13




higher demand from other construction activity. The competition for
labor created local shortages in required skills, accelerated the turn=
over of personnel, and generated a situation favorable for strikes and
slow-downs.

a. At all sites, it was quite difficult for the contractors
to obtain the required skills in the mumbers required, Had the
originally contemplated contrach schedules been followed, the number
required would have been less and easier to find, With the complex
changed work and changed contractual conditions, which occurred at
all sites, there was a substantial increase in the amount of concurrent
work required to meet fixed schedules, and a consequent increase in the
manloading required.

b, Competition for labor was intense in this area = both
from construction activity away from the site as well as from the
follow-on construction and installation activity on the site, The
abnormally quick turn-ovr of personnel complicated considerably the
contractors' procurement d training problems. A real loss in labor
productivity was occasio | through the inability to use workers on
guccessive jobs and thue ,ain the advantage of learning.

c. The strike d slowdown problem greatly affected us.
Lincoln had 1,801 man-d:  lost due to strikes.,

9. Scheduling -- = Area was particularly careful to require
that the contractor sch  le early completion of the initial con-
struction operations. ‘2 series of actions, although it often forced
the contraclor into une .omical operations, did much to assure enough
time for accomplishment f the complex work which followed. It further

had the effect of reduc . the peak activity level, and of distributing

the work more nearly un ormly across the total contract time, Thus,
1L



Problems of congestion were somewhat reduced,

10, Allowing Time ==
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12, Accelerating Critical Construction and Production.

a, Vhere it became apparent that a feature of construction
or an item in production was critical to the uninterrupted progress
of the rest of the work, and where there was an excusable delay, the
Govermment authorized additional expense to overcome the delay and

repain schedule,

be !'here delays occurred in critical features for inexcusable

reasons, the CGovermment exercised its contractual option to direct the
contractor to increase his efforr to overcome the delay,

c, 'The combination of these two actions served to maintain
the urgent tempo of the ¢ :rly phases of construction, In the later
stapes of construction, ils having become evident that the remaining
work would be completed vithin the need dates, such actions were rare.

13, lakinc Maximum ‘'se of Learning,

With the formation ¢ CEBMCO in Fall, 1960, all of the missile
construction sites were ' rought under single management. This action
facilitated the transfer of Information between bases, including
informatlon ns Lo constivction difficulties being experienced at the
early sites whiti could Do expected to occur at downstream sites.
Information of  is natu » was disseminated in a variety of ways:

Area Engineers v re gath red together periodically; a list of such
construction proi:lems anl their solutions were prepared, kept current,
and distriluted; visits =re frequent in connection with particular
problems, not oi ; from CEBMCO to the Areas, but also from Area to Areaj
dally telephone ontact ras maintained from CEBNMCO to the Areas and

between Arcas.

16




1. Givine Soecial Assistance to the Contractor,

a. The urgency of the program required that notice to pro=-
ceed with changes v given immediately, particularly before price
apreement had been  ached, The difficulties in reaching agreement
as to equitable pri' ' cavsed long times to elapse between accomplishment
of work and price & rement and subsequent payment, Since the changes
became qulte expens o, all contractors and subcontractors had large
sums invested in the program. To alleviate this financial burden,
interim payments of willions of donllars were made the contractors
prior to final sett 'ment.

bs 45 a rbher vehicle to relieve the financial burden on
contractors, contra "or claims were processed as expeditiously as
possible, ‘'here il ‘as Jotermined that the contractor had incurred
allowable coats, nc Lin' ions were entered into promptly and agreed
pettlement: paid.

¢, lover oni personnel, with special knowledge of similar,
earlier constructic = we'» often able to suggest to the contractors
methods and technic 5 v lch saved time and money,

15. (ost and me  upact

"o The p nci al problems which the Area Engineer, his staff

and the contractor = vn ncountered in evaluating fairly the costs of

changes in Lhe Linc 1 ! uadron derives from the compression of time,

The contractor snd ' 4t experience in estimating costs of work was
based on the avail: i" of sufficient time to plan the job properly

and to accomplish ¢ : v Kk using normal hours of work per day and days
of work per week, v~ perience tables and factors proved to be use-
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less in determining a basis for fair and reasonable settlements of our
missile base change orders, because when we compressed the time element
we encounlered many factors which preatly reduced the efficiency of
contractor operations, Obviously, in a history of this type it is
impossible to discuss all of these factors. These comments are
intended only to point to a few of the major factors and to present a
few examples.

b. Compression of time referred to above resulted from
varioug actions on the part of Govermment agencies ranging from
directed acceleration to indirect or constructive acceleration which
resulted from our refusal Lo permit time extensions when we directed
work changes.

¢. It should be recognized by everyone concerned that cone
struction costs are the concurrency concept of "buying time" are bound
to be much higher than under our conventional construction procedures.
This is true because when many activities are being performed simultaneously,
an error or omission in one of the activities affects much more severely
the other activities. The most serious-~and costly--effect under these
conditions is to destroy the ability to plan adequately any job and to
substitute a pget-itedone-the~best-way-you-can spproach, When planning
cannot be accomplished adequately, the results are confusion, false
starts and stops, rework, and wastage of materials, equipment hours and
manhouse~=in othrr words, an extremely inefficient, and therefore costly
operation. In tie early stages of the Lincoln Squadron neither the
contractor nor tlie Govermment agencies recognized the magnitude of
these inefflcien.fes and the increased costs. Therefore, all of us,

including the ar hitect-engineer, used past experience tables to
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estimate ihe cost of changes work,

The contractors didn't become

alarmed about the situation until they saw their costs running wild.

ven as their costs were skyrocketing our contractor, who was considered

tops in the business, was unable to understand what was happening to

them.

Contracting Officer of the reasonableness of their proposals,

They were afraid that they might not be able to convince the

Changes

which would have cost only a few thousand dollars if they had been

included at the start of or early in the program cost millions when

they caused a delay to a pacing operation,

paragraph 17. c.) The:

these factors on an ind

16, The stape for

a. The conta

important that the con!
authority for the Cont:
b. A meetin

ton on 29 July 1960 at
schedule was stressed
meeting, our contracto
actions which they wou
After the stape was s
pressure on the contr:
ment and by worling g
Government themc--and,
Squadron was accomplis

consequencej meet the

(As an example mee

re.we were required to laboriously determine
dual basis.

'1s accelerated program was set by two actions:
provisions which stated that it was extremely

't completion dates be met and which provided

ing Officer to "buy time",

'ld by Secretary of Defense Gates in Washing-
ch the urgency for completing the program on
11 the contractors. As a result of this

eing an intensely patriotic organization, took

ave refused to take under normal circumstances.
arious Govermmental agencies kept the

s to buy time by adding personnel and equip-

11y around the clock, Until mid 1961, the

'refore, the atmosphere under which the Lincoln

~was "Time is of the essencej costs are of no

‘duled dates I"
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17. Certain specific ilems which caused greatly increased costs
under the speeded-up "concurrency concept':

a. Insufficient subsurface investipation == Apparently as a
result of a desire to get construction work started quickly the architect
engincers and consultants were rushed in their explorations and analyses
of subsurface programs. As a result, soil borings were insufficient at
practically all sites, and water pumping tests were generally inadequate.
Later studies of the records have revealed that, under these hurried
circumstances, a considerable emount of information which was available
to the Government was not included in the bid documents and that there
were mechanical and administrative errors which resulted in the
contract drawinps providing incorrect portrayals of underground
conditions. In the early s-.apes of construction our contractor claimed
they were encountering numcrous changed conditions. In most instances
the Govermment refused to recognize that changed conditions existed and
directed the contractors to stay on schedule, After further study of
the records end ef additional information submitted by the contractor,
we bhave had to rccopnize tuat the contractor did in fact encounter
chanped conditiens, In those instances, our Govermment estimates have
had to be incrcuaned to inclwie the fair costs for overcoming the

chanped conditions,

b. Thr large mmber of desipgn chanpes -= It had been expected

that there would be mmerous changes to the design; however, it is wery
doubtful that am one expected the changes would be so frequent or so
drastic. Until 1ie end of 1960, chanpes came 6o rapidly that it was

almost 1-possible to keep track of them much less to estimate the cost
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and effect of each of them, The most serious problems introduced by
desipgn changes resulted from errors, omissions and interferences which
existed in the revisions, The point here is not to be unduly eritical
of the design archilecl “ngineer or the design agency; neither is there
a deslre to pive unidue weipht to this factor. To the contrary, it
should be recognized that errors are to be expected in plans and
epecifications for any complex construction project, even under the
most favorable planning conditions, Due to the stress on speed in

the Atlas F propram, these deficiencies were much more numerous than
they would have been under a normal program, (Therefore, this is an
added cosl factor to be recopgnized in the concurrency concept.,) To
indicate the extent of some of the changes, the silo crib had modifica-
tions which chanped more than 97% of the structural steel items. They
increased the mumber of field bolts by 55%, the weight of the structure
by 38%, and the mumber of special connections per site from 18L4 to
1506, 4 large modification which was issued in September 1960 and

1s referred to as "the big mod" or "Mod 17" drastically changed
structural steel, mechanical, electrical, and heating and ventilating
gystems. Although this modification played havoe with the contractors
achedules as a resvlt of the changes it made, our greatest problems
with it were in overcoming the errors, omissions and interferences
which 1% introduced, with resultant delays at all echelons while these
problems were being resolved. Our contractor asked for clarification
on 60 items in this modification in the first po-around, He ultimately

asked over 175 ques!ions concerning it. Some of the questions he raised
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were not resclved until February 1961, the majority of the pipe

and duct hanpers were modified., These changes were necessary because
the hanpers as Gcsi-ned did not fit the piping and ductwork as changed
by "the big mod". FPrior to issuance of the changes, many man and
equipment hours were lost because the prefabricated piping would not
7it the hanpers. As a result, a misfit problem would idle a crew of
five or six men while one man field-fabricated a hanger. If it was
expected that the period of idleness would be of long duration, the
men would be shifted to another item of work. However, time would

be lost in this shift, As an additional result of rushed design,
chanpes were issued on top of changes vith the result that some items
were chanred as many as  or 6 times. The mmerous and rushed redesigns
of the crib steel resul’ | in dimensional errors of such a magnitude
that the crib could not ithout rework be erected in the field to meet
the extremely tight tol ances which had been specified for it, As

a result, much ironwori time was lost or fruitlessly expended in
attempting to fit up nc -ompatible members and in making field
revisions to the steel 1bers on a "cut-and-fit" basis, Validation
of the resultant field ut-and-fit" crib was extremely difficult

and erraticj it accoun for an unforeseeable and high added cost,

ce Need to ' e identical structures throughout the program =-

On a normal constructi Jjob interferences between systems would have
been overcome by rerou g conduit, piping or duct work without
appreciable effect on ' work. In the missile program it was necessary
to refer a problem of s nature to a central agency in order to be
sure that a field fix  11d not conflict later with other portions of

the program. As a res ., crews frequently had to sit and wait for a
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declsjon while the foreman or superintendent climbed out of the silo,
made a telephone call, and waited for a decision,
were encountered during different stapes of construction at different
sites, 1t was impossible for an estimator using nommal procedures to
evaluate the alr cost of a change of interferences,
of cost per unit of worke--such as, per foot of weld or per ton of

steel erected--have no application in this situation, The additional

Since these conditions

The normal factors

costa resulting from the crib steel change had a tremendous impace as

a result of varying states of fabrication, delivery or erection of materials

and equiyment at the time the changes hit the contractor,

It was

necessary for both the contractor and the Govermment to determine the

status of thousands of items, many of which had to be scrapped at a

total loss,
steel chanpe until 1t wa
which ones had been tran
installed anl jnd to be
reusable with 1<owork, ar
transported from the sit

to sort thronrl the ste¢

catepories, 'l costs I«
costs of round rip tra
nearby steel pi ts, O
fabrication of ny eri
order to meet ! time >
changed worl Lo fabri
the original v . As

administration I supe

It was obvi:

3ly impossible to estimate the cost of a crib
determined which members had been fabricated,
orted to the site, which ones had been

moved at additional cost, which ones were
which ones had to be totally scrapped and

at an additional cost as well as the costs
and segregate the members into the various
field rework of some of the items and the
ortation and rework of some of the items at
contractor was directed to accomplish re-
‘teel items on an accelerated basis, In
mirement, his steel supplier had to sub the
.ors instead of only the one which had done

'1d be expected, the increased problems of

sion as well as the handling of msmszl ler lots
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by each sub resulted in much higher costs than would be normal.
Furthermore, a considerable amount of this steel had to be shipped and
reshipoed betwee. zoints as far apart as Houston, Texas, and Chicago,
MNlineis, so the shipping costs increased crazily., Some people are
inclined to think of our project as one job, Actually, it was 12 pro=
Jects in 12 widely scattered areas, Vhen a problem arose which caused
a crew at one sllo to become idle, it was frequently impossible for
the contractor to put the crew to work at another silo., Even when he
could, there was a considerable additionsl cost involved due to the
time required to stop work at one silo, gather up and load gear, transe
port the men to the new site and set up for work there, The time that
the work would be done might be dependent on the delivery of certain
materials, The difference in cost as to whether a certain scaffold
would be available or the accessibility of the work would be dependent
on the progress of other work introduced items for which the estimator
could only enter hin best guess. Later investigations into the cone
ditions which exist 1 and information provided by the contractor's
negotiators frequer ly required upward revision of the estimates, If
scaffolding had bee  removed prior to installing the new work, the costs
increased either be ause the scaffolding had to be moved agein into
the restricted arer dinvolved, reerected, torn down and removed or
ladders had to be v °d to avoid interfering with other trades, with
resultant less ef{! ‘ent work by the journeymen and the added cost of
a non=productive me at the foot of the ladder., Another example
involved the Goverr nt estimate for relocating one pipe hanger,
removing one pipe I nger and adding one pipe hanger at each silo.
It was not known by the estimator until negotiations were started—=
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and the information was verified by Government persomnel--that pipe

insulation had already been placed and that it had to be removed and

replaced due to the changes.

d. Time compresslon prevented assembly line production-~ Coste

increased above those niv wally expected because the contractor wasn't

able to obtain the inc)
doing a job repetitivel
conditions were encoun!
longer at a silo, the

ment and in order to m

e, keduced

‘ad efficiencies which result from employees
As changes were directed or changed

4 which caused crews to have to remain
ractor had to add additional crews and equip-
the time requirement.

lciencies == As work was added for accomplishe=

ment within a given ti

constructicn by using

) 1
(2) 1
(3) 1
(L) I
(5) T
(6) 1
(7)

gimultaneously 2t eat
The result of each of
efficienocy due lo su
paying additlonnl p:
increasing inteorfer:

production during he

frame, contractors were required to accelerate
or more of the followinp:

ased number of crews,

ased crew size,

aged hours per shift.

ased mumber of shifts.

ased work days per week,

aged quantity of equipment assigned to project.
ased mmber of items of work being performed

te.

ae operations was generally decreased

ictors as hiring less efficient journeymen,

i wages, increasing supervision problems,
between members of different crafts and lower

f darkness. The net result, of course, was a
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greater cost for a given unit of prodacticon. Such cost increases
would have resulted on tie bect planned and supervised projects and
are over and above btie added costs resulting from crews waiting idly
for decisions. Fer exem le, when a T-day week is worked and the men
get moncy in their pockel as a result of high overtime wages, they
take "days of f" without :vance warming, Normally, they take these
"days off" on the regular pay days of the week and work cver the
weelk~cnd at overtime rates, An additional cost was involved on our
Jobs because it was neceasary to increase crew sizes in order to
maintain normal production crew units on those days vhen some of the
workers took their "days off". An item difficult to evaluate from an
efficiency standpoint wz: the morale effect on a conscientious worker
when hoe wos stopped hali gy tlrough an intricate installation with
the demoralizing order 1o tear it out and do it another way; neverthe=
less, it is certain that the effect became appreciable after workmen
had to te2r out their wo:k and reinstall it several times,

{fo Access to e structures and limited available space

cansed inlerferences bel cen trades -- Efficicncy of work was reduced

with resullant increased costs as more workmen vere employed in the
restricted spaces avail: le i1n our structures. Access to the work vas
limited and etorage spa: was practically non-existent. The job had
to be fed by equipment ¢ wn the center or by handcarry down the entry
tunnel through restrictc | spaces and down the spiral stailrway. During
the time the silo cap ar ' doors were being formed, poured and cured, the
entry tunnel was the onl access, This situation is in contrast to the

normal rulti-story cons! uction job where materials may be fed to the
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workmen by cranes from all sides of the structure and where elevators

are available to transport tools, supplies and small materials.

Space vas so limited in the silos that movement of large items blocked

workers on all systems,

After the control cabinets were installed on

s8ilo level 3, all material introduced into the silo or removed from

it which wasn't handled by crane through the silo door required hande

carrying through a 30-1:

1 space, The interference to workmen working

on these cabinets as ms ~rials and tools were carried past them and

the delay to other work
and other simllar ones-

a resull ol these into:

which were directed on
on allof Lhe work bein
vwork and some of which
been extremely difficu
overcoming this effect

ff« Accelera

s attempting to move past this bottlenecke=
're impossible of exact determination, As
‘rences and limited access factors, changes

ie system had an effect (called impace by some)
one in the sllo, some of which was unchanged
3 work changed by other modifications, It has
to evaluate the fair and reasonable cost for
the many changes.,

n_of chanred work required acceleration of

unchanged work == The

with the unchanped wo:
accelerate all of the
accelerate only the cl
affected all follow-on
more work in a given p
program resulted in le
acconplish their work.

effect" whereby each i

nged work was so extensive and so intermingled
hat it was necessary for the contractor to

k. It was totally impossible for him to
ed work, A delay in one feature of work
rk. Under the requirement for accomplishing

od of time, a delay in an early phase of the
time being available for follow-on trades to
his has been referred to as the "ripple

‘e, in turn, had to accelerate its work with the
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attendant reduction in efficiencies. For example, when changes in

the mechanlical piping system required a longer time for accomplishment,
the pipe coverers and painters were left with less time to do their
work and each, in turn, had to accelerate. There is no known estimating
procedure which would permit one to estimate the cost per foot of pipe
installed or per hanger installed or per makeup of a pipe connection
under these conditions of wastage of materials, manhours, and equip-
ment hours, Ye!, throughout most of the project the funding program
was based on control estimates which were based on past cost experience

on normal construction projects,

h. Increased equipment cost == Since equipment serves

labor, we lave encountered the same problems in evaluating fairly
equipment costs as we have encountered in evaluating fairly labor
costs for accomplishing changed work., When labor efficiencies drop
thereby requiring longer hours to accomplish a given amount of work,
equipment usape efficiencies drop proportionately.

1. Lffect of rcceleration on other projects and programs =

Across the entire missile base construction program acceleration at

one project had its effect on other projects. Acceleration at the
Lincoln Squadron affected the I&C contractor as well as other Atlas

F bases in the same general geographical area., The effect was that
workers miprated to the Jobs which worked long premium hours, and it
was necessary in some instances for contractors to increase their
premium hours in order to retain an adequate labor force and to avoid
additlonal cosls resulting from high turnover of personnel. Of course,
the same problins epplied at all missile sites, A contractor could not
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accelerate only one or a few of his silos. If he had tried to do so,
he would have created a serious morale problem in his labor force and
vould have caused a mipration of workers to the accelerated silos,
18, MAlthough an atlempt has been made above to comment on
individual factors, it ghwuld be apparent by this time that it is
impossible to isolate any one of these factors and to evaluate it
epart from the others, lhe fact which we have had to contend with
is the old trulsm, "Hasi- makes waste" for everyone--the designer,
the construction ngency and the contractor, Most of the actions
taken to "buy back time" resulted in decreased efficiency of
operation. The interpla  between these factors caused costs to
pyramid to such a degree that our best experience proved almost use=
less for estimating the air value of directed changes, Many thousands

of manhours have leen re juired to evaluate the fair costs for

accomplishing the work v vier the construction conditions which existed =

to include the status of work at the time the directed changes were
issued,
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l. CCITRACTOR'
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changed to 3, 9, 6, 2, 1, 5, 4, 11, 10, 12, 7 and 8 because of
delays encountered in shafting operations at certain sites. This
was approved by the Contracting Officer on 4 November 1960 and
remained in effect until 9 January 1961 when the contractor
requestcd, shortly before the dgadline provided in S$C=65 of the
contract, that the sequence be changed to 3, 9, 1, 6, 2, 5, 4, 11,
124 10, 7 ani 8 due to the fact that ten of the twelve sites had
finished the excavation and were in various stages of concrete
and steel erection and a firm sequence could then be estaklished.
This sequence remained in effect and has been the order in which
the sites have been completed and turned over to the Air Force.

2. FAJCLR PROBLEVS MO LELAYS EXPERIENCED DURING CONSTRUCTION

as Shafting Operations: Contractor experienced delays in

shafting excavation at eight of the twelve sites. At four of

these, the delays were extensive and expensive, and involved two
sitesy 4 and 5, in which the delays were largely caused by inability
of the contractor to su ‘essfully excavate through the strata of
fine sand using the pre :ribed ri;g beams and lagging design. At
two other sites, 7 and . the problem was essentially one of
inability to control t! inflow of water into the excavation. The
design at these two 8l : called for driving a circular cut-off

wall of sheet piling i' ./ clay strata underlying deep sand aquifers
The contractor never ¢ .letely established such a cuteoff at either
site and was hampered the inflow of water from these areas as
well as from water bec g strata at lower levels throughout the

course of the excavati - phases AL all four sites the situation




was characterized by long periods of no downward progress in the
excavation because of failures to a varying degree of ring beans
and lagging (or liner plate) or of sheet piling which at times
threatened the imminent collapse of the entire structure.

b. Crib Stecl Delivery: Before and during the fabrication

of crib steel numerous modificatlions were issued which resulted in
the contracter's supplier, Continental Emsco, Houston, Texas, falling
behind in hi¢ scheduled deilveries. As a result, Contracting

Cfficer exerted pressure viilch resulted in approximately one-half

of the crib sieel being suibi~contracted by Continental Emsco to

other fabricstors in the Chicago area. This involved additional
coet, but did —csult in imrover:nt in delivery schedules over

that consicered feaslible by Contlnental Ensce (who zlso were
supplying crib steel to th: Altus, Oklahoms, Atlas F Squadron).

The crib steel arrived at he job site generally in time to be utilized
in normal sequence. Instsllation and validation of ihe crib was

time consuming and expensive due to numerous discrepancies in the
design which affected assenbly and rigid.validation procedures
established jcintly betwern the Air Force and the Area Office, in
order to insure compliance with provisions of the specificztions

pertaining to erection to) rances.

c. Pressure and Cryogenic Vessels:t Due to a variety of

reasons, delivery schedulri for the cryogenic vessels being furnished
by Chicago Bridye and Iron, Chicago, Illinois, and by Southweat
Welding, Los Angeles, Czl!fornia, indiczted arrival later than

originally called for in *he Purchase Orders. The Contracting



Oificer issued GC=5 instructions to the contractor in order to

improve his delivery schedule of the cryogenic vessels.

The

contractor responded as the delivery schedules were considerably

Improved.

Because of continued delays in the excavation program and

of the subsequent delays in shaft concreting and c¢rib steel erec=-

tion, the vessels were on site when needed for placing in the silo.

de [lajor Concrete Poursg

The contractor often experienced

delays In major concrete pours such as base slab,slip forming of

the silo walls, and silo cap pours.

The slip forming contractor,

Hansen Kashner, Fresno, California, was selected on the basis of

favorable recommendations of the firm's work at Vandenberg Air

Force Basec, irom botn contractor and Governaent sources.

the contractor failed

defaulted by Lhe prim

forming operations co

and completed the wor
achieving validation
including the defaul!
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to high concreting ct
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rations: Although Western Contracting

of extensive experience in earthwork

n and had an excellent reputation in this
great difficulties in placing backfill

LCC. The costs were high and schedules were
tability of the available materials was one

' sequence which called for placing the backfill



in a comparatively smzll quantity at different periods in order to
provide sccess, contributeo to a generzlly inefficlent system of
backfilling. The placinu of backfill under winter conditions was

a large contfributory factor =s will be covered in more datail

later. In general the resultant of winter operations was mobiliza=
tien of equipment and manpower with a high percentage of ctandby
time and attendant inefficiencies in order to take advantaye of the
one or two days a week In which weather conditions were suitable for

backfill operztions.

f. nLinter Qperations: In September, 1960, when it was

apparent that his schecdule was being disrupted by delays in the
excavation ;hiase, the contractor preposed that if he were to continue
his operaticns on o pace vhich weuld enzble him to complete the

silos on the criginal rchedule, namely the first site to ke completed
on 2¢ March 1761 and one sile per week thereafter, that he be
authorized to undertae certaln actions which would permit him to
accomplish acceptable worik during winter conditions. This involved
such things as imporiing frost free backfill material, installing
drying equipment to reduce moisture content of backiill, winterizing
concrete planis, and continuing the work of such crafts as
Ironvioriers, C rpenters, ctc., during winter months with a resultant
loss of effici' wcy. He estimated that the cost of such procedures
would be appro: mately 10 million dollars. The contracting Cfficer
adopted the pot¢ Lion that although the schedule in the contract must
be met, that th delays wiich the contractor had experienced to that
point were laru-ly the result of his own improper actions and that

any costs resu! ing from continuing to work under winter conditions



e Supervisery Personnel: Affecting to some degree each

~cof the calegories presented above has been criticiem by the
Contracting Officer of the contractor's supervision and management.
This has been reflected in the correspondence mentioned in the
previous section, in the Interim Contractor Performance Ratings
prepared by the Area Engineer, by the daily logs of Inspectors

and Residenl Engineers, etc. These all poihted cut contractor's
failures to staff with adequate numbers or quality his central
project ciflce in Lincoln, his organization at each of the twelve
sites, or the establishient of an intermediate echelon between the
sites and Lhe project office. They noted the centralized authority
(which could also be noted in the case of the Corps personnel) and
lack of delegation to individuals at the site and frequent failures
of personnel at s te level to react quickly to changing conditions
or to coordinate e work of several crafts working simultaneously.
The contricter's osition in reply to the criticism was based on
the interpretatio of his original plan of operations which contem=
plated a sequenti ' operatlon rather than concurrent operations at
all sites, his ir ility to attract adequate numbers of supervisory
personnel in spii of numerous efforts to do so, the Union require~
ments to furnish < reman level supervisors rather than selection
of such individus 5 by prime contractor, the desire for standarized
construction at r ~h of the twelve sites which dictated a strong
central control, d the various disruptions to planning orderly
job progress whic resulted from the numerous and frequent changes

to the work dire¢ »d by the Government.



b. Respor iveness: Contrary to criticism of his management

of the work in the fleld, contractor is to be commended on his desire
to complete the jo +, his willingness to expend large sums of money
without definite ; :assurance of reimbursement, the care in the

selection of his :ubcontractors and suppliers and the efficient

manner in which m-terials and equipment were delivered to the Job
site.
S IMPORI/ZLL OF MODIE ICATIQNS

A total o/ 107 modifications and 108 field orders were issued

under this conlir- ' and have been reduced to 177 cseparate written
notices to proc One modification and/or field order encompasses
from one to many ' ianged 1temc of work. These changes were of

great magnitude o ° affected the mcjor portion of the crib steel,
mechanical, elecl <cal and related items in the silo making mueh of
the operatiocn e:c  llally new work. Changes affected 324 of the
original 475 page  of the epecificetions and ineluded 1,244 new

drawings coupared to the original 355 drawings. These chanaes affected

about B0 percent ¢ the structural steel, increased the number of
field bclts by U 'rcent, increased the weight of the silo crib
by approximatel, percent and Increased the number of special
connections frc ! to 1,506 per site. They further modified 94
percent of the . :nical piping work, increased the numbers of
spools by 190 pr: 1t and modified numerous manufactured items,

for example, cn- ;| :ce of electrical eontrol equipment was changed

eight times, the ! it being only three weeks prior to the contract

installation dat»




The following presente a condensed and detalled explanation of
the major changes of design affecting the silo crib steel and the
assoclated Supplemental Design drawings.

The design drawings were completed and the district issue was
made on 13 January 1960. At that time, it was known that the
Weapons System GSE had not been fully developed, especlially in the
Launcher Platform areae The construction scheduling was such that
facility design could not wait, and the philosophy of concurrency
was sdopteds Tharefore, the facility contract was awarded on
15 April 1960 with full prior knowledge, by all parties, that certain
changes in the structural design would be inevitable.

Six major changes have been made to the crib steel as followss

10 F ) e

A major overall resizing of the floor members was made, and
certain membors in the drive base and tension equalizer areas were
marked “HOLD." This was an Addendum of the eriginal contract, and
the Contractor's bid reflected this changee This status will be

referred to as the Basic Crib whenever the affect of later changes
are evaluated.

2 sddition of L/F Downlock = G Qs 157 = Mods 3

Minor floor member changes, addition of the Launch Platform
downlock frame and the completion of the suspension bracket design
were made on Change Order Nos. 157. The esddition of the downlock frame
was a change in tlie class or type of works however, the heavy, welded
box members were ~valuated separately from the Basic Crib. The only
direct change to 'he Basic Crib was the addition of holes in the
columns to receive the downlocke All this material was included in
the original issv'7 of the Supplemental Design drawings.

3s hiﬁﬂlg .T;.NWLM- =

A general rework of the crib top, changes to some floor
members and the =dition of rod bracing in the missile enclosure
franing constitutod Change Order No. 168. The addition of this
bracing increasod the erection time, but had little affeoct on fabrica~
tion, since thesc rods and fasteners are usually purchased items from
a speclalty manufacturer. VFin plates for the connections of these rods
were added to 22 members of the Basic Crib. All this material was
included in the oriolnal $ssue of the Supplemontal Desion drawingse




4. HSIQI.&QK T;ggs =~ Co Os 4 181 = Mrde6

Levels 4 and 5 of the crib wsre reworked as a result of
problems discovared in a computer analysis of the structure, resulting
in Change Order Noe 121e

From experience with the fabricators preliminary shop drawings
at USTF=2, the vertical truss and the three-dimensional joint connections
were found to be difficult for the detaller to correctly interpret. By
rearranging the floor system on the design change, the number of special
or difficult connections was reduced %0 percent. By using l=inch bolts,
the size and complexity of these connections was further reduceds. All

material and design was included in the original issue of the Supplemental
Desiyn drawlngse

Se

L

nens B

is the result of » change to the shock strut hangers, first
required at OSTF-2, a redesign of the crib suspension bracket was made,
allowing a large reduction of steel tonnages This design change was
included in the original i<sue of the Supplemental Design drawingse

6. QOtis Elevator

After a ruling on the Otis Elevator contract by the Kansas City
Corps District Office, the elevator support steel, guides, and miscellane=-
ous framing were addeds Minor changes were made at this time to Levels
5 and 6 to support the diesel-generators This was fssued as a Change

Order and added to the Supplemental Design drawings on the 25 July 1960
revision.

Early in the program, the Alr Force realized the problems inherent
in allowing each contractor to make shop drawings for the structural
stecl. Much of the problem would be in the time lost by the fabricator's
preparation of the shop drawings and the time delay in checking the
details. All the drawings would have had to be checked against the
design for structural adequacyj as well as clearance with piping, HeVe
and A.C., electrical conduit, equipment, GSE and other items not fully
developed. To alleviate the problem and to expedite steel fabrication,
it was docided to furnish the contractor a standard set of shop details
or Supplemental Design drawingss The specifications (Section 22-06)
were changed accordingly, notifying the contractor of the Supplemental
Design drawings to be furnished, and also relieving him of the
responsibility for error In the detailing of this steele.



The LCC ¢rib and floor plate detall drawinoe were prepared snd
issued as part of the design drawings for that perticn of the worke
Ihis was done ag part of the original contract. The contractor was
notified that the slilo-crib Supplemental Desian drawings vould be
furnished at a later date, and no fabrication could ba started until
the drawlnos were issued.

With the accelerated schedule at Vandenberg AFB, O5TF=2, it was
planned to reissua the Kalser Steel shop drawings for the other basese
Subsequent to the third design change, Change Order No. 16G, Bechtel
undertook the task of furnishing the Supplemental Desicn drawings.

The Kalser Steel shop drawings were roworked before the reissue because
the crib at OCTF-2 is not identical with the crib of the operational
basesy and & certain amount of rework and alteration of the drawings
was required. The Supplemental Design drawings were istued in two
packages, one 11 May 1960, and the other on 13 May 1960, Subsequent

to these issues, certain drawings were revised to correct items

carried over from OSTF-2 in errcrj discovered by s C of E back-check
review, and reissued on 20 May 1960s The revised set wes then sent
out as the orizinal ussuc for Lincoln AFB (dated 26 May 1960).

After raking the fix t i1ssuo, Bechtel was directed to have the
Supplemental Design drawi'gs checked by an outside agency. American
Bridge Division of Us S« ‘teel undertook this check on 16 May 1960,
and completing thelr work about 10 June 1960. The drawings were
checked for adequacy, corleteness, correctness, coneral cond shop
practice and ease of ereclion. After this check, 146 drawings were
revicede Minor girt chances and detall, dimension snd connection
revisions were made to av-id fabrication and erection delayss These
revised drawings were is:ied 28 June 1960.

khen Kalser Steel br an to fabricate the crib for Schilling AFB
many additional errors v' o reporteds American Bridge Division at
Urange, Texas, also repos 'ed many of the ssme errors. When the
Supplemental Cesign draw! gs were raevised to include the sddition of
the Otis elevator framint and the diesel-generator chamge, the
correction of these disc pancles was incorporated in the packages
This issue of 110 drawin: : was mada on 25 July 1960,

As previously stato:. all of the design changes were included
in the original issue of he Supplemental Design drawings. This was
done as a matter of expc ' 'ency, since all these changes had been
suthorized but their ise' ; on the contract drawings was scheduled for
a later date. In gener: . this was true of all issues of the
Supplemental Design drar gs until the B Saptember 1960 issuej sfter
which time the Supplemer. | Design and the contract drawings aceurately,
reflect each othere All ubsequent issues of the Supplemental Design



drawings werc issued to reilect the previously issued contract drawings
andy where reguired, o correct any errors or dlscrepancies reported by
the fabricators throvgh officlal channels. A total of 342 sheets were
reissued and over 250 changes initiated at field level during erection
of the crib, to correct the design deficiencies.

Notwithstanding the vicilance with vhich the structural desiqgn
dravwings were continually reviewed and corrected throush fisld change
order conferences for apparent discrepancies, therec still rematned a
nuwiber of members and systems with small dimensional errors which
materiszlly effccted the finsl vzlidation of the crib by the Usina Agencye
A study of such beams and systems is attached for the record.



ERECTION OF CRIB STEEL

KESUME OF DAY=-TO=-DAY ACTIVITIES IN
THE ERECTION OF CRIB STEEL AT
SITE 7, NEAR YORK, NEBRASKA

16 January 1961, Vestern Contracting Corporation iromworkers started to
assemble crib steel falsework in storage area., Falsework arrived on site
at 2000 hours 1L Jamary 1961, Contractor erection superintendent ine
formed me on 16 Jamry that erection will be carried out by two nine

hour shifts. Day shift had 14 iromworkers and nite shift had 3 iron-
workers,

17 January: Continued to assemble falsework and began lowering same
into the silo., Assembling crib steel sections in storage area,

18 Jamuary: At 0500 hours water and sand washed through the collimater
blockout into the sils bottom. Erection of erib steel will be delayed
until bottom of the cilo is cleaned out., Validation of crib falsework was

delayed. Cause of washoutee=contractor was excavating for site tube at
the collimator blockout and supports gave way.

19 January: Continued cleaning up and mucking out silo bottom, No crib
steel erection.

20 Jamaryi- 21 January: Contimied mucking out the silo bottom. No
erib steel erection,

22 January: No activity,

23 January: Removed crib steel falsework from silo bottom to clean it
up. Reset crib falsework on pedestals. Day shifte-1); iron workers,
night shift--3 iromwrkers, Talked with erection superintendent this date;

told him that if we were to increase production more men are needed on the
night shift,

2l January: Iromwrkers continued installing temporary crib falsework

on both day and might shifts. 14 iromworkers on day shift, 3 ironworkers
on night shift.

25 Januaryr Contimed installing falsework. Western survey party began
checking falsework, 1l ironworkers on day shift., 3 ironworkers on night

shift. Vestern survey party end Convair completed checking falsework on
night shift.

26 January: Iromworkers started erection of crib steel installed B

columns for levels 8 and 7. Day shift--12 men. Night shift--1l; irone
workers; installing beams level #8.



——
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27 Jamary: Iromworkers installing column connection beams levels 8 and
7 on both shifts, Day shift--16 iron workers, 3 foremen, Nipght Shiftee
16 ironworkers, 3 foremen.

26 January: Continued installing crib steel beams and bracing levels 8
and 7, Began bolting connections, Day shift--15 men, 3 foremen, Night
ghift--18 men, 3 foremen, Also installed blast door in silo vestibule and
placed bridge across silo top,

29 January: No activity.

30 January: Ironworkers in-lalling erib steel structural members » &and
permanent ladder between levels 7 and 8, Began plumbing colurms between

levels 8 and 7. Day shift--21 men, 3 foremen, night shifte-16 men, 3
foremen,

31 January: Ironworkers plumbing collumns level 7 and 8, and erecting

cross memberss Day shift--19 men, 3 foremen. Night shift--10 men, 3 fore-
men,

1 February: Flumbing erib columns and torquing bolts on level £8, Day
shift--19 men, 3 foremen, light shift-e12 men, 3 foremen,

2 February: Torquing bolts on level 7, assembling columns above ground to
be placed above level #7. Plumbing columms and drilling holes in silo
concrete for temporary crib bracing, Day shifteel7 men, 3 foremen, Night
shif t-=1); men, three foremen,

3 February: Plumbing and leveling steel on level 8 and torquing bolts

level 8, Began assembling ruy derrick for PLS vessel installation. Western
survey party checking steel. Day shifte~22 men, 3 foremen. Hight ghiftee
11 men, 3 foremen, Survey party L men.

i February: Torquing bolts levels 8 and 7B and assembling pguy derrick.
Convair optics team and C of ¥ site engineer validated level #8 for

orientation and elevation. Uay shifte-23 men, 6 foremen, Night shif tee
10 men, 3 foremen, :

5 February: No activity,

6 February: Torquing bolts lovels 7A and 7B. Assembling puy derrick.,
Day shift-~13 men, | foremen, Night shift--ll men, 3 foremen.

7 Februarys Iromworkers torquing bolts levels 7, TA, and 7B, Contractor
survey team checking elevations and orientation, Convair optics team
validated levels 7, TA and 7B. Began erecting steel levels b, 5“and 6,
Day shift=-17 men, L foremen. Night shift-1l men, 3 foremen, °



8 February: Started setting PLS vessels this date. (Day shift operation
only.) Ironworkers erecting crib steel levels L, 5, and 6. Day shiftee
11 men, 2 foremen. Night shift--12 men, 3 foremen,

9 February: Contimued installing PLS vessels on day shift, Bolting crib
steel levels L, 5, and 6, Day shift~-17 men, 3 foremen, Night shiftee
10 men, 3 faremen,

10 Februaryt Continued setting PLS vessels on day shift, Installing
beams and bolting same, levels 6 and 5, Day shifte-16 men, 3 foremen,
Night shift-=~10 men, 3 foremen,

11 February: Completed setting PLS vessels at 0930 hours this date,
Iromworkers installing cross beams levels 6, 5 and L, and bolting same.
Day shift=~15 men, 3 foremen, Night shift-e12 men, 3 foremen,

12 February: No activity,

13 February: Began setting colums from pile #1. Torquing bolts at level
7 on cross members installed after PLS vessel were set, Torquing bolts
level 6, Day shift--ll men, L foremen., Night shift~~l1l men, 3 foremen,

1) Februaryt Installing rods and structural members levels Ly 5 ang 6,

Began setting columns levels 3, 2 and 1, Day shift--1l men, 3 foremen, .
Night shifte-11 men, 3 foremen,

15 February: Dolting up connections levels L, 5 and 6, Welding box
girders. Day shift-~15 men, 3 foremen. Night shifte-11 men, 3 foremen,

16 February: Iromworkers bolting up on levels L, 5 and 6, Attempting to
orient level 5. Installed spiral staircase levels 7 to 3., Day shifte=
15 men, 3 foremen., Night shifte-ll men, 3 foremen.

17 February: Bolting up level L. Western survey party helping orient
level L, Day shift--20 men, L foremen, Night shift-eno activity due to
snow,

18 February: No activity due to smow, Left job at 1000 hours, Night
shift no activity,

19 February: No activity,

20 February: Boltins up level L, %elding temporary bracing to maintain
orientation. Tack wolding handrail on spiral staircase, 26 men, 5 fore-
men working,

2l February: Ironworkers bolting wp and installing grating ‘level 7.
29 iromworkers and 5 foremen working,

22 February: Bolting up levels lj and 5, torquing bolts level 6 and
installing grating level 7. 23 iromworkers and 6 foremen working,

3




23 February: Bolting up levels L and 5, torquing bolts level 6 and
installing prating level 8. 29 ironworkers, 6 foremen working.

2y February: Installing grating level 8, torquing bolts level 6 and
bolting up level L. 33 iromworkers, 7 foremen working,

25 February: Bolting up levels 4 ard 5. Torquing column splices below
level 6. Western survey crew and Convair optics team checked level 6
for elevation and orientation and reported it within specifications. 34
iromworkers, 6 foremen and 3 in survey party working.

26 February: No activity.

27 February: Iromworkers torquing bolts level 5, welding lower shock
support brackets on the Y axis, assembling grating lewvel 6,

28 February: Torquing bolts levels 5 and 6, installing grating level 8.
Viestern survey party and Convair opties team checked and validated level
5 for elevation and orientation. 36 iromworkers, 7 foremen working,

1 Harch: Torquing bolts level L, Installing intermediate beams level
L installing grating levels 6 and B8, 2 iromworkers, 7 foremen, 3 in
survey party woriking,

2 March: Bolting up level li, installing grating and checker prlate
levels 6 end 8, Survey party checking orientation of level L. 28
iromworkers, 7 foremen and 3 surveyors wo rking,

3 Marchi Bolting and torquing levels 3, L and 5, installing grating
level 8 and floor plates level L. 25 iromworkers, 7 foremen, 3 sur-
veyors working, Convair optics team validated level L,

L March: Bolting up levels li, 5 and 6, Began setting iron level 3,
Torquing bolts levels 6 and 5, Welding grating level 8, Convair optics
team validated level 3 for orientation and elevation, 28 iromworkers,

7 foremen, 3 surveyors working,

5 March: No activity,

6 March: Bolting up levels 3 and L. Torquing level 5, Welding crib
steel Lo suspension brackets, 27 ironworkers, 8 foremen, 3 surveyors,

7 Marcht Torquing boltslevels L and 5, installing grating level 6,
welding crib to suspension brackets, 29 iromworkers s 1 foremen, 3 sur-
veyors.

8 Marcht Iromworkers torquing bolts level 3, Installing grating lévela
3, by, 5 and 6. Welding erib to suspension brackets., 25 ironworkers, 7
foremen and 3 surveyors working,

9 Marciit Plumbing erib suspension system, installing prating levels

Ly and 5, welding checker plate level 8, Welding plates on shock hangers
Began ir’mta.lling lifting jecks. 29 iromworkers, B foremen, 3 sumyou..

L




10 March: Plumbing crib suspension system, installing grating levels

i and 5, Cutting temporary supports for columms loose. 30 ironworkers,
9 foremen, 3 surveyors,

11 March: Preparing to jack silo crib, installing grating and checker

plate levels 3, L, and 5, The base of the vertical crib lock on the «

¥ axis was found to be out of square at the bottom requiring wedges to

be installed to provide proper bearing surface, Delay of approxima tely
1 day. 29 iromworkers, 8 foremen, 3 BUrVeyors,

12 March: No activity.

13 Marcht Ironworkers jacking and hanging silo ecrib, The Jacking
operations were started at 1030, The crib was hung and validated for
orientation and elevation at 1540 hours, Welded braces from colums to
8ilo wall at levels L and 8, 15 ironworkers, foremen, 3 surveyors
working,

1l Marcht Ironworkers removing Jacks and temporary erib falsework,
Installing checker plate levels 3 and 4. 17 iromworkers, I foremen, 3
surveyors working,

15 March: Removing temporary crib falsework, installing floor grating
levels 3, L and 5., Installing detail steel levels Lk to 7. 17 irone
workers, L foremen, 3 surveyors working,

16 March: Crib falsework removed. Removed temporary bracing from
columns, installing floor grating levels 3 to 8, 18 irommorkers, L
foremen, 3 surveyors working,

17 Marcht Installing raised platform level 3 and crib steel levels 1
and 2, Preparing to install counterweights., 17 ironworkers, 5 fore-
men, 3 surveyors working,

18 March: Installing crib steel level 1, bolting steel levels 1 and 2,
19 ironworkers, 5 foremen, 3 surveyors working,

19 March: No activity,

20 March: Installing crib steel levels 1 and 2. Western survey party
and Convair optics team began checking levels 1 and 2 for elevation and
orientation, 19 iromworkers, 5 foremen, 3 surveyors woriing,

2l March: Torquing bolts levels 1 and 2, installing detail steel all
levels, 21 iromworkers, 5 foremen working,

22 March: Torquing bolts level 1, installing floor plate levels 3 and ‘L

L and grating level 8 and temporary counterweipght support. Convair
~optics team validated level 2 for elevation and orientation. 20 irone
- workers, 5 foremen working. il



23 Marcht Torquin;: olts levels 1 and 2, installing detail steel and
counterweights, 1¢ iromworkers, four foremen, 3 in survey party working.

2l March: Toraving bolts level 1 setting spiral stairwvay, installing
checker plate lcvel 8, Convair optics team validated level 1 for

elevation and orien ation. 15 iromworkers, li foremen, 3 surveyors working,

25 March to 2l /yvi' 1961t Installing detail stool, floor plate and

grating. Adjus!in: Jiagonel brace rods, setting drive base and come
pleting spiral =2 iay,




COl E CAP

The caps wer2 poured over the open center of the silo on a
floating form system designed with a haavy beam supported deck
suspended from four built-up girders resting on the 18-inch
concrete collar of the wall structure, all as diagramed on the
"Overhead Girde: Plan"” and the "Deck Beam Plan", attached.

A stress analysis ol the system indicated a maximum defection
of approximately l=inch along the major girders as resulting from
the superimposed load of the wet concrete on the floating deck.
Therefore, the hanger rods were adjusted accordingly to induce a
slight camber in the deck which would resolve to a neutral chord
under full dead load of the cap.

The concrete was placed pyramidally with two cranes handling
2-yard buckets starting at the center of gravity and working outward
in a balanced loads This helped stabilize the suspended form system
by producing the maximui deflection prior to the critical stage in
the initial set of the green concrete. This construction programming
and control greatly reduced the loss of bond resulting from movement
of the green concrete zlong the steel reinforcement and the develop~
ment of a shear zone a' the point of rotation betwgen the floating
deck and the solld shoul.der of the silo wall.

The rate and distr!'ution of concrete placement and the deflec~

tions on the form systen are shown graphically in the attached series

of prints. (Annex S)




The 9'=0" thick mass of concrete was poured with a 6 1/2 sack
design mix using Type II cement and was well insulated from atmospheric
cooling by the 18=inch collar around the perimeter, a polyethylene
sheet and sand cover over thetop and the 2-inch wood planking under
the floatlng section, The heat of hydration was checked and recorded
with a complex of thermocouples buried in the concrete. A representa-

tive time~temperature graph is filed in attached illustrations,

Two cranes each handliig 2-cubic yards in placing concrets,



BACKFILL PROBLEMS

The probicm of backiill was one of considerable concern to
the Corps. I 1se of the Corps' extensive experience in earth=
work, it was i special consideration and especially so because of
the time of yecar in which a substantial portion of this work was
to be accomplished.

The matter was glven special aitention by the Area Engineer.
Special meetings were licld on ihis particular subject. A symposium
was held on 10 April of 1961 when some 40 members of the
nrea organization were in attendance.

The subject matter of this meeting is contained in Annex G.

Because of the concern at Lhe various Squadron areas, an
OCE Solls Team visited 'he various areas. It was at the Lincoln
Area on 12 and 13 June 196ls The results of their studies,
¢onclusions, and recomncndations are contained in a section of

the report which will Lo iound in Annex I.



HOD_OF BACKFILLING

A method fo: backfill operaticn wazs proposed by the Western
Contracting Corporation. Their proposal was based upon a plywood
model of a typlcal site which they photographed to show the various
phases or stace-,

The followii g three pageﬁ show the initial condition with nine

stages of progrrss. TI final one shows the desired configuration.
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. LAUNGHING SILO FOUNDATION SCHEDULE

SITE TYPE NO. CONTRACT DRAWING
¥ 1 1 AFBMD=1=5-2,3
2 3 AFBMD~1-5~19
3 3 AFBMD-1-5-19
4 3 AFBMD-1-5-19
5 1 AFBMD-1~5§-2,3
6 1 SK=2635-5=2
7 6 SK=551-E~69=0
8 5 AFBMD-1-5=43
9 4 AFBMD=1+5~19
10 1 AFBUD~-1-5-2,3
11 1 AFBMD=1~5-2, 3
12 1 AFBMD-1-5-2.3

Type 1 = 6" conci te floor w/30" sand filter underdrain

Type 2 = Not used

Type 3 = 4'=0" ¢ crete slab
Type 4 = T'=6" co crete slab
Type 5 = 5'-6" ¢c icrete slab
Type 6 = 6'=0" ¢o'zrete slab




FOUNDATION SIIE 6

The excavation for the launching silo at Site 6 bottomed out in
a sandslone formation seﬁmed with carbonaceous shale. A Type 1
foundation and €" concrrte floor slab with 20" sand filter sub-drain
were constiructed in place as the silo base.

The exploratory drilling loos did not indicate a water-bearing
strata of fine sand approximately 20-feet thick underlying the floor
slab at a depth of 23.0- 6.0 feete The hycrostatic pressure in this

strata was sufficient to cause a shear failure in the limestone=-shale
overburden and dome
the 6" floor slab

o m

11=inches at the :f: (1]

sump in the centers

The Corps of - M aRT

I

~ 1 ..;{ f

; ; P ,')i ’/ .
Engineers drilled L g SR ;
seven gravel-packed e S " i oA
relief wells thru -

this strata for , {

surface drainage
into the sump.

These wells flow at approximately 045 ~ 2.0 gepem. and have dropped
the piezometer readings Lo approximately 0.75 = 1.75 pesei, at floor

level.




The total flow from the relief wells and reduced hydrostatic
head on the strata were considered live-with conditions and,
therefore, a collecting system was designed to drain the water
from around the perimeter of the floor slab back into the sump.

The special design of such system is illustrated above and

the installation is beiny accomplished under the I & C phase.




FOUNDATION SITE 7

The excavation for the launching silo at Site 7 bottomed out in
the Kansan Till Formation of moist sandy clay pocketed with silt and
sand lenses. The original design specified a Type 1 foundation with
a 6" concrete floor slal and sand underdrain system to a center sump.

There was a foundalion failure at this site and the silo progressively
settled approximately 4-inches with a corresponding doming of the floor
slab approximately 7=inciies.

There was, also, considerable water in the eand pockets and silt
lenses thru the Kansan 7ill Formation which were recharged from the
overlying Grand Island rands and discharged at rates of 200 - 250 g.pem.
over and thru the underc:ain system to the sump. The design criteria
for the Type 1 Foundatici was based on construction economy with a
maximum flow to the sump of 100 gepem.

Therefore, remedial action was indicated to preserve the integrity
of the silo and reduce the inflow within economic limits. This was

accomplished in two steps.

The Corps of Engincors grouted the water-bearing silt and sand
pockets immediately adjstent to the silo walls with a cement-Bentonite
slurry which materially reduced the inflow to approximately 50 gepems

Also, a 6'=0" reinfirced concrete structural sleb was designed to
key into the silo wall :1d distribute the foundation load. This slab

was poured during concw cent operations by GD/A and required careful




programming of time and space. A copy of the design is inclosed for
the record.

L series of piczometer tubes were installed thru the water-bearing
horizons underlying the new structural slab. A graph showing the
gradual increase in the hydrostatic pressure or uplift against the

bottom of the slab is also attached for the record.




Sides Construction Compzny, Omaha, Nebraska = Prime Contractor

New Yerk Plumbing and Heating Company, Omaha, Nebraska =
Sub=contractor, Mechanical and Dewatering

Industrisl Elecirical Works, Cmaha, Nebraska = Electrical

Sub=contractor

1.
was assumed by the Sides
Plunbing and Heating, a

2¢ n 3 December 1

estsblish a workinc rels!

Sides Construction Compa
Engineers fice Encineer.
and Mre Bill Simpson of
GD/A Complex Supervisor;
Enginzer.
Engineers were spelled o

were dlscussed and coopre

e D and 6 Decemoe:

trailers and shielbersy §
placed protective coveri
4.

Re=steel was removed as

Safety standa:

Started cuttinu

it 1706 on 4 Decomber 1961, silo dewatering responsibility

Construction Company tirough Hew York

Ub=contractor.

.Gly, a meeting was held on the site to

ionship and understanding batween

iyy Convair's (G/A) site supervision,and Corps of
Parsonnal present included Mrs Burrel Sides

ides Construction Company; 'r. Carpenter,

and Joe Hallahan, Corps of Engineers Site

ds reouired and enforced by G2/A and Corps of

t.

Work area requirements for Sldes Construction
ation between contraclors establishad,

1961, Contractor asseibled equipment, work

rovided access from silo cap to silc floor and

g as nhceded.

keyway in silo wall ac 1300 on 6 December 1961,

'xposed.



S« B December 1961, installed vacuum pump for dewatering

operations. Drill equipment for well points arrived.

6. 9 December 1961, first well point for dewatering was sunk.

7+ 10 December 1961, very colds Temperature below freezing in

silo (27° F Level 5 = silo). Replaced cover on silo to retain heat

and prevent water lines and diesel jackets from freezing (in that they

were not drained)s Prog
lines to jack hammers {1
8« 11 and 12 Dece:
snows Six laborers lei!
All hands left site at
1961, Informed Sides Co!
change in keyway constr!
run 12" deep to 827'8" :
826'3" (RI-1) (Mod. 1),
9+ 12 December 19¢
10. 16 December 1
elevator shaft. Eleval
11. 16 December 1.
12. 18 December 1
Installed compound gau
13. 18 December !
dewatering pump suction
1l4. 19 December !

points with 6" vacuum p

s on keyway cutting slowed down due to air
:ingo

r 1961, inclement weather cold and blowing

~ite because of weather on 11 December 196l.

‘niight on 12 Decembers At 1200 on 11 December

ruction Superintendent, Bill Simpson, of

ton to slope 1 on 12 from 831'9" to 831's",

- slope to existing concrete floor slab to

Started fabricating dewatering header.
Otis Elevator Company modified bottom of
wut of commission from 0800 to 1900.
, 411 well points in place.
. completed four piezometers, one each quad.
| each plezometer.
» completed tying well points to vacuum
ders Tested dewatering pump.

» started dewatering at 1045 from 42 well

-
a8




15 20 December 1961, completed counterweight blockout
excavation. During excavation for counterweight blockout, found and
removed three lengths 6" pipe approximately 4' long that apparently
were used for draining original counterweight footing area.

16. 19 December 1961, started removing 7°'6" section of existing
floor slab west of counterweight and excavated to elevation 826'-0"
to permit modification of resteel (RI-3) (iods 2)s Increases effective
depth of beams adjaceni to counterweight blockout and adjust stirrups

for maximun shear.

\)

17. 21 December 1961. Dewatering pump down f;om 0500 to 1330.
There was a leak in discharge line and vacuum pump packing gland had
to be repacked.

18. 21 December 1961, keyway substantially complete. Started
final dressing of keyway.

NOTE: Experienced difficulty maintaining steady flow of
water during dewatering operation to date. Pump draws down to
approximately 3 feet below existing slab, loses suction, water table
rises 23" and pump picks up suction. Efforts to balance flow from
well points ineffective. Instructed contractor to regulate flow and
drawdown to maintain stez ly water table, which was done.

19. 21 December 19¢.. Re-=steel arrived for counterweight
blockout.

NOIE: 1800, 21 December 196l. Operating engineer tried
to repack dewatering pump discharge valve while under pressure.

Packing blew out and spreryed water throughout work area. Dewatering

shut down about 45 minutes while packing replaced.




2. 21 December 196l. On about this date, auxiliary gasoline
engine powered vacuum punp installed and connected up.

2le 22 December 1901, completed dressing keyway.

22. 22 December 196l. At 0100 main dewatering pump broke down.
Down till 1340. Unable to get auxiliary pump into operation.

23+ 22 December 19¢l. Iromworkers at rebar for counterweight
footing and slab. Re-stcel grounded. Time on re-steel 1400 to 2300.
Carpenters completed forming counterweight blockout 2100 (economy forms)
steel bonded together by tackwelding.

24« 23 December 19¢!. 0900 to 1800. Poured counterweight glab =
28 yards concrete. Staried curing.

25+ 26 December 19¢'. Removed existing silo sump puMmSs.

26. 26 December 19¢!. Completed breaking up existing floor slab
to eliminate voids and poired three yards grout on broken up floor.
Cleaned out and filled ex!sting sile sump with filter material.

27« 277 December 19C1. Started placing bottom mat of new floor
slab resteel. I

28« 28 December 196+ Only two ironworkers placing rebar for
bottom mat. Working one ‘~hour shift. Contractor says not enough
rebar on site to justify .dditional or bonger shifts. His supplier
told him no rebar would bo delivered till 2 January 1962. Lt. Colonel
Henderson informed Mr. Siles (Contractor) that more rebar to be on
site 29 January 1962..

29+ 29 December 196!+ Installed automotive type valve stems on
piezometers and made piez meters air-tight to permit more accurate

piezometer readings.




30. 30 December 196l. Completed setting, tying, and blocking
up bottom mat of new floor steele.

3le 30 December 1961. Started placing 17 foot #18 bars for
bottom mat of the 3 top mats.

32. 30 December 196l. Auxiliary dewatering pump tested.

33. 30 December 196l. All work knocked off this date at 1200
except for dewatering. insufficient resteel on site.

34+ 30 December 1901 to 2 January 1962. No activity except

dewatering around the clock.

35y 2 January 1962. Completed bonding of #8 bars in bottom
mat by tackwelding.

36. 2 January 1962. 7 day break on cylinders for counterweight
slab were 2800#, 3170#, 2604, 32304.

37. 2 January 1962. Contractor knocked off at 2000 because of
insuificient supply of #19 steel for three top mats on site.

38.3 January 1962. Rebar for 3 top mats arrived at 03%0. Unloaded
at 0800.

39. Started butt welding second layer of 3 top mats of #18 bar.

NOTEs Contracior was informed that welders must be certified.

Also instructed to prehe:. 18 bar and after ue}ding to wrap weld with
asbestos for slower cooll!g. Contractor concurred.

40. Also agreed to 'atkweld every bar on X and Y axes to insure
complete bondinge

4ls 3 January 1962. Contractor informed that materials used in

floor slab mix design wil! be tested per specifications.



42. 4 January 1962. Main dewatering pump broke down at 0230.
Started auxiliary pump. Water table at approximately 625'0 - 826.09 with
auxiliary pump. 7acility elevator out of commission 0000 - 0200.

43. O Janu: 'y 1962. Started tackwelding second mat of top three.

44s 5 Janu y 1962. Main dewatering pump rTepaired at midnight.
New shaft and impeller installed to replace old assembly with broken
shaft. Secured » xiliary pump and started main pumpe

45+ O January 1962. Additional #18 steel arrived at 1730 for top
mate Was due at 0200 this date.

NOTEr Project Manager, Simpson (Sides Construction), informed
Corps of Engineers site engineer that foundry supplying resteel shut
down because of gevere weather. They were within two hours of
completing thls steel order.

46+ 6 Janvary 1962. Second mat of top three re-bars, tack
welding and but welding ¢ mplete. Siarted butt welding top mat.

47. 6 January 1962. Pumpcrete equipment arrived.

48+ © January 1962. Last load of resteel due to leave Kansas City
this date. lleld up by bad weather. To leave Kansas City on 8 January 1962.

49. 7 January 1962. Started fabricating "A" frame to raise rebar
mats into position. Staried installing pumpcrete equipment.

S0« 7 January 1962. No work 1600 to 2400 6 January 1962 and
0000 = 0800 7 January beciuse of lack of resteel.

5l. 8 January 1962. At1000 received load of stirrups and

unloadeds 2220 la:t load steel arrived = unloaded 2400.




52« 8 January 1962. Concrete cylinder break for fourteen day
test on counterweight slab = 4000#, 4290#, 3860#, 44504.

53« 9 January 1962. Started tack welding cross-bars top mat.

54. 10 January 1962. Completed butt welds top mat.

55 10 January 1962. Setting forms counterweight pit.
(Economy forms)

56e 11 January 1962. Completed tack welding top mat cross bars

57+ 1L January 1962. "A" frames and hoisting equipment in place
and raised top mat of resizel to position. Also started raising the
second mat.

58+ 11 January 1962. Second mat raised into position and
started to place stirrups.

59« 13 January 1962. Completed grounding rebar of floor slabe.
Completed placing stirrup:ss Completed installing and testing pumpcrete

equipment. Completed foriing and bracing counterweight pit.
BOUR

le 13 January 1962. Grout arrived 1800, First load concrete at
1815. Rejected nine cubl: yards concrete at 1915 = excessive time lapse ~
concrete preset. Placed -2 yards 1600 = 2400. The 6" pipe to silo was
plugging. Started using ''uggies at 2000 until 6" pipe could be altered

to discharce concrete through lower section.




2+ 14 January 1962. 0000-0800, placed 120 yards concrete total
as of 0800. Concrete placement glowed because of elbow in bottom of
€" pipe plugging. 0800 - 1600, 200 cubic yards in place at 1600.
Using buggies to place concrete in counterweight, sump and dewatering
areas 1600 - 2400, 314 yards at 2400,

3¢ 15 January 1962, Conmpleted placing concrete at 0530: 392
cubic yards concrete silo floor. Finished, wood floated and placed

curing cover.

4. 16 January 1962. Started dismantling pumpcrete equipment.,

9« 17 January 1962, Dismantling complete.

6+ 17 January 1962. Forms removed from counterweight blockout.
Some honeycomb found. Finisher finished. Cleanup started.

7« 18 January 1962. New sump pump installation started and
piping. Electrician started electrical.

B+ 22 January 1962. Removed curing cover silo floor slab.

NOTE: Two fitters arrived at 1300 but couldn't start work till

1500 because Convair had elevator tied Up and fitters couldn't get
equipment to bottom of gilo.

9« 26 January 1962. Hydrostatically tested new sump pump
discharge line from sump pumps to 4" riser including hose at 150 psi
for 30 minutes Daturday. Meggered control and line leads to new sump
pumps Saturday.

10. 29 January 1962. Electrical and mechanical installation
substantially complete except for testing. Tests attempted but broke 2"
gate valve on vacuum breaker: No replacement. Electrical wiring

deficiencies found and being corrected. Test postponed to 30 January 1962.



11« 230 January 1962. Replaced 2" gate valve but could not
conduct test on pums because I & C phase contractor had counter=
weight pit full of timber and debris. Wirina deficienclies corrected.
Preliminary inspec'ion conducted by John Clema cof Corps, Contractor
representative (Sides), Base Engineering and SATAF. Contractur
instructed to continue dewatering on 24 hour basis until further notices

12 31 Janua:y 1962. Sides Construction planned to test silo
pumps this date bul unable to because I & C Contractor lowering counter-
weights into pit.

13+ 1 February 1962. Conducted final inspection. Corps of
Engineers, SATAF, (D/A and Sides Construction representatives present.
Silo sump pumps tested and validateds Six hour delay caused because
I & C phase contractor had damaged conduit and wiring going to new
sump pump alternator while working on counterweignts, 31 January 1962.
I & C phase contractor completed repair at 1400 this date. After
validation completr, silo cump pumps, Sides Construction was instructed
to stop dewatering (temporary) at 1900. At 2000 a GD/A inspector
reported a small s'ream of water flowing into counterweight sump.
Found water enteri j at construction joint at bottom of counterweight
pit near center of north corner fillet. Assumed this leakage to be due
to counterweights '2ing loaered on oak cribbing on counterweight support
slab causing separ:tion at construction joint. Piezometers indicated a
rapid rise after tomporary dewatering pumps shut downs At 2100 water
backed up through an open valve in the temporary pump system. Valve

was closed by mainlenance personnels Mr. Poynder, the night GD/A




supervisor called Sides Construction operating engineer back to site
to resume dewatering. He was worried about the lagging under the
counterweights swelling as they soaked up water and causing movement of
the counterweightss Dewatering continued until 1140 on 2 February 1962.

14, 2 February )962. Contractor (Sides) and New York Plumbing)
removed temporary gasoline driven dewaterino pump. Aareement was made
to leave main pump in place until it was determined that it no longer
would be needed.

15, 5 February 1962. Removed main dewatering pumpe. Contractor
removed temporary equipment and facilities from site.

16. 10 February 1962. Cleanup and restoration of all levels and
equipment disturbed by Sides Construction Company complete. Last punch

1iet item corracted.
17+ Completion.

a« Contract specification item No. SC=1a(l) covering the
placing of concrete, rem val of concreting equipment and all work and
clean up level 8 was scheduled for completion on 22 January 1962. It
was substantially completed on 15 January 1962.

be Contract r ecification item Nos SC-1a(2) covering the
installation and testing »f electrical and mecnanical equipment was
scheduled for completion un 15 February 1962. It was substantially
completed on 29 Januvary 17C2.

ce Contra ¢t :cification item No. SC-la(3) calling for

final completion inc ¢ j water control operations and final clean wp
of premises was sche ©  for completion on 22 February 1962. It was
substantially comple ' n 29 January 1962.
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18« GENERAL O Al
probleme encountere:
generzlly, did an e: .¢

conpleted the job al

NSt In spite of the congested areas, many
@ delays in steel shipment this Contractor,
‘ent Jjob, was extremely cooperative and

of gchedules
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FOUNDATION SITE 8

The launc!

material of a i

silo at Site B was bottomed out in a quick
was obviously

sandy silt lens in the Aftonian Formation.

This
nged condition from the exploratory drilling logs
shown on the ori: nal contract planse.
The contrac

was directed to use steel liner plates against

the vertical facc f the cut in lieu of the wood lagging specified

and to drive an a litional ring of well points around the cutting
shoe to remove th:

interstitial wate:
in the silt forma

tion and stabilize

i

Voot o
the quick conditic

of the material.

Il
M
|

It took appro

imately thirty da) d-"m~n~ =S Tj T" g
ot . WL Al

with maximum effo; . ;

by the contractor

X T e
mine the bottom 5. at
of this hole. The¢

RGN AT D) At )
cost and loss of 1

against the Gover:

2 on this pacing item was a substantiated‘clnim!

ite It was, therefore, important to ‘the econdmy




of the project and in the best interest of all parties concerned to
minimize such costs and delays compatible with sound engineering
design and construction.

The foundation was originally detailed with a Type 4, 7'-6"
reinforced concrete slab structurally designed for a full hydrostatlc
head of 181'=6"+ The exisling hydrostatic head was recorded as
approximately 119'=0" and, therefore, a special silo foundation slab
of 5'-6" reinforced rncrete was designed and poured for Site 8 only.

A copy of this desigr, knoun as Type 5, is illustrated above.




l. Generals

a. Valide

connections were ¢!

were made complete
utilize test crews

bs As & 1
have been correcte

€C. Mest o

progressed. When '

to another validat:

most probleins and |

d. This p
often saved time b
tests, refilling s
up a test than it «

corrected in one s\

especially iIn those

2+ Diesel genx

following.

as Checke«

bo Che(:k e
¢+ Visuall
ds Recordc

2. Checkecd

and rem

VALIDATICN AND TESTING OF

SYSTEWS /ALl EUIPMERT

are often conducted before electrical

out completely and before piping systems
it This was usually necessary to properly
0 meet scheduled completion dates,

deflciencies cropped up that would normally

e final testing.
oficiencies were corrected as the tests
used undue delay, test crews often moved

est crews were proficient enough to handle
5 available when needed.

> often wasted man-hours but just as
rating the necessity of rescheduling

etc. Cuite often it took longer to set
tun it. And quite often a deficiency
“pedited the validation of other systems =

iere interconnected.

nd switchgear validation consisted of the

‘corded crank shaft alignment.
'corded generator air gap.

‘cted complete plant and components.
tation resistances (meggered),

don of circuit breakers =~ local control

|t.1‘01 .




f+ Checked out main and control circuits.
. ge Checked phase rotation.
he Checked operation Diesel Engine controls - local,
from 480 volt switchgear and from Power Remote Control

Panel.

L. Checked operation of meters, indicating instruments and

ground detection equipment including protective relays.
J+ Checked safely devices and alarms.®
ke Made and charted steady state frequency tests, 25% to
110% lead,
1. Made and chorted steady state voliage tests, 0 to 110%
load.
. Made and recorded (chart) steady state voltage drift tests.
n. Iade and recorded (chart) speed regulation tests.
0. Made froquency transient and response teste and recorded
results (chzit),
ps Made voltage regulator tests and recorded results (chart).
4+ Checked out .nd demonstrated parallel operation 2=hour

test at load<to 550 kw.

r+ Demonstrate’ remote control operation from tlie Launch

Contrel Cen! n,

s« Demonstratec sustzined operation with 18 hour continuous
operatizn terts with loads ranging from 25% to 125% loads
logged ‘cad’ g5 of temperaturss, pressures and electrical

readings an secured recordings of clectriczl conditions.




J« The

Electric Compeny fi

Checked fuel consumption various lo:zd conditicns.

Iin cojunction with ciecel gencrator tests, the

01 1 )
il

5‘ 1o
the a
Sumne
01 el

n; systems cssucizted with the diescl engines

"0 tected: condenser weter, cooling water, lube
1 supply, exhaust znd ventil_ ticn and exhaust
Leins.
‘gt modifications on the engines: bafflazs in
intekes were installed to raducc cavitation.
'r meters were replaced; gauge cocks moved out

-

'sed engine panels in oxder io be accessible,

modified fuel injection delivery valves and changed

fuel in

3TiC,

Lest crx

Corps of Engineers

crew on a full time

personnel 1o assist

Jeciion timing from 7.9 degrees to 10 degrees

w consisled of two ihite Engine and two General
ld engineers who worked 12-hour shifts. One
ngineering Technician was assigned to the

basis and u;ilized site Corps of Engineers

on around-the-clock tests. Western Contracting

Corporation employe! one operating engineer and one pipefitter

for each shift and !

supplied an electri

ower Engineer (electrical sub-contractor)

ian each shift and a test foreman who was in

charge of transporting and setting up test equipment. Other men

and trades utilized

as conditions dictaged. GD/A C was present

for all tests so th L field tests were actually a final validation

also.




4. A fan cooled roe

The bank was arraned

for the generators = !

built unit and sex
appeared 1o be muc
during the tests :
5. The test ¢
This could have be
tion and preparat!
6+ In most c-
tests when the crs
water on the site.
coollng tower in
by for make=up wa
problem to keep ti
from the Corps of
that actually occt
"Cooling 1
water broke axle
falled. Had to ¢l
which was inadequ:
clogged. Had to ¢
of tank truck intc

tower before new

get thing cleared

o

0 provide

J KW total.

sistor bank was used to load the generators.

250,

5055y 75%, 100% and 110% loads
This load bank was a custom=-

'@ requirements admirably. This method

' satisfactory and essentially trouble=free

sites.

vent an average of seven days on a site,

'uced to four days through better coordina=-
the Contractor,

‘he site was not ready for diesel generator
Lveds A common problem was lack of condenser

as usually necessary to haul water for the
fruck and to have a tank truck standing

hen things went wrona, it was often a

5 going. The following is an excerpt

:rs test diary that describes an incident
" one site during engine tests:

*ssed up. Tank truck delivering make-up
to be towed into position. Pump on truck
' gravity flow (from truck to tower)
jater) level on tower too low and strainers
'd water from fire truck and take water out
truck from which it was pumped into cooling
'ine arrived for tank truck,

We mam ged to

're engine temperatures became too high."




7+ The condenser water strainers clogged because the cooling
towers were new and the redwood used in them was still flaking.
During the sumaer menths, moths and June Pugs created a problem.
Cooling tower strainers were coarse enough to allow these insects
to be drawvn into the system. Temporary fine mesh screens were
Installed to lick this problem. The test team was made of
excellent personnel who did the job right and well.

8., Delays were caused because of other work going on; silo
caps being poured; PLS tests being conducted; welding and oxy=-
acetylene cutting was going on.

9+ Mechanical and electrical deficiencies also contributed to
delays. Pipino systems vere often in the process of being completed
or tested vhen the test crew arrived. Electric control wiring was
still being pulled. Generator areas were cluttered vith cang boxes,
hose, scaffolding, and olher equipnent which had to be removed,

10. On some sites we found engine controls damaged, fittings
broken off by workmen walking on engines, fire damage from welding
or burning in the vicini'y,

11s Vvhen replacem:nt parts were needed, it was sometimes necessary
to canabalize the switchiear or engine on another site to be able
to proceed with tests w' hout delay. However, replacement parts
were secured in ample ti.e so there was no holdup on the downstream
sites because of thic.

12, On one site, 2 * lve was removed from a 3" line tied into
the silo sump pump discii rge riser. Contractor personnel staiteé

the silo sump pump and | mped woter through the riser and 3" line and

o



drenched the main
arrived on site,.
gaars
13. A good man
with Diesel Genera
connected with the
recognized that up
program problems
sec that they were
14, Utility Al
Leaks dev
were in backwards
requlators were f¢
correct pressures.
pressure test, 1if
were adjusted and
15. Utility %
Leak ¢

da

and leaks were nol

and corrected. P
operation.

b. Commoi

Check

tripped pressure :
16. Facility |

Wiring def

o

il

Such unfortinatl .

]
)

hgear a few hours before the diesel test crew

"15 necessary to clean and dry out the switche

accidents were rare but they did happen.

ex frustrating things happened that interfered

alidations, but the job got done and everyone

¢t was satisfied with the results., It was
uch an accelerated concurrent construction
» be faced and our people were there to
'd expcditiously.
Ldationg
and were repaired, back pressure regulators
re reversed, relief valves and pressure
' be improperly adjusted and were sot for
" the system was later given a final proof
- no leakage was found. Pressure switches
! In one operation.
ilidations;
on this system conducted prior to validation
ublem.

Some wiring deficiencies were found

@ switches were adjusted and tested in one

loms:
- in P~80 and P-8l1 slammed hard and sometimes
e Solved by insolating pressure switches.

:al Power:

ies found and corrected.




17. imercency Lighting System:
Pepleced severasl batteries = wouldn't come up to charge.
Failed inlensily tesis. Damaged lamps were replsced. Considerable
time wos lost becwuse of improperly calibrated relays; however, a
new source was tow ! by Contractor and flown in and replucenents
made .«

18. Gas Detect: .

l“ine Safel ppliance Company representatives calibrated
deteciion equignen Problems=snifter heads damaged ~ dirlys
defective componen’' in detection cabinets - replaced by Mine Safety
Sppliance; damper or Tor Vo-21 unablie to open V=2l after SF=22
started - replacec  Lh laryer motor; wiring deficiencies =
corrected. The x¢ sentatives from this coanpany were well
acqueniied with i equipment end did a thorough and conscientious

Jobe.

1% Elast Doo:

Froclems: dioswiteh cdjUztients necessary; wiring deficiencies,
correciid; some ¢l G requirec for proper secling of doorse
20. lLmergency ‘T Systen
Froblems: ting deficiencies i velve motor circuits were
corrected; valve «  sting méchanien reversed - correcied; control
viring dericienci: corrected; pump rotation was in some cases

wrong so motor co! tions had to be reversed.
<le General P ing and Punps:

Fire hose tem ~ no problens.



)

22, 1CC Sevaye Pumps ond Sanitary System:

Proble
manui acturer;
coluan anc swi
to stop ieazis;
Also, wiring ¢

23, Silo &

Proble
pumss pretecte
nandizg up on

2'1 . :JL;C D\

Liapnragnm operated switcn failed - reworked by

L

leaks in connections between <iaphragm and

1 coluun were problem - Teflon tzpe finally used
ature of water zlso seemed to affect operation.
:ies - corrected.

’Ss3

ping silo sump clean during construction and
cheniccls, solvenis, etec. [Float switch rods
52y Liring deficiencies = corrected.

water Systeis:

o prc
29+ RP=1 L J Pumps
Ho pro
20« Air Co iny Sysienmy
Proble ring deficiencies = gorrected; fan motor rotation

WIong = reVers

liquid control

cmostats adjusted and tested one operationg

= adjusted; VD-40 striking X-bracing - corrected
by moving supp SF=41 away fron X-bracing; broien mercoid switches

V=40 ~ replac “ruciion damage); firestat wired wrong = rewired;

pressure switc
tower Lhexrnosti

ressure failu
p

Zls Heatin

Proole
TSV adjustnent

firestat and d

isted and tested in one operacion; cooling
iy deficiencies = corrected; water chiller oil
‘h timer = required adjustment.

‘ntilation:

- .

nirol wiring deliciencies - corrected; LCV and
volune dampers adjustments required and mades

]

. wiring wrong =~ reviired.



20 alr Washer Sysien:

P'zoblous

P-20 and P=-21 uneble to maintain pressure = losing

suction = uir Tound; vperziion unsatisfactory. Liyuid control valves

ieaking througl
presuure 45 psi
ductr; leckage
3" energency di
(no check valve

)

e Automal

30, Fire T
Viring
3le Fersom
Wiring

7y

J2« Facili'

iring

23s 4G Vel

[ic pro
34, Televi "

lio prol
supervised the
3« LLC Kl
Level L
deficjiencics ~ r

lindts = low ¢ _u

]

05 designed To operate at 30 psi end header

leakage through spray nozzles fleoding flex
vr collector flanges; water backing up through
line; from four inch silo sunp discharge riser

'ng deficiencies coxrected.

Cieratoz:

periied leich required adjustieni jn some casese
n and Suppreesion:

encies - corrected.

ning and Alaxm System:

oencies - corrected.

te Contiol Pznel:

encies - corrected.

etems

recept a defeciive relay in onc case.

Licdaiion:

Televicicn represeitotive from the factory
lation and male the .djusimenis requireds

dexr Spring Supports:

] H

wired wXoing - corrected; other wirlag

(7]

ted; cylinder pressures nol within specified

floex not caxrying cesign load at time of test.

0




—

0. Facilivy Elevaotor:
viehitf wcluzers zcpsescentotive on hand fer tests - electrical
aeiiciencics corrccica as acund.  jhe Otls Elevelcr people performed
their own gperationus iest anc checkout before cur Valicoticn Team
vas Gaxleu Lo valicale on cuxr prcocedures. In come coses the

maiusacturers test rcquirements viere grezter thon our avne.
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PROPELLANT LOADING SYSTEM
CONTRACT DA=5761

WELDING OF PIPE 1D CLEANING

There was considerable discussion on the subject of producing

structurally sound piping which would meet the cleanliness requirements

of the specificatlions.

The initial welding and cleaning by acid pickling performed by
the Contractor produced severe corrosion in the heat effected zone of
the pipe, greatly reducing its physical properties. This phenomenon
is not strange to the welding industry associated with oxygen piping
and effective means of minimizing it have been developed. Proper
welding procedure and technique are the most important criteria.
Carbide precipitslion occurs in the unstabilized stainless steel used
on this contract +hen heated during welding. The extent of the
precipitation is dependent on the length of time the steel remains in
the "critical" temperature range and on the carbon content of the
steels This precipitation can be minimized but not completely avoided.
However, the physical properties of the steel pipe under discussion
were not materially altered by the weld itself. The internal condition
of the pipe at thina weld was such that excessive acid pickling was
required to remove the severe oxides and/or nitrides which formed
during welding. [he excessive pickling caused severe corrosion in

the heat effected zone which physically removed the precipitated



chromium carbides thereby materially reducing the structural soundness

of the pipe.

welding, will in turn eliminate the need for excessive pickling to
produce a product suitable for use with oxygen that is structurally
sound, providing the weld is ggod.

The question then is whether the contract specifications were

adequale to provide the quality desired.

Elimination of the severe oxides and nitrides during

The specifications read

"welding shall be in accordance with the procedures and material

specificd in the ASME Code and the ASA Code B3l.l for pressure piping.

Inert gas backing welding process shall be used for welding of all

pipe joints for at least the first pass.”

It is not known exactly

what interpretation of this paragraph was made by the responsible

procuring agency (Ft.
tungsten arc welding p
with an internal nitr:
it is nol undnorstood -
gase Thls pr-ctice ¢
clean weld prior to g
and nitrogen ¢ the a
nitrides =~~~ "(unde:
Engineers' Handbook,
not serve this purps
Ballistic Missile a:
"A 100% purge of the

amount of scale"s |

“1inge

“orth District, CE); however, the gas-shielded

ocess was used for at least the first pass

'n gas purge (backing). This is finej however,
y nitrogen backing was used instead of an ipert
ved to aggravate the problem of maintaining a
"Shielding" serves to exclude oxygen
» thus eliminating the formation of oxides and
ARC WELDING' page 13~30 of Marks' Mechanical
<th Edition)". It is obvious that nitrogen will
Reference paragraph 2a of Chapter VII, CEBMXD
race Facility Design and Construction Han#book,

ld area with argon will produce the minimum

‘o Company, Division of Union Carbide Corporation,



states "Argon is reconmended as a backing gas for pipe welding, since

it is the most effective in preventing oxidation of the back side of

the welde===== Nitrogcn has been used as a gas backing for the welding

of stainless steel plj , and carbon dioxide has been tried. If nitrogen
or carbon dioxide are 'sed as a gas backing in welding, the back side of
the weld may be advers ly affected due to chemical reactions of these
gases with the weld pv dle." At best, the specifications were vague.
They required welding 1 accordance with the ASME Code and an inert gas
backing. The ASME Co. does not specify procedures. The fabricator's
procedures are code ¢ 'ified by passing prescribed tests on specimens.
This was done prior ' cid picklings It would seem that perhaps the
simplest way to assw« ‘esired quality would ba to specify that the

fabricators welding p: edure be qualified following acid pickling.

This would force the | ricator to develop welding techniques and
procedures and nickiii methods that would result in the desired end
product.

Due to the dif ! .ies encountered in obtaining sound piping,
Ft. Worth District «n' rized an aiternate cleaning method in lieu of
acld pickling as pr ed by the Contract specifications. This
consisted of deurea ! rior to welding with Oakite 33, weld using
nitrogen backup and in" by immersion in Oakite 99. Oakite is not
an acid and it does cemove weld scale. As a result, the inaccessible
welds (those that ¢ ot be reached for mechaﬁical cleaning) had, and
still have, a coati weld scale. This was evidenced by the fact that
even some of the acc-  le welds (which were mechanically cleaned with a




stiff nylon brush) on pigping received in the field showed presence of

weld

aCale.

Particl«

could be dislodged f

en the external surd

arount of lint, indi

at the clecning pla

of the propellant !

was far from being

the piping at some

Installation intec

of pipe, nylon clc il

nitrogen gas.

A Or

noticeably affect. i

while as an avera
systen testing to
Atlas F projects !

It 1s not kn

and tested will e

missile contracto:,

have no fears as

this contract.

2T

LBe

5 of weld scale in excess of 150 microns in size

om the internal surfaces of the pipe by tapping

Also much of the piping contained a large
1tina that possibly the final rinsce water used
was not kept cleans In short, the cleanliness
ing system piping as received at the job site
table for use in the system. As much as 90% of
's had to hasve contamination removed prior to

systems Methods used were tapping and jarring

© brush, trichlorethylene wash and blowing with

- amount of time was spent and progress was

Ioviever, it is felt that the effort was worth-

no more than five blowdowns were required during
acceptable standards. Reports from some other
'ted a higher average than this.

iether the condition of the piping as installed
: detrimental to the system. Apparently the
ieral Dynamics/Astronautics, and the Alr Force

'id not question the integrity of the systems on




VESSEL CLEAMNL i
The vess:
than experien
fabricators in
product with !
project delnv
was very wiecn
one to furnich
The major
tions of Con!
satisfaction
components &1
"opened the ci
the vessels «
were not clean
excess of 100 o
immediately in
time the blind
The Contractox
resulting in »
of some of tie

considerable, «

5 installed under subject contract were as clean or cleaner
l on any previous project of this nature. The three
'lved performed a commendable job, producing a quality
ely delivery. At no time were other phases of the
ue “o vessel delivery. The prime contractor, Western,
his choice of fabricators and in choosing more than
e cryogenic vesgsels.
roblem concerning vessels revolved about the specifica~
L DA-5761 which read "the Coniracter shall check to his
“ the facility vessels and interconnecting piging and
lean, and free of foreign material.” This statement
' for the piping Contractor to refuse to connsct to
'y the facility contractor on the basis that they
It is a simple matter to fing a particle or so in
rons in size (maximum allowed by specifications)
‘e a vessel nozzle as such may be introduced at the
ange 1s removed although they are readily removable.
+ DA-1 761 took {full advantage of the situation,
dification to the contract to provide blowdown testing
ssels prior to connection into they system at a

- to the Government in time and oy .




EXCELLENT UNDERSTANDING BETWEEN AIR FORCE (SATAF) AND CORPS OF ENGINEERS

lhe local UATAF cxzerciced sound judsment and a realistic approach
to proklems encountered. Of rrime importance was a "lMemorandum of
Understanding" regarding cleanliness, prepared jointly by Lincoln SATAF
and Corps of Engineers. This document relaxed the specification
requirenents of most of the system regarding cleanliness during
installation and ter ings There is no doubt that this action had a
marked effect on tii Iy completion of the PLS. It served as a great
aid to the Corps of tigineers, Lincoln Area, in making the most of
what we had to work .. ths In connection with this agreement, the
Corps documented th: ‘ield cleanliness inspection data on each
co.poncnty speol by - ool, etce, and submitted this information to
the local SATAF to e them a complete cleanliness history of the
antire system. It helieved tnat this is the only time such has
been done on a proj of this nature. Unequivocal acceptance of the
completed systems b AIAF was in large part contributable to the
above. In addition  ATAF surveillance personnel were allowed 1005
access and signed t! inspection documents along with the Coxps of

Engineers represent ve.




COIPS 01 ENGINEERS INSPECTION

Qualily control coverage by the Corps was achieved by assigning
one qualified man at each of the twelve sites with ssle responsibility
for PLS.  The minimum qualification for these men was previous FLS
experience with above average performances The Corns of Enginecers did
not have enouzh of such men to supply twelve to this project; only
four were obtained. The additional eight men werc supplied under a
separate "Service Contract" with United Testing Laboratorics. This
ofiice was fortunate in having the services of that Contract phase into
this project direct {1 m a previzus projects Only the tos individuals
were selected based on our prior experience with these men.

The "lead" PLS men at cach site was sunplementod by Corps of
Engineers inspectors on tha cita covaring other wor: during peax
work load. The system was very satisfactory and rcsulted in a smooth
runnina project where many various partiss are involved. Adequate
Coverage was achieved with a minimur of personnei on a rhase of the

project reaquiring almost 1007 inspection.




SECTION 10

Construction Photographs
l. Launch Control Center
2+ Silo wall Concrete
3. Structural Steel
a. Crib Suspension
bs Launch Platform Drive Base
4. Sllo
a. Excavating
bs S51lo Electrical
¢+ Silo Mechanical
de PLS
e. Silo Cap
5. Exterlor Complex
6. IMissile Assembly Building
7. Liquid Cxygen Plant

B. Grounding and Bonding
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Site 3. Bend!ino nperation of re-bar steel in preparation for
placement in mi= !le silo.

.
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Site 3. Detail view of jig for placement of vertical re-steel
in sides of missile silo. Steel in jig ready to be lowered
into place.
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SITE €« WILBER. View into silo shows
and struls instzlled on +X.
l.‘;{';‘a":?:fo 7 DOC 600

shock hanger bracket
FLS vessele placed on level 8,

SITE 7, YORK, General view shows crib steel to level 3,
(13796« 1 Mar 6], .
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(3015« SITE 10, ELMUCC). 9 Aug 60,  Looking northuest
from top of opon ¢ut, view shows excavetion 4in progress
for ring beam {5, Ping beanms are stored at slope

shoulder und ot top of open cul upper left
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H3U5L7.  shows s typical "off center™ inctallation of
bridoe used to suspend safely net to near botton of
excavations Met was fabriczted from *¢hain 1ink*
fenclng meterial.
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FA15T.  CITE 7y YOIXe 1 Ot 60y  rerizl view looking
soullis Note 'ing beax segments storod in foreground
¥nd tilo Elasi Closure Sleeves stored forward left,

‘41304, SIT: 9 SEXNLe 11 (2t 6D, rerial view looki
wart. liote

et plling around ciles iork plitfora is
in plece are

i top of LCU in prepsration for wall pours



#C=1%, 'E 75 YOIKe Shows partislly completed
sheet p! g instollaticn arcund the perizhary
of silo vrotect excavation,
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120202 ITE 8, SEWrRD, 7 Btpt 60, c.lD“Up
viow she — type of pile driving equipnant in
urs 2L 1 s Sitoe.
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e d3001 . 4 facing northwest shows typical installae
tien of 'd reily saieily bridje and site wischinery,
iy b '440te &t righits Covering has been pleced
owr | an concrete” pad in background,

r 3920 # into silo shows fregh oir supply duct at
upper ‘o moterial "skip" beiny unloaded on bottom of
excav: i nd typicel location of susomnded safety net,

dote piol v@ mosh over operator's :-a. on loader,
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=7« Nove 60s Close=
up of ring bean struce
ture shows manner in
riiich ock wwdges were
used to secure the pak
1899ing behind the ring
beame. Wedges were held
with 50 & 60d nalls.
tote grounding ceble
attached to ring beans
by exothernic welding
process. Crounding lug
at locvor left. hdglt
typlcal all sites using
lagging,

148

£33550. Ghows view of woll malntained working area,
kote outor guard reil with toe board, Entrence
ladcer typical all sites. GCloping inner safety fence
forned from "ehain 1ink™ fence. L2gging stored
upper right.
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1le /WVCN, RIMLSKAe 3 ‘pril 61, View tacing
heast on luovel 5 shows General Electric «s0 Volt,
AKD Switchgear used with genersting units, ;44400
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3o, I -’-THICE, NERgecya, 2 March 1961, View frm
! stairway faclng west shows complex of cable
for ‘cecers to Launch Platform, #43876,
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View fech ;3 north of tr,:lea! inst:llation showing
portions  { fecility elevator drives Loft to xight =
Lesy Box, rske Housing end 440 Yolte> D 1 drive
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olevatoe: wALI4T .
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SITE 2, difrie  AIP wesher dust wollectos units
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245103, SITL 3
WO 2 Ray
Gle View fage
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TWoe  Vies gorth vnmerd Fros disss) generating wnit on
level 6 shows the Heat Recovery ullencer end bf=pess
plpinje Hote otor uriven demar control of wpor left
and flexiblo steel empanslon Jolnt et evntor of by=pass,
lote alwo dnterference of lighting fixture ot rigtt with
plpinge  This fixture was later golocsted,

44630, 8112 9,
B INARG, WERST,
€ Apre 6ls
View sguth on
level & shows

wOI0I0I0 -,
¢ 101010 ;. _L

«JJIOIO ©



i I 'ﬁ'l}-g.
north
covplin

i 9. M!IR'“:' H'EH!LAE-.YJ.. ‘ 5":: 61. ?iﬂl
! froes sllo floor shows ducting and floxible
3 Exhoust Fend UF=40 sl Blf=d],




r48) Caortlang Heb:eahia 324) slalnge e 60,
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*47003. OErtland Rall slddnge Jan €le  View {aeing
north chows teo:orary protective shelter erected over ,
end (L00) of Liuid urygen Slorage Tenk to facilitate
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LAUNCHING SILO GRCUNDING-BONDING SYSTEM

Problemns were encountered in exothermically welding the
vertical grounding cables to the ring beams because of the water
that existed in the top web of many of the beams, as well as
wet beams. In addition, these were heavy beams. On determination
of the relatively jpoor welds it was determined that by
exothermically weliing the 4/0 copper ground conductors to
2" % 5" x " steel plates and then welding the plates to the
beams, more satisf-ctory results, much better and more secure
bonding was sccurc:l by this néthod.

The following 'wo pages of photographs show how the electrical
subcontractor mobillized his forces to exoth2rmically weld the
h/o copper conduct r to the plates.

Annex R gives the resistance reading of the grounds that were

installed.




Two views =’ v grounding cable grids being assembled
in shop + o In the lower view, a weld is being
made by 1'i» xothermic process.




tn coppor walds

tolds were made by

type of coppar

owwing grid.

:xotnerwic wmethed.

Upper view sloiis
LCC ax

used in

plates extachec to copper grounding

herrmic process.

8 sleel

Lower vie

Ths steel plates were then

Came and othe? stirvciural mesmbers as

cables by ¢
welded to 1
required.
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The Remoteness of ihe Location

The Proximity of the Laterial and Supply
Sourcen and Means of Transportation

Tho Effects of the razther and Climate Versus
the Feriod Covered by the Construction period

The Aveilabllity of Skilled Labor for Construce
tion,

The Re’ :tlonship Between Contractors and Labor
and Do'vween the Crafts

The Productiviiy of Constrxuction Labor

The Co!'iractors Management, Including use

of Per', Critical Path and Other Techniques,
if ipp'icubles

Contra or = Subcontractor Working Relationship

The Ef »ct Sukcontracting had Upon Operations,
Effici ncy, end Total Costs

The Ef 'ct of Joint Occupancy
The Ar- » Engineer-SATAF Relationship with

Regard - to Interpretation of Contract Condi-
tions od Turnover of Facilitles
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FACTORS THAT E!

l. The Remoleness of th

The slites for the ]
of protective dispersion
the last of the "softest
facility was upgraded t«
"F" program, the site lo
more compact workable g
some cases as much as I
a building a series of )
trained crews, central
supervisory control, E

costs incident to custo:

"ieCTED THE TIME OF CONSTRUCTION

* 'D ULTIMATE COSTS

Location
icoln complex were selected on a criteria
'ver a wide areafor what was presumed to be

ds" for the Atlas "D" Missile, When the

‘he first of the "hard-stands" for the Atlas

‘tions were not modified accordingly into a

pse The separation of the work areas, in

miles spart, mullified the economic advantage
© structures through the repetitive use of
ply depots, equipment pools and simplified

' site became a project with all the added
onstruction,




2., The Proximity of The Material and Supply Sources and Means of
Transportation

The siles were well located adjacent to state or interstate
highway systems within an hours trucking distance from Lincoln and
Omaha as source of rupply for nominal builders materials., However,
this locale is an a; ‘icul lural area and all mamufactured or fabricated
items such as structiral steel, sheet metal, pumps and motors, heavy
tanks and piping, e'~, hs' to be procured, scheduled and shipped frem
industrial sections of Chicago, Houston or Los Angeles, This distance=
communication problea becsme acute when modifications were further
modified sometimes ‘o the sixth index snarling in-process inventories
and production cont:ols nnd causing drastic rescheduling., These
delays created an irpact on all downstream work which had to be bought
back as acceleratior cos': in order to maintain the integrity of

contract time and A'r Force need dates,




3+ The Effects of The Weather and Climate Versus the Period Covered
By The Construction Period,

a. The sites for the Lincoln complex were originally selected for

the coffin type launcher without any consideration for the subterranean

conditions. When the complex was later modified to the hard type launcher,

the foundation exploration and rewrite of the method specification for

mining the silo shafts were hurriedly assembled with all the resulting

inadequacies of haste,

be When the mining

and quick silts not show:

the contractor claimed a
guldance, At that time,
to recognize the claim f
forced to proceed under

Ce This resulted i
the conerete pour for th
winter construction, Wi
costs incident to frozern
are Incalculable, Likew
to the many problems anc

Appendix A for climatolc

“ration started running into wet excavation

m the boring logs or covered in the contract,

'nged condition and requested necessary

was not considered administratively expedient
‘hanged conditions and the contractor was
‘nadequate method specification,

30-60 day delay in a pacing item wiich threw
Lo haunch and the site backfill into

4 on the Great Plains are severe and the
kfill and weather protection of construction
the wet springs contributed immeasureably
ther delays at many of the sites. (See
1 information.)



A.4. The Availal

a. Eastern I

tural community

annual highway an

are no experiencs
electricians, i1
this magnitude.
be A majorit
more highly indu:
or a promise of r
c. This shorx
of skilled labor
program of buying
de Workmen c
this project was

do the best job p

lity of skilled Labor for Construction

braska and Western Jowa are primarily an agricul=-
th a skilled labor market adjusted to the normal

| school building type of construction. There

' miners and an insufficient supply of skilled

workers, pipe fitters, etc. for a project of

of the skilled workers were recruited from the
rlalized areas and either given a subsistance pay
'stantial overtime.

'ge brcame critical when a relatively large supply
's required for short periods under the accelerated
back '‘me lost on the multitudinous modifications.
e fron many parts of the country. To some,

othe: Jjobj to others, it was a challenge to

sible under adverse circumstances.




5. The Relationship Bet:cen Contractors and Labor and Between The Crafts
2. The critical slnrtage and competition for labor was intense in
the Lincoln area amd was [urther complicated by demand for follow=-on
construction and install lion activity at the sites., This accelerated
the turn-over of skilled personnel and generated an adverse situation
favorable for slow-downs nnd strikes,
b. This condition 'as further confused by territorial claims
and disputes between hiring-halls in Omaha and Lincoln with significant
variations in rates and  irisdiction and resulted in little labor
empires being built up a2’ each site with personalities and wildcat
strikes causing costly d iays, The Lincoln complex recorded 1,610 man-

days lost due to strikes

ce There were many etty differences as to which skill was to do

certain types of work,




6. The Productivity of Construction Labor

as The critical shortage of skilled labor, the physical and mental
fatipue resiulting fiom over-time work under the accelerated progranm,
the distance between sites and the restricted area for feeding materials
to the job combined lo reduce the effective labor effort to approximately
33% of norm.

be Considerinpg the conditions involved, it is doubtful if, as a
general matter, productivity ecould have been improveds This is
particularly true because of the many modifications and changes which
required re-working in areas in which a certain craft had finished work

and a subsequent craft was continuing the construction,




T. The Contractors Mans

a. The distance be
compressed construction
staff at each launche:,
the work and responsiiii
impossible to staff each
be As a result, tb
& horizontal controel «f
reporting to the Proj ol
with the accelerated  r
currently under const: uc
immediate vertical co
burdened with enginee ;-
manapgement of labor p !
€. The contract
trols in scheduling w '}
path technique was in

the costs during nego'

vement, Including use of Pert, Critical Path
and Other Techniques,

If Applicable,

‘ween sites, the marnitude of the work and the

“chednle demanded highly qualified supervisory

'he prime bid the contract without syndicating
vy and, as a single contractor, found it

“ite with competent supervisory personmel,
contractor tried to manage the project through
e principle items of work directly under and
ffice in Lincoln, This system became chaotic
‘am when two or more pacing items were cone

‘on or installation at a site, There was no

. except through a distant office already over
and administrative proglems, no effective

or efficient use of available equipment.

d not use advanced electronic equipment cone
labor or equipment; however, a pesudo eritical
rated In tracing the history and Justifying
ons on the claims,




8. Contractor = Subcon!

8, The prime conta
erected the structur-l ¢
ment on the Lincoln ‘its
to the A.5.C. equipm L,
reinforcement and th el

b There was s/ 2

and subcontractor pc :on

compressed time sche L
and lack of vertical u;
administrative and p'
very cordial and coo
PLS piping ASC contr !
ce The enpinec 1y
under a special sepr i
duties of the Contra I
to CERMCO, and the /.  «
to the prime. This . a:
at arms length by th

management lovel,

~actor Working Relationship
tor built the forms, placed all concrete,
el and installed all the mechanical equipe
The principle subcontracts were limited

ainting, furnishing end placing all the concrete
trical work,

mor friction generated between contractor

. at the working level as a result of the
oncurrent operations, limited work space
vision at the job site, However, at the

7, level, the relationship of management was

e with the cingle possible exception of the

d inspection of the PLS sysitem was directed
anch in the Area Cffice, the control and
fficer were rever completely transferred

ract was not wholly assigned as a subcontract
‘ubcontract was more-or-less administered

- and there appeared to be differences at the




9. The Effect Sut Lr: :ting had Upon Operations, Efficiency, and

Total Costas.
a. Since Lhe ime on the facility contract accomplished the
major portion ¢ I woir' with his own forces under his own direction,

to that extent, al as! the confusion and downstream impact generated
by the multitudine: nur =r of modifications on modification, revisions
and field chanpes the plans and specifications was reduced to a
minimum,

b, This fral re of the contract was also reflected in the

negotiations of L} =laim amd modifications, the majority of which

were settled wi'ho: the (2yment of a duplication in overhead costs and
profit,
Ce The heati'  and ontilating and electrical contractors were

two of the larger working subcontractors who did, all things considered,

excellent work,




10, The iffect of Joint Occupancy

a. dJoint occupancy of the job site by GD/A and the Corps' follow=
on contractors has not created any material problems or adversely
effected the operations, There have been some minor irrigations at the
working level, either from the lack of knowledge or desire for premium
pay, and in a few specific cases rescheduling of work was necessary,
but there have been no serious delays or contractors claims for intere
ference resulting from the concurrent operations. The relationship
between the Area Office and SATAF and their respective parties has
been most cordial and cooperative,

b. Generally, the relationship improved as individuals of the
two apgencies became ncquainted, It developed that many GD/A people

looked to several of the Corp's personnel for information and assistance,




1l. The Area Engineer-S/TAF Relationship with Regards to Interpreta~-
tlon of Contract Conditions and Turnover of Facilities

SATAF and the Linco'n Area Office have enjoyed a very free and
open relationship with due respect and full sppreciation of the mutual
problems., Controversial opinions on contract conditions and the

interpretation of plans 'nd specifications were amicably settled

generally at an inforrnl staff level,
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PART X

Safety Training and Accident Record

SECTION 1

Responsibility for safety

SECTION 2
Safety Recor! under the Omaha District

SECTION 3

Safety Reco' ' inder CEBMZO

SECTICI 4

Accident Ex; :lence

ECTION 5

Fatal Accidr




SAFETY Al ACCTOUNT PREVE

vafety and accident preventlon was a constant subject, both
in the office and the fields It was a special problem because
of the nature of the cxcavatlon and construction, smallness of
area, confinement in -nace and congested areas within the structure.

¥hlle under the ' 1ha District, there were numerous ingpections
by the two Safe'y En eers, with on-the=project discussions of
the safety requ reme s and corrections to be made, many of which
were corrected ‘mmed! ‘Lely, while others required some intensive
follow-up. Th' was ‘ontinued even by our own Safety Engineer as
well ms inspec’ rs.

The two 1r ors | a2t follow typify the concern that the Area

Engineer had f safr »nractices.




ACCIDENT PREVENTION RESPONSIBILITIES
AS DIRECIED TO CONSTRUCTION ERANCH

In reply

refer tot ENGIA=AB=I,

SUBJECTt Responsibilities

TOs Chief, Construct!
U. 8. Army, Corps
Ballistic Missilrs
P, 0. Box 953
Lincoln, Nebrasks

1. It is desired to
regard to indoctrination ar
taining to safety and in ti

2. You, through your

regponsible for the applics !

all work under your superv!
Those responsibilities inc)

8, liaking an acc’
struction operations to de
countered, and developing «
Informing the contractor ai
the required planning to ps

b. Holding pre~c:
indoctrinate them in safet;
contractual requirements,

. Assisting conl!
frequent Safety Meetings a
persomel and providing tec
mgy arise, and on preparing

d, Assisting all
practical Safety Program.

es Instructing e

fo Insuring that
safety indoctrination cours

g+« Insure that ac
training courses,

BY AREA ENGINEER

i Aceldent Prevention

Branch

‘ Engineers

matruction 0ffice

L out your specific responsibilities with
ducation of our employees in matters pere

‘nforcement of safety requirements,

‘ident and Project Engineers, will be held
n and enforcement of the Safety Program on
i1, both by hired labor and by contract,

» but are not limited to, the following:

L control study prior to initiation of con=
ine the type of hazards likely to be ene
rol measures to eliminate such hazards,

a=construction meeting of these hazards and

1t aceidents,

ruction meetings with new contractors to
licy procedures on contract work and safety

-or personnel in planning and conducting
mferences to be attended by all contractor
‘al assistance and advice on problems which
sident reporta .

ractors in formulating an effective

‘Inates in accident prevention techniques,

new Coverrment employees receive an adequate
" time of their employment,

mt prevention is emphasized in inspector




h., Evaluate field supervisors on their attitude and their

effectiveness in promoting the safety program and take such steps as may
be necessary to correct deficiencies,

i. Insure that no plant or equipment under their jurisdiction
is placed in service until it is in a safe operating condition; see that
boilers are inspected, unfired pressure vessels inspected and tested, and
elevators inspected; insure the inclusion of appropriate safety features
in all designs, technical specifications and operating insructions issued
.or reviewed, Istablish a fire protection and fire prevention program
including fire fighting organizations where needed.

Je [lold supervisors responsible for the inspection of all
plant and equipment used under their supervision,

k. FEvaluate the accident prevention program on each of the

various jobs snd projects under their supervision and issue instructions
for improvement,

1. In conformlty vith the policy and directives of the Commander,
Directors and Area Engineers, prepare and issue written instructions to all
supervisory and inspection personnel under their supervision in the field,
outlining in detail thelr responsibilities and duties in accident pre=
vention and the authorities which each position holds relative to the ene

forcement of safety rerilations and the methods by which enforcement will
be obtained,

m, Enforce th: use of personal protective equipment for both
Govermnment and contractor employees, Personal protective equipment which
Government employees cannot reasonably be expected to buy will be provided.

n. Keep curre:tly ~dvised of the accident experience and the
accident prevention sta'ns o all work under their supervision, and be
prepared to evaluate the jol's when requested,

0. fQeview all acci ont reports to insure that the action taken
to prevent a recurrence is positive, effective, and adequate and where

such action ia not satinfact ry, will direct through command chammels
action to be taken,

p. Include acclden’ and fire prevention in all field surveys and
inspections and include in r'l reports appropriate comments on theiy find-
ings, The Safety Officer wi.lL be furmished copies of such reportas,

q. From time ‘o t7 = review such accidents aa may occur to

insure that tle investijatic s conducted by field personnel are adequate
and complete,




r. Insure that all safety requirements are endorced on the job
and that all accident and other safety reports are promptly and properly
submitted,

8. Keeping the Area Engineer informed of the status of safety
on each project.

t. Representing and acting for the Area Engineer in various
safety activities such ns Safety Meetings and Councils, Sanitation and
Fire Prevention Conferences, ctc,, as directed,

3. You, as Chief of the Construction Branch, have the authority to
take all necessary actions to enforce safety and to prevent accidents}

and you must use this avthority, as required, to promote safe working
conditions,

JOHN E., MINAHAN
Colonel, Corps of Engineers
Area Engineer

cc: Safety Officer




ACCIDENT PREVENTION RESPONSIBILITIES
AS DIRECTED TO RESIDENT
AND PROJECT ENGINEFR

SUBJECTt Responsibilities in Accident Prevention

T0: Resident Engineers
Project Engineers

1., It is desired to p "% out the specific responsibilities of each
Regident Engincer with rega’ ' 'o indoctrination and education of our
employees in matters pertainin: to safety and in the enforcement of safety
requirements, Although eac!' rrime contractor 4s required by contractual
agreement. to comply with ac ' 'nt prevention regulations of the manual,
"General Safety Requirement:' rnd the specifications and is also respon=
sible for plenning, prepariv ~nd executing Safety Programsj however,
the Resident Engineer is re:c 1sible for compliance,

2. Bach Resident Engl wills

4. Conduct a safc’
sary., The safety meetings °
type meetings and all inspe:
the discussions and have am
in order that the experienc:
bear on any given situation

= be Keep currently
accident prevention status
the maintenance of a suffic!
contractor's safety perform.

(1) Complete

(2) Vhere re
perfomance on ENG Form 2Lf
close of the contract,

c. Review all ac¢
work to insure that the rep
to prevent a recurrence is
action i1s not satisfactory,
on the report or by an atte

ds Personally inv
all other accidents are pro
contractor personnel,

2eting once each week or oftener if necesw

' be conducted at each site as conference-

5 are expected to participate and share in
opportunity to discuss their field problems
all field persomel can be brought to

ised of the accident experience and the
1 work under their supervision (including

ly edequate continuing record of each
) to enable them tos

fety performance rating when requested,

d, prepare an accurate appraisal of safety
sontractors Performance Rating", at the

» reports on accidents occurring on their
are complete and that the action indicated
tive, effective, and adequate, Where such
et the action to be taken and so indicate
memorandum,

‘pate all serious accidenté and insure that

y and fully investigated by Government and




e, Personall
on accident reports to
actually taken,

f. Hold peri
personnel under their
maintain appropriate 1
present, the subjects

ge lold sltr
needed,

he Require ¢

logs their significent

follow through on the corrective action indicated

insure that the action as indicated or directed is

dic safety meetings of all Government supervisory
npervision,
cordge

Act as chaimman of such meetings and
The record will include names of those
iscussed and the time involved,

level safety meetings with contractor personnel as

. inspectors to include in their daily report or
ictivities in accident prevention and the accidents

that occur on work und » their inspection,

i. CDO‘pe'( 4} tor
activities with the A«
and assistance of safr

your program,

J. Incure t
Jurisdiction, both Con

and protection program

k. Provide !
Jurisdiction for cop!
prevention plans,

1, Provide i
assigned to differe:t
tential hazards of il

3. Government ¢
protective equipment »

which it is not reaas

own expense, Il iso tl

of personal protective

protective equipment @

L. You, as thn i
necessary actions to r
must use this autharii

cets  Safety Officer

Constr Br

nd coordinate your fire and accident prevention
ng Safety Officer and seek the advice, counsel
personnel in all matters affecting any phase of

Instollations and field offices under your
ment. and contract, have adequate fire prevention
including a fire fighting organization,

the continuing inspection of all jobs under your
wce 1 ith safety regulations, programs and accident

orir tation of all new employees and those re-
“ies or units in the control of hazards and poe
vk +1d for subsequent training as required.

yees will be fumished such items of personal
apprrel as the hazards of the wrk require and
‘e to expect the employees to provide at their
uty of supervisors to provide and enforce the use
uiprent and apparel when such is required, This
L ustnlly be furnished by the prime contractor,

den! Engineer, have the authority to take all
wce ~afety and to prevent accidentsy and you
as 1 'quired, to promote safe working conditions,

JOHN E, MINAHAN
Colonel, Corps of Engineers
Area Engineer
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Under Omaha Dist:

EATALITY: An oi!
He war
tion

RESULT s Fatal

ACTION TAKEN: O

tion.

Since assunption

ATALITY: An ix

botte

RESULT ¢ Fatal

ACTION TAKEN: 1

hooke

ACCIDENTs An i

shaft

RESULT:  Fract

ON TAKEN: /

shack

foren

ACCIDENT: Gove:

which

gectl

RESULT & $60 ¢
ION TAKEN:®

times

ACCIDENT: A qov

step;

anlra

RESULT:  Broke

ACTION TAKEN: A

from -

AC.IDENT_EXPERIENCE

‘ty torps of Engineers:

we pinned between the frame and cab of a crane.
lering and oiling when crane was put into opera=-
i wi* swung around.
00 days standard time charge.
'rs “iould do no cleaning while crane is in opera-

Cc '1ol on 15 October 1960 by CEBMCO:

or) r fell 135 feet from reinforcing steel to
f # 1y while moving from one location to anothes.

»00 " Jays standard time charge,

.~ ali =afety nets and provide more positive safety

1 5:-*{Y belts.

e

ori o« was struck by rack used to lower rebar into
o ring attached to the load line broke.

leg and foot; 200 days lost time.,

c

ctor-made rings being replaced with heavy
11 rigging to be constantly checked by

®
A

=

it An ran into back of privately=-owned pickup
i »d down to make left turn at city inter-

ge government wvehicle.
dri s are being warned to be alert at all
an ving government vehicles. $ .3
L . b - _ .Aﬁr
el 7
. ‘onstruction representative fell when hé -
f1 n elevated board at the silo tunnel ¥

! 4 mound of earth.
2a, ! dsys lost time,

pe:r  nel cautioned to exercise care when stepping

¢ 8l ted walk=way or object.




ACCIDENT: While climbing crane boom to put a cable back onto a
sheave, an oiler slipped and grabbed a hoist cable which
pulled his hand through a sheave.

RESULT ¢ Finger amputated at first joint, 75 days standard time
charge.

ACTION T/AKEW: All oilers again warned to stay off booms in motion.

Wi

ACCIDEIT: An ironworker, placing horizontal rebar in silo, was
struck on left foot by rebar which fell when tie broke.

RESULT s Broken instep, 45 days lost time.
ACTION TAKEH: All steel will be tied with mere than one wire. A

man will hold tied end of rebar while other end is
being forced into position.

E

ACCIDENT: A carpenter was struck by a ladder which worked loose
and fell from LCC Building.

RESULY: Injured spine, 30 days lost time.
ACTION TAKEN: Lad ars checked for secure tie~down or removed.

-

ACCIDENT: An iron orker lost his balance and fell 15 feet to the
bottom of the silo while pulling an impact wrench from

a neark. boam.
RESULT : Compree lon fracture and bruises, 60 days lost time.

ACTION TAKEN: Ord rs issued that loose tools are not to be laid
on bean .,

1961 CEBNMCO Accide t Experience;

January 1961

ACCIDENT: Surveyc , working on silo floor, was struck by falling
spud wr-nche

RESULT: Lacerat 4 buttock, 10 days lost time.

ON TAKEN: Irciworkers to be provided with proper wrench.

%




ACCIDEIT: Ironworker'e fingers were pulled into sheave of derrick
he was helping disassemble,

RESULT : Bruised and cut fingers, 2 days lost time.

ACTION TAKEN: Ironworkers instructed in proper way to place
cables on pulley.

34

ACCIDENT: Ironworker's hand was pulled into sheave of derrick he
was helping disassemble.

RESULT: Severe lacerations, 60 days lost time.

ACTION TAKEM: Ironworkcrs instructed in proper way to place cables

on pulley.
ELIRUARY 1961
FATALITY: Lineman lost control of truck which skidded and overe
turned.

RESULT 2 Fatal, 6,000 days standard time charge; $1,300 damage
to truck.

ON TAKEN: Acclident publicized at safety meetings and drivers
cautioned to maintain full control of vehicles.

e

ACCIDENT: Government vehicle struck private vehicle while changing
lanes,

RESULT: $78 damage to uovernment vehicle, $150 damage to private
vehicle.

ACTION TAKEN: ALl vehicle operators cautioned to drive safely.

i

ACCIDENT: Electrician w-¢ struck on hand by piece of iron which
fell from Lev:) 4 to Level 8 in silo,

RESULT s Fractured hai i, 2 days lost time.

10N TAKEN: Loose ob ~cts to be picked up. Director instructed

Area Enginer Lo provide adequate protection from
falling obje s,



FATALITY :

MARCH 1961

Ironworker struck on head by pipe vise which fell 107 feet

from outer ~dge of silo level 3.

RESULT:

Fatal, 6,000 days standard time charge.

ACTIQN TAMEUr Chain will be securely fastened to all small equipment
and anchore to levels with safety snap on other end of

chaine.

R

e slipped and fell on ironworker foreman's

toes while he was changing its location.

ACCIDENT: Oxygen bott!
RESULT : Twio broken !
ACTICHN T/XEilt Men wari
without helr
ACCIDENT: Pipefitter
pipe weld I~
RESULT ¢ Scalp lacer
Lime.
ACTION TAKEN: Employs
then is sal
JCCIDENT: IMechanic's
higher lev:
RESULT 2 iroken bone¢
ACTICH TAKEN: Memos
hazards of
be corrects
contractor
to assure ¢
ACCIDENI: Government
descending
RESULT ¢ Torn knea ¢
ACTION TAKEN: All em

or walking

oes, 30 days lost time.

ec not to sttempt to move oxygen bottles

FIHt

truck by eupport angles which fell when
oke.

tion and slight brain concussion,2] days lost

5

cautioned to be sure that all material above
Ly sucred before working under it.

i

2lper was struck by timber which fell from

in elevator shaft.
in foot, 60 days lost time.

site superintendeiits cautioning them of

alling objects and recuesting that conditions
Director instructed Area Engineer to direct
o take necessary action with his subcontractors
gpliance with safety articles of the contract.

L]

b2 2

nspector slipped and twisted his knee while
Lope of excavation.

rtilage, 2 days lost time.

oyees advised to use caution while working
1 hazardous locations.

Pl




ACCIDENT «

RESULT ¢

APRIL 1961

Painter fell into open access hole when he disregarded
instructions and entered launch control center while
lights were temporarily off.

Crushed ribs, 15 days lost time.

ACTION TAKENs Instructions issued to keep access holes covered.

ACCIDENT »

RESULT »

Temporary railing must be erected around access holes
when they are open.

i

Carpenter { ' -man, superivising placement of forms,
lost his bé' nce and fell from reinforcing steal.

Cracked pe! =, 30 days lost time.

ACTION TAKEN: Accider iscussed at safety meeting and employees

instructed ba sure of secure footing and hand holds
before wal! 4 onto steel.

x
ACCIDEIT: Government ‘ryall beling backed out of snow-packed
parking a: tkidded against light pole.
RESULT s $40 damage carryall.
ACTION TAKEN:s Contx: 's superintendent directed to clear snow
from areas kaep such areas free of ruts.
MAY 1961
ACCIDENT: Painter fc n suffered a hernia when he picked up
130 lb. bu of palnt-
RESULY s 90 days st rd time charge.
ACTION TAKEN: Men i cted not to 1ift this type of load without
hElp.
A% w
ACCIDENI: Electrici ® struck in eye when he cut temporary
support wi
RESULT ¢ Scratched +ally 6 days lost time.

ACTION TAKENt Men in cted to take proper care in cutting wire.

L2 2

5




ACCIDEIT: Laborer's hand wus pulled into sheave block when crane
oparator slacced oif the line.

RESULT ¢ liashed finger and damaged ligaments, 15 days lost time.

ACTIUN 1/Kill: Instructed all employeas to keep their hands off cables.

-t

ACCIDEIT: Gas from line ruptured by loader ignited.

RESULT ¢ 51,200 damage to semitrailer warehouse van, tools and
materinl,

ACTION TAKEN: ALl gas lines cnecked for leaks. Lines will be
puried deep enough to prevent damage from heavy equipment.,

ok

ACCIDELT: Laborer struck against protruding snap tie in silo when
he bent over to pick up a form.

RESULT s Loss of sight in one eye, 1,800 days standard time charge.
ACTION T/KEl: Men warned to be careful of protruding objects.

Contractor to provide adequate lignting in all such
small vorking spaces.!

JUNE 1961

EATALITY: Labore , climbing ladder in fill and vent shaft, called
for he . p and then fell 50 feet.

RESULT ¢ Fatal, 5,000 days standard time charge.

ACTION T/KEH: Al' ladders over 30 feet in height, whether temporary

or per anent, will be constructed with a rest platform
near tha mid point,.

FATALITY: Pipefi'ler, helping remove the cap from the filter on
PLS prcssurization prefab, was blown over guardrail into
the ra'ile space of silo. The workmen thought the

filtexr was . nol pressurized.
RESULT ¢ Fatal, 5,000 days standard time charge.

ACTION TAKEN: Foremen will be requirec to personally check to insure
that pressurized gas is not trapped.




. ACCIDEIT: Plpefitter slipped and struck back against a pipe.
RESULTS: Bruised back, 10 days lost time.

ACTION TAKEN: Accident discussed st all safety meetings.

JULY 1961

No accidents reported.
AUGUST 1961

FATALITY: Pipefitter, descending ladder in fill and vent shaft
without proper safety equipment, overcome by oxygen
deficiency and fell. Two ironworkers attempting to
rescue him were also overcome and fell from ladder.

RESULT ¢ (1) Fatal, 6,000 days standard time charge; (2) skull
fracture, 90 days lost time; (3) cuts and bruises, 10
days lost time.

ACTION TAKEN: Proper ventilation to be provided. Suitable breathing
apparatus to be provided. All personnel instructed to
follow prescribed safety procedures,

. %
ACCIDEIT: Pipefitter, working at level 7, struck by 2 x 8 plank
which fell from level 1.
RESULT Bruises, 1 day lost time.

ACTION TAKEN: All loose material to be fastened down or properly
stored.

SEPTEMBER 1961

ACCIDENT: Tornadc destroyed office traller and caused extensive
damage to station wagon.

RESULT 1 $3,750 total damage.

ACTION TAKEN: Trollers to be tied down whenever possible.
QCTOBER 1961

No accidents reported.
NOVEIMBER 1961
. No acclidents reported.

£CEMBER 1961

No accidents reported.




JANUARY 1962

No accidents reported

EEBRU/RY 1962
No accidents reported




le In accordance with Area Nemorandum No. 60-9 dated 17 September
1960, an investigation of the fatal injuries to Joseph R. Lee,
age 21, an oiler employed by kestern Contracting Corporation, on
16 September 1960, was concluded and the Report of Investigation

submitted. The Investigation Board consisted of the following
members

Major Lester J. Henderson, Chairman
Captain Edward C. Fike, Member
Mr,e Jolln PQ Shi"ids’ JI‘., '&‘Bm.ber

2+ Joseph Rs Lee, !ler, was fatally injuried at 2pproximately
1630, 16 September 19¢! when pinned and crushed between the

truck frame and revolv' ' assembly of a truck mounted crane
at Site 2 approximate! ' miles west of Nebraska City, Nebraska.
Mre Lee died about 174 'n a Nebraska City hospital.
3. The following * 'nesses and personnel were questioned by
the Investigating Boax
Mr. Matt Spremi Lead Walker
Mrs Raymond Goo s Carpenter
Mre Kenneth L- - itsen CE Inspector
Mc. Richard M 0 Crane Operator
4. Trom witnesse: ‘'atements and questions asked them, the
following summary of ' = accident is presented
a. About 163C 16 September, at Site No. 2y Nebraska City,
Nebraska, lir. Joseph I' 'ee, oil2r on a 37M Marion truck mounted
crane belonging to Wes 1 Contracting Coxporation, was performing
some of his duties as oller, by wiping down the truck frame.
Lee was positioned jus *hind the truck cab working between the
structural framework ¢ he truck. Mr. Raymond Gerdes, a carpenter
for the same company, '  just previously come up out of the hole
and noticed Lee wipini “m the rig as he walked around th» crane

to the edge of the sil  xcavation to check and see if his saws and
equipment were coming ' from the bottom on the cage. As the cage
cleared the safety fenr and the crane operator started his swing
to remove the cage fro he open hole and set it down on the ground,
Gerdes heard a grunt o' roan from Lee. Gerdes turned around, saw
that Lee was caught be  on the frame and counterbalance, hollered
at the crane operator, » Richard McAdoo, who stopped the swing of
the boom right away an  oversed his swing to the other direction
to free Lee. Mr, Matt remich, the lead walker, and the night
foreman, both from Was n heard Lee holler, saw the crane operatorxr



stop his boom
body fell free of

while he was siill

mearnshile had gone
another man went
the site within f

he held Lee's icof

a Nebraska City h
same dsye.

be From
it is apparent th

worker and was no!

for Western aboul
crane for two our

Cs Mr. i
cage from the botl
his rignt to sciL
him to swing back
the hule 1o set
a man lying down
he had that scinet
crane untll he ha
the men in the c=o
shut the crane de
Crane operators o
the Job started »
six to eight yea

de All ¢
those unexplainab
to, that it was
accident the rosu
anything, the acc

5¢ The concl

The d

ds

i1
‘ohind the truck cab.

n:

everse the swing. They got to Lee just as his
“he crane. Both of these men got hold of Lee
bent cver and helped him to the ground. Gerdes
to the first aid shack to get the stretcher, and
opside to send for an ambulance, vhich arrived at
fteen minutes. After Gerdes arrived with the stretcher,
until the ambulance errived. Lee was taken to
spital where he died at epproximately 1740 the

itnesses statements and questions asked them,

't Joseph Lee was definitely a good, conscientious
a playtoy or show off. Lee had been working
1even wieks and had been an oiler on the

itee werks,

thard iic Aidoo, the crane operator, had raised the
‘om of the hole and started to swing the boom to
‘L down on firm ground when Gerdes ihollered at
the other way., As he brought the boom back over
down on the other side of the hole, he noticed
This was the first indication
‘ng had happened. He continued operating the
- set th cage down on the ground to his left so
could get out. He then locked his controls and
'» Me/ioo is considered to be one of the best
the joh, has been operating the crane since
und th= middle of June this year, and has about
axperisnce as a crane operator.

cerned seem to feel the accident was just one of
- thincs that happen when you least expect it

the fault of anyone present, nor was the

of eilther mechanical defects or fallure. If
‘nt c¢7n be attributed to a human element affalr.

tons ©' the Boards

‘h of nseph R. Lee was caused by injuries

recelved when he was cruz ed between the frame and counterbalance

of a truck mounted rranc
Site 2, Nebraska City, I

be
least one man, no

nor was he aware of his

Ce

Although Lee

Apparently 1
danger of lecoming preoc

while he was wiping down the same at
rak ae

28 seen in the fatal position by at
*d him of the danger of being there,
1 danger.

one wa

*~ had never been warned of the extreme
"pled in his work that he would overlook

safety precautions.



6. Recommendations of the Boards

a. Safety personnel of the Contractor should glve more
complelc indoctrination to oilers and other individuals relative

to the exlireme hazards of working around cranes or other heavy
equipment.

b. A warning sign of some nature should be stenciled on
all revolving portions of cranes and other equipment.

€. A more viusoroue safety program should be instituted at
all sites to prevent the recurrence of this or any similar accident.

d. Union officlale should give instructions and indoctrinate
inexperienced oilers.




Fiil, JCEIDET sy 2

1. In accordance with Area Memorandum No. 60-12 dated 7 November
1260, or iovestijation of the fatzl injuries to Delbert Tom Ryan,
age 24, & steel worker for Salyer Re-Bar Erection, Inc., a sube
contractox of the Vestern Contracting Corporation, on 6 November
1960, was concluded and the Report of Investigation submitted.
The Invesiigeting Bzard consicted of the follewing members:

Copiain Robert A. Bush, Chairman

Captaln Edward C. Fike, Member

Lo Joi s Clem:, lember
2o Jelbest Tom Ryan, sceel worker, was fatzlly injured at
approximately 2320, 6 Nov~mber 1960, as a result of falling from
the up.cr structure (in the vieiniiy of sihock hanger at Plus X
hxis, (uadrant 1, approximately 16 feet above the slipform platfomm)
of the /tlus launch silo under eonstruction st Site 4, located
approximately 4 miles from the Village of Cortland, in Gage County
Lcoraskaa lle was believid cead on recovery of his body at the
bottom of the silo, He +as taken directly to the mortuary,
Griifiths = Fox Chapel, in Beatrice, Gege County, llebraska.
The dealh certificate wa~ signed by Dr. Dwight L. Moell, of Beatrice.

3« Actions of the Iivestigating Board.

a» The followin' witnesses and personnel, present or in
the immediate vicinity of the silo at the time of the accident were
questioned by the Invest!jating Board:

Mr, Victor M. Castrodad, CE Inspector

lrs Robert J. Smith, stecl worker,; Salyer Re-Bar Co.
hre Earl (NM1) White, steel worker foreman, Salyer Ree
Bar Company

b. The site at v .ich the accident happened was visited
by the members of the bo. 'd. Photographs were secured of area

involved; position of det ased when last seen; broken railing; and
bolt and plate,

4. The Conclusions ¢! the Boards

a. The death of lelbert Tom Ryan was the result of falling
from the rebar transition area at approximate elevation of 967',
referenced agains! the 100 feet gilo elevation, hitting the guard

rail anc falling to the L:ttom of the silo, approximately 139 feets
The guard rail consisted f three 1" x 6" boards, all three of
vhich were broken,

bse His falling « pears to have been the result of failure
Lo observe basic safety practices vhich should be expected of his
particular skilli He vac considered an excellent iron worker and
vas a union member for tcn months with prior experience in South




Dakota. It was indicatled thatl saiety practices were called to
hls attention at different times.

(1) No climber should release a2 grip with one hand
uniiz lesting tiie sceurily of the nest grip.

(2) Cliabers were prohivited from moving laterally,
bu®. were required to climb dovn to the walkway if available before
moviinyg Lo 4 new position.

G. Hau a proleciive fenced guard, in addition to the guard
rail been placed around the slip form walkway, or had a net been
lJocated welow wne slip form, the fall would nave bemn less severe
with possibly less serious consequences.

de There 18 sul -
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graph 2A=13 of the cont
tion of sarfety nets, an
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g. The sub=con
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. as a safety hazard.
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* on the Denver /res Titan gites.
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weath of Ryan anu use this am an object
‘kmen more safety conscious.

2s of the unions and contractors' Safety
‘e the need of constant personal safety
the individual worker.

hould be utilized in such constructian
‘ontract and as empihasized by communications



de Cuioiy belils ecquipped wilh a snap or lateling type of
hook should be used by the steel workers.

e The utilization of a safety line cr lanyard, with snap

er Litching iyp: of heoi:, chould be giver every consideration
for ithis work. The iion and steel workers are subjected to considerable
hazard, cspeciilly ot the tine of placing the reinforcing bare A

rebar, on being lowercd into the area or into place could ¢islodge
Cokenoes u reeult of unconlrolled swinging, el a time wher his safety
belt was uniwoked,

fo Lighting concitions should be such as to provide satis=
factery working conditicic, both for safevy und increased efficiencys

ye The zeinforny Lars should be controlled by use of
tag lines vhile being )} ' ored and placed into position in the silo.

he The latter »n-rtion of the statement of the foreman of
the sub-conirictor mac: 'hLrec requests for improvement of safety
conditions. (It is to ' noted that a net was installed in the silo
cl ihis site two days +~/lowing this accident. /.dditional lighting
was being planned for i tallation prior to this accident,)
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FATAL _ACCIDENT NO. 3
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4.  The conclus!

ns of the Board:

as As a resnlt of going off the concrete onto the
shoulder of the road, the deceased veered sharply to the left
and lost control of his vehicle causing the fatal accident.
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FATAL SCCIDENT NO, 4

l. In accordance with Area Memorandum 61-5 dated 6 March 1961,
an lnvestigation of the fatal injuries to Mile J. Clson, age 40, an
ironworker eiployed by the Westsrn Contracting Corporaziion, on
6 Iliarch 1701, was concluded and the Report of Investigation submitted.
The Investigating Board consisted of the following members,

Major Edward F. Brady, Chairman
Captain Edward €. Flke, Member
Mre John M. Clera, Lember

2. Milo J. Olson, ironworker, was fatally injured at approximately
1120 on 6 March 1961 e¢ 2 result of being hit by a falling pipe vise
while working in an Atlss Lzunch Silo under construction at Site 10
approxinitely 7 miles fiom the city of Elmwood, Nebrzskz. Mr. Olson
was still alive when removed from the bottom of the Sile and was
taken to the Bryan Memorial Hospital in Lincoln, Nebraska where he
died of a skull fracture with brain damage at 1505 on 6 MNarch 1961.

The death certificate was signed by Dr. He G. fhrenc of Lincoln.

3+ Actions of the Investigating Boaxrd.

@» The following personnel: Mr, Richard W. Lintner,
Electrical Foreman, Mr. Paul Frank Opocensky, Electrician, Mr. James
P. Crownover, lielder's Helper, who were involved in this accident
were questioned by the Investigating Board.

b. The Site at which the accident occurred was visited by
the members of the Board. Photographs were secured of the area in
vhich the deceased fell when struck by the falling pipe vise., A
model was posed to show the deceased's position prior to falling,

A similar pipe vise was posed in the approximate location of the
fatal vise. A similar cable tray was posed with a similar vise to
show situation prior to dislodgment of fatal vise. In addition, two

photographs which show the decedent's hard hat and welding shield
after the accident were obtained.

4. The Conclusions of the Board.
a» The prime contractor, Western Contracting Corporation,
did not act as a reason-bly prudent contractor and provide sufficient
protective devices to pevent injury from falling objects.

b. The Corps o/ Engineers was remissin {ts duties by not
insisting at an early r ough date that these devices be provided.




€. Mr. Richard Y. Lintner exercised poor judgment §n placing
a plpe vise too close to the edge of level 3 without securing it.

d. nive Paul Frank Opocensky in using the pipe vise impropexly,
le, as a sawhorse, unintentionally was guilty of causing this vise
to fall from level 3.

¢- Mr. Milo Oleon contributed to his own death by working
in an unprotected location without overhead protection,

5« Recommendatior of the Board.

a. The contr: or should without delay complete the installae

tion of sufficient pr« rtive devices to prevent objects from falling
off of eny level in 11 ilo.

b. The econtr. or must provide gome form of overhead cover
for workers who must v ' in the missile or rattle spaces of the Silo.

¢. All porta tools, equipment, ladders, etc. must be
secured to the struct vhen in use. Portable tools not in use
must be returned to 1 ‘ool box or other safe location.

d. All level management within the contractor's organi=
uation, the Corps of neers, th= sub-contractors, and lsbor
unions must provide : 'ssive safety direction and education to all
personnel working on is type of construction.



FATAL ACCIDNRT KO, 5

l. in accerdance with Area kemcrandum €1-12 daoted 13 June 1961,
an investigation of the fatal injuries to GCecil Relcher, age 42,
a laborer employed by ihe Western Contracting Corporation, on 13 June
1961, was conclude and the Report of Investigation submitted.
The Investigating ‘ard consisted of the following members:

Captain Ed rd C. Flke, Chairman
lst Lt. Pa 'l R. Delfaagd, Member
Mr. John ' Shields, Jre., Member

2. Cecil Belc'or, laborer, was fatally injured at approximately
1330 on 13 June 191 as a result of a 50 = 55 foot fall from a
ladder in the fill and vent shaft while working on an Atlas pissile
Silo under construction at Site 9 approximately 11 miles east of
David City, Nebraska. Iire Belcher was believed dead when removed
from the bottom of the shaft and taken to the Knott Funeral Home
in David City, Nebraska, where he was pronounced dead of multiple
skull fractures with severe brain injury and multiple fractured
ribs with possible internal injuries. The death certificate was
signed by Dr. L. J. Exeler of David city, Nebraska. An autopsy was
performed by Dr. Frank Tanner of Lincoln, Nebraska, the official
results of which may be obtained from Mrs. Bolcher's lawyers,
Healey, lilson, and Barolw, 1521 Sharp Building, Lincoln, Nebraka.

3+ Actions of the Investigating Board

4« TIne following personnel, lirs Gunnar Gregersen, Labor
Foreman cnd Mre Gornie Teckle, Laborer, the only eye witnesses, were
questioned by the Investigating Board and statements were obtained.

be The Ccrps of Engineers' site perscnnel along with two
men who ssclsted in removing the deceasec's body were questioned
but did nct have eny first hand knowledse of how the accident happened.

€+ The 3ite at which the zccldent occurred was visited by
the membere of the Board. Photographs were secured of the area in
which the daceasec fell.,

4, Conclusions of the Board

3+ Western Contracting Corporation did not act as a
reasonably prudent contrzctor and provide sufficient safety devices

as required by the contract 8Nd instructions issued by the Area
Engineer.

b. The Corps of Engineers was negligent in their duties by
only instructing and not directing that the contractor provide
proper safely devices wl an early enough date to prevent aceidents
¢f this nalure.




€+ Mr. Belcher contributed to his own death by not stopping
on the ladder and lockina his arms or legs through the ladder Tungs
when he found he was tired or exhausted.

t

Ye Recomriendations of the Board

as The contractor should without delay provide adequate
vertilation in all shafis, holes, rooms, or other arcas *o prevent
the occurrence of toxic fumes.

b The contractor should without delay be instructed to
complete construction on the permanent ladder system in the £ill
and vent shafts,le., cress-over platforms at the third points of
shaft depth, and the cen'er section of the ladder secured to the
opposite wall of the shaft. These platfoims will provide resting
places for employees and eliminate any extended ladder climbs.

€. All levels of management within the contractor's
organization, the Corps of Engineers. the sub=contractor's, and
lzbor unions nust provide aggressive safety directicr and educa=
tion to all personnel workinu on this typc of construction.



FATAL ACCIDENT NO, 6

1. In accordance with Area Memorandum 61-5 dated 6 March 1961,
an investigation of the fatal injuries to Styles R. Berry, age 58,
a pipe fitter employed by Paul H. Hardeman, Inc., subcontractor of
Western Contracting Corporation, the Government Prime Contractor,
on 16 June 1961, was concluded and the Report of Investigation
submitted. The Investigating Board consisted of the following
members: '

Major Lester J. Henderson, Chairman
Major Edward F. Brady, member
Mr. Charles J. 0'Grady, member

2. Styles R. Berry, plipe fitter, was fatally injured at approxi=-
mately 1010 hours on 16 June 1961 as a result of either being hit
by a high pressure blast which blew out of the N=29 filter cartridge
during removal of the cap from the filter casing or the resultant
fall some sixty feet through the rattle space to the bottom of the
silo. Dr. F. Gs Travnicek, attending physician, has stated that in
the absence of X-rays and an autopsy death could have been caused
by any one of the injuries susgtained (basal skull fracture, broken
neck, crushed chest). It is possible that the blast which caused
the decedent to fall ecould also have been the cause of any one or
more of the decedent's injuries. Death occurred within 5 minutes
after the accident. The deeth certificate was signed by Dr. F. G.
Travnicek of Wilber, Nebraska.

3. Actions of the Investigating Board.

a+  The following personnely Mr. Robert E. Deines, pipe
fitter foreman, Mr. Sam Glantz, pipe fitter, and Mr. Clifford
Thompson, pipe fitter, who were at the scene of this accident were
questioned by the Investigating Board.

bse The site at which the accident occurred was visited by
the members of the Board. Photographs were secured of the rattle

space into which the decedent fell after receiving blast released
from prefab line.

44+ Conclusions of the Board.

a+ Mr. Styles R. Berry, the deceased, caused his own death
by falling to properly check for pressurization in the Ne29 filter

casing and using improper procedure in the removal of the cap of
subject filter casing.

bse Mr. Robert E. Deines, pipe fitter foreman of the Paul
Hardeman, Inc., falled to act in a reasonable prudent manner by
assigning his msan to a potentially hazardous task without Personally

checking to insure that the N=29 filter casing was properly depressur=
ized.




c. The suggested safety practices and procedures published
by the Area Office have been enforced throughout the Lincoln
Missile Project until the time of this fatal accident. On the
day of the fatal accident it appears Hardeman's foreman and the
three fitters involved ignored normal safety prectices in
depressurizing the lines before disassembly thus endangering their
lives and causing the death of Mr. Berry.

5. Recommendations of the Board.

a. MWritten instructions should be issued to all sites
explaining the proper procedure for depressurizing the N=29 filter

casing prior to installation of filters after completion of c¢old
flow test.

b. Paul Hardeman's foremen will be required to personally
check to insure that trapped pressures are adequately bled off
prior to any disassembly during the security test phase.

c. All fitters vorking on PLS installation must be
re-instructed to the proper defensive methods of disassembly
of units which might be under pressure.



EATAL ACCIDENT NO. 7

l+ 1In accordance with Arca Memorandum 61-16 dated 26 July 1961,
an investigation of the fatal injuries to Harold B. Odle, age 26,
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be. That Paul lardemen, Inc. and Western Contracting Corpora=
tion did not act as rcasonably prudent contractors and provide
sufficient sefety devices as required by the contract and instructions
issued by the /rea Lngineer.

c. The fan provided by the contractor did not introduce
a supply of fresh air into the shaft as required by the specifications.

de Robert Hartsoe contributed to his accident by descending
the ladder without a life line, even though told to wear one by a
Corps Inspector, and &tripting to use breathing apparatus which he
did not know how to ope' le.

es Warren D. M/ 'ler, in an attempt to rescue a fellow worker,
descended the ladder wi’' wut life 1ine or breathing apparatus; there~
fore, contributing to I & serious accident and possible total disability
or death.

f« Corps of En 'neers Inspectors tried to keep people from
entering the shaft wiih 't proper safety precautions by all means
short of physical restr. ‘nt,

ds That Jerry ' y acted admirably and in a safe manner
during rescue operation

5. Recommendation:

a. That the ¢ ractor should, without delay, be required
to provide adequate ver. ‘lation in all shafts, holes, rooms, or
other arras to prevent » occurrance of toxic fumes or oxygen
deficienl atmosphere.

bes Oxycen bre- ing apparatus shall be provided in the
immediate vicinity of ! working in this shaft and all men having
an occasion to work in ls shaft whall be thoroughly instructed
in its use. The breat! g apparatus should be such that once in
operation, it is capab' of supplying oxygen continuously without
requiring further manu: operation by the user.

c. In additico® en working in this shaft should be secured
by 1life lines attenddd all times from the top of the shaft and
direct line communicat’ '+ should be provided between the men and
ithe attendant,

EEL

d. All levels  management within the contractor's orgin=
fization, hls subcontra: 'rs, labor unions, and Corps of Enginqprl

must provide aggressiv ifety direction and education to-all ‘3
personnel working on i’ - type of construction. Direct wiolations”®
of these safety princiy s will be cause for work stoppage and/or
dismissal of personnel volved.

a. The Corps + FEngineers Inspectors present at the accident
should be absolved of blame as it is felt they tried to keep the

men from entering the '+ :ft unprotected.
f. That Mr. J 71y C. May be commended for hls rescue opbfations.

1.9
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Mal “lexander P. de Sever<kv, aviator, aircraft de.
siener oo’ outhor, visiled Lincoln Air Force Base Toes-
dav for ~ briefing and inzpectivn ol Allas missile com-
plox develnpments, The Ruzcoan-born World War | ace
vitited 11 Brainard Allas site hy nehicopter. De Seversky
has becs a [requent consaliant (7 the Secretary nof the
Aw Foreo (Star Photo)



Co
M

ps of Engl ners, Area Engineer, Colonel John E.
than, han - "key" to Complex 8 to SATAF Commander,

Colonel iast' 98, at ceremonies on 16 Cctober 1961,
Coirplex 8 wa Lthe last of the 12 coiplexes to be
corpleteds 1 aft to right) Msson Travis, Project lansger
fo. Kestorn . atracting Corporationy Colonel John E,

M

hany Colrvel Vernon L, Hastings; Colonel Thomas J.
Gorbing omwn-ndar, B81B8th Strateglc Aerospace Division,
Lincoln ‘ir I~rce Base. GD/A 432888,



Turnover of Complex 8, Seward, by Corps of Engineers to
Mr Force on 16 Uctober 1961s (Leftto right) John
Lundy, GO/Aj Mason Travis, Project Englneer, Western
Contracting Corporation; Colonel John E. kinahan,
Lincoln Area Enginecrj Colonel Vernon L. Hastings,
Commander, SATAFy Colonel Thomas Je Corbin, Commander,
B16th Air pivisiong Colonel Edward P. Denton,
Commander, 50lst Strategic Miseile Squadrong De Do
Rutledge, Fresident, Seward Chamger of Commercej
william 1. Dowding, Mayor, City of Seward.



SATAE = GD/A pr

and Mayor Dowdi

complexy Site ©
16 October 196
Site Superviso:
Nebraska Chamge
Mayor of City «
SATAF Commande)

it photograph of Atlas to Mre Rutledge
10 celebrate the turn-over of last

. Corps of Enginecers to SATAF on

‘Left to right) John Lundy, GD/A

. Ds Rutledge, President, Seward,

r Commerce; Mayor William I. Dowding,
sward Colonel Vernon L. Hastings,
530/5 #523910




Chenge of
Commande
Colonel John L.
Minshan turns
over office of
Aroa Engincer
to 1t. Colonal
intter Jo
Hendﬂl'm.
effective

1 Jan 620

Lt. Colonel
Lester J.
Hendarson,
Colonal Verncn
L. bastings,
§T4F Commander,
and Colonel John
Ee Minahan,
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Lt. Colonel !lendarson §

presenis Sustalned
Luperior Pe: fornance
Award to Juiin Ce #.
Carroll, Chinaf,
Enginecering and
Technical Dranch.
Fre Carroll was
assigned Chiaf of
this Brench whan
lixre Duscha wos
assigned to the
kinot Area.

1962,

Sustsained Suparior
Ferformance Awards
presented to (left

to righi) Lloyd
buscha, Chief, Engin-
earing 4 Technical
Branch, Harold Zndezr-
son, Chief Controact
Administration

Branch, and Ed Thurber
Linceln Resident
Engineere [Presented
by Colonel John E.
Minahazn, Area Engineer.
1961.




Certificate of
iLchievement
sviar<ed to John M.
Clemay Electirical
Engincer and Chief
of Validation and
Tast Section by
Colonel inahan.

- A -
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Ceclonel sinshan
procante
Custcinsd
Superior Per-
formancs Award
to lirs. Dorothy
Foncl, Cecretary
to Chief of
Eagincering &
Tachnical
Dranch.




Plenty of work
to do but when
people leave we
at least like
coffee and cake
and a bon voyage.
Lt. Cole Henderson
(necr center
foreground),
Colonel Hastings
(right of center
background)

Cole Hinshan

(st xight).

Colonel John L. hinahe:. talks with Colonel Hastings during
this particular farewell],



SITE 10, ELMWOOD
Aerial vie of damage to quonset structures as a

result of * 'olent windstorm en 2 September 1961,
GU/A Photo 0. 52731,

SITE 10, ELMWOOD

Traller ov turned on G)/A station wagon during same
periode ¢ | Phioto Noe 527224 :

P
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Conclusions and Recommendations



PART XII = CONCLUSIONS

The ¢ifficult was done immediately, and the impossible
took a 1little longer.

MISSION ACCOMPLISHED!

Refer to copies of letters on following pages:

Letter of Coi.rendaticn dzted 10 October 1261 from
Colonel Vernon L. Hastings, Commender, SATAF, to
Colonel Jchn E. Minahan, Area Engincer, Lincoln Area.

Letter of ’ppreciaticn ancd Accomplishment dated
26 February 1962 from Colonel T. J. Hayes, Cormanding
Officer, CEBICC, to /reca Engincer, Lincoln Cffice,
CEBINCO.
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alingoln, Jskbracka

Lo Bzicsio the furthor phi s—out of rerconncl dn your ofce, I would

c.catly ,,;':;.:c::is..tw your pi.- R caty thesy i Solsenay moscesa,

2. Wiikin the next forwwvw . lic this SATRY 1.".*_1_ acoot frem thia 2oca
dr=inscr tho final czzple:: in £252 851 The ‘-c:cp ansoiof this cexnlex;

=i the previcucs oneg, v ' in c:ich casg ba pricr to the Alr Forca iszad
Cates for boginning our It zllcticn end Checliout Phase,

@ | .

s A3 thls SATAF comrmon - o ito rontt phnga of wesl: wa ars all ceafident
t..ot the quality of focilit: 7hich you have nolpad m*‘*ﬂf‘h is without
c _' :;1 in the c'lt.rc Atlas " " preszame Tl s dus, in 2 large degrea,

to tha tircless cfferts of ¢ :h of »ou individuzlly,.

V/e hove hed many pro ems dxing e :1<"m.ct10'1, but in cach cac
~.o have overcomae theosge t' ourl éa emicable, unificd efiost by all

czacensle This clearly | -lcztz & devotion to duty and a grcat

o sizroct in making your ¢ mibuinen to cur efforts to prosarve cur
frcadom.
Se I pzreonally would Uk o conigretulate cach ef you for.a job vrall
ca2, cnd feel sure that ¢ h of you in ths future, wiill losk back with
Z {z2ling of pride on the ! 'nenclou.-': job ycu have done hero et Linzoln,
<incerely,

£, A

. Uil ] 7
o0l L. HACTINGS Conies to:

. ( Colonal, USAF Ganeral Gerrity
€Commaeander, SATAF Waho General Welling

Colonel Hayes, CEBMCO



ey -.-.;:, U. S. ARMY, CORPS OF ENGINEERS

‘,f‘ SN BALLISTIC MISSILE CONSTRUCTION OFFICE
o i 2 <651 WEST S6TH STREET
: FaR LOS ANGELES 45, CALIFORNIA

MAIL ADDRLSS
A, F.UNIT POST GFFICE
- LOG ANSELES 435, CALIFORNIA
| ENGMA-VE 26 February 1962

in RCPLY REFER TO:

SUBJECT: Letter of Appreciation

TO: Area Engineer, Lincoln
U. S. Army, Corps of Engineers
pallistic Missile ¢onstruction Office
p. 0. Box 953
Lincoln, Nebraska

1. As I leave this Command, I wish to express my gratitude and
thanks to you, and the personnel of your Office, for the way you

‘ pave cccomplished the vital ! <} of constructing the ICBM facilities
st Lincoln Air Force Base. Tncre have been no easy tasks within
CEEMCO. However, your position of Area Engineer was one of the most
T important, the most demandin:, and the most difficult. Your

schievements speak well for the fine team you have headed and the
ible way they have performe:'.

) 2. We all know that il is the people out in the field, the

ones on the firing line as it were, whose accomplishments determine
the success of any effort. Ve at Headquarters are well aware of the
difficulties you have faced and successfully surmounted. Ve recognize
that each of our Areas has ~ade a tremendous contribution to the
urgent ICBM program. Each of our Area Engineers is to be congrat-
ulated, both for his persc ol efforts and for the way he built and
directed a competent., and e fective organization in the face of
snprecedented handicaps.

(: 3. I want to thanlt y u for your tireless efforts and unflagging
support. I realize these ont far beyond the ordinary. Please extend
my personal thanks and my ratitude to all of your personnel for the
part they played in helpir @ to achieve the goals demanded by our
critical mission. Throug! their skill and talent, their hard work,




ZUGHMA-VE 26 February 1962
SULJECT: Letter of Appreciation

aud their high standards, they have made your Base an important
contrisution to construction history.

4., With
"Well conel!"
the future.

sreat appreciation for your work, and with a hearty
for your success, I extend my sincere best wishes for

T+—I. HAYES
Colonel, Corps of Engineers
Commanding




PART XIII

References and Miscellaneous



FERENCES R MISCE EQU

The Geoloolcal Report really covers more than the geologic
aspects of these sites., Generally, there are excellent resumes of
the problems encountered and methods employed in their solutlion as
extracted from the site engineer's dally logs.

some of the backgrcund information and material was secured
from Bechtel Corporation and General Dynamics/Astronautics
personnel, from Headquarters of CEBMCO, and the Omaha District.

The photographs carry a numerical designation generally; however,
in some cases they do not. Those that carry numbers are in four
categorlies;

1. Those which were taken by the Omaha District, Corps
of Cngineers, where the negatives are located.

2. Those from General Dynamics/Astronautics which negatives
are at their California headquarters.

3. Those with the letter "C" preceding the number were
taken by John M. Clema, the compiler of thie resume, negatives for
which are avallable to the Corps.

4. Numbers preceded by “WCC" cover photographs from negatives

provided by the Western Contracting Corporation of Sioux City, Iowa.



John M. Jlaaza, ‘ssistant Culef, and Mrs. Audrey punn,
Secretary, Consiruction B:unch, reviewing material to be
pleced in Historical Summaiys Material on table has
been gsctionalized prior ¢ colletion and assembly.

B T

“he corner of the roon In Construction Branch whore this
hictorical summary was brought to fruition.




RECOGHITION FOR VORK DONE

Recognition for providing material for this documentation should
be glven to: Lte. Colonel Lester J. Henderson who wrote "Unusual
Features of Missile Construction Contracts"; Harold D. Anderson,
former Chief of Con' 'act Administration Branch on contract history;
John C. W. Carroll, ' hief of Engineering and Technical Branch en
Structural Steel, | cors and Silo Capsy Loyal F. Harle and Frank
Preisinger, Mechan' 11 Technicians, who were of material assistance
in the preparation  many pages of this summary; Captain Robert Bush
who prepared the o inal chart on the Time Concurrency Studyj
Obed Cramer, llanag -1t Engineer, who checked some of the sectionsj
and Mrs. Cruzita C '/ who did some typing.

Last but defin’ ~ly not least special ithanks to Mrs. Audrey Dunn,
Secretary in the ¢ truction Branch who spent many hours typing,

pasting, checking, 1lating and in many other ways assisted in

bringing these boc' to fruition.

Historical Officer



