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INTRO DUCT ION 

The scope of the construction work performed by Holmes & Narver, Inc. 
in connection with the development of the Eniwetok Proving Ground during 
the period between January 1, 1949 and July 1, 1951, involved a total cost 
of approximately $25,000,000. It embraced the construction of extensive 
base facilities, scientific structures, and special facilities needed in 
connection with scientific structures and special military structures used 
for test purposes. This construction was carried out at fii'teen locations 
throughout Eniwetok Atoll which were separated by from one to twenty-two 
miles of water. 

The approach to the establis~nt of a construction plan for this Pro­
j ect contemplated primarily the problems peculiar.to construction in over­
seas areas. This type of construction usually (for reasons which appear 
herein af'ter) involves a very high labor cost with consequent necessity, 
on the part of those charged with construction responsibility, for atten­
tion to economies which may be realized by prefabrication and caref'ul or­
gaµization, special attention to scheduling, and particular attention to 
factors necessary to maintain high morale during the construction period. 
It should be noted in connection with the last point that during this 
overseas project (in contrast to ordinary overseas work) the obligation 
of the contractor did not cease at the end of the working day, but rather 
that attention was required twenty-four hours or each day to the health, 
morale, and general welfare of the overseas employees. The conventional 
approach to an overseas project, moreover, was, in the case of this pro­
ject, modified by the following special conditions: 

1. No basic facilities were available to support an immediate move 
of a substantial number of men to carry out construction activi­
ties. 

2. No local labor market existed, nor a local supply of materials. 

3. At the outset, a radioactivity hazard existed vhich had to be re­
moved before substantial. numbers of people could be introduced. 

4. The separation of various units of work by water created a trans­
portation handicap requiring the establishment of a water trans­
portation system. for both supplies and aen. 

5. stringent security regulations existed for this Project. 

In the light of the noted conditions which affect overseas construc­
tion in general, and those special conditions particularly applicable to 
the Proving Ground development, plans for construction established pre­
determined phases to permit a gradual build-up of on-site personnel. This 
build-up w.s related to the special problems existing at the site and was 
also in phase with the planned availability of working drawings, and the 
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availability of materials and. supplittaa . ~ governed by the availability 
of funds with which to initiate proctll"9lleiri. 

In spite of the apparently long period of time allowed for construc­
tion when the initial plan».ing was done in the latter part of 1948, the 
schedule established for the construction or tll9'-base facilities then 
contemplated was relatively tight, in keeping with a philosophy of limit­
ing overseas manpower to a min:lmum. This was done in order to leave a 
:maximum amount of tillle for the construction of scientific structures and 
stations since the extent of this portion of tb.e·tlevelopment program was 
quite indefinite. 

Expansion of the required base facilities would of necessity affect 
planning, as would the expansion of requirements for scientific structures 
and stations. However, if' the plan were sufficiently flexible, the non­
availability of funds in the early phases of construction, the increases 
in required base facilities, and the construction effort which would be 
related to actual test structures might cause temporary set-backs, but 
vould not cause irreparable delays in the over-all completion in tillle for 
test operations in the early part of 1951. Developments through 1949 and 
1950 indicate that the plan was sufficiently flexible. The expansion of 
activities from the arrival of the first small group to initiate a beach­
head to the peak which came late in 1950 was continuously progressive. 
Factors 'Which retarded progress were quickly noted and remedial efforts 
were effective. 

The details and progress of the oonstructon activities carried out 
under Job 3 of Contract .lt-(29-1)-507 are reported hereinafter under 
three main headings: Beachhead Establishment, Construction of Base Facili­
ties and Scientific Structures, and Construction for the Military Struc­
tures Program. Each of the sections is intended to portray the interre­
lationship of all of the factors affecting the work; the significant de­
cisions :made in connection with construction and the reasons for those de­
cisions; and, lastlJr, details of the scope of the construction effort, 
together with relevant statistics. 
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CHAPTER 6.2 

BEACHHEAD ESTABLISHMENT 

The period of time designated Phase I of operations at the site, 
covering approximately six moriths from January to June 1949, was devoted 
to the establishment of a beachhead by engineering and construction 
forces. It \1111 be recalled that the Reconnaissance Report, in view of 
the time scale for the entire Project as contemplated at the beginning 
of 1949, had established a construction plan, chosen in the interest of 
economy, which avoided building a construction camp. In keeping \11th 
this basic premise, Phase I operations were designed to enable relatively 
few people to move to the Atoll without imposing an undue burden on the 
garrison forces and to rehabilitate, in only barest essentials, existing 
structures and facilities on Eniwetok Island to the extent necessary to 
support the group required for initiating construction of the Parry 
Island base facilities. As noted during the reconnaissance survey, the 
garrison, in view of the limitations of personnel, supplies, equipment, 
and housing, was in a position to support a group of not more than JO 
visitors. Within such limitations, therefore, personnel chosen to ca:rry 
out Phase I operations at the Proving Ground were selected on the basis 
of versatility and necessity for the capabilities they possessed. 

The objectives established for the group were broadly: 

1. To inaugurate working relations \11th the military garrison at 
Eniwetok and with its support and command center at Kwajalein. 

2. To test in actual operation the arrangements made for supply 
and logistic support required for civilian construction opera­
tions at the site. 

3. To complete such field surveys, topography, and hydrography as 
required for detailed planning and designing being done con­
currently at the Engineering Division design office in Los 
Angeles. 

4, To conduct further tests on existing submarine cables to 
determine the rate of deterioration of these expensive and 
vital items and to establish the utility of each cable for 
future operations. 

5. To carry out clean-up and blading operations in an effort to 
reduce the intensity level of radioactivity at the detonation 
sites employed during Operation Sandstone. It was necessary 
that the intensity level be reduced to a point which would 
permit extensive operations over long periods of time \lithout 
haz a.rd to personnel. 

6. To rehabilitate, to the barest minimum extent, facilities for 
housing and feeding construction forces and for warehousing 
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and servicing materials and equipment required by anticipated 
construction operations to be carried out in the later phases 
of the program. 

1JORKING·RELATIONS WITH THE MILITARY 

It had been arranged in early meetings at Cincpac that the garrison 
forces at Eniwetok would support Phase I operations by the following 
services: 

1. Providing subsistence and housing space. 

2. Stevedoring and off-loading of the small quantities of supplies 
which would be required by H & N group during the Phase I period. 

3. Operating intra-island small boats. 

4. Operating liaison type planes within the Atoll. 

5. Providing radio communication with Hawaii and the Mainla,nd. 

6. Providing auxiliary services including mail handling, PX 
facilities, movies, and the like. 

On the basis of these arrangements the first contigent of H & N 
forces left Los Angeles on February 2, 1949. Included in the group, 
which totaled 9, were the Acting Resident Manager, a Construction Fore­
man, Chief of Surveys, Instrumentman, Chief Electrical Engineer, an 
Electrician, a Carpenter, a Heavy Equipment Mechanic, and a Heavy Equip­
ment Operator. The group was accompanied by two Radiological Safety 
Monitors from the Los Alamos Scientific Laboratory. 

Upon arrival at K\18.jalein, meetings were arranged with the Command­
ing Officer, and such items as the cashing of Holmes & Narver checks, 
the o'Wllership of POL supplies stored at Eniwetok, and the ownership of 
miscellaneous equipment, material, and supplies at Eniwetok were dis­
cussed. The high plane of cooperation \18.S immediately evident and a 
satisfactory solution of all details was accomplished. 

In view of the nonexistence of records covering POL supplies and 
material,equipment, and other supplies located at Eniwetok, the assump­
tion \18.B made that all of this property should be utilized by the AEC 
contractor in the furtherence of the program. 

At Eniwetok, in keeping with the earlier undertaking at Cincpac, 
arrangements were made by the garrison to house the H & N group in a 
modified two-story quonset structure which proved to be habitable and 
adequate for the purpose with only minor repairs. 

Subsistence was also provided; but, because Eniwetok Atoll was 
not a direct military supply line, the food served there was not as 
tasty as might be desired. The burden placed upon the garrison by 
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even the small initial beachhead was reflected in the preparation of 
the food as well as in the service and conditions of utensils and table. 

However, no conflict with the military establishment on this score 
was evident and excellent working relations between the garrison person­
nel and the "pioneer" group were soon established. Both groups attempted 
cooperatively to find the solution of problems as they arose. Thus, 
for example, the recruitment of camp attendants was expedited and the 
arrival of two men in this classification with the second H & N contin­
gent on Feb. 14, 1949, helped the mess-barracks problem materially. 
During the off-loading substantially all other activities at the Jobsite 
i.1ere stopped. 

Reports of the inability of the garrison to support even the limited 
number of H & N personnel were f ori.1arded to the Home Office in order 
that the build-up of the garrison forces to planned levels might be 
expedited through Atomic Energy Commission channels; but, although augmen­
tation of the garrison did take place during Phase I operations, it was 
evident that an all-out effort i.1ould have to be made to establish, at an 
early date, facilities for the subsistence and housing of H & N forces. 

SUPPLY LINE AND LOGISTIC SUPPORT 

Shipments to Eniwetok during this period were, normally, by vay of 
Kwajalein. That is, materials destined for Eniwetok Atoll were trans­
shipped at Kwajalein to LST's operating on approximately a weekly schedule. 

As noted above, the supply line to Eniwetok was a spur of a main 
line which originated at San Francisco and passed through Oahu and 
Kwajalein. Plans had been made for direct freight service to Eniwetok 
i.1hich i.1ould eliminate the transshipment at Kwajalein; however, it was 
not until April 15, 1949, that the USS GRAFFIAS arrived at Eniwetok with 
the first shipment of H & N materials and supplies, together with routine 
supplies for the garrison. Arrangements had also been made for air 
freight shipments to Eniwetok, but, in this line of supply as well, trans­
shipment at Kwajalein was necessary and a shuttle plane was operated 
between Kwajalein and Eniwetok on a somewhat haphazard schedule. Thus, 
it 'W8.S not unusual that air freight shipments and mail accumulated at 
Kwajalein for considerable periods of time during the early part of 
Phase I. The schedule of this plane service was ultimately improved 
through efforts of the AEC, and semi-weekly service was achieved. 

Refrigerator ship service to Eniwetok was initiated during the 
Phase I period. The first shipment of refrigerated cargo arrived at 
Eniwetok on May 19, 1949; thereafter, a regular monthly schedule was 
maintained. 

SURVEYS 

Upon arrival at the site, arrangements were immediately made by 
survey personnel to expedite the flow of survey data to Los Angeles. 
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In order to permit site planning to move ahead on schedule, data 
for contour maps and the location of high-tide lines on Parry, Runit, 
Aomon, and Engebi were first obtained. Survey personnel commuted fro~ 
the base camp at Eniwetok Jeland to each of the other locations by M-boat 
or L-5 aircraft as available. The time consumed in moving personnel and 
equipment around the Atoll in these early days and the shortage of per­
sonnel contributed to the difficulty of the task. However, within two 
veeks from the date of arrival at Eniwetok, the initial increment of 
survey information needed for design by the Engineering Division at 
Los Angeles was mailed. 

The schedule established for the accomplishment of the surve~re­
quired during Phase I operations was ambitious and was based upon the 
use of a number of survey crews. Unfortunately, problems connected with 
housing and messing additional personnel, which are discussed elsewhere 
in this chapter, prevented the accomplishment of all of the vork scheduled 
for the period. However, by dint of long hours in the field, the major 
portions of the data required for design during this period were delivered 
on time. 

All usable existing structures on the Atoll vere located. The hy'dro­
graphy for the Rojoa Causeway and for all piers planned for the Atoll 
was accomplished. Reconnaissance was carried out for the triangulation 
which was to be performed during later phases of the program. This recon­
naissance included the location of monuments established by the BOWDITCH 
and Sandstone BUrVeys. In addition to these activities, the survey group 
carried out various odds and ends of work such as staking the sites of 
minor construction required for the interim camp at Eniwetok, the loca­
tion of the POL facilities on Eniwetok, preliminary staking for initial 
construction on airstrips, and other items of high priority work. 

One of the more unusual assignments involved crosssectioning the 
crater areas around the Sandstone detonation points. The details of the 
procedures used and of the data obtained appear elsewhere in this report 
and in the files of the operation. 

CABLE TESTING 

Cable testing similar to that carried out during the reconnaissance 
survey in 1948 was performed during February and March of 1949, and the 
ueuable condition of the existing underwater cables and cable stored at 
Parry was firmly established by the data obtained. Details of the 
methods employed and the resulting data are given elsewhere in this 
report, but at this point it might be noted that the procedure involved 
established the copper conductivity and insulation resistance of each 
pair of wires in each cable. Two men were required to do the testing, 
and a ttMegger" and a Wheatstone Bridge were used in making the required 
measurements. ~M transportation was provided to enable the men con­
cerned with this task to prepare terminals for testing and to make and 
record the required measurements. These tests indicated, in general, 
that the 750,000 linear feet of existing sub:narine control and signal 
cable tested would be usable for operations in 1951. 
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In addition to performing tests on installed submarine cable, 
action was taken during the beachhead operation to locate, test, and 
properly warehouse ~urplus submari~e cable and signal cable not in­
stalled, but remaining at the Jobsite from Operation Sandstone. A 
total of 137,000 feet of this cable was.tested and found to be in good 
condition. Because much of it had been left on reels and exposed to 
the elements, arrangemen~s were made for inside storage of the entire 
surplus supply. It might be noted that all of this existing cabl.e was 
subsequently installed to meet the growing requirements encountered. 

DECONTAMINATION ACTIVITIES 

On February 20, 1949, after the arrival of additional heavy equip­
ment operators, and the rehabilitation of the equipment made available 
at Eniwetok, an attempt was made to reduce the radioactivity level on. 
Engebi by a simple grading operation. 

A representative of the AEC on matters of radiological safety 
supervised these trials. The initial grading operations created a 
dust cloud and it was considered possible that radioactive particles 
might well be included in the cloud, thus creatin.e: an additional 
hazard to personnel involved in the operation. Further trials were 
conducted during which a fire hose was employed to wet down the area 
being graded. Inasmuch as the area on which work was being performed 
had previously been paved with asphalt, penetration of the water to 
the hazard-forming sand beneath the surface was incomplete when this 
method of "watering down" was employed. As a consequence, no improve­
ment over the first trials was evident. 

Activities on decontamination were halted, and consideration was 
given to other possible schemes. For example, it had been suggested 
that a hydraulic dredge could be employed and the highly contaminated 
crater areas remaining from Operation Sandstone could be covered with 
uncontaminated materials dredged from the lagoon. The possibilities 
of this plan were pursued to the extent that the closest available 
dredge was located. However, when the situation was analyzed, it was 
determined that the available dredging equipment would need extensive 
repairs and that it would arrive at the Atoll so late as to seriously 
interfere with established schedules for construction activities. In 
addition, it was questionable as to whether or not the dredge could be 
successfully negotiated through the coral-studded lagoon watersadjacent 
to the islands. The availability of sufficient sand to complete the 
operation was another factor which was seriously questioned. 

When the situation appeared to have reached a stalemate; the sug­
gestion was made by H & N personnel engaged in the decontamination 
operation at the site that prior to and during scarifying, grading, 
transporting 1 and filling operations, the use of continuous and pro­
longed spraying by overhead irrigation equipment might alleviate the 
hazardous condition. This proposal required simple, low cost, portable 
equipment including pumping equipment, quick-coupling aluminum pipe 
line, and "Rain Bird" type sprinklers distributed along the pipe line. 
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It was believed that the spray from the sprinklers would be of suffi­
cient density to penetrate the spaces between the pavement segments and 
completely moisten the underlying dry sand. It was further proposed 
that in employing this technique the wet pavement could be scarified, 
removed, and deposited in the deep portion of the crater and thereafter 
covered by uncontaminated materials. 

A token quantity of the equipment and materials required for a 
trial of these suggested procedures vas shipped to the Jobsite and, 
at the end of May 1949, in the presence of radiological survey experts 
called in by the AEC as consultants on the problem, trials were per­
formed. It was immediately apparent that the proposal was sound, and 
the methods outlined were followed in the later accomplishment of the 
decontamination o~ the crater areas. 

Other decontamination activities included the removal of the steel 
stumps and the foundations for the Sandstone towers, and the gathering 
and dumping of all debris remaining on the Sandstone experiment islands. 
Metal fragments within a 1000 foot radius of the old zero points were 
found to be contaminated to a considerable degree, and their removal 
involved picking up the pieces individually and ultimately dumping them 
at sea. 

All personnel engaged in decontamination operations wore adequate 
protective clothing and equipnent (such as goggles and masks) when re­
quired. Film badge dosimeters were worn and care was taken to avoid 
exposure b97ond tolerance dosage. Lectures by the radiological safety 
monitors were of considerable importance for indoctrination purposes 
and in avoiding unjustified fears of the hazards involved, thus mate­
rially expediting the accomplishment of the work. 

ESTABLISHMENT OF CAMP AND WAREHOUSING FACILITIE.S 

It was hoped that the advance field forces would be able to esta­
blish a base camp on Parry Island capable of being expanded to accommo­
date the additional personnel required to construct the base facilities 
planned for that island. In keeping with the philosophy that no con­
struction camp, per se, would be established, it was originall7 thought 
that some of the existing facilities on Parry Island could be rehabili­
tated to a sufficient extent to serve as an interim camp until the 
semi-permanent barracks and mess hall included in the the base facilities 
plan for the island could be completed. 

Upon examination of the existing quonset buildings on Parry and 
careful consideration of the factors limiting transportation between 
Eniwetok and Parry, coD111unication problems, and the personnel and mate­
rial required for the rather extensive rehabilitation and repairs which 
were necessary, it appeared to be more economical to reactivate a portion 
of the existing facilities on Eniwetok Island as an interim base camp 
from which construction operations could be expanded. Warehousing space 
on Parry was available and~ as a consequence, no change was necessary 
in the plan which provided for initial shipnents of material and 
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equipment required for Parry construction being off-loaded and stored 
on Parry Island. In view of (1) the limitations on personnel, (2) the 
shortage of materials for specific features of construction due to the 
small.amount of funds allocated to the Project during this period, and 
{3) the time required for procurement and transport of these materials 
to the Jobsite, the plan to set up the initial camp on Eniwetok appeared 
to be justified. As a result, as DlUCh effort as possible with the small 
group on hand was devoted to the rehabilitation of existing buildings at 
the northerly end of Eniwetok Island. 

Quonset buildings at the area were converted into barracks through 
the employment of a small amount of labor and a small amount of locally 
available material, The building previously used during Operation Sand­
stone as the Air Task Group mess hall was repaired and rehabilitated. 
Two existing rangesW3re overhauled, repaired, and placed in operative 
condition, as was a walk-in refrigerator which had previously been sur­
veyed. Power and lighting were made operable and the facility generally 
cleaned up. The early procurement and timely arrival of surplus messware 
and kitchen equipment from the AEC Hanford installation permitted the 
early activation of an independent mess. 

For frozen and chilled storage of perishable foodstuffs, a large 
battery of unused reefers located near the south end of Eniwetok was 
repaired and reconditioned. The storage space available was shared with 
the military garrison. In the accomplishment of this task many parts 
required for the refrigeration units were salvaged from junk heaps or 
cannibalized from inoperative units which had not yet been surveyed. 

Three abandoned 75-kw diesel engine generator units located on the 
island were made operable and were entered on the property lists of the 
AEC. These units were moved to a central location within the contemplated 
camp area, and a lean-to shelter was constructed for protection from the 
weather. Twelve small water distillation units which had been used during 
Operation Sandstone were also located on the island. These units had 
not been operated since the early SWD11er of 1948 and had deteriorated 
badly. A considerable store of spare parts for these units was dis­
covered in a warehouse on Eniwetok, and these, with the addition of some 
critical parts supplied by airlift from the West Coaet, permitted reha­
bilitation to be undertaken. Time was expended on this rehabilitation 
progress in consonance with the requirement for additional fresh water 
occasioned by population increases. Initially, water was distilled for 
use only in connection vi.th the mess hall; brackish water for washing 
purposes was hauled from an existing well located adjacent to the air­
strip. By mid-April 1949, the accomplishment of the campsite was in 
sight and permission was requested to raise the limit of the civilian 
population at the Atoll. Approval by all interested agencies was forth­
coming, and, on June 1, 1949, one month ahead of schedule, the mess hall 
on Eniwetok Island was opened for operation. The beachhead forces thus 
became entirely selfsustaining, from the standpoint of subsistence and 
lodging, and in a position to cope with the augmentation program neces­
sary for the prosecution of the remainder of the Project. 
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EQUIPMENT 

It had been noted during the reconnaissance survey that some heavy 
equipment was available on Eniwetok Island; in addition, arrangements 
had been made with Cincpac to ship to the Atoll for use by personnel 
a motor patrol, a carryall scraper with an extra power unit, a portable 
machine shop, a portable water pump, a D-8 Caterpillar tractor with 
bulldozer blades, a crane v.1.th a boom and bucket, and four jeeps. This 
equipnent arrived at the Atoll prior to the arrival of the first group 
of H & N personnel assigned to beachhead duty and was stored by the 
garrison. 

During April 1949, it was learned by H & N representatives through 
the Division Engineer, Corps of Engineersj San Francisco, that an 
engineer battalion was completing work on Guam, and it was thought that 
a considerable amount of equipment could be procured by the AEC through 
the interagency transfer. Representatives were soon on their way to 
Guam to inspect the equipment available and to initiate the transfer. 
At Guam, the District Engineer insisted upon a transfer of funds far 
beyond that originally thought necessary in the San Francisco negotiations; 
but after considerable bargaining)certain items were purchased through the 
AEC. 

While on Guam in connection with this transaction, the H & B repre­
sentatives learned that the Department of the Na'V)" had, on Guam, a con­
siderable amount of equipment that it was willing to-transfer to the AEC 
at no cost. While a substantial part of this equipment was in poor 
condition, a careful stu~ revealed that it could be transported to 
Eniwetok within a very short time and that, in view of this factor, the 
cost of some rehabilitation would be warranted. Some of the equipnent 
chosen for transfer vas not serviceable but did contain operative parts 
which could readily be cannibalized ·and used for the repair of other 
pieces. In all, it was felt that a substantial pool of hea'V)" equipment 
and parts could be accumulated very rapidly through this source and that 
the ultimate cost to the .AEC or the resulting usable equipment on-site 
at Eniwetok would be a small fraction of the actual value. (It is noted 
that many of the basic pieces or equipment thus obtained from the Navy 
are still in use on the Atoll.) In 8117 event, after completion of 

. arrangements at Guam, further arrangements were made through Cincpac for 
the transshipment of the heavy equipment and parts from Guam to Eniwetok 
in connection with the shipment of six LCT's from Sasebo, Japan, to 
Eniwetoko This transfer actually took place with the arrival at Eniwetok 
of two LSD 1 s, one on May 29, 1949, and the second on June 22, 1949. 

Upon the arrival of the LCT 8s and the heavy equipment from Guam, 
heavy equipment mechanics, operators, and laborers were immediately 
assigned to the rehabilitation and repair of those items most urgently 
needed. The rest of the heavy equipment was stored on Eniwetok and 
later moved to Parry to be rehabilitated as needed. 
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COMMUNICATIONS 

Radio communication between Eniwetok, Oahu, and the mainland during 
this phase of the Project was carried out through military channels. 
In view of the security classification of many of the facts surrounding 
activities at Eniwetok, a major portion of the messages transmitted 
through these channels required burdensome and time-consuming crypto­
graphic treatment. 

The procedure at the Eniwetok end of this link between the beach­
head group and the Los Angeles Home Office involved preparation of the 
message by the Resident Manager, submission of the message to the Atoll 
Commander, who in turn, and after approval, passed it to the Signal 
Officer for the accomplishment of transmission in code or in plain text 
as required by the classification of the information contained in the 
message. At the Los Angeles end of the link the procedure included the 
preparation of the message at the Los Angeles office, dispatch of the 
message by armed courier to the Naval Communications Center at Long 
Beach, California, and transmission from there. The courier made two 
trips daily and picked up all incoming messages for delivery to the 
designated recipient through Home Office channels. The time required 
for the transmission of messages from sender to recipient generally was 
about 48 hours, although occasionally three to four days elapsed. 
Delays were generally caused by the necessity for coding and decoding 
practically all messages and the need to recheck messages garbled during 
transmission. 

Generally this line of communication was adequate and, in view of 
the fact that mail delivery was haphazard by reason of transshipment of 
a:ir mail.at Kwajalein, the teletype communication service helped to keep 
beachhead operations moving ahead. 

Intra-Atoll communication was handled by the utilization of _the 
submarine control cables installed during Operation Sandstone as a 
trunking facility, and by portable radio transmitters and receivers 
obtained through the military establishment. Field telephone instruments 
were installed at the Sandstone Control Station on Parry Island, within 
the timing stations on Runit, Aomon, and Engebi, and at the Coral Head 
tower in the lagoon. 

These facilities were used frequently to coordinate the activities 
of the groups scattered through the Atoll during this phase of opera­
tions and was of material assistance in the accomplishment of the tri­
angulation surveys performed later. 

PERSONNEL 

The establishment of the beachhead as originally planned called for 
the gradual augmentation of forces to the maximum population agreed upon 
(JO individuals) until the H & N forces became self-sustaining. At this 
time it was proposed to initiate the augmentation of overseas forces 
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which would be carried out rapidly through the balance of 1949 to a total of 
elight]y under 600. As already noted, the first group o:f nine employees was 
chosen :for versatility. They were followed in two weeks by a second group 
of thirteen including clerks, camp and mess hall attendants, heavy equip­
ment operat~rs, laborers, chainmen, a truck driver, and a mechanic. In 
the second group, the choice was made o:f classifications essential to the 
activities assigned the highest priority. For example, the recovery of 
property, and the inventory of same, was necessarily an immediate task. 
Camp attendants were essential., in view of the inability of the garrison 
to augment their own forces at a :fast enough rate. Details of the build­
up are given in Table 6.2-1, which shows the classifications of on-site 
employees at various dates during Phase I. 

TABLE 6. 2-1. PHASE I PERSONNEL AT ENIWErOK 

Feb. Mar. .. May June 
Classification . J,,. . .'..Jlit AQ. 10 18 21 29 1 ll 18 26 29 

Administrative 1 1 1 1 1 1 1 2 2 2 2 2 

Engineering 3 4 4 5 5 2 7 7 7 7 7 7 

Warehouse 4 4 5 5 7 13 16 

Clerical. 2 2 2 3 4 6 8 11 ll 11 13 

Kitchen & Camp 2 2 3 5 7 8 8 10 12 15 14 

Maintenance & Construo-
tion 5 13 16 18 22 27 32 37 43 50 53 54 

First Aid 1 1 1 1 1 2 

tatal 9 22 25 29 36 50 59 68 79 90 102 106 

It will be noted from the chart that support of the garrison forces 
by H & N personnel was initiated at an early date and continued until the 
H & N interim mess hall on Eniwetok Island was opened on June 1. Thus, 
in effect~ from a very early date, except for the actual occupation of 
the mess hall, the subsistence and lodging of H & N personnel was sub­
stantially carried by H & N forces. This contribution by H & N forces 
to their own support materially assisted in establishing the good working 
relationships with garrison personnel which were maintained at a very high 
level tbrougho~t the beachhead period. 

The establishment of the Resident Manager took place during this per­
iod as had been originally planned and, to assist him in camp operations 
during ensuing construction, a Camp Manager arrived at the site on May 15, 
1949. The opening or the mess hall already noted and the consequent es­
tablishment of the beachhead group as a self-sufficient unit from the stand­
point of messing and housing permitted the arrival of personnel earlier 
than s~hedul.ed in the Reconnaissance Report and materially expedited the 



completion of most of the features of work contemplated during the Phase 
I period. Unfortunately, because of the nonavailability of authori~ation 
to initiate large scale procurement during the latter part or the fiscal 
year, the hoped-for expeditious start of construction of base facilities 
on Parry Island was delayed in spite of the fact that personnel were avail­
able on site for the work. 

SUMMARY 

The accomplishments during the beachhead period may be summarized as 
follows: 

1. Working relations were established with the military garrison on 
Eniwetok and with agencies on Kvajalein. 

2. The shortcomings of logistic support were determined and recom­
mendations were made which in a short time resulted in material 
improvement. 

3. Considerable survey information was obtained for design of high 
priority construction and for the minor construction required in 
the establishment of the beachhead camp. 

4. Submarine cables were checked, and excess cable was also checked 
and moved to suitable storage. 

5. A.n interim camp was established and H & N forces became self­
sufficient from the standpoint of subsistence and lodging. The 
camp facilities included a distillation plant capable of prod-
ing approximately 3000 gallons of fresh water per day; a power 
generation plant; a mess hall, including all equipment and plumb­
ing; barracks space, including latrines, for approximately 200 
persons; and a refrigerated storage plant. All this was accom­
lished by rehabilitation or abandoned equipment. Other facilities, 
such as a first aid room, office space, warehousing, recreation 
facilities, and the like, were achieved through the rehabilitation 
of structures and areas existing on the island. 

6. A method was evolved for a decontamination of crater areas on the 
shot islands and a considerable amount of decontamination work 
-was accomplished. 

7. Sufficient equipment was rehabilitated to support illunediate and 
near-future construction activities. 

8. Interim repairs were completed on piers at the various islands 
and on the light plane airstrips. The clean-up of shot islands, 
including the removal of debris some decontamination by blading, 
and the demolition of unsafe structures on Parry, was performed 
during this period. 
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CHAPI'ER 6.3 

OBJECTIVES AND COST CONSIDERATIONS 

The objectives of the portion of the construction program. which fol­
lowed the establishment of the beachhead were outlined in the Reconnais­
sance Report of January 7, 1949, and are substantially as follows: 

Phase II - July, 1949 to December, 1949 

1. Maintain Eniwetok garrison utilities and transportation. 

2. Build construction camp on Parry Island with self-contained utili­
ties. 

3. i;tebUil.t piers on Eniwetok, Parry, Run.it, Aomon, Engebi, and re­
open approach channels. 

4. Build pier and shoot channel, Bogallua, if fourth site is to be 
used. 

5. Open quarries. 

6. Provide cable landing protection. 

7. Provide temporary inter-island communication (existing cable, 
plus added line to Bogallua). 

8. Start procurement. 

9. Transport of material and construction workers. 

Phase III - December, 1949 to December, 1950 

1. Complete temporary type 150-m.an camp on Bogallua, Engebi, Rojoa, 
and Runit. (Utilities and temporary power, concrete slabs.) 

2. Construct cause~, Biijiri to Rojoa. 

3. Set up crusher, batch plant, paving mix machine. 

4. Lay cables. 

5. Erect towers. 

6. Rehabilitate warehouse space, Parry. 

7. 

8. 
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9. Pave Airstrips. 

10. Ship total bill of materials. 

11. Complete concrete construction and permanent buildings. 

12. Purchase boats and vehicles for operating phase. 

13. Establish communication facilities. 

14. Pave roads and areas. 

These objectives remained substantially the same throughout the per­
iod covered in this report and were realized. However, the quantities 
contemplated at the time of the Reconnaissance Report were greatly ex­
ceeded in the ultiJDate scope of work accomplished. Characteristic of the 
quantities involved in the construction effort as finally accomplished 
are the following: 

UTILITIES 

General Trenching 
Sanitary Sewer Lines 
Water Lines 
Water Distillation Facilities 

Water Storage 
Power Generation Facilities 
Overhead Power Distribution 
Underground Power Distribution 
Submarine Power Cable 
Transform.er Installations 
Poles for Electrical Distribution 
Telephone & Public Address Overhead· 

Lines 
Submarine Telephone Cable 
Submarine & Underground Control & 

Signal Cable 
Sul:narine & Underground Fuel Lines 
Piers and Ramps 

BUILDINGS & STRUCTURES 

Military Structures 

Towers 

Scientific Stations 
Base Facilities 

Aluminum Buildings, etc. 
Tents 

100,655 lln. rt. 
39,580 lin. rt. 

103,570 lin. rt. 
Capacity 262,000 gal. 
per day. 

Capacity 220 ,ooo gal. 
28 generators, cap.555 kw 
271,000 lln. rt. 
101,750 lin. rt. 
26,200 lin. rt. 

295 
445 

475,240 lln. rt. 
598,500 lin. rt. 

1,889,900 lin. rt. 
s,160 lin. rt. 

ll 

26 
83,300 sq. ft. 

6 75 - rt. 
2 200 - rt. 
2 300 - ft. 

More than 700 

440,550 sq. ft. 
198,844 sq. ft. 

6-15 



MISCELLANEOUS 

Blading & Shaping 

Asphalt Paving 

Concrete 
Coral Concrete 
Limonite.Concrete 

Steei .. "' ,· . " ·-~ • , 
Reinforcing Steel 
Structural Steel 

Forms 

Material & Supplies handled 

892, 700 sq yd 

381,180 sq yd 

27,265 cu yd 
1,210 cu yd 

1,240 tons 
1,760 tons 

164,915 sq ft 

53,620 tons (approx.) 

In the construction of an installation of the magnitude indicated by 
tb.e above statistics, the fact th.at a substantial amount of effort b.ad 
to be directed to tb.e construction and operation of facilities which would 
not only support the main construction effort but would also be integral 
parts of the ;?roving Ground facilities, required special consideration 
and planning. The philosphy of the planning of the Proving Ground devel­
opment was to minim1ze duplication as much as possible by building facili­
ties whicb. W9\lld J>e ultimately required by the test operation activities 
in such a sequence that they could, to a maximum degree, accommodate the con­
struction activity. Tb.e particular elements of the construction activities 
program which were in this dual-purpose category were numerous, and those 
of high priority included housing and messing facilities, utilities, 
sewers, communications, transportation facilities (including airplane 
landing strips and piers) and a boat pool for orr loading ships and for 
the movement of men and supplies around the atoll. 

In this construction project, there were a number of special conditions 
which resulted in increased construction costs over comparable costs for 
domestic construction. These included the following: 

1. The inability of deep sea vessels to approach supply bases in­
volved .ore than normal rehandling and lightering of all cargo. 

2. An extended peri.cnl--of ti.Jne was necessar:r between the requisition­
ing of materials and the actual delivery of these materials at 
the Jobsite. 

3. Communication between the Jobsite and the Continental United 
States was difficult and was handicapped by security requirements. 

4. Mail deliveries involved some irregularities and uncertainty. 

~. Shipment of materials was required to be 'Within the procedure 
and schedules of MATS '8Dd MSI'S and space allowances for trans-
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portation were in competition Yi.th other military agencies, a 
factor which after the inception of the Korean War became crit­
ical. 

6. The weather conditions at the Atoll were characterized by fre­
quent rain squalls which affected intra-Atoll transportation 
and, at times, certain phases of construction such as tower 
erection and paving. 

7. Radical changes in the scope of work, combined Yi.th the long 
time required for procurement and shipment of many major items, 
affected construction schedules and at times changed the orderly 
progression of construction on items of high priority. 

8. The wide geographic separation of the Project site from scien­
tific groups and from the H & N design group militated against 
complete organizational efficiency and cooperation. 

9. Unusually close tolerances required in construction vere beyond 
the normal construction experience of most manual personnel and 
required, in many cases, a re-education of personnel in order 
to effect successful installation. 

10. n.tring earlier phases of the project the radiological hazard 
which existed limited the working hours of the personnel, and 
also created a psychological barrier to efficient operations 
until an educational program and the actual completion of decon­
tamination alleviated the situation. 

11. In early phases of the project the procurement of supplies was 
not initiated on schedule because of a temporary shortage of 
funds during the latter part of fiscal year 1949. 

12. Additions to the scope of work involved the use of coral for 
aggregate far in excess of the quantities originally contem­
plated and involved the exploitation of quarries in locations 
such as submerged reefs. Furthermore, some construction in­
volved high strength and density specifications which required 
special attention in view of the enforced employment of coral 
aggregate. 

13. By reason of the condition of much of the construction equip­
ment when received, the unusual operating conditions under 
which it had to be used, and climatic factors involving rapid 
corrosion, the problem of equipment maintenance was much more 
complex than usual. 

As pointed out in Section 12, Estimating, cost estimates in connec­
tion Yi.th the construction at Eniwetok Atoll were first developed for 
inclusion in the Reconnaissance Report. The procedure used at that t:ilne 
was based upon the determination of domestic unit costs for each feature 
of construction: material, labor, equipment, and transportation. To 
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the domestic costs thus determined, there were added the costs attendant 
upon the performance of services at Eniwetok Atoll. Upon the completion 
of the Reconnaissance Report Estimate, it vas found that the cost of 
construction at Eniwetok was a factor of 1.966 greater than the costs of 
performing comparable services on the West Coast of the United States, 
and this multiplier was used in the development of subsequent cost esti­
mates. 

The total estimated cost of construction, including costs of design 
engineering and fees, was $32,466,371. From this total, deductions were 
made for government-furnished water transportation, government-furnished 
equipment 9 and government-furnished labor for construction on Eniwetok 
Atoll, in the amounts of $1,819,196, $1,819,000, and $2,390,765 respec­
tively. Thus 9 the net total estimated construction cost (including 
engineering costs and fees) was $26,437,410. The actual cost of con­
struction performed by H & N at Eniwetok Atoll as of June 30, 1951 was 
$24,714,932, including the cost of all engineering services and allocable 
fees. 

If one divides the net estimate as given above by the factor 1.966, 
thus reversing the estimating process used in developing estimated con­
struction costs at Eniwetok, to arrive at an estimated domestic cost of 
construction for comparable facilities constructed in a comparable manner, 
(ioe., using the same proportions of government-furnished equipment, 
transportation, and labor), the resultant estimated domestic cost is 
$13,442,523. Division of the actual cost of construction at Eniwetok by 
the estimated domestic cost thus arrived at ($24,714,932 divided by 
$13,442,523) results in a factor of 1.838. 

An alternative multiplying factor can be arrived at by assuming that 
the contingency factor used in the preparation of those estimates which 
were not based on definitive criteria should not be included in the prep­
aration of an estimate of cost of comparable domestic construction. 
Such an assumption would appear to be justified on the basis that commu­
nications, timely procurement of materials and transportation or them to 
the Jobsite, and recruitment of labor present only relatively minor pro­
blems in a domestic construction job. On the basis of such an assumption, 
therefore, the net estimated cost of domestic construction of $13,442,523 
should be reduced by ten per cent to eliminate contingency allowances, 
thus yielding an estimated domestic cost or $12,098,271. 

Comparison of this latter figure with the total actual cost of con­
st~u~tion at Eniwetok results in a multiplying factor of 2.043. On the 
basis of these computations it will be seen that an average multiplying 
factor can be said to lie between 1.8 and 2.1. It should be remembered 
that such an average multiplying factor applies to the program of work 
performed and is not applicable to specific, specialized structures 
erected at Eniwetok or to construction work involving the employment of 
extraordinary techniques, equipment 9 or material. 
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CHAPI'ER 6.4 

ORGANIZATION AND PERSONNEL 

At the outset of the project, to arrive at basic and realistic cost 
estimates, it was necessary to set up tentative manpower schedules and 
organizational structures. At this time, in view of the scope and nature 
of the construction work to be performed, it was visualized that a force 
of 6oO men would be required at the Project site to accomplish construc­
tion and render the services required to support construction. In addition, 
a small group in Los Angeles would render supporting services including 
liaison with the AEC on all operational and construction matters, liaison 
with the H & N Engineering and Fiscal Divisions, and services connected 
with procurment, expediting, and logistics. To organizationally effect­
uate this plan, the complete responsibility for activities relating to all 
phases of the work being performed by H & N, other than design engineer­
ing and fiscal, was established in the Operations Division. This Division, 
under the supervision of the Chief of Operations, comprised two main sub­
divisions in order to provide adequate supervisory authority to cover acti­
vities at the Jobsite and to assure adequate Home Office supporting serv­
ices. 

The Jobsite and Home Office subdivisions were organized along the 
functional lines shown in Figures 6.4-1 and 6.4-2 in order to permit the 
application of maximum effort to construction and related activities. 

It was anticipated in this early planning that, as service and main­
tenance functions (as compared to actual construction activities) became 
more numerous, such functions would be departmentalized in the Jobsite 
organization in order to avoid distortion of construction costs. It might 
be noted here, as well, that the establishment of a Material Take-Off 
Section within the Construction Department, and a Construction Estimating 
Section was not established initially in the interest of econo11V. These 
functions at this stage of the project could readily and economically be 
performed by the Home Office Engineering Division. Furthermore, this type 
of organizational division afforded the advantage that procurement could 
be initiated on many items required for construction long before final 
plans and drawing-3 were complete, thus materially reducing the p.ormal time 
between inception of a project and delivery of critical procurement items 
such as generators, stills, structural aluminum, and the like. 

The mobilization of the originalJ.y planned Jobsite force of 600 was 
planned to take place rapidly a.f'ter the establishment of the beachhead. 
As the scope of work was increased and it became necessary to augment these 
forces, orginzational changes were required to assure continuous and aug­
mented supporting services as well as adequate staff supervision and con­
trol on all phases of the construction effort. 

The first of these changes took place in January 1950 and involved 
the transfer of material take-off responsibility from the Engineering 
Division to the Construction Department. The reasons for this change 
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were two-fold. In the first place, procurement of materials for the plan­
ned base facilities had been accomplished and the need for engineering 
requisitions prior to completion of design no longer existed. In the 
second place, the assignment to H & N of construction responsibility for 
the elements of the Military Structures Program required adherence to us­
ual construction organization practice in view of the fact that architect­
engineer services had been performed by other agencies. 

Later, in Ma\v" 1950, the operation of camps at various sites became a 
sizable activity and a new division called the Service Operations Division 
was formed. It should be noted that the formation of this division was 
completely in accordance with plans formulated at the time of the sub­
mission of the original Reconnaissance Report in January of 1949. 

Upon the formation of the Service Operations Division, the functions 
of operating power plants, water plants, maintenance, motor pools and 
mechanical shops were transferred from the Construction Department to this 
new division and the responsibility for all such serviceeplaced under one 
head. In addition, the greatly expanded activity of the Marine Department 
taken in connection with the proposed enlargement in the number of craft 
in operation made it advisable in order to properly support the expanding 
construction effort, to place the responsibility for operation and mainte­
nance of all marine craft under one head, that of the Port Captain, and 
to place the function under the Service Operations Division. The inaug­
uration of the Service Operations Division, coming as it did at a time 
when construction on Parry vas substantially complete in addition to being 
functionally sound, marked the inception of work under Job No. 4 of the 
Contract and served, as noted above, to prevent the distortion of construc­
tion costs. The physical changes in organization ma.de at the site to 
accommodate the increasing development of the Project consisted of the 
progressive subdivision of the basic organization by creating area manag­
ers in subsidiary sites other than Parry Island, urider whose direction 
were comparable construction unite with supporting services continuing to 
be supplied through the established base organization. The basic organi­
zation was also necessarily modified to accomodate liaison with numerous 
other agencies as they became operative at the site and witill the military 
construction program on Eniwetok Island. A chart of the orgainzation as 
it existed during the latter part of 1950 and through the operational phase 
in 1951 is sho'Wll in Figure 6.4-3. 

Prompted by successive increases in the scope of work, and increase 
in the numbers of classifications of personnel and in the numbers of per­
sons in these various classifications took place as the job progressed. 
The accelerating scope of the acitivity is apparent in the tabulation of 
construction personnel mobilization 'Which is sho'Wll in Figure 6.4-4. Due 
to fluctuations in the recruiting effort and the security screening, ar­
rivals of personnel at the Jobsite were not al-ways in consonance with an 
efficient balance of construction categories and actual requirements. 
As a consequence, minor rescheduling was required as well as the infrequent 
necessity for working certain individuals out of classification. 

Of greater significance in connection with the cost of construction 
are the salient facts that, as is the case in practically every overseas 
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construction job, many applicants for work in all categories were barely 
average in competence, and in addition the time required for security 
clearance effectively reduced the opportunity to hire only personnel of 
proved experience. Furthermore, and of equal importance, the wage scales 
established in many categories prevented the employment of seasoned craf'ts­
men. This was the case in connection with the recruitment of bricklayers 
whose services were required in connection with the Military Structures 
Program. 

Such problems, however, did have certain beneficial aspects. Competent 
supervisory personnel had been employed. Thus, while a substantial amount 
of construction required the application of unusual practices to conform 
to specified tolerances and strengths, close supervision of the work was 
essential and resulted in rapid training of somewhat less experienced 
personnel to follow the required techniques. 
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CHAPTER 6.5 

PROCEDURES 

Construction drawings prepared by the H & N Engineering Division. 
upon approval for construction and authorization to proceed, were distri­
buted simultaneously to the Operations Division and to the Jobsite Engi­
neering Department for transfer to the Jobsite Construction Department. 
Bills of materials and engineering requisitions for materials either pre­
ceded the transfer of drawings, as in the case of high priority or long 
term procurement items, or accompanied the drawings, thus initiating pro­
curement ·acti vi ties. 

Upon arrival of the drawings at the Jobsite Engineering Department, 
necessary recording vas accomplished and a check was made to ascertain 
that required specifications were on hand in sufficient detail to govern 
construction and to form the basis for the inspection and testing services 
to be performed by the Engineering Department. Upon the completions of 
these preliminary steps, the drawings and all pertinent specification in­
formation were sent to the Construction Department. 

SCHEDULmG 

At this point scheduling of the particular structure for construction 
within the broad scheduling pattern was initiated. In this step, the in­
terplay of all of the factors affecting construction required recognition. 
The availability of the required materials at the Jobsite, the availabil­
ity of manpower in required categories, any special equipment required, 
movement of materials within the Atoll, deadline dates for completion -
all these had to be considered in order to assure orderly progress vithin 
the over-all program. This assurance was achieved through the coordina­
tion effected in regular staff and Construction Department meetings. It 
should be remembered in this connection that after the middle of 1950, the 
receipt of drawings approved for construction was continuous. The addi­
tion of scientific stations occurred almost daily and scheduling in the 
light of such conditions was a matter which required continuous surveil­
lance in order to prevent delays in planned operational activities. 

After a workable schedule for construction was established for a par­
ticular feature of the program, plans were distributed to the construction 
group operating at the specified locations. Within the group a breakdown 
of the plans was made to the categories of construction effort required. 
Thus, for example, foundation drawings were given to the structural steel 
section, the carpentry section, and the concrete section; electrical draw­
ings were distributed to the electrical section to permit prefabrication 
where possible, or assembly of materials and installation. Construction 
efforts followed in due course. 

The Inspection and Statistical Sections of the Engineering Department 
followed construction progress to assure conformance 'With plans and speci­
fications and to report progress of construction by daily reports,. In ad­
dition, area superintendents regularly reported progress on each structure 
and station. 
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Such a procedure is normal for a construction project. Its applica­
tion in the case of the Eniwetok project was somewhat more complex in view 
of the difficulties encountered in having most, if not all, required mate­
rials on hand before initiation of construction on any particular building, 
structure or station. This material situation was the result of a series ' 
of events extending in time from June 1949 through March of 1951 which must 
be borne in mind in order to appreciate the impact on construction costs of 
a 5,000-mile supply Iine. In May and June, 1949 when early and intensive 
procurement of basic construction materials should have been accomplished, 
funds were not available. As a result, the flow of such materials to the 
Jobsite began in September 1949 instead of July and thus imposed a 60-day 
delay. 

The planned schedule of construction of base facil:rties placed Eniwe­
tok Island as an area to be ~ompleted toward the end of fiscal year 1950 
and the procurement of materials for that site was accordingly established 
for the latter part of 1949 ahd the early part of 1950, which appeared rea­
sonable in the light of the above mentioned, unanticipated, nonavailability 
of funds. However, when arrangements were made in the fall of 1949 for a 
Military Construction Battalion to perform the major portion of the con­
struction required for Eniwetok Island, the planned procurement schedule 
had to be pushed ahead. In respect· to some items this was possible but, 
initially, the diversion of a considerable amount of materials intended 
for other locations was required in order to maxilllize the utilization of 
the military forces. 

The diversion thus required introduced scheduling problems which be­
came more pronounced when hostilities in Korea started and resulted in a 
60-day hiatus in shipping schedules. The Construction Battalion was aler­
ted for movement to the Far East and a high priority given to the work on 
Eniwetok in order to perm.it movement at the earliest possible date. As a 
result, further diversions of materials to Eniwetok Island construction 
were required in order to meet this new and unforeseen priority. Likewise, 
the war and the attendant absence of shipping space for 60 days caused fre­
quent reshuffling of forces in orderto apply efforts effectively in view 
of the materials on hand. 1 

"Thus it was that, at the time construction of scientific stations was 
to begin (i.eo, in July and August of 1950), the materials situation was 
inordinately light. Work had not stopped and it must be emphasized that 
no "stand-by" time was ever incurred during the project because of material 
shortages. On the other hand, construction personnel had to be redeployed 
and moved from site to site in order to utilize available manpower effec­
tively in consonance 'With the materials on hand. 

With the arrival in early September 1950 of the first ship following 
the suspension of shipping during July and August, the situation was eased 
and scheduling of construction was approaching a normal pattern. However, 
this approach could not be complete in view of the fact that the require­
ments for scientific stations increased almost daily. In addition, complex 
structures were introduced at very late dates and involved considerable 
amounts of highly specialized fabrication. An outstanding example of s•ch 
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a requirement was the enormous steel casting specified late in 1950 for 
Station 121. Obviously, the foundations for the station could be comple­
ted immediately, and were, after some changes, discussed hereinafter. 
But completion of the station had to be delayed until procurement and de­
li very of the castings could be effected. 

The above events, coupled with the disadvantages inherent in follow­
ing to a late date the requisitioning procedures used in initial procure­
ment (which are discussed in somewhat more detail in the following sub­
section), accounted for the somewhat excessive amount of time spent in 
scheduling construction on this project. However, it is apparent that 
for the most part this effort was expended as a result of items which 
were added to the original scope of work or items on which the priority 
of construction was changed during the course of the project, and to this 
extent the attendant costs were not or should not have been unforeseen. 

CONSTRUCTION REPORTS 

In July 1959, Holmes & Narver was directed by the AEC to sul:mit, on 
the 25th of each month, a progress chart for construction on the project. 
This chart was expected to contain separate bars for various increments 
of the construction project, showing the predicted progress for each month 
until completion and the actual progress attained from the commencement of 
work until the reporting date each month. The division of the total proj­
ect into appropriate items was left to the judgment of the Contractor. 
Each item was expected to be weighted in accordance with the ratio of the 
estimated workload required for that item to the total construction work­
load for the entire project as it was designed at that time. The report 
was al.so expected to contain a composite curve of predicted progress de­
rived from the weighted progress of all items, and a composite curve of 
actual progress derived in the same manner. 

During the early phases of the project, a single chart was sul:mitted 
each month in accordance with these requirements. As the project pro­
gressed it became necessary to revise the form of the chart periodically 
because of (1) increases in the scope of work which had the effect of vary­
ing the weighted values of certain items in proportion to others, and which 
on occasion required revised P.stimates as to progress and as to the comple­
tion date; (2) change in policy regarding construction work on Eniwetok 
Island, which required a revision of weighted values of all items and which 
indicated a need for a separate report on progress for this particular item 
for a period of ti.me; (3) successive revisions in policy regarding the use 
of Bogallua Island which caused stoppages and recommencement of work on 
that island, with revisions in weighted values incident to each such revi­
sion; (4) the addition of the Military Structures Program, which indicated 
the need for a separate report on this particular project, although it was 
also incorporated in the composite progress chart as a part of the basic 
Contract as modified and, consequently, caused a radical revision in all 
weighted values and in the estimated monthly progress and estimated comple­
tion date of each; (5) the addition of the Scientific Structures Program 
which similarly indicated the need for a separate progress chart for this 
particular project; and (6) various other specific additions which were 
made, including the Loran Station, work on Piiraai, Bokonaarappu, Teiteirj,.. 
pucchi, and Coral Head, and the shipment of spare towers, each of which had 
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to be integrated into the composite progress chart and which caused revi­
sions in weighted values. 

A progressive account of development of each of the three principal 
charts will be described in the following paragraphs. 

Basic Construction Chart. The basic construction chart was initially 
designed to indicate progress by site locations, except that the items of 
towers and communications were included as separate items inasmuch as each 
of them comprised work on several different locations. Weights were as­
signed to each item in accordance with the estimated number of man hours 
expected to be required in proportion to the total man hours estimated for 
the entire projecto 

The initial weighted values and estimates continued unchanged until 
November 1949, at which time H & N was advised by AEC that a Military Con­
struction Battalion would perform the major portion of the construction 
work on Eniwetok Island, Therefore, Holmes & Narver was directed to dis­
continue construction work on that location except on certain items of 
work and for the provision of certain technical supervisors and operation 
of utilities. This change in procedure had the effect of reducing the 
weighted value of Eniwetok Island,. as a result of which all work on Eniwe­
tok, hitherto shown under two separate items, was combined into one item. 
At the same time, the concept of the project was revised by AEC to the ex­
tent that Bogallua Island was included as a test site involving the expec­
ted construction of a tower and other facilities on that site. It will be 
noted that weighted values of certain items were revised between the Octo­
ber and November reporting dates incident to these revisions in plans. 

Between the reporting dates of December 1949 and January 1950, it was 
decided by AEC to discontinue work on Bogallua Island. Some work had al­
ready been accomplished on this site; therefore, the weighted value was 
reduced to unity, and it was considered to be completed insofar as further 
activity at that time could be foreseen 0 Other revisions which had the 
effect of increasing the scope of work on various items required a re­
assessment of weighted values. A new estimate of predicted progress was 
made at this time, utilizing the knowledge gained from experience during 
the first six months of construction work. Between the reporting dates of 
April and May 1950, it was decided to submit a separate progress chart for 
Eniwetok Island. Therefore, this item was deleted from the basic chart, 
and the weighted values of all other items were changed proportionately. 

Between the reporting dates of June and July 1950, the progress chart 
was completely revised to represent all items as shown in Modification 7 
of the Contracto This revision provided for the inclusion of items on 
Coral Head, Tower-Site Southeast of Runit 9 Piiraai, Bokonaarappu, and 
Teiteiripucchi, the Military Structures Program No. 3, Military Program 
No. 8.2, the Shipment and Storage of Spare Towers, and the Loran Station. 
Eniwetok Island was re-inserted and it was again decided by AEC to reacti­
vate the planned development of Bogallua Island, These major revisions in 
the scope of work necessitated a complete revision in estimates of prog­
ress and in estimated completion dates, as well as a revision in the 
weighted values of each itemo It will be noted that the weighted value 
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reassigned to Eniwetok was considerably greater than that assigned during 
the period from October 1949 to June 1950. Despite the fact that much of 
the work at this location was performed by the Construction Battalion, its 
weighted value was assessed to conform exactly to the relative magnitude 
of work and to coordinate the percentages of completion as reported on 
this chart with those submitted by other H & N departments in accordance 
with various AEC requirements. 

Between the reporting dates of July and August 1950, it was decided by 
AEC to cancel further work on Bogallua Island. This necessitated a minor 
revision of all weighted values. 

Except for an extension in the estimated completion date from December 
31, 1950 to March 15, 1951, caused by: (1) the insertion of the E pro­
gram; (2) the diversion of large numbers of construction forces to work on 
the Military and Scientific Structures Program; and (3) the diversion of 
forces to the support of operational activities, no changes were made in 
the basic construction chart after August, 1950. 

Military Structures Construction Chart. A chart for reporting the es­
timated and actual progress of construction of the Military Structures Pro­
gram was designed in a manner similar to that for the basic construction 
program, except that it contained 26 items, each representing a separate 
structure. Each structure was carefully analyzed as to the estimated man 
hours expected to be required for completion. The initial chart on this 
program was subnitted in April 1950. No significant changes were made in 
the weighted values throughout the progress of construction. The principal 
feature of interest is indicated in the lag in actual progress of construc­
tion during the period from July 25 to September 25, 1951. This was due 
almost entirely to the breakdown of logistic support during this period 
which is discussed above in this section. The logistic derangement during 
this period prevented the receipt of many essential items of material 
which had the effect of retarding progress on many of the Military Struc­
tures by 30 to 60 days. It will be noted that the curve of actual prog­
ress parallels very closely the original predicted curve except for the 60-
day period from July 25 to September 25. This retardation of progress had 
the effect of extending the final completion date from December 25, 1950 
to February 25, 1951. 

Scientific Structures Construction Chart. A chart for reporting the 
estimated and actual progress of construction of the Scientific Structures 
Program was designed in a manner similar to the basic construction chart 
and the Military Structures Chart. It was difficult to devise a means of 
breaking down this program into component parts inasmuch as there were ap­
proximately 700 stations of extreme variations in size. It was therefore 
decided to present the breakdo'WD in terms of nineteen categories of using 
agencies; one additional item listed as "All Users" represented those jobs 
which were required to implement the entire Scientific Program, such as ad­
ditions to the Test Site Power Plants. 

In deriving the value of the percentage of progress of each category 
for use on this chart, it was necessary to maintain records in the Home 
Office and to receive weekly reports from the Jobsite on the progress of 
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each of the seven hundred separate stations, each of which was assigned a 
weighted value among the total number of stations designed for that user. 

There were no significant revisions in this report from the date it 
was originally submitted on July 25, 1950, until completion on April 15, 
1951. There was a lag in actual progress during the month of November, 
1950, due to revisions in locations and in design details which were still 
being received at that time. In certain instances, stations were reloca­
ted after a substantial amount of construction had been completed; this 
not only required a new start from the beginning on that particular sta­
tion, but it also required the removal of such work as had already been 
accomplished. Changes in design details precluded the timely procurement 
and delivery of certain important items of material. 

Consolidated Chart. Figure 6.5-l is a consolidation of the progress 
charts sul:mitted during and at the close of the construction portion of 
the program. This chart indicates the five major scheduling changes which 
took place during the two year construction program. 

MATERIAL TAKE-OFF AND CONTROL 

As noted hereinabove, one of the advantages of an architect-engineer­
construction type of contract for a project such as the development of the 
Eniwetok Proving Ground is inherent in the procedure thus made possible 
whereby procurement of critical and "long delivery" items can be initiated 
at an early stage of design. As a consequence, initially, the responsi­
bility for material take-off and requisitioning for procurement resided in 
the H & N Engineering Division. Long term procurement items, including, 
for example, large generators and water distillation units, were re~uisi­
tioned on the basis of purchase order specifications prepared by the Engi­
neering Division and procurement was initiated as soon as funds were 
available. On other and more standard items not considered to be in 
short supply, requisitions were prepared after design had progressed to 
the bill of material stage. Auxiliary items, such as forming lumber and 
materials, were requisitioned on a stockpile basis. 

Upon the accomplishment of procurement on all of the above categories 
of required material and equipment, wherever possible in shipments to the 
Jobsite specific items were earmarked for designated structures. Records 
of stockpile items, such as forming lumber, cement, and the like, reflec­
ted scheduled usage at the site. The phasing of shipments under the bill 
of material type of requisitioning followed was not in consonance at all 
times with the manpower availability and potential at the Atoll. As a re­
sult, in order to assure continued progress on essential structures, ear­
markings of specific items were ignored and, for a sho;t period of time at 
the end of 1949, the desired degree of material control was not maintained. 

The solution of the difficulty was evident when reference was made to 
original planning. The transfer of material take-off functions to the Con­
struction Department had been envisaged although the exact time at which 
this would occur had not been established in view of the anticipated expan­
sion of the Scientific Structures Program. The breakdown in control was 
evidence that the critical date for the accomplishment of the change in 
take-off responsibility had passed. 
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Furthel"Dl01'D-t • 11hr.- time (laiie December 1949), the addition of 
t.be Military Structures Program to the scope of H & !Pe construction vork 
made i~ necessary that material. take-of! be accomplished in the normal 
~!armer for cases in vhich architect-engineer services are performed by a 
diffe1'ent organiza~ion from that performing the construction. J~• 

Thus, it vae in Janua17 1950 that. the Material. Take-Oft Section V&S 
transferred to the Construction Department of the Operations.Division. 
The prime responsibility or the sectton continued to be the preparation 
of all breakdowns of materials called for by construction dralli.ngs for­
warded to the Jobsite, and of all auxiliary me.terial.s needed t.o perform 
the construction according t.o the specified techniquel. 

The bzoeakdovn in material control has been noted above in this sec­
tion and the complete resolution of the resultant inventory variance is 
discussed in Section 11, Fiscal. In order to guard against recurrence, 
strict measures were instituted for Jobsite varehouse control in accord­
ance vi.th established procedures and steps vere taken to augment the flov 
of information OOl'lcerning materials and supplies to the Jobsite. Minor 
l"'e'Visions in control procedures were effected at this time (January 1950) 
and these are incorporated in the procedural description in the following 
paragraphs. 

When the material status records vere taken over from Engineering 
Department Take-Off Seetion 9 sheets listing approximately six thousand 
items of material were checked by the supervisor for •roper description 
and nomenclature. The calculations of quantities allo~ated against quan­
tities purchased appearing on the material status reports were checked 
and transferred to nev 5 x 8 inch looseleaf stock cards. The verified 
balances vere posted from the existing material status report to the 
stock cards vhi ch vere bound in plain canvas binders in classified groups, 
each in alphabetical sequence. The stock card vas designed to show the 
requisition number and date; purchase order number and date; quantity on 
requisition; quantity on purchase orders; quantity allocated; building 
number; site; and balance unallocated. This stock card not only reflected 
quantities available for alloeatton but was a key follow-up reference for 
requisition or purchase order. This record was al.so used extensively as 
a commodity reference on cal.ls from other departments. 

A separate set of stock records was set up for all materials requi­
sitioned for maintenance purposes by the Home Office Const"1ction Depart­
ment and the Jobsite forces. 

As subsequent bills of material. were prepared from take-off, the 
stock cards were checked for available quantities. If the supply was not 
sufficient, an engineer 1s requisition vas preps.red for procurement. Entry 
was then made on the bill of material velum~ indicating either supply 
from stock or requisition number. The items on bills of material were 
posted to the stock card for an immediate record of al.locations • 

Atter posting 9 the bills of material. were ~d in canvas ring­
binders segregated by site location and 1n Qµilding number sequence • 
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Immediately upon preparation, one copy of each engineer requisition 
was forwarded to Jobsite for recording on stock record and material con­
trol cards. One copy, posted to the Home Office stock cards, established 
immediate reference and reconciliation with bill of material allocations. 
A.fter posting, an individual follow-up folder was prepared and the requi­
sition inserted for compilation of all purchase, expediting, inspection 
and shipping data to the point of shiploading at Oakland. When all items 
were delivered complete to Oakland Naval Supply C.enter, the follow-up his­
tory reflected all action, including cargo lot number, name of ship, and 
date of sailing. · 

This function represented a tremendous volume of document check-out, 
including the requisition, purchase order, delivery tickets, Oakland re­
ceiving reports, and Navy ocean manifest. The entire follow-up operation, 
including correlation \olith the Purchasing Department, Los Angeles Ware­
house, and the Oakland Office, was performed by personnel of the section 
who, in addition answered all Jobsite inquiries on the shipping status of 
all materials. 

When a requisition follow-up folder became complete, it was fii.ed 
according to construction classification and structure group. 

A daily report summary was prepared showing materials arriving at 
Oakland. This included their description, purchase order and lot number, 
weight and cube, loading priority and Navy ocean manifest number. This 
report was sent to the Jobsite follo\oling the bills of materiaJ,, the requi­
sition, and the purchase order for the purpose of keeping Jobsite informed 
for scheduling and material control. This report reflected accumulative 
weight and cube up to time of ship departure. Cargo left at dockside 
after ship departure represented the material appearing on the opening 
report for the next ship sailing. 

In addition to the above, a progress report of fabricated items was 
published periodically, depending on the loading and sailing dates of .a 
cargo ship, so that the information shoi.m would be current when received 
by Jobsite management. The detail contained was as follows: 

1. Building or Structure' 
., 

2. Area 
3. Description 
4. Vendor 
5. Requisition Number 
6. Purchase Order Number 
7. Scheduled Deli very Date 
8. Progress of Fabrication 
9. Oakland Arrival Date 

10. Ship Schedule Date 

The progress report was completely i~dexed and listed all previously 
fabricated items sho\oling date shipped and name of vessel. 

Navy ocean manifests were prepared by the Naval Supply Center at 
Oakland. Six copies were airmailed to Jobsite by Holmes & Narver's 
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Oakland Office immediately .Aft.er ship departure and were normally in the 
hands of the warehousemen or Jobsite Material Control Section ten days 
prior to ship arrivalo This represented the final link of control re~ 
porting and therefore fully documented all material requests and material 
movements sufficiently in advance to arrange for efficient handling and 
storage of material before its arrival at Jobsiteo 

Because of heavy volume purchases of basic items such as cement, re­
inforcing steel, and lumber, on a basis of estimated needs prior to begin­
ning design take-off, stockpiles accumulated at Jobsite before installatiCl'l 
of stock records or material control. In order to determine the exact 
status of these basic items, special survey reports for a complete tabu­
lation were made from Home Office material control records. These. reports 
reflected the requisition and purchase order numbers; quantity; use fea­
ture (building, site and program); date trans-shipped; and name of vessel. 
A complete tabulation of allocations and pertinent drawing numbers was 
prepared to arrive at a book balance on these items. All such surveys 
were forwarded to Jobsite early in 1950 to assist in complete establish­
ment of Jobsite material control and to make it possible to take neces-· 
sary steps regarding further requirements. 

Jobsite receiving reports and appurtenant over-short and damage re­
ports were reconciled with the "in-transit" account charge by the Home 
Office Accounting Department. However, no accounting of warehouse re­
ceipts and issues was attempted by the Home Office Material Control Sec­
tion. 

In addition to the primary duties outlined above 9 the Material Take­
Off Section of the Construction Department secured the approval of the 
responsible architect-engineer on more than 200 shop drawings. This group 
handled more than 3000 different drawings relative to the project, and 
acted as a center for the distribution of drawings and specification in­
formation for the Military Structures Program. More than usual work load 
and more than usual care was involved in the material take-off for the 
Military Structures Program both because of the nature of the materials 
and accessories and also because of the unusual construction practices 
followed. An example of this was Building No. 4 of Structure 3.1.1 
where the ratio of tons of reinforcing steel to cubic yards of concrete 
was approximately 1.63 9 nearly 220 per cent greater than the ratio of the 
same materials for a typical industrial reinforced concrete structure of 
comparable dimensions. Furthermore, a structure such as that designated 
as 3.1.1, incorporating materials of radically different composition in­
tegrated into the same wall or other element, involved unusual considera­
tions of forming and erection sequence. These problems are normally a 
concern of the Material Take-Off Section in order that the construction 
will be adequately supplied both as to method and basic materials. 

Auxiliary services provided by the Material Take-Off Section included 
special studies pertaining to proposed procedures and special phases of 
construction. Sketches were often prepared for clarification of the more 
technical and difficult construction requirements. Correct application 
procedure for the fibre glass sealing strips used in the Army and Air 

6-35 



Force Military Structures Program was one instance in which such sketches 
were very helpful. Also complete records of all mail and laboratory re­
ports for the Military Structures Program were kept. 

As indicated above, in the early stages of the Project requisitions 
were originated by the Engineering Division as a duplicate material list­
ing of that appearing on thp, bills of material. Revisions which followed 
usually concerned minor additions and the resulting requisitions contained 
a variety of items usually in small quantities. These requisitions, orig­
inating in various Engineering Departments {e.g., Electrical, Mechanical, 
Structural, etc.), were forwarded directly to the Procurement Department 
for purchase and subsequent shipment to the Jobsite. This practice would 
not, in all cases, provide adequate service to the construction forces in 
that it failed to assure adequate warehouse stocks of common items. This 
deficiency was taken care of by the issuance of bulk item requisitions 
covering such items as forming lumber 9 reinforcing steel, cement, pipe, 
and the like. 

As the scope of material requirements became better realized, long 
range planning had indicated that the above method of requisitioning while 
economical in the early stages of construction was incommensurate with the 
anticipated volume of materials to be procured. An unnecessary amount of 
paper work for all departments could be foreseen and more important, a 
lack of economy inherent in the purchase of small quantities of material 
could be predicted. Greater economy would conceivably be achieved by pur­
chasing many more construction items in lot quantities. 

Thus, when the Military Structures Program came into being in January 
of 1950, steps were taken to transfer this function to the Construction De- · 
partment. It is seen above that the materials take-off function was trans­
ferred to the Construction Department at this time to prepare adequate 
complete take-offs on all drawings approved for construction. The Requisi­
tion Section was now established in the Construction Department with the 
responsibility of collating requirements originating from the Materials 
Take-Off Section and issuing consolidated requisitions representing appro­
priate quantities. 

A general outline of the procedure followed by the Requisitioning 
Section is given below. 
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Bills of Material. 

A. Screening 

1. Check for correct description of items. 

2. Check for complete information in title block. 

3. Check with Material Control Section to determine 
availability of previously stockpiled items. 

4. Requisition items not previously ordered and enter 
under appropriate columns requisition numbers and 



exact quantities requiredo Quantities for items 
kno\.lil to exist in present stockpile may be entered 
under column headed "stockpile, 11 

B. Printing 

l. Two copies of "Requisition for prints 9 " together 
with original bill of material 9 are sul:mitted to 
the Blueprint Department, 

2. Quantities of prints and transparencies to be 
ordered are as follows: 

a. Nine prints each of all bills for Eniwetok. 

b. Nine prints each of all bills for Scientific 
Structures for all locations. 

c. Seven prints each of all bills other than those 
for Scientific Structures and for locations 
other than Eniwetok. 

d. One transparency of all bills. 

C. Distribution 

l. Four prints and one transparency of all bills are 
transmitted by memorandum to the Jobsite Resident 
Manager through the Project Manager. 

2. One print of all bills 9 together with a copy of above 
memorandum is transmitted to the Procurement Director. 

3. One print of all bills is sent to originating Depart­
ment. 

4. One print of all bills is given to Material Control 
Section for recording and subsequent filing for 
Construction Department use. 

5. Two extra copies of Eniwetok prints are given to the 
Department Head for transmittal to: 

a. Construction Battalion representative at Oakland. 

b. Construction Battalion representative at Jobsite. 

6. Two extra copies of bills for Scientific Structures are 
transmitted by memorandum to the Jobsite Construction 
Manager through the Project Manager. 

7. Original vellum is retained in Construction Department 
files. 
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Reguisi tions. 

A. Sources of material to be requisitioned 

1. Bills of material 

2. Engineering memorandums 

3. Engineering messages (teletypes) 

4. Department Head's direction 

B. Requisitioning procedure 

1. Rough draft on "requisition work sheet" is made by 
Requisitioning Section and sul:mitted to the Superin­
tendent of Construction or his designee for prelimin­
ary approval. 

2. Upon approval requisition is typed to include: one 
white copy (original), one blue copy, one pink copy, 
one green copy and four yellow copies. Two extra 
copies (color optional) are added for requisitions 
requiring expediting and/or inspection. 

3. Typed requisitions are proofread, initialed by origi­
nator, and sutmitted to the Department Head and to the 
Superintendent of Construction for final approval. 

C. Distribution 

1. White (original) and blue copies to Director of Pro­
curement. Requisitions for fabricated parts are ac­
companied by sufficient prints and/or specifications 
to supply all bidders. Blue copies are later returned 
to Construction Department with purchase order numbers 
noted thereon and will then become permanent record 
copy. 

2. Green copy with work sheet attached is retained in 
Department Head's file. 

3. Pink copy and four yellow copies are furnished to 
Material Control Section for distribution to field. 

4. Two extra copies (when required) are sent to the 
Inspection Department. 

The requisition procedure above outlined, originally established at 
the inception of the Military Structures Program, proved very practical 
and efficient. The requisition section of the Home Office Construction 
Department was soon asked to handle the entire flow of Engineering Depart­
ment bills of material requests. All requisitioning in connection with all 
phases of the construction program was performed by this section throughout 
the balance of the project. 
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CHAPTER 6.6 

CONSTRUCTION OF BASE FACILITIES AND SCIENTIFIC STATIONS 

The accomplishment of construction at the Eniwetok Proving Ground 
covers a span of time from early 1949 through the construction of the 
towers and fac~ties required for the 11E-Plus 11 Program during the period 
between the seecl1d and third shot. For purposes of discussion, the con­
struction activities are considered here by six-month periods. 

JULY 1949 TO JANUARY 1950' , 

The construction performed during the beachhead period in the early 
part of 1949 was concerned mainly with the preparation of areas for effec­
tive occupancy by the augmented forces which were to follow the beachhead 
group. The categories of the construction effort during this early period 
included~ cleanup and salvage; development of interim power and water sup­
ply systems; rehabilitation of existing buiidings for interim housing and 
base facilities; preparation of island approaches, inter-island transporta­
tion, and communication; and the solution of the decontamination technique 
problem. The accomplishments during this period f onned the foundation for 
the greater construction effort which followed. 

As has been noted elsewhere (See Volume 1, Section 4, Contract Histc­
ry.t, the funds available for the Project prior to July 1, 1949 were very 
limited. As a consequence, no backlog of materials for Phase II and sub­
sequent construction operations could be accumulated. Concurrently with 
the allotment of funds at the close of fiscal year 1949, material procure­
ment and manpower mobilization could be prosecuted vigorously at the Home 
Office. Pending the reflection of this effort at the Jobsite, construc­
tion activities comprised in the main, the completion of the airstrips on 
Parry, Runit, Aomon, and Engebi Islands, the decontamination of the shot 
areas, the rehabilitation of piers and boat landings at the various opera­
tions islands, and the preparation of foundations for the permanent build­
ings to be erected on Parry Island. 

At this time the mobilization of manpower proceeded more rapidly than 
the procurement and shipment of materials to the Jobsite. As a result, in 
the early part of September 1949, approximately 200 Holmes & Narver person­
nel were on duty at Eniwetok. The limited housing facilities on Eniwetok 
Island were filled and it was not considered economical to expand the Eni­
wetok interim camp to any greater extent. It had been expected that alu­
minum buildings for permanent construction on Parry Island would be 
available at the end of the beachhead period to provide housing facilities 
on Parry Island. When it became apparent that only a small increment of 
aluminum buildings was scheduled for delivery early in October 1949, a de­
cision was made to activate Parry Island as a camp on an interim basis to 
take the overflow from Eniwetok. A minimum amount of work was performed 
in the rehabilitation of old quonset structures existing on Parry Island, 
and portable generators and water stills were installed. A minimum field 
kitchen was also established for mess purposes. 
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A quarry was immediately opened and foundations were prepared for the 
aluminum buildings for which the aluminum was scheduled to arrive in early 
October. Inasmuch as Parry Island was ultimately to be used as a supply 
and maintenance center, the vital features of warehouse and shop space were 
developed by the rehabilitation of some large quonset structures which had 
been included in the planned construction for this period. 

Considerable site grading was called for on Parry Island and this work 
was done by the Parry Island contingent during the latter part of the sum­
mer of 1949. The actual accomplishment of grading operations on Parry 
Island involved, in addition to the removal of derelict structures, the 
clean-up of the northern half of the island and the removal therefrom of 
large quantities of junked equipment and materiel of all types. Earthmov­
ing equipment, M-boats, engines, generators, Navy cube-shaped containers, 
emmuni tion trai.10·rs, and vehicles of all types had been abandoned after the 
war and left to the corrosive action of the elements. More than a thousand 
tons of this junk was dragged from the dump area and either loaded abJard 
barges for dumping at sea or moved to the lagoon side of the island to form 
a barrier against tidal action. More than thirty abandoned unrepairable 
small craft such as M-boats, whale boats, and AVR types were towed out to 
sea and dynamited. 

During this clean-up considerable quantities of material were found 
which were still in usable condition and a salvage yard was established. 
Corrugated steel sheathing, pipe, packaged POL supplies, a few jeeps and 
weapons carriers, portable refrigerators, and earthmoving equipment formed 
the bulk of the salvage, and practically all was later utilized in the con­
struction program. 

As various portions of the island were cleared of debris, blading op­
erations began and were followed immediately by the application of a sta­
bilizing layer of crushed coral which was to cover the main living and 
working areas and roads. Successive rolling and wetting of this crushed 
coral base resulted in a well stabilized surface which, with further com­
paction and wetting, would provide low cost roads which would require only 
periodic dust palliative applications. 

Concurrently with the grading activity on Parry Island, decontamina­
tion grading on the experiment islands was completed using the "Rainmaker" 
technique described above in connection with beachhead operations. 

The first shipment of aluminum buildings arrived at the Atoll on Oc­
tober 6, 1949. This shipment included parts for 16 buildings, 10 of which 
were erected by the middle of December. Four 36-man barracks were occupied 
on Parry Island in December. 

Inclusion of the Bio-Medical Program had been agreed upon prior to 
July l, 1949, and on that date Work Authorization No. 2 authorized the 
activation of Japtan Island as an animal colony, laboratory, and camp for 
the personnel engaged in that program. The complete construction of lim­
ited facilities for the breeding of mice was required by December 1,1949. 
Site plans for this island were received at Eniwetok early in October and 
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Paved Airstrip on Runit, July 1950, Showing Paved Turn-arotmd 
Areas. Temporary Construction Camp at Left. 



Semi-Permanent Campsite on South End of Runit, Showing Camp 
Under Construction. Beached ICM1 S from World War II Were 

Later Removed to Clear Area for Scientific Stations. 



the grading of roads and building site areas was initiated immediatelyo 
By the end of October 1949, foundations, floor slabs 9 and footings were 
poured, and the erection of such aluminum buildings as could be diverted 
from the Parry requirement was initiated. Temporary utility hookups were 
established for Bio-Medical personnel before the arrival of animals on 
December 1, 1949. 

With the arrival of aluminum at the Jobsite, the Project passed from 
the mobilization stage into the active construction stage. From this time 
on, the tempo of the work increased at Parry and the operational islands 
to the north. Thus, as of December 15, 1949, construction of 17 buildings 
was under way or completed on Parry Island; 2 aluminum buildings for the 
mouse colony were completed on Japtan Island; the sewer system on Parry 
Island (including the outfall line) was complete, and buildings were being 
hooked into the system. Airstrips were completed on Parry, Runit, Aomon, 
and Engebi; the personnel pier on Parry was complete; and the cargo pier 
largely complete. New piling had been driven for the Eniwetok pier; grad­
ing operations on the Parry sites and on Japtan were almost complete; and 
roads had been staked on these two islands and were under construction. 
POL facilities on Parry Island were under construction, and four large 
tanks had been installed. Almost 6,000 tons of materials and supplies in 
various categories had been received at the Jobsite, but the establishment 
of warehouse stocks of all required supplies, materials 9 and aids to con­
struction had not yet been accomplished. Thus, 100 per cent completion of 
any particular item of construction was deferred. It might be noted in 
this connection that of the many morale problems which could affect an over­
seas construction project of this type, such as poor housing facilities 9 

poor food, complaints about mail deliveries, complaints about climate or 
recreational facilities, complaints about wages or work classifications~ 
failure to mail paychecks to designated recipients, fulfillment of allot­
ments, etc., the only one which appeared to be serious at this stage of 
the construction effort was concerned with the desire of the men to be able 
to work with more adequate supplies, that is, to follow through without a 
break on the construction of a particular building to completion. 

With respect to the details of construction 9 no major problems were 
encountered. A certain amount of experimentation was necessary in the use 
of coral aggregate and in the preparation of a design mix suitable for the 
type of construction being carried out at this time. Due to variations in 
the moisture content of the coral aggregate used for concrete, some slight 
difficulties were encountered in maintaining consistency. At the initial 
stages of this effort and prior to the installation of a complete rock 
crushing and grading plant, aggregate gradations were not in accord with 
most desirable practice, but careful supervision of batching operations 
prevented any real difficulty from arising. In order to expedite the floor 
slab operations on Japtan Island experiments in the use of salt water in 
the coral concrete were carried out, and satisfactory results were ob­
tained. Such practice also enabled the construction forces to conserve the 
fresh water and brackish water supply. This practice effected substantial 
economies. 

Erection of the aluminum buildings followed predetermined, planned 
techniques. The first aluminum building on Parry Island was constructed in 
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the presence of a representetive of the Pacific Iron and Steel Company 9 

the fabricators of the aluminum building, and minor assembly problems 
which occurred were noted and carried back to the fabricating organization 
for correction. Inasmuch as the erection of aluminum buildings was a 
major portion of the construction of permanent facilities at the Proving 
Ground, careful attention was given to the development of a smooth and ef­
ficient erection sequence. To accomplish this 9 an assembly yard was set up 
and a maximum number of parts were preassembled prior to placing on the 
foundation. To obviate painstaking layout of anchor bolts in the slabs du~ 
ing the pouring of the foundation slab 9 buildings were secured to the slabs 
by means of anchor bolts shot through the base members and into the concrete 
through the use of an explosive techniqueo 

Preassembled ribs were connected to the base members, and crossbracings 
between ribs were next installed through the employment of a scaffold 
mounted on a dolly. The light weight of the members contributed to the 
progress and reduced the number of men needed for the various operations. 
With the skeleton well started, sheathing was begun, the roof being done 
first in order to provide shelter from the sun and frequent rain squalls. 

The rectangular aluminum buildings presented no serious problems. 
However, in order to ~ in a position to fabricate necessary additional 
parts 9 particularly for transitions between buildings set in T9 H9 or E­
shapes9 a sheet metal shop was established on Parry early in the construc­
tion program. This shop later performed all prefabrication of ductwork 
needed for dehumidification and air conditioning installations. For the 
aluminum building program 9 its contribution was great. Flashing, gutters. 
special side pieces for window openings 9 and many other parts were fash­
ioned at the shop and materially expedited this portion of the program. 

In all 428,092 square feet of aluminum buildings for living and 
office space were erected, and 12 9458 square feet were erected on high con­
crete foundation walls to provide the height required in the power houses 
on Parry and Eniwetok Islandso Installation of wiring, plumbing 9 and in­
stalled equipment presented no unusual problems in most caseso Sealing 
those aluminum buildings which were to be dehumidified or air conditioned 
was accomplished in accordance with specifications by the employment of a 
plastic film built up by a spraying technique substantially identical with 
that used by the military forces in cocooning ships and equipment. This 
operation was carried out after al.l wiring 9 plumbing 9 and duct work had 
been installed in the area to be sealed. 

The first aluminum building erected was a 36-man barracks (Building 
No. 101) and assembly operations were begun on October 10, 1949. On Octo­
ber 17 9 after the utilization of some 600 manhours, the structure was com­
plete9 except for the latrine section. The time consumed compared favorably 
with the experience of the fabricating·plant using skilled technicians and 
mechanics. Throughout the course of the Project, as experience was gained 
in the assembly of this type of structure and crews became more adept in 
the techniques involved, the time required for completion was reduced. On 
occasion, the work had to be scheduled to fit the arrival of materials and 
often resulted in having several buildings partially finished waiting for 
some particular part. 

6-42-

• 



··-
,_ .. ,, 

:.~ 

/ 

Air Eliminators & Oil Dehydrators Being Installed in Slab for 
the POL Pumphouse, Parry Island. 

·. 



POL Tank Farm, Parry Island, Showing Part of Tanks Installed, 
Pump House in Background. 



General View of Center of Eniwetok Island Showing Headquarters, 
Post Exchange, Post Office, Hospital, & Barracks Buildings. 

l 
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Pump for Water Distillation Unit Being Installed, Power House, 
Eniwetok Island. 



-As the construction work progressed from the base camp to outlying 
areas, the problem of loss of manhours in the long boat ride involved re­
ceived early attention. A successful initial remedy was to outfit an LCT 
with sufficient living facilities and messing facilities to provide for 
the on-site subsistence of approximately 30 men per unit. This technique 
was successfully employed in the decontamination grading activities which 
were necessary before a safe and practicable occupation of the outlying 
areas was possible. As early as it was feasible, secondary tent camps 
were established on off-lying islands to minimize the transportation prob­
lem and the unproductive manhours involved. 

Initiated by Work Authorization 50-507-4, a high priority was given 
during this peri~d to the activation of Bogallua Island, elsewhere re­
ferred to as Site "F", looking towards the accomplishment of a so-called 
"quick and dirty" test operation in the spring of 1950. .Among the burdens 
this imposed on the construction schedule were the great secrecy surround­
ing the purpose of the Bogallua activation and the diversion it caused 
from regularly scheduled activities elsewhere. The effect of this diver­
sion was similar to that created by the early activation of Japtan Island. 
Ultimately this work was cancelled when a decision was reached that the 
scientific test early in 1950 would not be held. 

JANUARY 1950 TO .JULY 1950 

In view of the increase in scope of construction to be performed, and 
the planned increase in manpower thus required, the period between January 
1, 1950 and July 1, 1950 was characterized by an increase in H & N person­
nel at the Jobsite from approximately 450 to approximately 1150. Events 
during this period included the arrival of a Construction Battalion to 
perfonn construction services in connection with the facilities required 
on Eniwetok Island; the substantial completion of the base facilities on 
Parry Island; the initiation of construction for the scientific programs, 
including the completion of the tower on Engebi; substantial amounts of 
foundation work for the Military Structures Program; and the establishment 
of major construction facilities at Runit, the Aomon Group, and Engebi. 

Excavation for the Military Structures Program started in May 1950; 
soil investigations established in the specifications were carried out, and 
the necessary preparation of the excavations for fanning was initiated. On 
Army Structure 3.1.l, some five hundred cubic yards of lean mixed concrete 
were placed in units 4, 5, and 7 as compacted fill for footings. Soil in­
vestigations for Navy Structure 3.2.7 revealed insufficient bearing at the 
originally designated location and work had to be stopped pending reloca­
tion. Navy Strnctures 3.2.2a and 3.2.2b were located and soil bearing 
tests were under way at the close of the first half of 1950. No location 
data had been received on Structures 3.2.la and 3.2.lb. On the remaining 
structures work was pushed as rapidlylfP.s the arrival of specified materi­
als at the site permitted. 

Figure 6.6-1 presents extracts from the H & N Progress Report of 
July 15, 1950 showing in detail the progress of construction during the 
first half of 1950. 
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MONTHLY PROGRESS REPORT 

HOUfES & NARVER 
ENGINEERS 

A. OPERATIONS DIVISION 

(l) Progress of Work 

(a) Aluminum Buildings 

CHN-805 

' " 
The following table indicates the state of progress of the 

aluminU111 buildings as of l July 1950. A delay in the receipt of 
information from the jobsite prevents the inclusion of data to 15 July. 

% % Elec. % '-later & 
~l.dg. f. Slab Structure Facilities Sewer Faes. % Man 

% 
overall 

Buildi!:!i No Completed Completed Co!!!!!leted Coni21eted Furnished ~ Completed 

P.H.Transmitter 3 100 100 100 100 100 2005 100 
Transmitter 4 100 100 100 100 100 100 
36-Man Quarters 10 100 80 2 30 2783 69 
72-Man Barracks 11 100 75 30 2560 67 
72-Man Quarters 12 100 75 30 2054 67 
72-Man ~uarters 13 100 75 30 2252 67 
Latrine 24 1x24 1 17 95 75 65 30 1034 67 
18-Man Quarters 18 100 75 30 1154 65 
18-Man ~uarters 19 100 75 30 1233 65 18-Man Quarters 20 100 75 30 908 65 18-Man Quarters 21 100 75 30 1083 65 18-Man Quarters J8 90 25 25 757 45 18-Man Quarters 39 90 1 5 444 33 18-Man 'Jllarters 40 90 4 l 5Jl J3 18-Man ~uarters 41 90 5 l 663 34 18-Man ~uarters 42 90 312 32 72-Man ~uarters 46 80 60 2 . JO 1792 53 72-Man ~uarters 47 80 hO 2 20 1567 51 72-Man ~uarters 48 80 60 2 20 1262 51 72-Man ~uarters 49 80 50 2 20 1459 49 72-~ ~uarters 50 80 85 2 30 1670 58 P.H. lieceiver 84 100 100 100 100 100 ) 2113 100 Receiver 85 100 100 99 99 - ) 99 Latrine 24•x24 1lll 100 100 JO 866 74 Latrine 24 1x24'112 55 95 JO 666 62 Latrine 24•x24'122 65 9 25 588 24 Latrine l2 1xl2 1126 100 30 284 JO Tents 201-439 45 41 14 12402 38 Dispatcher 14 90 98 80 30 785 87 Group Hdqs. 15 100 76 90 JO 961 88 PO & PX 16 100 75 60 85 60 5075 76 Ward Bldg. 22 100 75 85 JO 1507 76 ward Bldg. 2J 100 75 95 JO 1251 73 Dispensary 24 20 5 20 20 1418 16 

~t'4:: . JJ t 

Figure 6.6-1. Extracts from H & N Progress Report of July 15, 1950 
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Ci~~:1.nr111 At 
SITE A ~Continued) 

% % Elec. % Water & % 
Bldg. % Slab Structure Facilities Sewer Faes. % Man Overall 

Building No. Co~leted Comeleted ComEleted Completed Furnished ~ Completed 

Theatre-800 Man 30 95 95 2768 96 
Reefer Bldg. 33 95 20 30 8910 76 
Mess Hall 36 11 15 lB 30 7306 40 
Colllllis sary 37 85 16 2 l 2491 59 
Pow.& Water Dist.56 80 2 16 64B4 25 
H71irogen Storage B7 100 100 BO 350 9B 
Weather Inst.Rep.BB 100 100 442 90 
Base Operationa B9 100 60 45 30 2593 71 
Air Task Gr.Hgs. 90 100 65 40 JO 4246 80 
Crash Truck 91 100 BO 85 6038 85 
L-13 Operations 92 100 68 B5 662 BO 
L-13 Maintenance 93 100 1450 40 
POL Pump House 94 97 4 30 B81 36 
Theatre-800 Man 108 15 151 20 
Elev.Wtr.Storagel2l 100 100 2320 100 
Salt Wat.PUJ11pStal24 100 10 20 3048 73 
Bakery 35 5 8 292 3 

~ 

Barracks 100 100 100 100 100 100 1748 100 
n 101 100 100 100 100 100 218.3 100 
• 102 100 100 100 100 100 1717 100 
• 103 100 100 100 100 100 1955 100 
• 104 100 100 100 100 100 1454 100 
• 105 100 100 100 100 100 2152 100 
• 106 100 100 100 100 100 1621 100 
• 107 100 100 100 100 100 1957 100 
• 108 100 100 100 100 100 1739 100 
• 109 100 100 100 100 100 1~4 100 
II 110 110 100 100 100 100 1659 100 
• 111 100 100 100 100 100 1086 100 
• 112 100 100 100 100 100 1063 100 
;, 113 100 100 100 100 100 1000 100 
• lll 100 100 100 100 100 1043 100 

Infirmary 117 100 100 98 106 90 3726 97 
Nurses Quarters 118 100 100 98 100 90 
Barracks 119 100 100 100 100 100 974 100 

n 120 100 100 100 100 100 859 100 
n 121 100 100 100 100 100 815 100 

122 100 100 100 100 100 1210 100 
n 123 100 100 100 100 100 783 100 
n 124 100 100 100 100 100 763 100 
" 125 100 100 100 100 100 863 100 

126 100 100 100 100 100 880 100 
n 127 100 100 100 100 100 707 100 
n 128 100 100 100 100 100 78B 100 

129 100 100 100 100 100 794 100 

" 130 100 100 100 100 100 664 100 

2 

CD:if7:'P~ t·rrr1 A I 
'*' 

Figure 6 .6-L (Continued) 
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SITE B (Continued) 

% % Elec. % Water & % 
Bldg. % Slab Structure Facilities Sewer Faes. % Man Overall 

Building No. Completed Completed Completed Completed Furnished Hours Completed 

Theatre 200 100 100 100 100 100 1216 100 
Mess Hall 201 100 100 100 100 100 10959 100 
Bakery 202 100 100 100 100 100 1277 100 
Boiler Houee 20.3 100 100 100 100 100 848 100 
PX 204 100 95 98 98 90 2246 96 
Fire Station 205 100 100 100 100 100 1057 100 
Barracks 2o6 100 100 100 100 100 1.314 100 
H&N Ad.Bldg. 208 100 99 100 100 95 3297 99 
AEC Ad. Bldg. 209 100 100 100 100 100 1936 100 
Photo Lab. 210 100 98 90 45 2450 90 
Inst. Lab. 211 100 10 446 25 
S8111ple Lab. 212! 100 100 100 70 61.3 95 
Sample Lab. 212B 100 100 95 so 4.34 96 
Sample Lab. 212C 100 100 100 10 .316 90 
Guard Post 21.3 100 47 100 
Guard Post 214 100 47 100 
Day Room 216 100 100 100 100 100 253 100 
Reefer Bldg. 217 100 100 100 100 100 48.36 100 
Reefer Bldg.Add.217A 100 90 10 10 40 15.3.3 64 
T .F. Adm. Bldg. 221 100 .30 3075 .38 
Day Room 222 100 100 100 100 100 626 100 
Latrine 227 100 98 100 90 90 88.3 96 
Latrine 228 100 98 100 90 90 9.37 96 
Telemeter Bldg. 229 100 100 90 100 235 90 
Commissary 2.30 100 100 100 100 597 100 
Lab. 2.31 100 145 25 
POL Pump House .300 100 100 100 100 100 666 100 
Powe:r&Wtr.Plant .301 100 100 100 100 100 16589 100 
Laundry .302 100 100 100 100 100 2.39.3 100 
Boiler House .30.3 100 100 100 100 100 848 100 
Warehouse .308 100 100 100 100 100 1444 100 
Test Lab. 309 100 100 100 100 100 .387 100 
Control Bldg. .311 100 100 98 98 449 99 
Warehouse .31.3 100 100 100 100 100 1260 100 
Plumbing Shop .314 100 100 100 100 100 816 100 

. Elec. Shop .315 100 100 100 100 100 852 100 
Sheet Metal Shop.316 100 100 100 100 100 877 100 
Carpenter Shop .317 100 100 100 100 100 687 100 
Paint Shop .318 100 100 75 100 100 441 99 
Mtr Repair Shop .322 100 100 100 100 100 500 100 
Rad-Safe Bldg. .32.3 100 100 98 95 95 2267 95 
Boat Repair Shop4o6 100 100 100 100 100 779 100 
Telep.Shelter 408 
Recreation Bldg.409 100 100 100 100 100 1985 100 
S.'r.1.Pump Sta. 410 100 100 100 100 100 929 100 
Latrine-Whse Area - 100 100 100 100 100 112 100 
Gtrbage Can Bldg. - 100 100 100 100 100 .316 100 
Tents 1-50 100 ' 100 100 2683 100 

· .!dL 

-· Figure 6.-.i.. (Continued) 
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% % Elec. f, Water & % Bldg. % Slab Structure Facilities Sewer Faes. % Man Overall Building No. Completed Completed Completed Completed fo'umiahed ~ CoJ!IDleted 

§.ill...f 

Latrine 100 100 25 - ) 935 28 
Latrine 101 100 25 - ) 28 
Latrine 108 100 25 - ) 28 
Mess Hall 102 100 10 25 568 20 
Theatre 103 100 100 98 517 99 
Admin.Bldg. 105 100 25 243 28 
Power & Wtr.Plt.lo6 12* 2 2 1596 9 
Repair Ship 107 100 20 136 27 
Fire & First Aidl09 100 20 171 27 
Grease Rack 100 100 81 100 
Tests 1-50 100 45 1863 68 
Warehouse 100 
Refreshment Tent 10 18 3 

§fil.E 

Latrine 102 100 20 829 22 
Latrine 107 100 20 22 
Mess Hall 104 100 10 10 25 750 25 
Theatre 100 100 100 25 515 95 
Admin. Bldg. 105 100 20 135 25 
Power&Wtr.Plant 108 25* 2 5 10 4839 27 
Repair Shop 106 100 388 25 
Fire&First Aid 103 100 20 120 25 
Grease Rack 100 100 100 
liarehouse 
Tents 1-50 100 7'J 2196 80 
Refreshment Tent 10 10 51 8 

~ 
Latrine 101 100 90 100 100 100 3191 95 
Latrine 107 100 90 100 100 100 95 
Latrine 108 100 90 100 100 100 95 
Mess Hall 103 100 98 95 100 88 4441 93 
Theatre 109 100 100 100 100 100 182 100 
Admi n. Bldg. lo6 100 415 18 
Power&Wtr.Plant 100 6()11- 5 5 10 7934 44 
Repair Shop 102 100 266 18 
Fire&First Aid 104 100 51 18 
Grease Rack 
Warehouse 25 129 
Tents 1-85 100 100 100 100 4120 100 

Camp Extension 
Tents 87-154 100 707 40 
Latrines ( 2) 100 20 468 JO 
Mess Hall Add. 100 90 20 1578 60 
P.O. ,PX, Rec.Hall 100 100 90 90 490 80 

.lotjt ... 

* All concrete structure. " 4 

•E'fifh ';nr; 
Figure 6 ,6-L ( conti.nued) 
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% % Ele'c, 'f, \<water & ~ 

Bldg, % Slab Structure Facilities Sewer Faes. % Man Overall 
Building No. Completed Completed Coll!!le ted Completed Furnished~ Completed • 

ll!§...1 

I-Ray Bldg. l 100 100 100 100 100 757 100 
Mess Hall 2 100 100 100 100 95 4454 99 
36-Man Barracks 4 100 100 100 100 100 1370 100 
18-Man Barracks 6 100 100 100 100 100 936 100 
18-Man Barracks 7 100 100 100 100 100 854 100 
S, w • PUlllp Ste.. 8 100 100 100 100 100 1118 100 
Power &wtr.Plt.11 100 100 99 100 100 6136 99 
Laboratory 12 100 95 100 100 90 4242 98 
Mouse House 13 100 100 100 100 100 1947 100 
Incinerator 46 
Feed StorageBld47 100 100 100 443 100 
Booster P1.1111p.:ita48 100 100 100 100 100 lo84 100 
Autopsy Bldg. 49 100 100 100 100 90 1659 97 
Greenhouse so 100 100 100 127 100 
Animal Runs 14-45** 100 98 100 99 15306 97 
Grease Rack & 
Service Sta. 100 322 100 
New Mouse House -

- 20 Runs Completed. 

/"'~ \. ''•' 
. ''" '• 

Pigure 6. 6. -1. •('Continued) 
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(b) Sewer System 

Site A - 8320 lin. ft. of sewer pipe has been laid, of which 
1360 lin. ft. is the outfall, This represents 53% completion and 8712 man-hours 
expended. 

Site B - 14,600 lin. ft. of sewer pipe laid, representing 100% 
completion, with 8925 man-hours expended. 

Site C - 2170 lin. ft. of sewer pipe laid, representing 90% completion 
and expenditure of 747 man-hours. 

Site D - 1600 lin. ft. of sewer pipe laid, representing 9S% completion, 
with an expenditu?'1! of SOS man-hours. 

Site E - 8000 lin. ft. of sewer pipe lai1, which constitutes 100% 
completion, with 1442 man-hours expended, There is also an extension of 4SO 
feet of sewer pipe necessary because of ca111p expansion. So far no sewer pipe 
has been laid. 

Site L - 5900 lin. ft. of sewer pipe has been laid, representing 100% 
completion, with an expenditure of 3299 man-hours. 

( c) Fresh and Salt Water Systems 

The following are the percent completions for the various locations: 

Site A - 45%; Site B - 100%; Site C - 95%; Site D - 9S%; Site E -
(exclusive of camp extension, representing 400 lin. ft. each of fresh and salt 
water lines) - 100%; Site L - 100%. 

(d) Power and Distillation Plante 

The followinr is the status for installation of generators and 
distillation units for the various locations: 

Site A - S generators, averaging 30% completion; 8 distillation units 
averaging 30% completion. 

Site B - 5 generator units, 100%; 4 distillation units, 100% complete. 

Site C - 2 generator units, mot •tarted} 3 distillation units, not 
started. 

Site D - 2 generator units, just started; 3 distillation units, not 
started. 

Site E - 3 generator units, averaging S% completion; 3 distillation 
units, avera~ing 5% completion. 

Site L - 1 generator unit, 100% complete; 4 distillation units, two 
of which are 100% complete. The other two are 75% complete. 

6 
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(e) P.o.L. Facilities 
.. ,,..,_,.. 

Site A - 27% complete; Site B - 100% COl!lplete (exclusive of fencing). 

(r) Water Storage 

The following is the status or completion or the various locations 
listed below: 

Site A - 56~; Site B - 100%; Site C - 75%; Site D - 100%; Site E -
100%1 Site L - 100%. 

(g) Piers and Cauaeway 

The cauaeway on Site D is 99% complete, with an expenditure to date 
or 6913 man-hours. 

Piers on all sites have been completed, with the exception o! Site c, 
which is 15% complete. 

(h) ~ 

The erection o! the tower on Site E, including mechanical am 
electrical installation U 95% complete, and represents a total expenditure 
of 89.35 man-hours to date. Footings for the tower on Site D have beens tarted, 
and thus far 825 man-hours have been expended. 

Footings for the photo tower on Site H have been completed, 
representing a completion or 25 %, with a total of 2555 man-hours. 

( i) Submarine Cable 

The following table indicates the state of progress of laying 
submarine cable: 

Length 
Designation Number & Size .WOcation Reguired Length ~aid % Completed .Ken Hours 

0-101 16 pr. A to B 26,000 21,000 80 ) 
0-102 16 pr. A to B 26,000 21,000 80 ) 
0-103 16 pr. A to B 26,000 21,000 85 ) 
0-104 16 pr. B to C 58,000 50,000 60 ) 
0-105 16 pr. B to C 58,000 56,ooo 60 ) 
0-106 16 pr. C to D 40,000 .35,000 75 ) 
0-107 16 pr. C to D 40,000 38,000 75 ) 
0-108 16 pr. D to P .32,000 30,000 75 ) 
o-108A. 16 Pr. P to E 25,000 25,000 75 ) 
0-109 16 pr. D to P .32,000 .32,000 85 ) 
O·l09A 16 pr. P to E 25,000 25,000 85 ) 
1-112 6 pr. A to Buoy 27 ,ooo 27 ,ooo 75 ) 
2-114 6 pr. B to L 13,100 13,000 80 ) 21,759 
2-115 6 pr. B to L 1.3,100 1.3,000 80 ) 
.3-116 6 pr. C to Buoy 18,000 18,000 75 ) 

7 
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Length 
Designation Number & Size Location Reguired Length Laid %Completed Man Hours 

3-117 
3-118 
4-119 
4-120 
4-121 
s-124 
s-125 
5-126 
5-127 
5-128 
S-129 

6 pr. 
6 pr. 
6 pr. 
6 pr. 
6 pr. 
6 pr. 
6 pr. 
6 pr. 
6 pr. 
6 pr. 
6 pr. 

(j) Paving 

C to M 3,000 
C to M 3,000 
D to Buoy 23 1 000 
D to N 12,500 
D to N 12,500 
E to Buoy 101 000 
E to S 7,000 
E to S 7,000 
E to (.I 23,000 
E to Q 23 1 000 
E to F 39,000 

s,ooo 75 ) 
s,ooo 75 ) 

22,000 75 ) 
12,000 80 ) 
12,000 80 ) 
10,000 75 ) 

1,000 80 ) 
1,000 80 ) 

22,000 80 ) 
22,000 80 ) 
39,000 75 ) 

Following is the status or progress with respect to paving: 
Site C - 4000 11q. yd. of 3" paving; 1700 11q. yd. of l'" paving. 

This represents 21% completion. 

Site E - 3500 11q. yd. of 3" paving; 9400 sq. yd. of l'" paving, 
repre11enting 80% completion. 

(2) M111cellaneous Items of Interest 

14 June. A buoy wa11 installed in the lagoon for the use of Mara planes. 

22 June. Unloading was completed from the USS Whiteside, and 11he departed 
from the atoll. 

1 July. USS Yancey arrived at the jobsite with 3903 M/T cargo. 

6 July. One hundred and three men arrived at the jobsite, most of whom 
were tranaported on the General Butner from San Francisco and Honolulu to Kwajalein. 

13 July, The USS Mispillion arrived at the jobsite with 9231 471 gallons of 
asphalt, and the following cargo1 

l Water Taxi 
1 Spare Gray Marine Engine 
l Derrick Drill with drill, 

1 Dewalt Power Saw, with combination 
saw blades 

l Cement testing Machine 
wagon and acce11sories 

_14 July. The USS iiarrick arrived at the jobsite with 2650 M/T of cargo. 

14 July. Dr. Hallen, ·who will establish dental facilities at the jobsite, 
departed Los Angeles. 

~ . ( . . ,. "' .... ' 

.... 
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Building J.1.1: 

Unit No. 1: 

Unit No. 2: 

Unit No. )& 

Unit No. 41 

Unit No. 51 

Unit No. 61 

Unit No. 71 

en I 

MILITARY STRUCTUP.ES COMPLETICN STATUS 
A5 6F 15 W 1956 

ARMY STtWCTURES 

Footing f onns being erected. 

Concrete in foundation to first floor slab. 

Cannot place concrete until Building #4 foundation is 
placed along #9 line. 

Awaiting decision on dowels for first floor t1lab on lines 
91 10, 11, and 12, and method of placing. The J.O.lj station 
is awaiting electrical plans. 

Concrete in foundation tofirst floor slab. Erecting fonns 
for colwnns and be&llls for second floor. Awaiting whittmore 
gauge template. 

Concrete in foundation, awaiting structural steel. 

~oncrete in foundation; f onn~ and reinforcine (first to 
second floor) being placed; 90% complete. 

To date, there has been a total of appro~illl8tely 800 cu. yds. of concrete 
placed, and 70 tons of reintol'i:ing steel. The majority of the compacted fill 
has consisted of lean sub-grade concrete, totaling some 610 cu. yds. 

Building J.l.J: 

Fonns in place, ready for reinforcing, and awaiting door bucks. Precast 
concrete circular segments and bulkheads have been completed by the vendor and 
are ready !or shipment. 

NAVY STRUCTURES 

Building J.2.la and b: 

No definite int'ol'lll&tion on location. Start of construction indefinite. 

Building J.2.2a: 

Site cleared; no borings or soil bearing tests taken. 

Building J.2.2b: 

Site cleared; core borings taken; soil bearing tests to be made this week. 

~.1 
~~.·.·~ 

.·1 ........ 
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Building 3.2.3a and b& 

No cells, anchor bolts or miscellaneous metal. 

Building 3.2.4a, 3.2. 4b, 3.2.s and 3.2.6: 

No cells, anchor bolts or miscellaneous metal. 

Building 3.2.7 on Site E: 

~oncrete in foundation; erecting wall forms and placing reir.f orcing to 
roof slab. · 

Building 3.2.7 on Site S: 

Excavation complete; awaiting decision on location change, 

Precast concrete sections for all Navy buildings have been progressing quite 
satisfactorily, and to date fabrication by the subcontractor is 70% complete. Close 
liaison and inspection is being maintained. 

Al!{ FORCE STI'UCTUR.ES 

Building 3.3.3i 

Excavation complete; interior footing forms placed; rear foundation wall placed, 
Sub-foundation concrete (lean miJC) placed under front and rear wall footings. 

Building 3,3.4: 

Excavation complete; foundation forms ready to install. Awaiting decision on 
soil bearing condition from foundation experts. 

Building 3.3.Sa: 

Ready for brickwork; awaiting lime. 

Building 3.3.6b: 

Foundation concrete placed; backfill complete. 

Buildings 3,3.ea to f: 

Sites cleared. Need structural steel. 

Building 3.3.Bg: 

Awaiting arrival of model. 

Building 3.3.Bh: 

Core drilling and soil bearing tests completed 11 July. No work will be 
done pending decision from experts on moving of buildings. 

26 
c.w·r~ ....... ~- 1· 1 .... --~ '' . I 
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During the summer and ea.Yly fall of 1949, agreements were reached be­
tween the AEC and the Department of Defense for the provision of military 
construction forces to perform construction activities in connection with 
the base facilities at Eniwetok Island. The formal directives covering 
this aspec·t of the construction to )le ~ne at the Proving Ground were in­
cluded in Work Authoriza\ion No. 50-507-6 dated November 3, 1949, covering 
the activation of Eniwetok Island" These directives included the perform­
ance of certain functions by H & N as construction representatives for the 
.AEC, such as the procurement cf all materials required except tents, furn­
ishing, mess, and infirmary equ~pment, the provision of certain supervisory 
personnel to assist in the construction, and :;be !'endering of inspection 
services. 

In order to plan the working relationship between the military forces 
and H & N at the Jobsite and to define the responsibilities of each, a 
meeting was held in Washington on January 30, 1950 at which representatives 
of JTF-3, the 7th Engineer Brigade, including the 79'th Construction Battal­
ion, the AEC, and H & N partici.pated. The agreements reached are set forth 
in the Memorandum of Agreement, presented as an exhibit at the end of this 
volume. Briefly stated, these a.greementE concerned a statement of all of 
the items o'f construction to be erec~ed on Eniwetok Island, the responsi­
bility o~ H & N to design all of the facilities and to supply working 
drawings to the Construction Battalion, as well as specif'ied materials 
therefor. H & N was to construct certain of the designated facilities 
which vere deemed to be beyond the capabilities of the Battalion, such as, 
for example, the power plants and was to provide certain categories of su­
pervisory technicians to assist the military group :i.n the performance of 
the construction services. The Br:.ga.de undertook to support H & N activi­
ties by providing stevedoring servi~es, although the operation of all boats, 
tugs, barges, and lighters was to remain th~ responsibility of H & N,sup­
plemented by such boats from TG3.2 as could be providedo The operation of 
utilities and the provisi9n of maintenance materials was also agreed to be 
the responsibility of H & N. 

The arrival of the Brigade fully equipped, selfsustaining and ready 
to perform the required services vas planned for March 1, 1950, and assur­
ances were given that sufficient construction materials would be on hand 
for initial construction activities. The movement of all H & N personnel 
from tht interim camp established on Eniwetok Island to the facilities 
becoming available on Parry tsland was also involved in the arrangements 
being made for the Battalion's effort at the A~oll, inasmuch as the Bat­
talion desired to use the interim camp for its initial activities. 

The period between February 15, 1950, and April 15, 1950, was replete 
with meetings between key personnel cf the organizations concerned. Discus­
sions were directed towards alleviation of anticipated difficulties and 
solution of problems which had already arisen, It was clear that an ad­
justment in procurement of materials by R & N would be necessary and that 
the flow of materials to the Jobsite had to be augmentedo It was also 
clear that a period of readjuEtment at the Jobsite V")Uld be required for 
both the H & N for=e~ and the Constr~ct~on Battalion, The possibility cf 
delay in the delivery of cons~ructi~fcg~s vas re~ognized as was the possi­
bility of delay in haviO:S-sUi"i'ic!eri ma erl~ls for all ~he required struc­
tures on Eniwetok Island on hand at the t.!.m-=.s specified. 
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It should be remembered that the original planning of facilities for 
Eniwetok Island provided for occupancy by some 600 personnel. These plans 
had been expanded to provide facilities for 1800 persons. In addition, 
the location and details of many of the buildings and structures planned 
for Eniwetok Island were still to be resolved by the various using groups. 
However, a considerable amount of work in demolition of existing struc­
tures on Eniwetok Island, the removal of debris from site areas, and other 
tasks had to be performed before actual construction of the nev facilities 
could be accomplished. It vas thus the general consensus of opinion that 
no serious impairment of the potential of the construction troops would 
occur. 

On February 24, 1950, by Administrative Order No. l, J'l'F-3 instructed 
the Construction Battalion through the Commander of TGJ.2 to execute its 
mission. These instructions included: 

A. The general clean-up of the island and removal of all struc­
tures not required for the operation. 

B. New construction and rehabilitation of existing housing fa­
cilities to accommodate 2560 military and civilian person­
nel, together vi.th related services, such as mess hall, 
laundry, bakery, dispensary, and recreational facilities. 

C. The extension of the existing 6400 foot runway, and the 
construction and installation of wharfs, POL facilities, 
fresh water distillation facilities, power facilities, 
roads, and warehouses. 

It was also provided that upon the arrival of the Battalion in the 
fontard area the Navy would provide an .APL to quarter approximately half 
of the incoming troops. 

Advance elements of the Construction Battalion reached Eniwetok on 
March 10, 1950, and the main group arrived by ship on March 16, 1950. The 
ensuing 30 days brought to light many problems which had not been complete­
ly resolved by earlier discussion. For the most part, such problems were 
dealt with in meetings held as the occasion demanded, between representa­
tives of the Battalion, the AEC and H & N. In general this type of liaison 
was both harmonious and effective. 

The fact that plans for Eniwetok Island were not available on March 15, 
because of revisions required by JTF-3 "ind conveyed to H & N through the AEC 
was a major cause for concern on the part of the Commander of TGJ.2. This 
problem and others faced by the Battalion vere discussed at a series of 
meetings held from April 19 through April 22, attended by the Commander of 
JTF-3, the Manager of SFOO, AEC, the Commander of TGJ.2, and representatives 
of the staffs of these organizations and of H & N. The serious light 
thrown on the statement of problems by the Commander of TGJ.2 at these 
meetings was unanticipated in view of the fact that assigned liaison repre­
sentatives of TG3.2, the AEC, and R & N had established effective working 
relationships and had discussed them in some detail. It should be noted 
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that the problems discussed at the April meetings were similar in nature 
and in import to those faced by the H & N forces since the beginning of 
the beachhead period and were related in part to the fact that this under­
taking for the Battalion was not a normal military construction effort. 

The subjects raised were discussed at some length and at the close of 
the meetings, the Commander of TG3.2 returned to the United States with the 
visiting group. On June 1, 1950, a new Commander of TG3.2 was designated. 
In the meantime, a routine of regular weekly meetings between representa­
tives of TG3.2, the AEC, and H & N was established which effectively re­
solved such mutual problems as change·s and modifications in the plans and 
in construction materials, allocation of materials, boat schedules, steve­
doring services, and the like. The first of these meetings was held on 
April 24, 1950, and a spirit of genuine cooperation was achieved which 
played a significant part in the ultimate accomplishment at the Proving 
Ground. 

During the period between January 1, 1950 and July 1, 1950, one of 
the more significant problems resolved, was concerned with the final de­
termination of the paving material to be used in the rather extensive 
paving program which was planned. It will be recalled that the reconnais­
sance report had recommended the employment of hot-mix asphalt for all 
paving purposes. However, the procurement of a hot-mix plant involved an 
expenditure which, upon re-examination, did not appear to be justified. 
Furt~ermore, in view of the exeensive amount of paving proposed for the 
stabilization of zero areas as well as for road work, a search for cheaper 
substitutes was initiated. This search resulted in the placement on Parry 
Island of a series of test strips in which various asphaltic materials 
were employed. Exposure of these test strips to the elements and to ex­
plosive forces ultimately led to the decision to employ Bitumuls in the 
paving mix. Shipments of substantial quantities of this material were 
soon dispatched to the Jobsite and paving operations were begun. The de­
tails of the experiments and the mixes employed are given in Chapter 5.22, 
Paving, Volume 2 of this report. 

Also, during this period, in view of the anticipated requirement for 
large amounts of coral concrete meeting high strength specifications for 
the Military Structures Program, efforts were directed towards the estab­
lishment of procedures which would assure the desired results. A quarry, 
rock crushing equipment, an aggregate plant, and a concrete batching plant 
had been established on Engebi Island, and concrete testing facilities 
were available. Eventually, a suitable design mix was established as a 
result of the experimentation program. Details are given in the extracts 
from the H & N concrete report, presented as an exhibit at the end of 
this volume. 

It might be noted that in addition to the requirement for high 
strength that the close spacing of reinforcing steel in many of the struc­
tures constructed imposed a requirement for concrete which could be poured 
without causing voids. Thus, beach sand was found to be too coarse, as it 
resulted in a harsh concrete because the fines had been vashed out. A 
sand deposit containing suitable fine gradations was found in the lagoon 
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under twenty feet of water and was exploited through the use of a clam­
shell equipped crane operating on a barge. A stockpile of this sand was 
established at each of the operational island batch plants. 

Concrete was hauled from the batch plant on Engebi, as at the other 
islands, in tubs and transit-mix trucks. The utilization of tubs was held 
to a minimum in view of the fact that excessive segregation took place 
when concrete was hauled in such a manner for distances in excess of half 
a mile. 

Prior to July 1, 1950, approximately 75 per cent of the 620,000 feet 
of submarine cable required had been laid and checked out. This operation 
involved the performance of work beyond the normal activities engaged in 
by a construction contractor. It will be recalled that the principal dif­
ficulty reported in the laying of cable during operation Sandstone had 
been in keeping ships on the desired course under the prevailing winds and 
at the same time laying cables without paying out the cable at an exces­
sive speed. As a result of considerable investigation and study of the 
methods, equipment, and manpower which might most effectively be used for 
cable laying, it was decided that laying from coils arranged in a figure 
eight pattern on a barge deck was the most feasible method. Reels were 
not used in order to avoid the necessity for stopping the laying operation 
at every 6,000 foot interval in order to pay out the splice case contain­
ing the loading coils essential to meet the communications specifications 
established. 

No standard equipment was available for the job, and the only commer­
cial cable ship and crew were much too large to navigate the lagoon. As 
a consequence, special equipment required was designed and fabricated at 
the Jobsite. The design took into account the three procedural problems 
encountered during Sandstone operations. At that time, a powered boat 
had been used as the laying barge, thus imposing a propeller hazard. In 
order to minimize this hazard, the cable had been led over the side of the 
barge,which resulted in flexing the cable unnecessarily and whirh increased 
cable handling difficulties. In addition, this imposed an eccentric drag 
on the barge and added to navigational difficulties. Lastly, the cable 
had been coiled in a circular pattern instead of a figure eight which cre­
ated an unnecessary cable torque and increased the possibility of fouling 
between coils. 

These procedural problems were overcome by the employment of a tug­
hauled barge as the vehicle; by leading the cable successively through a 
set of fair leads, specially designed brakes, and a stern guide plate set 
at an angle of between 300 and 6Qo from the horizontal; and by laying the 
cable on the barge in a figure eight pattern in which each successive coil 
of the figure eight was to progress by at least one diameter or cable 
towards the stern of the barge. 

In operation, the route of the cable laying barge was charted by 
means of successive sextant angle shots from the barge to known points 
ashore. Operations were carried out during calm seas periods and as a 
consequence navigational problems were minimized. The Sandstone signal 

6-57 



and control cable had previously been located and crossing of this cable 
was avoided in the cable laying operations carried out. The cable laying 
barge was towed at a constant speed of approximately 4 knots per hour at 
which speed no difficulties were encountered,even during the passage of 
the splice cases overboard. Testing of the cable after laying was carried 
out as a function of the Engineering Division at the Jobsite and is de­
scribed in Chapter 5.18 of this report. Table 6,6-1 outlines the subma­
rine telephone cable activities carried out for experiment and camp pur­
poses. 

It vill be seen by reference to the extract from the July 15, 1950, 
Progress Report presented above as Figure 6.6-1 and by reference to the 
construction objectives for the first half of 1950 as set out in the Re­
connaissance Report that substantially all of the objectives had been met 
within the planned allocation of time. On the other hand, the changes in 
the scope of the construction program during this period had the immediate 
effect of requiring extensive revisions of scheduling. Material real.loca­
tions to satisfy the needs of the Construction Battalion and the Military 
Structures Program on Engebi necessitated reshuffling of forces in accord­
ance with both the availability of materials and the scheduling changes. 
However, by the end of this period, at the end of June 1950, the resched­
uling and redeployment of forces had been accomplished, apparently just in 
time to face the hurdles interposed by the outbreak of hostilities in 
Korea. 

Each plane arriving at the Atoll brought new draldngs for additional 
stations and facilities. As a consequence, manpower requirements to assure 
completion by deadline dates were difficult to fix, and weekly upward re­
visions were the rule at the close of this period and the beginning of the 
sustained peak effort which followed. 

JULY 1950 TO JANUARY 1951 

This period in the construction program was highlighted by the com­
pletion of all base facilities at the Atoll, the substantial completion of 
the Military Structures, the construction of more than seven hundred scien­
tific stations, and the receipt of more than three hundred changes in loca­
tion or reinstatements of structures in the program. A tabulation of these 
changes is presented as an exhibit at· the end of this volume. 

Although seriously handicapped by a complete suspension of shipping 
during July and August, the fact that progress continued is apparent from 
Figure 6.5-1 above. This fact is further apparent from a detailed compari­
son of the Progress Reports of July and September 1950, the former of which 
is extracted above. By September 15, all aluminum buildings on Parry Island 
were essentially complete as then planned, the extent of completion being 
given in the September 15 Progress Report as 97 per cent. On Runit, the . 
Aomon Group and Eilgebi, mess halls and latrines were substantially complete, 
while service and administration buildings were 75 per cent finished, 
Sewer systems were complete at all sites. Japtan Island was essentially 
completed in all respects. Water systems on the experiment islands were 
between 30 per cent (Runit) and 80 per cent (Engebi) complete. Electrical 
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TABLE 6.6-1. SUBMARINE TELEPHONE CABLE 

No. Approx. 
Cable· TPS No.Pairs Pairs Length 
No. Location Type and Size Loaded In Feet Remarks 

0-101 A B 16 16/#19 0 23,640 New 
0-102 A B 16 16/#19 12 24,960 New 
0-103 A B 16 16/#19 12 22,980 New 
0-104 B c 16 16/#19 12 58,440 New 
0-105 B c 16 16/#19 12 59 ,ooo New 
0-106 c D 16 16/#19 12 40,140 New 
0-107 c D 16 16/#19 12 42,000 New 
0-108 D p 16 16/#19 12 30,000 New 
0-109 D p 16 16/#19 12 32,000 New 
0-1084 p E 16 16/#19 12 23,000 New 
0-109A p E 16 16/#19 12 23,000 NeW' 
1-112 A Buoy 93 6 6/#19 0 27,000 .:• 
l-112A A Buoy 93 6 6/#19 (). 7,500 New 
2-113 B Tele.Buoy 6 6/#19 0 5,000 New 
2-114 B L 6 6/#19 0 13,100 New 
2-115 B L 6 6/#19 0 13,100 New 
3-116 c Tele.Buoy 6 6/#19 0 18,000 * 
3-116A c Tele.Buoy 6 6/#19 0 6,000 New 
3-117 c M 6 6/#19 0 5,000 New 
3-118 c M 6 6/#19 0 5,000 New 
4-119 D Tele.Buoy 6 6/#19 0 ia,ooo ... 
4-ll9A D Tele.Buoy 6 6/119 0 7,000 lev 
4-120 D N 6 6/#19 () 12,500 Nev 
4-l21A D R 6 6/#19 0 6,500 New 
4-121.B R N 6 6/#19 0 6,ooo New 
5-124 E Buoy 767 6 6/#19 0 10,000 New 
5-125 E s 6 6/#19 0 7,000 New 
5-126 E s 6 6/#19 0 7,000 New 
5-127 E Q 6 6/#19 0 22,000 New 
5-128 E Q 6 6/#19 0 22,000 Nev 

* Cable abandoned - Buoy relocated 
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facilities were on the average better than fifty per cent complete at all 
sites. Piers were all completed as planned. On the Military Structures 
Program, foundations for seven Navy structures were complete and awaiting 
the arrival of prefabricated components. One structure, 3.2.?a, was com­
pletely finished, The remaining foundations for Navy structures were in 
various stages of completion. On Army Structure 3.1.1, foundations were 
complete, 58 per cent of the total required reinforcing steel had been 
placed, and 64 per cent of the total of mass concrete to be poured had 
been placed. Air Force structures had proceeded to the point of completion 
of all excavation and placement of all foundation forms. In addition, on 
Structure 3.3.5a, fifty per cent of the brickwork had been completed and 
the rough carpentry had been sixty per cent completed. Five structures, 
3.3.8a through e, had been relocated after excavation, and some form work 
had been completed. 

Thus the first major hurdle of the period was passed, but the price 
paid for progress in terms of effort in rescheduling activities to meet 
the deficiency in government furnished logistic support cannot be estimated 
in terms of dollars. The decisions made and the steps taken at the Home 
Office of Holmes & Narver in relation to the shipping deficiency are dis­
cussed in Section 14, Logistics, in Volume 4 of this report and no further 
evaluation of the impact on the Construction Program will be atiempted here. 
However, a few significant points should be mentioned. The material short­
ages and resultant reshufflings of manpower and equipment were not allevi­
ated immediately upon the arrival of the USNS Merrill on September 9, 1950, 
and the USNS Crain on September 20, 1950. Ten thousand tons of cargo were 
off-loaded from these two ships, overtaxing warehousing facilities, light­
ering and stevedoring equipment, and crews. Though the need for materials 
was urgent, checking and sorting of this cargo before distribution was 
essential in order to guard against any breakdown in material controls. 
Thus, it was not until almost ten days after cargo discharge was completed 
that actual utilization could be made of materials received in these ship­
ments. 

An additional point of impact of the shipping deficiency was a reflec­
tion of the effect on morale of the continual redeployment of forcas thus 
made necessary. During the first week in September more than eighty car­
penters demanded pay increases, thus attempting to parallel action by West 
C9ast carpenters during the summer of 1950. The demands were heard and re­
ferred to the Home Office of H & N. While the loss of the men involved 
would have been serious in its effect on construction progress, it was felt 
that any concessions to such demands would lead only to a complete break­
do'W?l in labor relations at the Jobsite. In the face of this attitude the 
threat disintegrated and was soon forgotten in the rush to make up lost 
time upon the arrival of the Merrill and the Crain. 

From the beginning of this period, as requirements for scientific sta­
tions continued to grow, as did the planned population for Parry Island and 
the experiment island camps, projections of manpower requirements were a 
subject of continuous study. Likewise the expansion of facilities to accom­
modate the new anticipated population peaks was being actively pursued. 
The manpower question became more pressing in the light of the scheduling 
losses sustained during the suspension of shipping. 
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Engineers on Cable Laying Barge Sighting Check Points on Shore. 



Submarine Cable Laying Barge in Operation, Showing Stern Guide 
Plate Directing Cable Into Water. 
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Connecting Transformer Bank for Overhead Power Distribution 
System, Parry Island. 
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Elevated Salt Water & Fresh Water Tanks for Main Distribution 
Systems, Parry Island. 



Power House on Japtan, Showing 1.Jater Distilla.tion Equipment 
in Foreground and Power Generatin£ Lg_uipment at Rear. 



Animal Shelters & Runs, Japtan. 



,/ 

-----

--
/ 

/ 

\ 



VOLUME VII - SURVEYS AND LOCATIONS 

Appendix B - Dra'Wing Lists 
Appendix C - Locations of Scientific Stations, Military Structures, 

and Buildings 
Appendix D - Horizontal Control Survey 
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Earlier, in a Progress Report to the AEC, the Security Division of 
Holmes & NarvAr had noted that the deadline date established for "Q" 
clearances (December 1, 1950)at the Atoll would unquestionably impose a 
burden on recruiting and shipping of personnel to the Jobsite and would 
be uneconomical. Still another facet of the same problem resulted from 
the reflection in decisions of the AEC Resident Engineer of the policy to 
pursue the construction program and the 1951 operation on an austerity 
basis. Consideration of these various factors covered all of the third 
quarter of 1950 and extended into the fourth quarter. 

Plans to expand base facilities on Parry were suggested but initially 
disapproved. Planning of manpower requirements was subjected to sharp 
scrutiny. Ultimately both of these problems were resolved in a satisfac­
tory manner, largely in accord 'With the plans sutmitted. 

In the meantime, construction at the various operational sites moved 
forward. By the beginning of November, the shot island camps were complete 
and occupied by construction personnel, The three hundred foot tower on 
Runit was substantially finished as vere a number of scientific stations 
on the same island, including the Stations 33 and 34 series, Stations 26c, 
39c, 42, and others. For many of the rest of the planned scientific sta­
tions for this site as of this date, forms and reinforcing steel were set. 

In the Aomon Group, work on the planned scientific stations had 
reached approximately the same percentage of completion as at Runit. In 
viev of the greater total number of stations involved at the Aomon site, 
the total of completed or nearly completed stations was much greater. 
Significant in the reports of progress of construction is the fact that 
the Stations 120 and 121 series were awaiting redesign. 

On Engebi, by the beginning of November the skyline had definitely 
taken on an aspect quite foreign to a coral atoll in the mid-Pacific. 
The structures for the Military Structures Program were nearing closure 
or were finished, giving unexpected height to the low-lying land mass. 
Scientific stations appeared everywhere and vere substantially ready for 
the variety of finishing operations. As of November 1, 1950, all or more 
than 50 per cent of construction had been completed on more than one hun­
dred and thirty scientific stations on Engebi, and completion before 
deadlines was assured. 

Likevi~e, on the Military Structures on Engebi and Muzin, completion 
appeared to be assured before the time scheduled for instrument installa­
tion. Weighted averages of completion on this portion of the construction 
effort were given, as of this date, as approximately 65 per cent. This 
percentage figure reflects the substantial completion of concrete place­
ment in the multistory structure 3.1.l and 50 per cent completion of 
structural steel setting and masonry vork; completion of steel and con­
crete placement on structure 3.3.3; completion of Navy Structures 3.2.la 
and b, 3.2.2a and b, 3.2.3a and b, 3.2.5, and 3.2.7a and b; about 80 per 
cent completion of structures 3.2.4a and b and 3.2.6; and about 40 per 
cent completion of the various Air Force structures. 

Preparations for the "F-Plus" Program, the second shot on Engebi 
Island had begun. The clearing of the extensive Japanese dump at the 
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end of the airstrip was a project of no small proportions. Large quan­
tities of junked equipment, supplies, and materiel had to be removed 
and the dump area filled and compacted in order to accommodate the 
stations required for this added program, 

Preliminary work vas also under vay under the supervision of the 
Prepakt Concrete Company on the grouting program recommended by con­
sultants to the AEC and the Department of Defense. As the construc­
tion forces of Holmes & Narver supplied only the labor for this program, 
the direction and supervision being the responsibility of the Prepakt 
Company representatives, details of the results, both hoped for and 
actual, will not be discussed here. (See Chapter 6.7 of this volume.) 

It should be noted, hovever, that the high priority ultimately 
given the program by the AEC had the serious effect of diverting con­
struction labor at a time when men could not readily be spared. Re­
cruiting personnel specifically for this program had to be done on a 
high priority basis, and screening was held to a minimum consistent 
with security requirements for a "P" approval. A fev of the individ­
uals thus obtained proved to be undesirables on the Project and vere 
sore spots until terminated in what otherwise had become a smooth­
running construction organization. 

Although essentially all of the originally planned construction 
for Parry Island was complete and a new addition to the tent camp 
there had been completed, one critical item of construction -- the CMR 
Building -- was causing anxiety. This structure, comprising a Butler 
building and a standard aluminum building arranged in spaced relation­
ship with a shed roof covering for the intervening space, had to be 
ready for the installation of a considerable amount of complex equip­
ment. Some of the construction materials needed vere long term pro­
curement items and expediting action had been of little avail. However, 
the arrival of the required high pressure fittings during January of 
1951 permitted completion of this facility and adequate check-out prior 
to its operational use. 

Mention should be made at this point of the many changes in loca­
tion, deletions, and reinstatements of various scientific stations and 
military structures which were brought about as a result of many causes 
ranging from poor foundation conditions to changes in expected over­
pressures and scientific program. In all, more than three hundred and 
seventy-five changes were processed involving changes of location, de­
letion of reinstatement after a previous deletion. 

A complete list of location changes is presented as an exhibit 
at the end of this volUJD.e, a summary of design and change order es­
timates is presented as Table 6.6-2, and a summary of field change 
orders is presented in Table 6.6-3. 
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Parry Island, Looking North from Water Tower. Mess Hall in 
Foreground and Theatre, Day Room, and Barracks in Background. 



Parry Island: Warehouse Area & Old Navy Pier in Foreground, 
Office & Service Area, Center. 



TABLE 6.6-2. SUMMARY OF DESIGN AND CHANGE ORDER ESTIMATES,JUNE .30,1951 

LOCATION AND DESCRIPTION 

PARRY ISLAND 

Design Estimates 
Revised final estimate for Modification 7 

of Contract, based on known scope of 
work as of March 24, 1950 

Rehabilitate seven quonsets 
Fifty additional tents 
C.M.R. Buildings and facilities 
Underground Shelter Area 
Additional cooling facilities - Photo Lab. 
Connect Buildings 208 and 209 
Additional wing - Mess Hall 
Extension - J.T.F. communications room 
JOO additional hot lockers 
Vapor Seal Building 311 
Water Cooler - Building 323 
Inter-com. and radios 
Additional Recreation Building 
Additions, revisions, and water cooler-

Building 231 
Additions and revisions - Building 120 
Fence Building 221 

Total Estimated Cost (Net) 
Deletion from Original Scope 

Change Order Estimates 
Total Estimated Net Cost of 

118 Field Change Orders 

TOTAL ESTIMATED NET COST - PARRY ISLAND 

ENIWETOK ISLAND 

Design Estimates 
Revised final estimate for Modification 7 

of Contract, based on known scope of 
work as of February 7, 1950 

Relocate telephone buoys 
Additions to stage - movie 
Additions to Building 90 

Total Estimated Cost (Net) 
Deletion from Original Scope 

Change Order Estimates 
Total Estimated Net Cost of 

81 Field Change Orders 
TOTAL ESTIMATED NET COST - ENIWETOK ISLAND 

DATE 
SUBMITTED 

4-1-50 
4-21-50 
10-3-50 
12-1-50 
12-21-50 
12-21-50 
1-12-51 
1-12-51 
1-12-51 
1-12-51 
1-12-51 
1-16-51 
1-16-51 
1-24-51 

1-24-51 
l-28-51 
2-6-51 

2-10-50 
2-11-50 
5-19-50 
1-16-51 
1-24-51 
l-24-51 

TOTAL 
NET COST 

5,124,600 
65,955 
99,515 

.315,130 
26,810 
15,120 
18,470 
22,890 

2,430 
26,630 
1,075 
2,134 

39,175 
35,920 

32,210 
22,000 

3,655 
5,853,719 

(84,825) 
5,768,894 

485,890 

6,254,784 

*(3,369,630) 
*(3,147,425) 

3,432,040 
3,210 
4,050 
1,215 

3,440,515 
(67,790) 

.3,372,725 

242,~05 
3,615,230 
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SUMMARY OF DESIGN AND CHANGE ORDER ESTIMATES (Continued) 

LOCATION AND DESCRIPTION 

JAPTAN ISLAND 

Design Estimates 
Revised final estimate for Modification 7 

of Contract, based on known scope of 
work as or February 15, 1950 

Additional mouse cages 
Additional mouse house 
Additional facilities (Infirmary) 

Total Estimated Cost (Net) 
Change Order Estimates 

Total Estimated Net Cost of 
43 Field Change Orders 

TOTAL ESTIMATED NET COST - JAPTAN ISLAND 

RUNIT ISLAND 

Design Estimates 
Revised final estimate for Modification 7 

of Contract, based on known scope of 
work as or March 24, 1950. 

Fence Around Zero Area 
Total Estimated Cost (Net) 

Deletion from Original Scope 

Change Order Estimates 
Total Estimated Net Cost of 

32 Field Change Orders 
TOTAL ESTIMATED NET COST - RUNIT ISLAND 

AOMON GROUP 

Design Estimates 
Revised final estimate for Modification 7 

of Contract, based on known scope of 
work as of March 24, 1950 

Fence Around Zero Area 
Additional cost - 200 1 Tower 

Total Estimated Cost (Net) 
Deletion from Original Scope 

Change Order Estimates 
Total Estimated Net Cost of 

42 Field Change Orders 
TOTAL ESTIMATED NET COS'! - AOMON GROUP 

DATE TOTAL 
SUBMITTED NET COST 

2-15-50 
j-28-50 
8-8-50 
1-12-51 
1-12-51 

5-19-50 
9-15-50 

5-19-50 
9-21-50 
1-10-51 

*(801,240) 
843,605 
12,570 
11,610 
7,660 

875,445 

75,300 
950,745 

1,.34.3,835 
5,0QO 

1,.348,835 
(57,185) 

1,291,650 

75,560 
1,367,210 

l,637,500 
5,470 

241900 
1,667,870 

(52,265) 
1,615,605 

150,365 
1,765,970 

---------------·· ·- --· . ------------------ ------
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St.MM.ARY OF DESIGN AND CHANGE ORDER ESTIMATES (Continued) 

DATE TOTAL 
LOCATION AND DESCRIPTION SUBMITTED NET COST 

ENGEBI ISLAND 

Design Estimates 
Revised final estimate for Modification 7 

of Contract, based on kno'W!l. scope of 
work as of March 24, 1950 

Additional Camp Facilities 
Channel linking 11E11 to 11 S" 
Fence Around Zero Area 

Total Estimated Cost (Net) 
Deletion from Original Scope 

Change Order Estimates 
Total Estimated Net Cost of 

30 Field Change Orders 
TOTAL ESTIMATED NE!' COST - ENGEBI ISLAND 

BOGALLUA ISLAND 

Design Estimates 
Revised final estimate for Modification 7 

of Contract, based on known scope 
of work as of V.iarch 24, 1950 

Deletion from Original Scope 
Change Order Estimates 

None 
TOTAL ESTIMATED NET COST - BOGALLUA ISLAND 

MISCELLANEOUS ISLANDS, SITES M, N, P, Q, AND J. 

5-19-50 
5-15-50 
7-19-50 
9-15-50 

5-19-50 

1,405,435 
6o,555 

130,550 
5a000 

1,601,540 
(65.020) 

1,536,520 

345.265 
1,881,785 

804,040 
(747,340) 

56,700 

~~~~~~~-~~~~-

Design Estimates 
Revised final estimate for Modification 7 

of Contract, based on known scope of 
work as of March 24, 1950 5-19-50 

Deletion from Original Scope 

Change Order Estimates 
Total Estimated Net Cost of 

3 Field Change Orders 
TOTAL ESTIMATED NET COST - MISCELLANEOUS ISLANDS 

694,370 
(266,135) 
428,235 

5,945 
434,180 

*Prelinrl.nary estimates submitted to AEC prior to receipt of firm scope 
of work. 

6-65 



TABLE 6. 6-3 SUMMARY OF FIELD CHANGE ORDERS 
(A complete summary of Engineering Change Orders issued at Jobsite is 

presented as an exhibit at the end of this volume.) 
Location Estimated Net Cost 

Parry Island $ 493,555 

Eniwetok Island 242,605 

Japtan Island 75, 300 

Runi t Island 90,140 

Aomon Island Group 164,940 

Engebi Island 364,685 

Miscellaneous Islands 9,180 

Total $ 1,440,405 

About 25 per cent of these changes involved deletions or reinstate­
ments, thus indicating location changes for more than three hundred sta­
tions. It must be noted that most of these location changes did not 
represent lost construction effort. On the other hand, in a number of 
cases, changes in location were ordered after varying amounts of con­
struction had been effected. Thus, for example, after excavation for 
Structures 3.2.la and b revealed water seepage, the location was changed. 
On Structures 3.3.3 and 3.3.8 on Muzin, excavation had been completed, 
reinforcing steel set, and foundation concrete poured for the 308 shelter 
when the location of the structures was changed by one hundred and fifty 
feet, forcing abandonment of the 308 site. Much later in the program, 
entire structures were moved to new locations, such as for example in 
the case of the Station 625 complex (5 structures) on Kirinian on 
April 1, 1951. 

By the end of 1950, more and more of the items of the Construction 
Program which were still in progress had reached the "punch-list" or 
check-out stage. The f onnal turnover of buildings and stations to the 
AEC had begun and was well advanced. Fabricated parts for many of the 
scientific stations which had been long term procurement items had fi­
nally arrived at the Jobsite and installation was under way. 

On Parry Island, approval had been granted and work had begun on 
the expansion of certain of the base facilities including the mess hall, 
post exchange recreation building, AEC office building, power house, 
water storage facilities, and others. Work was still being done in con­
nection with the installation of equipment in the (}fR building. However, 
by this time a fence had been completed around the buildipg and the area 
designated as an exclusion area wherein only "Q" cleared personnel 'Were 
permitted. This requirement necessitated reshuffling of personnel to 
assure continued progress in accordance with schedules. 
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Engebi Camp Area, Looking Toward fuzin. Dispensary & Mess 
Hall in Left Foreground. 



Power House on Engebi, Showing Prefabricated Column Forms in 
Place. 
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Photo Toyer on Reef South of Runit, Showing Completed Struc­
ture, with Hoist, Cab, & Guy Cables in Place. 



Photo Tower on Reef South of Runit, Showing Cable Anchors at 
Low Tide. 



To close out the year 1950 on the islands to the north of Parry, 
almost all major pours of concrete had been completed. Difficulties with 
cement prevented the actual completion of all mass concrete work. One of 
the brands of cement shipped to the Jobsite was not on a par 'With other 
brands. In addition, the various shipments had been held up at Oakland 
during the suspension of shipping during July and August. Sequential 
shipments of cement had previously been found desirable in order to avoid 
protracted storage in the unfavorable Eniwetok climate. However, when 
shipping space was not available, the pile-up of cement stocks at Oakland 
became acute. As a result, when shipping schedules returned to normal, 
all of the backlogged cement was transshipped in one load. The result at 
Eniwetok was to compel storage of an inordinate amount of cement in the 
facilities available. Sacks of cement were stacked higher than best 
practice would dictate. Toward the end of the year, the results of the~?. 
forced practices became apparent when it was determined that a consider­
able quantity of the cement on hand had become lumpy and that required 
concrete strengths could not be obtained if the cement was used in that 
condition. (Coincidentally, the same brand of cement in which this con­
dition was found to exist had caused difficulties in the precasting of 
components for the Navy Structures.) (See Chapter 6.7, Military Struc­
tures, in this volume.) 

Screening through a sixteen mesh screen was found to be necessary in 
order to salvage this defective cement and through the expenditure of a 
relatively small amount of labor to accomplish this, the actual loss was 
made negligible. However, extreme care in concrete production was re­
quired, and constant inspection and testing surveillance were carried out 
to assure compliance with strength and density specifications. 

The more difficult stations on the experiment islands, particularly 
those which involved the accurate alignment of collimators and the place­
ment of limonite-steel aggregate concrete, were well advanced. Tech­
niques had been perfected in the preparation of the limonite concrete, 
details of which are given as an exhibit at the end of this volume. 

In the construction of one of the more complex structures, Station 
131, which was reproduced at Engebi and Eberiru, it had been planned, 
upon the advfce of grouting experts, to employ intrusion grouting of a 
cement limonite mix into steel aggregate contained between the structural 
forms. The process was tried under the supervision of personnel experi­
enced in intrusion grouting operations but vas found to be far less 
economical than the method devised cooperatively by H & N Construction 
and Engineering Departments at the Jobsite. A comparison of the concrete 
placement in the intrusion grouted 131 structure at the Aomon Group and 
the poured limonite-steel aggregate concrete structure at Engebi shoved 
that the Aomon structure took 20 men 20 hours to pour and resulted in 
voids reouiring patching, whereas the Engebi structure poured by the 
method devised bj H & N took only 12 men 6 1/2 hours to pour and resul­
ted in no voids. 

The power houses at Runit, Aomon, and Engebi vere substantially com­
plete and the originally specified generators had been set in each. 
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Increases in power demands had made it desirable to change the installa­
tion of additional equipment later planned for each plant from a five 
cylinder diesel unit to an eight cylinder unit. This change necessita­
ted changing the foundations in each plant to permit the installation 
of the large~ units. 

~ith the substantial completion or the power plants and the instal­
lation of switching gear, panel boards and the like, and the imminent 
arrival of scientific personnel to start instrument installations, the 
time for power distribution and signal and control cable installation 
for scientific stations was at hand. Cable trenches for the millions 
of feet of power, signal, and control cable required spread their net­
work over the islands. 

This activity was, at the request of the AEC, scheduled for this 
late date in order to minimize the effect of moisture in the coral on 
these very important underground links of the scientific program. 
Cable laying for pover, signal, and communication purposes proceded 
rapidly by means of the simultaneous unreeling of cable from six reels 
mounted on a flatbed trailer hauled by a tractor. 

The trenching operation for cables was largely routine, but an in­
cident. at Parry at this time introduced a note of tension in this nor­
mally prosaic activity. In the course of trenching operations for the 
sewer lines to serve the nev tent camp on Parry, an unexploded five 
hundred pound aerial bomb was unearthed by the ditchdigging :machine. 
Other mines and amiaunition had been discovered previously, but none under 
the eircumstances now encountered. (A series of sweeps of the islands 
by military bOJ1b disposal crews had been carried out in order to allevi­
ate this hazard.) In any event, arrangements were.11&de to evacuate Parry 
during the removal or the latest discovery and disposal was effected. 

At about the same time, excavations near the three hundred foot 
tower on Engebi uncovered at a depth or more than eight feet, a portion 
or the Sandate~ tower footings. Radiological safety instruments available 
at the site indicated, during a survey by the Rad-5afety Officer, a con­
siderable radioactivity hazard, and work on this excavation was halted to 
permit further investigations. Instruments were flown out f'roa Los Alamos 
for cheeks and the supposed hazard was found to be nonexistent. 

The Military Structures Program was on schedule and the coapletion 
of the Holmes & Harver construction responsibility was in sight. The 
Navy Structures ·had been completed early in December, 1950. The Air 
Force Structures had been beset by a series of difficulties arising out 
of the somewhat unusual designs involved. In the quarter scale model 
Structure 3.3.8b, rivets three-sixteenths inch in diameter had been 
specified and the required quantity was on hand. However, when attempts 
were made to use the rivets, it was found that they could not be upset 
so as to meet specifications. As a consequence, work had to be suspended 
until new rivets could be procured and hand carried in a 811&11 box to 
the Jobsite. 
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Six-Inch Conduit Installation BetYeen Scientific Station 69 & 
6b, Biijiri 
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Scientific Station 6a, Biijiri; Dehumidification Units on 
Left. 



Front and Side of Scientific Station 75, Aa.raa.nbiru, after 
Forms were Removed. 



Typical Reinforced Concrete Blast Wall with Instrument Panel 
Insert in Center, Scientific Station 20. 
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Reinforcing Steel Partially in Place & Collimator Tubes Set 
for Station 54, Runit. 



Collimator Box & Back End of Collimator Tubes, Scientific Sta­
tion 52, Being Inspected in Fabricator's Plant. 



On the Air Force "idealized" Structures, diffiC'Ul ty in obtaining 
approval. from Jobsite Air Force Inspectors for the erection of struc­
tural. steel members fabricated for these structures al.so caused a 
suspension of work. The members in question had been fabricated in a 
West Coast plant and had been test-erected in order to check conformance 
Yith specifications. Because of the fabrication practice followed, the 
webs and flanges of the mating members appeared to be distorted when 
the steel was laid out prior to erection at the Jobsite. Work was 
stopped pending approval. by the design and test groups concerned with 
these structures. After a considerable lapse of time, approval. to pro­
ceed with construction was given by the AEC. Upon erection of the 
steel, the anticipated deviations in matching the members were found to 
be minimal. Ho"Wever, changes embodying the employment of extra splice 
plates were specified by design agencies in order to assist in inter­
pretation of test data. 

The Army Structures were within schedule and the Prepakt grouting 
program, al.though it temporarily reduced the H & N labor potential, 
appeared to be moving at the necessary rate of progress. Live loading 
of the upper floors of the multistory building through the placement of 
sand bags was under way. 

The status of the many Scientific Stations may best be seen from 
the follo\ling work status information extracted from the Progress Report 
of January 15, 1951: 

station 

2 

6A, 6B 

10, 11, 

13 

14, 15' 

20A, B, 

23A 

12 

STATUS OF SCIENTIFIC STRUCTURES 
ANP INSTRUMENT STATIONS AS OF 

15 JANUARY 1951 

SITE C 

Status 

Need finish electrical.. 

Laying conduit between 2 

Complete 

Existing 

17, 18, 19 Complete 

sta. 

C, D, E, F Panels and forms being set. Pour 
will be in near future. 

Need finish electric. 

... 
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STATUS OF SCIENTIFIC STRUCTURES AND WSTRUMENT STATIONS AS OF 
15 JANUARY 1951 (Continued) 

26C 
27.A, B, C, D, 
28A, B, C, D, E, F, 
G, H, I, J 
30.A, B, C 

J2A, J2C 

J2B 

JJA, B, C, D, E, F, 
G, H, I 
34A, B, c. D 

J9C 
59A, B, c, D 
51A, B, c, D 
52, 53 

54 

55 

57 

69 

7JB, c, D, E, F, G,H 
74A, B, c, D, E, F, 
G, H 

78, 79 

591A, B 

773 

4224, 4225, 4226 

4242 

2 

6A, 6B 

10, 11, 12 
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SITE C (Continued) 
Complete 

No \ilork by H & N 

Deleted 

Staked 

Complete 

Nearing completion 

Need vent & finish electr. 

Nearing pour 

Comp. except comm. connections 

Staked 

Waiting for insulation 

Need finish electric 

Complete 

Complete except for pipe 

Complete 

SITE D-V 

Complete 

Complete less electr. 

Complete less collimator block. 



STATUS OF SCIENTIFIC STRUCTURES AND INSTRUMENT STATIONS AS OF 
15 JANUARY 1951 (Continued) 

SITE D-V (Continued) 
14, 15 Complete less collimator block 

17, 18 Complete 

19 Complete less collimator block 

23A Complete less electr. 

28A, B, C, D, E, F, Complete 
G, H, I, J, K, L, M, 
N, 0, P 

28Q Deleted 

JOA, B, C Complete 

32A, B, C, D, E, No work by H & N 
F, G, H 

J6A, B, C, D, E Forms in place 

42 Moved to Site C 

50A, B, C, D Complete 
51A, B, C, D 

56 Complete less backfill 

68 No work 

69 Complete less backfill 

70A, B, C, D, E, F, Slab poured, Mouae cyl. legs placed 
G, H, I, J, K, L, M, 
N, O, P, Q, R, S, T, 
U, V, W, X, Y, Z 
71A, B, C, D, E, F, G 

73A, B, C, D, E, F, G No work 
H, 74A, B, C, D, E, F, 
G, H, 80A, B, C 

BOD, E 

120A, B, C, D, E, 
l21A, B , C , D, E 

123 

FoI"lllS and insert in place 

No work 

Compl,ete 
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STATUS OF SCIENTIFIC STRUCTURES AND INSTRUMENT STATIONS AS OF 
15 JANUARY 1951 (Continued) 

130 

131 

131A, B 

132A, B 

132C, D 

132E 

132F 

132G 

133 

134, l40A, B 

l41A, B, 142A, B 

l42C 

143 

772 

812 

4217, 4218, 4219, 
4220, 4221, 422li 

2 

6A, 6B 

8, 9 

10, 11, 1.2 

13 

14, 15 

17 
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SITE D-V (Continued) 
No work 

Limonite concrete poured 

No work 

Floor slab poured, wall forms 
in place 

No work 

Slab poured, tent frame erected 

Complete 

No work 

Complete 

No work 

Complete 

No work 

Complete 

Complete less seismograph 

No work 

Complete 

SITE E 

Complete 

Complete 

Ready for steel frame 

Complete 

Existing Structure 

Complete 

Existing slab 



STATUS OF SCIENTIFIC STRUCTURES AND INSTRUMENT STATIONS AS OF 
15 JANUARY 1951 (Continued) 

SITE E (Continued) 
18, 20A, B, c, D, Complete 
E, F, 21A, B, C, 
22A, B 

23A Existing structure 

23B Structure complete 

24.A, B Complete 

25 Complete except concrete apron 

26A, B, 27A, B, C, D, Complete 
28A, B, C, D, E, F, G, 
H, I, J, 29A, B, C, D, 
E. F, G, H, I, J, K, 
JOA, B, C, 33C, D, E, 
F, G, H, I, 34A, B, C, 
D, 35 

J6A, B, c, D Ready for wood cover 

37A, B, C, D, E, F. Ready for cover plate 

39A, B, 40, 50A, B, Complete 
C, D, 51A, B, C, D, 
52, 53 

54 Insta:).l tunnel sheathing 

55 Complete 

57 Structure complete 

69, ?OA, B, C, D, Complete 
E. F, G, H, I, J, 
K, L, M, N, O, P, 
Q, R, S, T, U, V, W, 
71A, B, C, D, 72A, B, 
C, D, E, F, G, H, 75 

SOA Deleted 

SOB, C, D, 81, Complete 
83A, B, 84A, B, C, 
D, E, F, 90C, D, F, 
G, H, J 
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STATUS OF SCIENTIFIC STRUCTURES AND INSTRUMENT STATIONS AS OF 
15 JANUARY 1951 (Continued) 

120A, B, C, 121A, 

132A 

132B 

132C 

141A, B 

144.A 

143 

l44B 

301A, B, c, E 

3011, J, D 

302A, B, c, D 

421, 422, 423, 424, 
425, 426, 427, 428, 
429 

591A 

591B 

593C 

771 

145,146 

41 

76 

80E, 82 

91A, B, C, D, E, F 

101 

623, 62JB, 624B 
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B 
SITE E (Continued) 
Excavated 

Ready for wing walls 

Complete 

Set footing forms 

Structure complete 

Poured footing 

Complete 

Excavated 

Complete 

Install elect. and ventilation 

Complete 

Complete 

Slab poured 

Structure complete 

Complete 

Complete 

Footing poured 

SITES 

Ready for lead brick 

Ready for insulation 

Staking 

Ready for hardware 

Concrete poured 



STATUS OF SCIENTIFIC STRUCTURES AND INSTRUMENT STATIONS AS OF 
15 JANUARY 1951 (Continued) 

Site ns• (Continued) 
4210 To be relocated 

5171 Ditches to Site 

SITES NI p, & R 

Site Station Statys 

N, p 7 Complete less electrical 

N, p 60 Complete less cab doors 

N, p 61 Complete less electrical 

N 62 Complete less cab doors 

N 63 Complete less electrical 

N, p 65 Complete 

N, p 66 Stabilized and paved 

R 75 Complete less insulation 

N 76 Complete less insulation 

p 79 Complete less insulation 

p 92A, B, C, D No work 

p 824, 828 Complete less electrical 

p 4214 Complete 

R 4222 Complete 

N 4223 Complete 

SIIES F, Q, T & U 

Q 60 Ready .&>r side panels 

Q 61 Complete 

Q 62 Ready for side panels 

Q 63, 64, 65 Complete 

Q 66 Ready for paving 
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STATUS OF SCIENTIFIC STRUCTURES AND INSTRUMENT STATIONS AS OF 
15 JANUARY 1951 (Continued) 

T 

Q 

u, F 

T 

T 

Q 

Q 

M 

M 

M 

77, 78 

93A, B, C, D 

101 

101 

625 

823, 827 

4215, 4216 

7 

60 

61 

J4NVARY l951 - JULY 1951 

SITES F. Q, T & U (Continued) 
Roof half on. Letter to omit and 
add two more stations 

Complete 

Complete 

Ready to paint 

Slab poured 

Complete 

Complete 

SITE M 

Need electr. 

Ready for concrete pour 

Need electr. 

At the start of this period, the completion of the construction 
effort itself, was clearly in sight. The progress curve indicated 95 
per cent of completion; the major items remaining included the laying 
of rigid, semi-rigid, and flexible coaxial cable needed for scientific 
experiments and supplied by the responsible scientific groups, the com­
pletion of the complex tower structure on Ebiriru, extensive earth­
moving operations for shielding various structures, and the construc­
tion of stations for the "E-Plus" Program on Engebi. Obviously the 
completion of the last mentioned construction features had to await 
the detonation of the scheduled first Engebi shot during the latter 
part of April 1951. The completicn of activities related to the laying 
of coaxial cable was delayed at the request of the .AEC until the latest 
possible time, thus compelling retention of a considerable number of 
construction personnel at the Jobsite. 

In keeping vi.th the completion of more and more of the scientific 
stations and the arrival at the Jobsite of scientific personnel to 
start installation of equipment, the efforts of the Construction Depart­
ment were shifted from Job 3- Construction, to Job 5 - Support of 
Scientific Groups and Roll-Up. Support activities covered the gamut 
of equipment requirements and construction skills (requiring at the 
peak more than JOO men per day) and were embodied in more than a 
thousand work orders processed through the Holmes & Narver Jobsite 
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Three-legged 300-ft. Tower on Runit. Note Bitumuls Paving 
of Entire Zero Area. 



Three-legged 300-ft. Tower on Engebi, Showing Two Messenger 
Cables in Foregrot.md 



, . 

Reinforcing Steel Prefabricated and Ready to Place in Scien­
tific Station 12, Aomon. 



Inspector in Fabricator's Plant Checking Section of 200-ft. 
Column Shell to be Installed in Ebiriru Tower .• 



organization. The details of the nature and scope of this support 
effort are discussed later in this report. (See Section 17, Support 
of Scientific Operations and Section 18, Roll-Up, Maintenance, and 
Salvage, both in Volume 4.) Roll-Up activities, including demolition 
of structures on the experiment islands, general cleanup, placing the 
various sites in standby condition, and packing scientific equipment 
for return to the United States are also discussed hereinafter. 
Although these activities were performed by H & N construction forces, 
for the purpose of this chronology it appears to be desirable solely 
to note here that these requirements also resulted in the retention of 
construction personnel at the Jobsite through the operational period. 

Of the entire construction program, comprising as it did more 
than a thousand buildings, stations, and installations of varying 
degrees of complexity, the laying of coaxial cable caused the most 
concern. The extent of the program was not i'ully comprehended until 
rather late in 1950, and even at that time it was hoped that an early 
start on the laying of the rigid three-inch lines would avoid any dif­
ficulty in meeting deadline dates. Installation foremen had been sent 
to the Naval Research Laboratory, Washington, D. c., for instruction 
in required welding techniques. The prefabricated sections procured 
by the responsible scientific group ~rived at the Atoll in a series 
of shipments starting late in December 1950, together with flexible 
and s0Illi-flexible coaxial cable which was also required in the coax 
network. Work was started immediately on the flexible lines and no 
difficulties were encountered. Laying the semi-flexible 1 5/8 11 cable 
was also reasonably conventional except that in order to assure proper 
spacing between the inner and outer conductors it was necessary to 
unreel the cable into the nrearranged trenches and then apply tension 
to both ends to effect straishtening of both conductors. The com­
pletion of the three-inch lines, however, required a much larger ex­
penditure of manpower than had been expected. 

Welding of successive sections of the rigid line by the prescribed 
methods was slower and more tedious than anticipated and before long 
double shifts of welding crews were assigned in order to assure com­
pletion on time. The Runit line was completed by the middle of 
Fet-·-.i.ary, but full power checks indicated deficiencies which were not 
tho-"6ht to be too serious in view of the projected use of this cable. 
Installations at the other sites, however, upon being checked were 
found to be seriously defective. 

It was first thol,1.ght that ineptness on the part of welding crews 
was the cause, but this was soon disproved when lines welded by expert 
personnel failed under full power loading. Finally, the defective 
lines were e~ed ~re closely anq it was that demonstrated thas 
various prefabricated sections had been improperly cleaned prior to 
assembly and in addition that a change in the prescribed welding 
technique was necessa:ry in order to avoid metal deposition on the 
insulator spacing rings within the cable. These discoveries lea to 
a requirement that all installed lin,es be opened; inner conductors 
pulled; and all the component~ thoroughly cleaned, following which 
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Engebi, Viewed from Tower, Showing Area Adjacent to that on 
Preceding Page. Open Coaxial Cable Trenches in Foreground, 

Pier on Right, M..izin Island in Background. 

1 



Driving Piles for Rehabilitation of Cargo Pier, Parry Island. 



Coral and Sand Fill Cause'Way Housing Coaxial Cable Trench 
Bet'Ween Ebiriru and Aomon. 



the Military Structures, the power houses, and many others at the 
various experiment islands required the moving and placement of more 
than thirty thousand cubic yards of coral sand. In addition, after 
the first experiment on Runit, it was decided that sandbagging was 
required in order to stabilize this type of protective fill on certain 
of the stations. In fulfillment of this requirement, ten thousand 
sandbags were procured, filled, and placed. 

As construction effort, none of the earthmoving discussed above 
can be categorized as anything more than routine. On the other hand, 
it must be realized that at a site at which the preservation of above­
water land masses is essential, fill must be almost wholly obtained 
from underwater sources. This imposes an especially heavy equipment 
maintenance burden and costs extra manpower to accomplish. Further­
more, personnel force sufficiently in numbers to supply the needed 
services at the times they are needed must be kept available at the 
Jobsite. 

The availability of competent personnel was particularly apparent 
in connection with the construction of the tower at Ebiriru. (The 
complex design of the tower is amply described in Chapter 5-11, Volume 
4 of this report.) Because of the loads involved, steel piling had 
to be driven for foundation support. The actual pouring of the founda­
tions and the erection of the structural steel went forward without 
incident. The central column erection proved to be more troublesome, 
however, involving as it did the placement of lead shielding blocks 
and a steel shell, When this column had been completed to the one 
hundred and thirty foot level, a small deflection from the vertical 
was noted and work was stopped for a short time to determine the 
cause. Various reasons were put forward, none of which indicated 
defective erection, and it was finally decided to continue this phase 
of the work •. The result was entirely satisfactory, and all members 
matched properly upon completion. 

Shortly before this time, a new requirement had been established 
for this tower in the form of a series of working platforms at various 
levels. The steel for these platforms arrived at the Jobsite during 
March 1951, and structural steel personnel retained at the Jobsite for 
heavy rigging and the completion of the "E-Plus" tower effected 
installation. 

The last of the major construction features -- the work required 
for the "E-Plus" Program-'W'as completed during the period between April 
23 and May 25, 1951. Tower footings and cable installations had been 
completed earlier, but the erection of the two...ilundred foot tower 
required the completion of all installations; and the placement of 
necessary fill had to be accomplished. The first seventy-five feet 
of the tower was preassembled at Parry Island and moved to the test 
site on Engebi by barge. Work on the tower went forward rap1dly 
after this headstart and the installation was completed before 
May 20, 1951. 
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In closing this chronology of the construction effort, note 
should be made of the fact that in addition to the auxiliary services 
rendered by the Construction Department under Job 5 of Contract 
AT-(29-1)-507, the dismanteling of experiment island camps prior 
to each detonation was effected by construction personnel. Arrange­
ments had been made early in 1951 for the storage of all dismantled 
buildings, facilities, and equipment at Parry. The removal of tents, 
mess halls, and other service buildings was effected rapidly, within 
tvo days of each experiment; building parts vere matchmarked and 
suitable storage was ma.de, at Parry. 

From the re-examination of the Holmes & Narver construction effort 
at the Proving Ground from July 1949 through June of 1951 which the 
above chronology affords, certain salient facts are apparent. The 
attempt has been made to establish these facts in their proper rela­
tionship to each other and to the over-all effort. The difficulties 
inherent in all overseas construction work and those peculiar to 
work at Eniwetok have been stated and their effect on the construction 
program in terms of decisions and effort has been noted. Of all the 
facts, one appears to varrant additional thought. Throughout the 
course of the work, many radical changes occurred which increased the 
scope of construction two-fold, and a war intervened with attendant 
price changes, shortages of materials, lack of shipping, and the like, 
but the job was done in time for scheduled test operations. 

The cost of this construction effort had been estimated to be 
$26,292,409 exclusive of government-furnished equipment, labor, and 
transportation. The actual costs incurred, including fees, totaled 
$24,714,932. A detailed comparison of estimated and actual costs is 
given in Table 6.6-4; however, it should be noted that the incurred 
costs listed reflect costs accumulated in accordance 'With fiscal 
allocation requirements, which requirements in some respects were 
not in complete accord 'With the basis used in the preparation of 
estimates. 

TABLE 6.6-4. COMPARISON OF ESTIMATED COSTS 
WITH AC'l'U.A.L OOSTS AS OF JUNE 30, 1951 

Estimated Incurred Coat 
F11tur1 Ig:tcaJ. Q12a:tc Total D1tl5':t 
PARRY ISLAND - BUILDDiGS AND FACILITIE5 
Blading & abaping 176,850 252,010.19 

Asphalt aurfacing 300.17 

Dust palliative io.8:zo ~.J~l..ZJ 
187,720 258,672.09 153,974.07 

Aluminum bldga. 1,999,100 2,309,898.67 1,533,615.73 

Frame storage vault 1,715 1,727.88 1,158.78 

Tents and slabs 106,030 94,946.35 55,252.60 
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I~1tl5'1' 

104,698.02 

776,282.94 

569.10 

39,693.75 
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H-Beam Piling in Place for 200-ft. Tower on Ebiriru. 



General View of Four-Legged 200-ft. Tower on Ebiriru. 



Scientific Station No. 121, Large Casting in Place on Foundation. 



,. 
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Ganex Towers, Station Nos. 145 & 146, Erected in Front of 
Station No. 144a. 



Estimated Incurred Cost 
Feature Total Cost Total Direct Indirect 

Refrigeration Plant 86,825 127,746.55 112,397.48 15,349.07 

Water facilities 652,475 530,438.42 376,236.06 154,202.36 

Sever facilities 130,465 108,434,44 66, 511.36 41,923.08 

Fuel facilities 434,570 182,12l.74 113,941.10 68,180.64 

Elec. facilities 359,040 406,779.91 302,931. 55 103,848.36 

Telephone sub-
marine cable 1,352,305 837,lOJ.41 611,828.05 225,275.36 

Telephone facilities 73,975 67,733.59 51,217.36 16,516.23 

Control & signal system (included in Bogallua estimate) 

Radio back-up system 
(Equipment furnished 
by Military) ll,095 16,689.96 8,505.55 8,184.41 

Public Address 
system 1,885 840.38 840.38 

Furniture for all 
buildings 101,275 146,912.74 127,806.80 19,105.94 

Equipment for all 
buildings 76,320 498,154.40 447,834.84 50,319.56 

Piers 109,255 154,611. 70 88,886.80 65,724.90 

Rehabilitation of 
existing -ware-
houses 106,060 158,366.77 79,080.48 79,286.29 

Initial rehabili-
ta ti on 

C.M.R. Area facil-
ities 335,140 459,765.60 283,508.47 176,257.13 

Underground Shelter 
Area 27,895 29,897.34 16,719.92 13,177.42 

Misc. structures & 
facilities 101.640 58.278.28 27.776.16 30.502.12 

Total 6,254,785 6,449,120.22 4,460,023.54 1,989,096.68 
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Estimated Incurred Cost 
Feature Total Cost Total Direct Indirect 

ENIWETOK ISLAND -
BUil..DINGS AND 
FACILITIES 

Blading & shaping 9,690 3,482.57 

Asphalt surfacing 30,300 63,760.92 

Dust palliative 2.455 2,169.11 

42 ,445 69,412.60 61,616. 78 7,795.82 

Modification of 
runway 132,440 42,692.44 20, 333.62 22,358.82 

Plane parking 
areas 31,765 23,304.35 15,337.74 7,966.61 

Air Force Living 
Camp - aluminum 
bldgs. 197 ,175 171,170.48 166,750.33 4,420.15 

Tents, including 
slab 98,140 73,465.?5 71,526.33 1,939.42 

Anny Living Camp-
aluminum bldgs. 106,725 93,967. 37 90,915.67 3,051.70 

Tents, including 
slab 54,895 . 40,994.49 39,912.52 1,081.97 

Aluminum Bldgs. -
Army Service 
Center 131,240 109,974.48 107,171.63 2,802.85 

Aluminum Bldgs. -
Common Services 766,365 997,367.85 773,631.42 223,736.43 

Tents, including 
slab 71,860 54,504.63 52,613.11 1,891. 52 

Aluminum Bldgs. -
Air Force 
Operational 226,455 182,854.09 176,193.09 6,661.00 

Aluminum Bldgs. -
Transmitter and 
Receiver bldgs. 
& Power Houses 80,485 79,811.68 58,990.87 20,820.81 
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Estimated Incurred Cost 
Feature Total Cost Total Direct Indirect 

POL Facilities -
On Shore 129,445 95,410.42 92,945.31 2,465.11 

POL Submarine lines 36,930 19,778.27 15,256.88 4, 5.21. 39 

Electrical Genera-
tion facilities 313,915 238,915.07 197,472,28 41,442.79 

Electrical Distri-
but ion facilities 281,880 221,857. 50 149,083.95 72,773.55 

Telephone facili-
ties 195 ,600 164,287.41 158,016. 55 6,270.86 

Sever Facilities 94,145 57 ,839.44 56,373.84 1,465.60 

Sewer Outfall 
(only) 32,195 15,478. 73 10,199.94 5,278.79 

Water Facilities 194,385 87 ,860. 59 71,879.79 15,980.80 

Water Distilla-
tion Plant 
(only) 245,440 200,716.66 187 ,901.00 12,815.66 

Cargo Pier 45,740 20,978.38 20,425.01 553.37 

Personnel Pier 105.565 45.435.27 27 .587 .04 17,848.23 

Total 3, 615, 230 3,108,077.95 2,622,134.70 485,943.25 

Misc. Services for 
the Construction 
Battalion 145.000 

Total 3,760,230 

JAPTAN I~AND -
BUil.DINGS AND 
FACil.ITIES 

Aluminum Buildings-
Quarters 52,450 65' 548. 59 46,960. ?2 18,587 .87 

Aluminum. fildgs. -
Mess Hall 36,070 104,865.56 72,729.34 32,136.22 

Aluminum ID.dgs. -
Small Animal 
Quarters 75,920 98,838.32 79,685.71 19,15~.61 
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Estimated Incurred Cost 
Feature Total Cost Total Direct Indirect 

Aluminum Bldgs. -
Large Animal 
Qua.rte rs 221,470 185,590.18 127,227.32 58,362.86 

Aluminum fildgs. -
Animal Food 
Warehouse 8,795 12,664.03 8,562.20 4,101.83 

Aluminum fildgs. -
Laboratory 36,325 81,603.26 48,690.66 32,912.60 

Autopsy Building 18,595 16,147. 38 9,016.53 7,130.85 

X-Ray Building 5,445 7 ,616.16 3,727.87 3,888.29 

Pumphouse 18,605 13,770.20 8,450.14 5,320.06 

Greenhouse 750 667.25 370.14 297.11 

Roads and Park-
ing Areas 2,840 7,949.54 4,467.99 3,481. 55 

Telephone Facili-
ties 61,245 27 ,898.94 16,612.90 11,286.04 

Elec. Facilities 158,610 119,594.29 79,758.35 39,835.94 

Water Facilities 136,095 159,280.78 111,112.53 48,168.25 

Se~er Facilities 58,570 38,583.19 22,239.14 16,344.05 

Pier Rehabilita-
ti on 4,960 11,407.50 5,315.59 6,091.91 

Service Station 3,250 5,105.56 2,491.58 2,613.98 

Incinerator 325 266.00 179.04 86.96 

Infirmary fildg. -
_; 

Wood Frame 7,715 10,057.20 5,385.37 4,671.83 

Cargo Pier 39,445 61,631. 79 36,429.73 25,202.06 

Tents 2,155 645.06 333.47 311. 59 

Thermal fildg. and 
Exposure Units 1.110 955.96 41=8. 86 537.10 

Total 950,745 1,030,686.74 690,165.18 340,521.56 
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Estimated Incurred Cost 
Feature Total Cost Total Direct Indirect 

RUNIT I~AND -
BUILDINGS AND 
FACILITIES 

Blading & shaping 38,165 71,464.90 

Asphalt surfacing -
Roads 70 18.67 

Asphalt surfacing-
167,050 Other areas 118,870.35 

Dust Palliative 11,010 98.90 

Total 216,.295 190,452.82 129,011.07 61,4/J.,75 

Aluminum Bldgs. 93,555 141, 521.40 90,144.07 51,377.33 

Concrete Building 181,235 98,271.73 53,291.02 44,980,71 

Tents, including 
slab 56,950 28,997.62 16,016.88 12,980.74 

300-foot Towr, 
complete 197,900 240,083.00 144,761.55 95,321.45 

Water Facilities 178,850 178,928. 70 128,616. 57 50,312.13 

Sewer Facilities 72,980 16,140.54 10,067.14 6,073.40 

Elec. Facilities 197,685 169,698.32 132,093.05 37,605.27 .. 
Telephone Facili-

ties 7 ,780 10,340.87 8,270.Jl 2,070.56 

Control & Signal 
Equipment 53,505 38,276.92 21,966.00 16,310.92 . 

Radio Back-up Equip-
ment (:Equipment 
furnished by 
Military) 10,950 1,661.31 797.38 863.93 

Public Address 
System 1,855 48.89 48.89 

Equipment (not 
installed) 5,050 66,767.46 60,758.60 6,008.86 

Furniture 4,880 4,725.72 2,300.72 2,425.00 
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Estimated Incurred Cost 
Feature Total Cost Total Direct Indirect 

Cargo Pier 87,740 133 ,845 .01 78,848.44 54,996.57 

Initial rehabili-
tation 

Total 1,367,210 1, 319 '7 60. 31 876,991.69 442,768.62 

AOMON GROUP -
BUJLDINGS AND 
FACJLITIES 

Blading & shaping 57' 530 85,359.30 

Asphalt Paving, 
Roads 26,070 2,082.64 

Asphalt Paving, 
Other Areas 306,115 190,921.72 

Dust Palliative 8,305 752.47 

398,020 279,116.13 174,081.84 105,034.29 

Aluminum Bldgs. 84,850 110,382.86 69,357.66 41,025.20 

Concrete Building 179,670 109,105.64 57' 393. 21 51, 712.43 

Tents, including 
slab 66,725 48,671.30 25,484.10 23,187 • .20 

200-foot Tower, 
complete 224,305 449,358.54 248,800.01 200,558.53 

Water Facilities 176,020 203,274.47 141,755.96 61, 518. 51 

Sewer Facilities 72,560 14,615. 76 10,152.02 4,463.74 

Elec. Facilities 194,290 187 ,694.84 146,628.56 41,066 • .28 

Telephone Facili-
ties 7,720 10,3CY7.75 8,285.39 2,022.36 

Control & Signal 
System 52,215 22,150.43 13,723.13 8,4'Z7.30 

Radio Back-up System 
(Equipment furnished 
by Military) 10,875 817.45 4'Zl.12 390.33 
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Estimated Incurred Cost 

Feature Total Cost Total Direct Indirect 

Public Address 
System 1,775 48.60 48.60 

Furniture 4,2:75 6,310.29 5,408 • .3.3 901.96 

Equipment (not 
installed) 5,105 60,265.39 51,461.93 8,803.46 

Causeway & Pier 286,965 351,181.10 213,595.33 137 ,585.77 

Initial rehabili-
tat ion 

Total 1, 765 ,970 1,853,300.55 1,166,603.19 686,697.36 

ENGEBI ISLjliD -
BUil.DING~ AND' 
FACil.ITIES 

filading & shaping 21,405 80,069.37 

Asphalt Paving, 
Roads 19,410 11,378.67 

Asphalt Paving, 
Other Areas 243,600 120,606.54 

Dust Palliative 6.465 4.543.18 

290,880 216, 597. 76 140,713.25 75,884. 51 

Aluminum fildgs. 292,230 226,273.23 1.32,651.06 9.3,622.17 

Concrete Building 178,050 134,828.77 73,306.99 61,521.78 

Tents, including 
slab 190,065 80,579.74 43,595.81 .36,983.9.3 

300-foot Tovar, 
complete 9.3,650 278,761.97 173,797.97 104,964.00 

Water Facilities 194,370 194,.304.62 1.39,2:78.21 54,426.41 

Sever Facilities 73,790 25,830.55 16,257.86 9,572.69 

Elec. Facilities 207,770 275,004.66 199,443.03 75' 561.63 

Telephone Facili-
ties 7,720 18,451.09 13,630.41 4,820.68 
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- -~--- -·----~ 

Estimated In curred Cost 
Feature Total Cost Total Direct Indirect 

Control & Signal 
System 49,790 59, 748. 51 46,321.60 13,426.91 

Radio Back-up System 
(Equipment furnished 
by Military) 10,860 1,437.60 699.04 738.56 

Public Address 
System 1,855 48.72 /+8. 72 

Furniture 12,215 7,680.48 6,398.28 1,282.20 

Equipment (not 
installed) 9,170 l.36,850.70 1201776,10 16,074.60 

Pier & Channel 269,370 345,222.35 194,017.96 151,204.39 

Initial rehabili-
tat ion 

Total 1,881,785 Z,OOl,620.75 l,'.301,536.29 700,084.46 

BOGALLUA ISLAND -
BUil.DINGS AND 
FACILITIES 

Blading & shaping 20,850 20,lll.3? 14,873 • .'.39 5,237.98 

200-foot Tover, 
complete 20.54 20.54 

Service Buildings 985.27 985.2'7 

Tents, including 
slab 

Concrete Power 
Plant Bldg. 

Concrete Timing 
Station 

Water Facilities 651. 56 651. 56 

Elec. Facilities 1,190.63 1,190.63 

Communications System, 
including submarine 
cable 26,400 . 25 ,113 .17 19,149.53 5,963.64 
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Estimated Incurred Cost 
Feature Total Cost Total Direct Indirect 

Control & Signal 
System, includ-
ing submarine 
cable 5,420 5,888.12 4,769.69 1,118.43 

Pier & Channel 4,030 3, 737. 38 1,979.94 1,757.44 

Furniture 

Equipment (not 
installed) 

Total 56,700 57,698.04 43,620.55 14,077.49 

MISCELLANEOUS ITEMS 
AND SITES M1 N1 P & 
Q AND FACILITIES 

Blading & she.ping 18,045 20,114.29 14,457.13 5 ,657 .16 

Asphalt Handling 
Facilities 95,010 83,820.80 50,778.42 33,042.38 

Dust Palliative 545.76 440.50 105.26 

Tents, including 
sla.b 

7 5-f oot Tow rs 213,215 209,280.08 135,427. 78 73,852.30 

Elec. Facilities 99,515 72,299.64 59,260.73 13,038.91 

Radio Facilities 2,380 

Control & Signal 
System 6,015 

Water Facilities 1,732.36 1,732.36 

Latrines 

Piers 226.25 226.25 

Furniture 

Total 434,180 388,019.18 262,323.17 125,696.01 
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------- --· 
Estimated Incurred Cost 

Feature Total Cost Total Direct Indirect 

Mil..ITARY STRUCTURES, 
PROGRAM ~I INCLUDING 
INSTRUMENTATION 

Structure 3.1.1 1,356,545 1,221,981.82 674,326.73 547,655.09 

Structure 3.1.3 86,400 72,558.21 42,759.26 29,798.95 

Structure 3.2.la 58,560 49,618.17 29 '740.12 19,878.05 

Structure 3.2.lb 74,140 71,106.91 45,375.09 25, 731.82 

Structure 3.2.2a 48,770 35,543.34 22,794.22 12,749.12 

Structure 3.2.2b 66,080 42,295.84 27,5C7.50 14,788.34 

Structure 3.2.'.?a & b 155,165 117,621.14 86,382.53 31,238.61 

Structure 3.2.4a 59,765 39,974.04 25,606.05 14,367 .99 

Structure 3.2.4b 78, 750 43,377.49 28,372.05 15,005.44 

Structure 3.2.5 78,940 46,140.62 30,065.96 16,074.66 

Structure 3.2.6 42,175 34,296.77 21,376.43 12,920.34 

Structure 3.2.7a 38,690 31,000.44 18,330.70 12,669.74 

Structure 3.2.7b 37 ,695 42,187.63 25,540.17 16,647 .46 

Prefab Spare Parts 30,000 

Structure 3.3.3 536,420 460,242.17 267,363.99 192,878.18 

Structure 3.3.4 192,815 170,737.ll 93 ,803.16 76,933.95 

Structure 3.3.5a & b 248,480 233,293.49 121,325.32 111,968.17 

Structure 3.3.Sa 
thru h 571,285 390.561. 51 239.513.18 151.048.33 

Total Program 
Three 3 '760,675 3,102,536.70 1,800,182.46 1,302,354.24 

MILITARY STRUCTUBES, 
PROGRAM 8.2 - TOTAL 165,140 141,800.84 82,671.46 59,129.38 
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EstimB.ted Incurred Cost 
Feature Total Cost Total Direct Indirect 

MILITARY STRUCTURES, 
LORAN STATION - TOTAL 100, 710 56,080.94 40,637.83 15,443.11 

TOWRS 

Two 300' Towers & one 
200 1 Tower (stored 
at Jobsite) 319,100 213,905. 72 195,447 .43 18,458.29 

Mock-up Section of 
200 1 Tower (deliv-
ered to Los Alamos) 18,000 18.221.13 17,768.91 452.22 

Total 337,100 232,126.85 213 ,216.34 18,910.51 

TOTAL - ITEMS 1 -
12 20,834,790 19,740,829.0'7 13,560,106.40 6,180,722,67 

SCIENTIFIC STRUC-
TURES 

N.O.B.L. Program 246, 715 260,339.13 167,621.13 92,718.00 

J-7 Program 7,150 10,456.97 5,305.65 5,151.32 

N.B.S. Program 1,238,980 818,198.85 596,564.19 221,634.66 

E.G.G. Program 444,865 354,744.24 206,163.02 148,581.22 

N .R.L. Program 219,715 297,748.20 189,369.05 108,379.15 

J-3 Program 320,405 229,043.40 145,279.99 83,763.41 

LD-50 Program 131,520 131,230. 57 69 ,433.15 61,797.42 

T-B Program 70,600 98,649.55 55,003.27 43,646.28 

M-D Program 19,685 20, 239. 26 ll,069.74 9,169.52 

A.M. C. Program 14,305 7,555.33 3,381.38 4,173.95 

All Users 

u.c.R.L. & N.R.L.K 
Program 878,295 659,843.83 440,832.76 219,0ll.0'7 

o.c.s.o. Program 8,400 8,087.35 4,419.40 3,667.95 
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Estimated -- -rri-eiima-cost 
Feature Total Cost Total Direct Indirect 

Meteor Program 17,200 19, 551.37 9,288.80 10,262.57 

Rad-Chem Program 514,250 415,479.95 280,183.24 135,296.71 

N.R.D.L. Program 31,025 41,107.42 20,504.83 20,602.59 

AFOAT Program 30,835 26,040.84 14,633.40 11,407 .44 

A.C.C. Program 1,035 1,675.86 790.98 884.88 

BRL-APG Program 1,085 11.67 11.67 

A.E. C. Program 7.700 10,189.29 6,757.92 3.431.37 

Total 4,203,765 3,410,193.08 2,226,613.57 1,183,579.51 

GROUTING PROGRAM 

Military Program 530,375 648,801.20 314,263.92 334,537.28 

Scientific Program 23,847.00 10.448.74 13.398.26 

Total 530,375 672,648.20 324,712.66 347,935.54 

DRILLING PROGRAM 

Military Program 53,390 65,473.24 37,240.82 28,232.42 

Scientific Program 65.470 74.055.83 39.343.81 34.712,02 

Total 118,860 139,529.0? 76,584.63 62,944.44 

E-PLUS PROGRAM -
!QI& 749,620 783,457.96 482,341.20 301,116.76 

TOTAL CONSTRUCTION 
COSTS DISTRIBUTED 
TO PROJECTS IN 
PROGRESS 26,437,410 24,746,657.38 16,670,358.46 8,076,298.92 

Less: Radio Back-up 
System Costs (31, 724. 62) 

TOTAL 26,437,410 24,714,932.76 
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Estimated 
Total Cost 

Incurred Cost 
Feature Total Direct Indirect 

JOB 4; CAMP OPERATION, 
MAINTENANCE AND 
MANAGEMENT 6,894,685 5,844,512.10 

JOB 5: SUPPORT AND 
ROLL-UP 2,382,847.58 

Plus: Radio Back-up 
System 31.724.62 

Total Job 5 J,172,900 2,414,572.20 

Table 6.6-5 shows relevant unit costs of construction developed · 
from the costs given above. 

TABLE 6. 6-5 UNIT COSTS OF CONSTRUCTION 

Blade and Shape - Site Preparation 

Blade, Shape, and Stabilize Roads and Airstrips 

Asphalt Surfacing 

Tents (i:slab , frB.Dle, 8.ll<i canvas) 

Tents (slab and frame - Eniwetok Island) 

Sewers (complete systems, including P1:1Jl!PS 
lines, manholes, and outfalls)· 

$ 

Water facilities (complete systems, including stills, 

. 35 per sq • yd • 

. 63 per sq. yd. 

1.28 per sq. yd. 

2.56 per sq. yd. 

1.40 per sq. yd. 

10.63 per lin. ft. 

tanks, pumps, and lines) 33.77 per lin. ft. 

Electrical facilities (complete system, including 
generators, switchgear, and 
~11 distribution) 512.50 per kw 

Telephone Facilities (lines on existing poles, switch-
boards, and instruments) 

Aluminum Buildings (average of base facilities 
structures) 

See analysis on 
pages 6-94 and 
6-95. 
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IN&!URRE~ Will QQ~I~ EQfi A~!Jl1lNW :a!.ll;bDJl!Q§, A§ Q[ MAY JQ, l25l 
Total 

Square Feet Direct Direct Unit 
licY. C9ml;J.e~ed ~:ter~~l ~aJ22;i.: l.nsl~!i!Q~ Cg;1~ * 
PARRY 

POL Facilities 852 24.11 13.16 18.06 55.33 
S. W. Pump House 852 4.95 1.87 2.28 9.10 
Power House 5,628 3.80 3.91 4.99 12.70 
Telephone Building 446 .69 6.72 8.63 16.04 
Telemeter Building 651 5.62 10.88 J..4.39 30.89 
Recreation Building 15,453 2.69 2.41 2.93 8.0.3 
Admin. Building 27,287 4.08 3.10 3.90 11.08 
Barracks 67,378 4.30 2.34 2.89 9.5.3 
Infirmary 3,518 5.20 4.23 5.45 14.88 
Commissary l 760-, 3.14 1.36 1.54 6.04 
Mess Hall 14,144 3.65 J.65 4.63 11.93 
Fire Station & Security 1,387 4.01 2.76 3.44 10.21 
Reef er & Storage 5,524 3.46 3.95 5.0.3 12.44 
p. x. 3,295 4.49 6.02 7.83 18.34 
Warehouse 10,424 3.11 1.21 1.34 5.66 
Laundry 3,940 3.92 4.84 6.25 15.01 
Bakery 1,255 3.90 2.53 3.12 9.55 
Repair & Service Shop 10,697 4.77 2.29 2.84 9.90 
Latrines & Showers 5,506 5.99 5.70 7.44 19.13 
Material Test Laboratory 651 3.84 3.41 4.30 11.55 
Boiler House 1,302 16.19 6.07 8.30 .30.56 
Laboratory Buildings 2,222 ~.2J 6.~~ a.l~ ~Q.JQ 

TOTAL BUILDINGS SITE "B" 191,245 
AVERAGE UNIT COST SITE nB" 4.33 3.14 3.97 11.44 

JAPTAN 

Quarters 6,788 4.42 2.19 3.0.3 9.64 
Mess Hall 3,109 11.5.3 7.99 11.30 .30.82 
Small Animal Quarters 4,258 11.64 3.59 4.87 20.10 
Large Animal Quarters 31,200 2.48 1.6.3 2.08 6.19 
Animal Food Warehouse 1,557 J.12 2.19 2.93 8.24 
Laboratory 4,1.35 5.64 6.22 8.21 20.07 
Autopsy Building 1,200 2.66 4.61 6.22 13.49 
X-Ray Building 325 1.91 9.49 13.24 24.64 
Pump House 450 8 • .30 9.54 1.3.11 .30.95 
Infirmary 2Q:Z J.Q2 :z.2~ lQ.66 ~Q.~:Z 

TOTAL BUILDINGS SITE "L" 5.3,529 
AVERAGE UNIT COST SITE "L" 4.30 2.83 3.79 10.92 
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INCURRED UNIT CQ§TS EQB Af;UMlNUM ~ll:I1DiiIGS, AS OF MAX ~Q,12~1 (C2nt'd.) 
Total 

Square Feet Direct Direct Unit 
nem CQm~leted MA~e;r.:i~l L§ibO,t ;Lnd.U:!i!Si:t CQ~t* 
RUN IT 

Recreation Building 1,292 .27 1.87 2.28 4.42 
Adm.in. Building 1,155 3.69 2.25 2.92 8.86 
Fire House & First Aid 551 3.98 2.71 3.55 10.24 
Mess Hall 2,628 5.57 5.56 7.42 18.55 
Reefer & Storage 1,120 .92 1.90 2.37 5.19 
Repair & Service Shop 3,360 1.28 1.25 1.49 4.02 
Latrines & Showers 2,862 6.10 4.10 5.48 15.68 
Boiler House ~Q .62 2." ~.Q:Z 6.1.J 

TOTAL BUILDINGS SITE "C" 13,088 
AVERAGE UNIT COST SITE "C" J.6J 3.18 4.17 10.98 

AOMON 

Recreation Building 1,434 .04 2.42 3.0J 5.49 
Adm.in. Building 1,155 J.24 1.93 2.49 7.66 
Mess Hall 3,520 J.96 J.J9 4.47 11.82 
Fire Station & First Aid 551 4.18 3.94 5.20 lJ.32 
Service Shops 2,400 1.79 1.35 1.67 4.81 
Latrines & Showers 1,906 5.43 J.92 5.22 14.57 
Boiler House JJ.~ -Q:: , ... 22 ~.~~ 21 82 

TOTAL BUILDINGS SITE "D" 11,109 
AVERAGE UNIT COST SITE "D" 2.87 2.74 3.56 9.17 

ENGEBI 

Infirmary 1,782 1.13 2.54 3.20 6.87 
Mess Hall 8,766 2.46 3.21 4.16 9.8.3 

· Fire Station 660 .40 1.50 1.82 3.72 
Reefer & Storage 204 2.08 2.37 3.02 7.47 
P.X.,Commissary and 
Recreation Building 2,813 .84 1.53 1.84 4.21 
Latrines & Showers 4,796 4.82 4.67 6.18 15.67 
Material Testing Laboratory 800 1.78 2.38 J.03 7.19 
Boiler House lJ.J :z.22 l,6 I :Z:Z 22.1z.1 ti,.6.~~ 

TOTAL BUILDINGS SITE 11E11 19,964 
AVERAGE UNIT COST SITE "E" 2.62 J.26 4.23 10.11 

* The Unit costs sho\lil above are for the building completely erected 
on concrete slab and include all permanently installed equipment. 
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SUMMARY 

In order to summarize the construction effort associated with Base 
Facilities and Scientific Stations at the Proving Ground, statistics 
have been tabulated relevant to each of the sites involved. These tables 
are discussed in the following pages. Descriptions of each of the items 
constructed, together 'With references to pertinent as-built dravings and 
costs incurred, are given in Appendix E, Facilities and Stations, Vol. 8 
of this report. 

Parry Island. Parry Island vas the headquarters island for construc­
tion activities from the first part of 1950. The main varehouses and 
shops "Were located there, and as a consequence construction at this site, 
after early 1950, vas not beset by the difficulties of intra-atoll trans­
portation of men, materials, and equipment. Likewise, after the con­
struction of aluminum barracks and other base facilities into vhich H & N 
forces moved from the interim camp on Enivetok Island, more normal liv­
ing conditions aided in maintaining the morale of personnel on Parry at 
a high level. However, this location felt the impact of program and 
population changes to a greater extent than other locations and, as a 
result, construction activities were still going on during the first 
quarter of 1951. The additional facilities required to accommodate in­
creased numbers of personnel included tents and latrines, additions to 
the powerhouse and vater distillation facilities, mess hall, recreation 
building, theatre, and post exchange. A concrete reservoir was required 
to meet increased demands for fresh vater for the photographic labora­
tory and the·CMR building, 

Aside from the CMR building none of the construction was of an 
extraordinary nature requiring highly specialized skills, close toler­
ances, or unusual construction materials. The CMR building was compli­
cated by virtue of the time scale allowed for procurement and construc­
tion, expecially 'With respect to the rather complex high pressure and 
normal pressure piping systems required. 

Table 6.6-6 is a summary of significant quantities related to 
construction on Parry. 

TABLE 6. 6-6. CONSTRUCTION SUMMARY, PARRY ISLAND 

Featµre 

~ FACILITIFS 

Blade & Shape, Roads 
Blade & Shape, Sita 
Blade & Shape, Airstrip 
Aluminum Buildings 
Frame Storage Vault 
Tents 
Refrigeration Plant 
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61,200 sq yds 
372,100 sq yds 
26,600 sq yds 

191,128 sq ft 
252 cu ft 

36,065 sq ft 
37,610 cu ft 

Description 

105 Buildings 

101 Tents 



TABLE 6.6-6. CONSTRUCTION SUMMARY, PARRY ISLAID (cont'd) 

Feature 

CAMP FACILITIES 

Water Facilities, Salt Water 
System 

Water Facilities, Fresh Water 
System 

Sewer Facilities 
Fuel Facilities 

Electrical Facilities 

Telephone Submarine Cable 
Telephone Facilities 
Theatre 
Piers 

l0,328 11n rt 

9,110 lin ft 

10,950 lin rt 
1 lot 

852 kw 

598,500 11n rt 
17,750 lin rt 

658 seat 
1 lot 

Description 

Include• well 24 1-6n 
deep and 42,000 gallon 
elevated storage tank 

Includes concrete 
reservoir with 13,500 
cu rt capacity,21,000 
gallon elevated stor­
age tank, and two 
21,000 gallon storage 
~ 

1 42,000 gal gaa 
storage tank 

2 42,000 gal diesel 
oil tanks 

5 10,000 gal diesel 
oil tanks 

6 42,000 gal addi­
tional tanks 

1 gasoline service 
station 

1 5,000 gal diesel 
oil tank for boat 
fueling facilities 

167 pole•, 33,050 feet 
or primary, 48,650 
feet or secondary, 
4,639 feet or 
street lighting, 
and 6,050 feet or 
buried cable 

Cable to All Sites 
300 Phones 

1 Freight Pier, 40' x 
180 1 

1 Marine Ramp, 50' x 
85 1 

1 Marine Ramp, 50' x 
170 1 

1 Navy Pontoon Pier, 
40 1 x 125 1 

1 Personnel Pier & 
Float, JO' x 200 1 
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TABLE 6.6-6. CONSTRUCTION SUMMARY, PARRY ISLAND (cont.) 

Feature 

CAMP FACILITilS 

Rehabilitation of Existing 
'Warehouses 

CMR Area Facilities 

UndergroWld Shelter Area 

LORAN STATION 

SCIENTIFIC STATIONS 

67,200 sq ft 
6, 364 sq ft 

172 sq ft 

288 sq ft 

1 each 

Description 

27 Buildings 
3 Aluminum Buildings 

and 
1 Underground Shelter 
1 Underground Shelter 

and · 
2 Guard Posts 

2 Buildings, 1 Founda­
tion, and 1 - 75' 
Antenna 

1 Calibration Station, 
101 sq ft 

Eniwetok Island. The araangements for the performance of construc­
tion services on Enivetok Island by the 79th Engineer Battalion are 
discussed above in this section. The features of the Eniwetok Island 
Base Facilities and stations constructed by H & N forces are indicated 
by an asterisk in Table 6.6-7 below. However, it should be noted, that 
in addition to these items of construction Holmes & Narver provided a 
construction superintendent and craft foremen to assist the Battalion 
and also provided skilled personnel, when required, to actually perform 
certain construction operations, such as, for example, in the construc­
tion of the Air Force briefing room. 

Table 6.6-7 gives significant quantities associated with construc­
tion on Eniwetok Island. 

TABLE 6.6-7. CONSTRUCTION SUMMARY, ENIWETOK ISLAND 

Featurg 

CAMP FACILITlES 

Blade & Shape, Roads 40,000 sq yds 
Blade & Shape, Site Preparation 46,000 sq yds 
Asphalt Paving, Roads 24,000 sq yds 
Asphalt Paving, Airstrip 64,173 sq yds 
Air Force Living Camp, Alum. Bldgs.33,661 sq ft 
Air Force Living Camp, Tents 52,610 sq ft 
Army Living Camp, Aluminum Bldgs. 29,055 sq ft 
Army Living Camp, Tents 29,460 sq ft 
Anny Service Center, Alum. Bldgs. 8,955 sq ft 
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Dess;ription 

19 Buildings 
104 Tents 
17 Buildings 
58 Tents 
3 Buildings 



TABLE 6.6-7. CONSTRUCTION SUMMARY, ENIWETOK ISLAND (cont.) 

Feature 

CAMP FACILITIES 

Common Services, Aluminum Bldgs. 
Common Services, Tents 
Alum. Bldgs., Air Force Opera­

tional 
*Aluminum Buildings, Tran81Ditter 

and Receiver Bldgs. & Pover 
House 

P.O.L. Facilities, On Shore 

*P.O.L. Su.marine Lines 
*Electrical Generation Facilities 
*Electrical Distribution Facilities 

Telephone Facilities 
Sewer Facilities 

*Sewer Facilities, outfall 
Water Facilities, Salt Water 

Water Facilities, Fresh Water 

*Water Distillation Plant 
Cargo Pier 

*Personnel Pier 

*SCIENTIFIC STATIONS 

LORAN STATION 

*Constructed by H & N 

72,051 sq ft 
38,390 sq ft 

15,580 sq ft 

352 sq ft 
1 lot 

2,490 lln rt 
852 kw 

1 lot 

41,500 lin ft 
12,276 lin rt 

2,440 lin ft 
22, 900 lin ft 

22, 565 lin rt 

7,310 sq rt 
4,481 sq rt 

640 sq rt 

4 each 

2,418 sq ft 

Description 

22 Buildings 
76 Tents 

11 Buildings 

1 Building 
4 42,000 gal 100 

Octane Aviation 
gas tank 

1 42,000 gal Mogas 
tank 

4 10,000 gal 91 Octane 
Avgas tanks 

1 42,000 gal diesel 
oil tanks 

4 10,000 gal diesel 
oil tanks 

1 42,000 gal JP-1 
fuel tank 

31,842 feet of primary, 
103,243 feet of second­

ary, 
21,954 feet of buried 

cable, 
137 poles 
JOO Phones 

1 42,000 gal storage 
tank 

1 21,000 gal storage 
tank 

2 Photo Huts, 1 Seis-· 
mograph, and 1 Steam 
Cleaning Plant 

1 Aluminum Building, 
and 

2 75 ' Antennas 
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Japtan Island. At this site one or the prim.e requireaents imposed 
was that trees should be left standing in order to atrord JllB.Xilllum shade 
for the animal racilitiee. As a consequence, normal oonetruction pro­
cedures were impossible- in some cases. Furthermore, no groH site grad­
ing could be done, vhieh resulted in a more than no~ amount ot hand 
work in trenching for v&ter and sewer lines and t~e like. In addition, 
great care was required in laying pipe lines to assure gradient and tlow. 

Signifioant qua.ntitie1 aseociated vi.th cODstruotion at Japtan are 
given in Table 6.6-8. 

TABLE 6.6-8. CONSTRUCTIOI SUMMARY, JAPfAH ISLAID 

Fe&jcla£1 . !!nll l2!!SGtipt1Qn 

CAMP FACILITII? 

Aluminua Buildinge J0,)06 sq rt 54 Buildings 
Greenhouse 220 sq ft 
Roads & Parking Areas 12,000 sq yd 
Telephone Facilities .3, 775 lin ft 8 Phones 
Electrical Facilities 193 kw 4,700 feet of prim8.17' 

15,750 feet of second-
arr 

27 Polee 
Water Faoilitiee, Salt .WfLter 3,700 lin ft 1 42,000 gallon ele-

vated tank 
2 l,JOO gallon stor-

age tank• 
Water Faoilitie1, Fre1b Water . 3 ,415 lin ft 1 42,000 gallon ele-

vated tank 
1 41 200 gallon st or-

age tank 
1 l,JOO gallon et or-

Sever Facilitie1 3,450 lin f't 
age tank 

Service Station 89 sq ft Grease Rae~ only 
Incinerator l each 2 bbl. size 
Cargo Pier 2,660 •q f't 
Tent• 2,4.32 sq f't 6 Tent• 
Thermal Building 50 •q t't 

SCIEHTD:XQ SIAll2NS 2 each 2 Tent• 

h&tb!d(u.aip,. Conitruction on Engebi, in view of the time scale 
inTolved in the, HilitUJ St~cturea Pro.aram, the E-Plus Program, and 
late changes in the Scientitio Stations, presented the most canplieated 
scheduling probl•a. In addition, the nature of' the construction per­
formed at this site, requiring aa it did, practically everr craft •­
ployed in the construction industry (and even some not no~ly found) 
enhanced the ditf'icultiee involTed. Yet, by ma.ximizing coordination of 1 
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the various Jobsite departments and providing warehousing and shop facili­
ties at the site, the orderly progress of construction vas never impaired. 
True, there were times 'When construction stopped on some of the buildings 
for lack of specialized materials on which procurement had taken more 
time than anticipated or because approval to proceed depended on communi­
cation with Users in the United States. But these occasions were not so 
numerous as to create a dangerous situation in 'Which completion on sched­
ule was deemed to be impossible. The delays in making locations firm. 
or in finalizing designs and requirements were of much more concern to 
the H & N organization, and in particular, to the personnel responsible 
for construction on Engebi and Muzin. 

The base facilities for this experiment site were similar to those 
at the other experiment sites although on a largs-scale to accommodate 
the greater population in residence. In view of the greater number of 
scientific data channels planned for this site as compared to the others, 
power requirements were not only greater, but distribution systems were 
much more extensive. Camp facilities were taxed to the limit and addi­
tions vere required. Telephone service far beyond original plans re­
quired the expenditure of effort in this regard during a much later 
period than originally anticipated and scheduled. Thus, while the same 
conditions of continual increase in requirements and commensurate in­
crease in facilities existed at all of the major locations at the Prov­
ing Ground, it was at Engebi that the impact of the condition was most 
evident. 

Although the details of the Military Structures Program are given 
in the following chapter of this volume, it might be noted here that the 
program was in the discussion stage for more than six months before any 
reference to drawings was had by H & N representatives. By November 1949, 
after a wait from July when preliminary timetables were submitted by H & N, 
the dangers of greatly increased cost and postponement of test operations 
inherent in further delay in initiating procurement were brought to the 
attention of all concerned. Yet is was not until January 1950, that H & N 
was authorized to proceed with limited procurement and construction and 
not until March 1950 that form.al authorization to proceed was forthcoming. 
The impact of such a schedule on construction at the Jobsite was, in it­
self, serious as may be seen from Figures 6.6-2, 6.6-3, and 6.6-4. 
When one considers in addition the shipping hiatus during the critical 
months of July and August, 1950, the reflection of continuous progress 
in the periodic reports on Engebi construction is significant. 

The imposition of new User requirements and the resulting expansion 
of pover generation and distribution facilities during the course of 
construction at Engebi is mentioned briefly above. It might be noted 
that this extension involved the preparation of a new foundation in 
Station 100 (power house) to accommodate a larger diesel generator unit 
than originally planned; a delay in installation of primary and second­
ary distribution systems for Scientific Stations until new, greater 
capacity wire could be obtained; and the necessity for providing tempo­
rary power systems. 
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The preci.rse and unusual nature of construction in experimental 
structures was most evident at Engebi and Muzin, as was the fact that 
a substantial portion of H & N's construction activity on the experi­
ment islands was on a nhandmade" or "jobbing shop" basis. For example, 
tolerances on some structures vere as small as plus or minus a sixteenth 
of an inch. Thus, concrete pouring, instead of being more or less rou­
tine in spite of unusual amounts of reinforcing steel or the peculiari­
ties of limonite-steel aggregate concrete, became an operation requiring 
extreme care to avoid the slightest movement of inserts, survey points, 
or forms, Likewise, the many ~ollimator assemblies required extreme 
care in setting and hand grouting to assure the desired accuracy in the 
ultimate arrangement. The necessity for following such practices is 
persuasive evidence that construction of many of the Scientific Stations 
~as in effect an integral part of the construction of the scientific 
instruments themselves, 

One last point should be considered in connection vith Engebi-Muzin 
0onstruction (which is applicable to all construction at the Atol:). 
Of the 383 Scientific Stations on this experiment island group, it is 
noted that many were silllple slabs or pipes embedded in concrete founda­
tions. However, the fact remains that to perform even such services 
required many manhours of work. Locations had to be fixed, holes had 
to be dug, forms set, concrete poured, and backfilling accomplished. 
Thus, although constructing a single concrete base 10 feet by 13 feet 
by one foot thick is a simple construction job, constructing 72 such 
·oases, as on Engebi, is a construction chore calling for the direct 
effort of a considerable number of laborers, carpenters, steel workers, 
and concrete workers to excavate, form, pour, and incorporate angularly 
disposed supports; and 72 such bases call for considerable equipment, 
including earthmovers, cranes, transit-~x trucks, a batch plant, 
aggregate plant, mechanical shovels, and other equipment. The signifi­
cance of the effort is enhanced when it is remembered that the materials 
used must be warehoused at the site and distributed, that equipment must 
be repaired and maintained under difficult climatic conditions, and that 
these and all the many other activities in support of construction must 
be carried out at a subsidiary site in a Proving Ground five thousand 
miles from the West Coast source of supply. 

Table 6.6-9 gives the significant quantities associated with con­
struction at Engebi and Muzin. 

TABLE 6.6-9. CONSTRUCTION SUMMARY, ENGEBI-MUZIN ISLANDS 

Feature 

CAMP FACILITIES 

Blade & Shape, Site Preparation 
Blade & Shape, Roads 
Blade & Shap~, Airstrip 
Asphalt Paving, Roads 

185,365 sq yds 
26,700 sq yds 
6,780 sq yds 
6,000 sq yds 

Description 
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TABLE 6.6-9. CONSTRUCTION SUMMARY, ENGEBI-MUZIN ISLANDS (cont.) 

Feature 

CAMP F AGILITIES 

Aluminum Buildings 
Tents 
Water Facilities, Salt Water 

Water Faci~ities, Fresh Water 

Sewer Facilities 
Electrical Facilities 

Telephone Facilities 
Control & Signal System 
Jetty 
Channel 
Theatre 

MILITARY STRUCTURES 

Army Structures 

Navy Structures 
Air Force Structures 

SCIENTIFIC STATIONS 

E-PLUS SCIENTIFIC STATIONS 

TOWERS 

300 Foot To"Wer 

6-106 

32,818 sq ft 
32,448 sq ft 
1,610 lin ft 

1,890 lin ft 

3,100 lin ft 
431 kv 

3,900 Un ft 
684,100 lin ft 

1,500 sq yds 
2,000 lin ft 

403 seat cap 

11,443 sq ft 

10,656 sq ft 
42,2.22 sq ft 

343 each 

J;2. each 

1 each 

Descriptign 

31 Buildings 
156 Tents 
1 4,200 gal elevated 

tank 
l 1,300 gal elevated 

tank 
1 4,200 gal elevated 

te.nk 
1 l,JOO gal elevated 

tank 

2,800 feet of primary, 
J,900 feet of second­

ary 
49 Poles, and 
28,800 feet of buried 

cable 

350 feet long 

1 Multistory Concrete 
Bldg 

1 Underground Test 
Shelter 

12 Concrete Buildings 
13 Concrete, Brick, & 

Steel Buildings 

195 stations require 
J.488 cu yds of 
concrete, 

11 stations are tents, 
97 miscellaneous sta­

tions 



TABLE 6.6-9. CONSTRUCTION SUMMARY, ENGEBI-MUZIN ISLANOO (cont.) 

Feature Description 

E-PLUS TOWER 

200 Foot To"Wer 1 each 

Runit Island. Of the experiment islands, Runit presented the 
least complexity in construction. The number of structures involved 
"Was relatively small; no radical changes in program or features wre 
required (other than the designation of this site for the first detona­
tion). However, as an example of the type of vork which had to be done 
which never appears in a tabulation of relevant const~ction quantities, 
the fact should be noted that a considerable effort vas required to 
remove more than 60 abandoned M-boat hulls which littered the proposed 
campsite area. 

This island was in essence an elongated sand spit, which resulted 
in difficulty in certain construction operations. Thus, for example, 
sloughing of trenches vas a continual annoyance. In one case, in 
trenching near Station 51, this condition became so bad that a consid­
erable amount of shoring around the station was required to prevent 
loss of foundation. Also, because of the conditions at this site, the 
ocean side of the island vas rip-rapped for more than five hundred 
feet to provide protection for fill required to cover underground 
cables. 

Table 6.6-10 shows significant quantities associated 'With construc­
tion at Runit. 

TABLE 6.6-10. CONSTRUCTION SUMMARY, RUNIT ISLAND 

Feature 

CAMP F AC ILIT !ES 

Blade & Shape, Roads 
Blade & Shape, Site Prep. 
Airstrip Paving 
Aluminum Buildings 
Tents 
Water Facilities, Salt Water 

Water Facilities, Fresh Water 

Sewer Facilities 

20,000 sq yd 
119,708 sq yd 

7,.323 sq yd 
12,64.3 sq ft 
12,272 sq ft 
1,353 lin ft 

1,35.3 lin ft 

1,182 lin ft 

Description 

15 Buildings 
59 Tents 
1 4,200 gallon ele­

vated tank 
1 7,500 gallon stor­

age tank 
1 4,200 gallon ele­

vated tank 
Plus 500 feet of out­
fall lines 
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TABLF 6. 6-10. CONSTRUCTION SUMMARY, RUNIT ISLAND (cont.) 
--- --·------------
Feature 

CAMP FACILITIES 

Electrical Facilities 

Telephone Facilities 
Control & Signal 
Cargo Pier 
Theatre 

SCIENTIFIC STATIONS 

TOWERS 

300 foot tower 

354 kv 

4,650 lin ft 
230,000 lin ft 
3,267 sq ft 

202 capacity 

U.1 each 

1 each 

Description 

750 feet of primary 
3,560 feet of second­
ary 
17 Poles 
16,775 feet of buried 
cable 

75 stations required 
1,930 cu yds of con­

crete 
8 stations are tents 
58 miscellaneous sta­

tions 

The Aomon Group. The facilities, stations, and structures con­
structed on the Aomon Group and Engebi are significant in their com­
plexity, variety, and number. The wide variety of crafts required, 
coupled 'With the many changes which occurred, introduced more than 
normal scheduling difficulties. The first step in construction follow­
ing decontamination and cleanup was the trestle causeway between Biijiri 
and Rojoa. Work on this feature was accomplished by crews living on a 
modified I.CT in order to minimize the time lost in shuttling to and 
from the base camp, at that time on Parry. The construction of base 
facilities followed in due course, and progress is discussed above. 

The Eberiru-Aomon causeway, an expedient for providing shielding 
for coaxial cable, and secondarily, an access road between these two 
islands, was constructed late in 1950 and involved moving a consider­
able amount of fill material. 

The most complex construction work at this site was that connected 
with the erection of the zero tower. This structure, 200 feet high was 
designed for a 200-ton load in the cab and a total load on the founda­
tions of 2100 tons. Sixty foot steel H-beams were driven to assure 
sufficient bearing, and foundations were then poured. Erection of the 
tower itself vas not unusual in the light of the erection of the 300 
foot towers on Runit and Engebi. On the other hand, the assembly of 
the lead shielding column associated with the tower was more than a 
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construction chore. During this phase of the work a deflection of the 
column was noted when work was approximately fifty per cent complete 
and further activities were halted until the cause of the deflection 
could be investigated and a check be made with the H & N Engineering 
Di~ision. It appeared after investigation that the deflection vas not 
significant and vas probably due to unequal expansion resulting from 
heating by the sun's rays. 

One of the changes introduced during construction vas a require­
ment for fourteen working platforms at various levels on the tower. 
Later, certain cab members which interfered with planned observations 
had to be removed, the latest such change coming during the operational 
period. 

The Aomon Group was the site at which attempts were made to use 
intrusion grouting methods for limonite-steel aggregate structures. 
As noted above in this section, this work was done under the super­
vision of grouting experts brought to Jobaite in connection with the 
grouting program for Structure 3.1.1 on Engebi, but did not prove 
e~onomical in the single scientific station in which the method vas 
tried. The several remaining stations of this type of material were 
poured in accordance with the methods described above devised by cooper­
ative effort of H & N engineering and construction forces in the field 
and proved much more satisfactory and economical. 

Considerable complexity vas introduced at this experiment site by 
t.he multiplicity of changes in location and requirements and the late 
dates at which these were received. However, though scheduling vas 
difficult at times. the flexibility provided in the construction organ­
ization made possible the accomplishment of the assigned tasks within 
the period before tests began. Changes of the type noted involved such 
CQnstruction efforts as the placement of large berms over coaxial cables, 
sandbagging coral fill covered stations to stabilize the fill, the place­
ment of lead brick shield at the back of Stations 132a and b, and the 
provision of an auxiliary 75kw generator at the last named st.a·tion to 
alleviate the overload condition introduced just before test operations 
be increased User requirements. Cable trenches were held open at this 
site as at the others until the latest possible moment before the 
experiment performed thereon. In fact, in order to permit still further 
change at the last moment, at Station 69, the signal, control and 
communications station, extra communication cable pairs 119re drawn 
through and left protruding from the earth fill blast protection pro­
·1ided for the station. 

Still another late requirement at this location involved the con­
struction of a pile pier on Rojoa and clearing the associated channel 
to permit re-entry to this group of islands under conditions of extreme 
z~4t8.Jllination. Studies to determine the best location for the pier and 
channel were carried out in December 1950, shortly after the require­
ment for the pier was received. The pier and channels were completed 
c.n April 3, 1951. 
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Table 6.6-10 shows significant quantities associated with construc­
tion at the group of islands comprising Aomon, Biijiri, Rojoa, and Eberiru, 
which formed an experiment and living complex. 

TABLE 6.6-10. CONSTRUCTION SUMMARY, THE AOMON GROUP 

Feature 

CAMP FACILITIES 

Blade & Shape, Roads 
Blade & Shape, Site Preparation 
Blade & Shape, Airstrip 
Paving, Roads 
Road Grading & Stabilizing 
Paving & Airstrip 
Aluminum Buildings 
Tents 
Water Facilities, Salt Water 

Water Facilities, Fresh Water 

Sever Facilities 
Electrical Facilities 

Telephone Facilities 
Control & Signal System 
Causeway 
Personnel Pier 
Cargo Pier 
Theatre 

SCIENTIFIC STATIONS 

TOWERS 

20C Ft. Tower 
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18,000 sq yds 
119,700 sq yds 

7,300 sq yds 
1,445 sq yds 
7,700 sq yde 
7,130 sq yde 
9,938 sq ft 

16,432 sq ft 
1,017 lin ft 

935 l1n ft 

1,200 lin rt 
431 kw 

2,500 lin rt 
450,000 lin rt 

490 lin rt 
120 sq ft 

2,220 sq ft 
160 seats 

181 each 

1 each 

Description 

12 Buildings 
79 Tents 
1 4,200 gal elevated 

tank 
1 4,200 gal elevated 

tank 

2,325 feet of primary 
1,550 feet of street 

lighting, 
7,650 feet of second­

ary, 
28,405 feet or under­

ground cable, and 
21 poles 

20 feet wide 

76 stations required 
2,133 cu yds of con­

crete, 
5 stations are tents, 
100 miscellaneous sta­

tions 



Miscellaneous Sites. The construction at the various miscellaneous 
sites is noteworthy in the fact that provision had to be made to trans­
port all materials, equipment, and personnel to these sites daily or, 
as in the case of Bogallua, to provide personnel support facilities in 
the form of a modified ~T. At Site M, a tower location on the reef, 
work had to be scheduled in accordance with tides and weather. At all 
of the miscellaneous island sites, a limited amount of channel clearance 
and beach preparation was necessary to permit access on schedules which 
wculd minimize the amount of time lost in transportation. 

Table 6.6-11 shows the significant quantities associated with con­
struction on Bogallua, Piiraai, Bokonaarappu, Teiteiripucchi., and Site 
M (Photo tower located on th• reef 9outh of Runit). 

'UBI.I 6 .6-ll 
MISCELLANEOUS SITES 

feature 

CAMP FACILITIES 

Blade & Shape, Sites 
Blade & Shape, Airstrips 
Control & Signal Cable 
Asphalt Handling Facilities 
Electrical Facilities 
Pier 
Breakvater 

TOWERS 

75 1 Photo Tower - M 

75' Photo Tower - Piiraai 

75 1 Photo To-wer - Bokonaarappu 

75 1 Photo Tower - Teiteiripucchi 

SCIENTIFIC STATIONS 

65,744 sq yd 
6,957 sq yd 

78,750 lin ft 
1 lot 

4,000 lin rt 
20 lin ft 

1,300 lin ft 

1 each 

2 each 

1 each 

2 each 

55 each 

Deeeription 

Buried Cable 

Plus generator & 
battery shack 

Plus genera~or & 2 
battery shacks 

Plus generator & 
battery shack 

Plus generator & Z 
battery shacks 

JO stations required 
1,191 sq yds of con­

crete, 
25 miscellaneous sta­

tions 
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CHRONOWGY 

July 1949 

November 1949 

December 1949 

January 1950 

January 1950 

CHAPTER 6.7 

MILITARY STRUCTURES PROGRAM 

At request of AEC, Holmes & Narver subnitted pro­
posed timetable for Military Structures Program. 

Meeting of representatives of all groups concerned 
with Structures Program to check on status. 

Holmes & Narver representatives visit design groups 
to check status of Military Structures drawings. 

Deadline for completion of design drawings on all 
structures. 

Cost esti.Jllate submitted to BuDocks in Washington, 
D.C., for the Navy Special Military Structures 
Program. 

January 18 1950 Teletype received by Holmes & Narver from AEC author­
izing procurement of material not to exceed 
$200,000.00. 

January JO 1950 Holmes & Narver received approved design drawings 
and specifications for the Army Special Military 
Structures. 

February lJ 1950 Holmes & Narver submitted a cost estimate on the 
entire Military Structures Prograa to AEC in accord­
ance with request ot February 7, 1950. 

February 14 1950 frel1m1parx design drawings for Air Force Structures 
received by Holmes & Narver. 

· February 27 1950 Approv!d design drawings for Navy Structures re­
ceived by Holmes & Narver. 

February 28 1950 AQproved. design drawings for Air Force Special 
Military Structures Program received by Holmes & 
N&rTer. 

March 

March 
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1 1950 Specifications for the Air Force Special Military 
Structures Program received by Holmes & Narver. 

6 1950 Revised detailed cost estimate for Special Military 
Structures Program submitted to AEC by Holmes & 
Narver. 



March 9 1950 Specifications for Navy Special Military Structures re­
ceived from BuDocks. 

March 9 1950 Teletype received from AEC by Holmes & Narver authorizing 
full procurement and construction of the Special Military 
Structures. 

March 14 1950 Work au.thorization 50-507-9 for procurement, construction 
and instrumentation received from .AEC by Holmes & Narver. 

March 20 1950 Received design drawings adding Structure 3.2. 7b to Navy 
Structures. 

March 20 1950 Revised foundations of Buildings No. 1, 2, 6, & 7 of Army 
Structure 3.1.1. 

March 20 1950 Purchase Order issued for structural steel for Army Struc­
tures 3.1.l and 3.1.3. 

March 20 1950 Purchase order issued for reinforcing steel for Ar11f1 
Structures 3.1.1 and 3.1.J. 

March 23 1950 Purchase order issued to American Pipe & Construction 
Company for pre-cast pipe and bulk heads for Army Struc­
ture J.1.3. 

March 28 1950 Letter from Holmes & Narver to AEC submitting cost esti­
mates for Air Force Structures 3.3.4 and 3.3.8a, b, c, d, 
e, f, and g. 

March 28 1950 Purchase Order for trusses for Navy Structure J.2.lb 
issued. 

March 30 1950 Received first shop drawing for trusses for Navy Struc­
ture 3.2.lb from Nigg Engineering Canpany. 

March 30 1950 Received first shop drawing for structural steel for Army 
Structure 3.1.1. 

March 30 1950 Received first shop drawing for reinforcing steel for 
An1zy' Structures 3.1.1 and 3.1.3. 

March 31 1950 Received last shop drawing for trusses for Navy Structure 
3.2.lb. 

April 7 1950 Final approval of shop drawings for trusses for Navy 
Structure 3.2.lb granted by BuDocks. 

April 11 1950 Partial shipment of structural steel for Army Structures. 

April 11 1950 Purchase order issued for structural steel for Air Force 
Structures 3.3.3 and 3.3.4. 
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April 

April 

April 

April 

April 

April 

April 

April 

April 

April 

April 

April 

April 

May 

May 

May 

May 

May 
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12 1950 Air Force Structures J.3.8a, b, c, d, e, f, and g 
revised. 

12 1950 Addendum to Air Force Structures Specifications. 

lJ 1950 Purchase order issued for structur,1 steel for Air 
Force Structures J.J.8a, b, c, d,, e, f, and g. 

13 1950 Subcontractor notified of award of contract fo~ 
fabrications of precast components for Navy Striic­
tures and authorized to proceed. 

14 1950 Purchase order issued for structural steel for Air 
Force Structure J.J.8h. 

14 1950 Received first shop dravings for structural steel 
for Air Force Structures J.J.3 and J.J.4. 

17 1950 Received first shop drawing for reinforcing steel 
. for pre cast members for Navy Structures. 

17 1950 Purchase order issued for V-beam siding for Army 
Structure 3.1.1. 

18 1950 Received design drawings from BuDocks adding 
Structure J.2.Jb. 

20 1950 Received first shop drawing for structural steel for 
Air Force Structure J.J.8h. 

20 1950 Received first shop drawing fer structural steel for 
Air Foree Structures 3.J.8a, b, c, d, e, f, and g. 

26 1950 Received last shop draving for reinforcing steel f<Yr 
precast members for the Navy Structures. 

1950 Started excavation for Army Structure J.1.1 at Jobsite. 

8 1950 Received first shop drawings for crating and miscel­
laneous iron and steel for the Navy Structures. 

9 1950 Received first shop drawing for structural steel for 
Army Structure 3. l.3. 

11 1950 Received last shop drawing for structural steel for 
Army Structure 3.1.3. 

12 1950 Received design drawings extensively revising Air 
Force Structures J.J.8a, b, c, d, e, f, and g. 

12 1950 Purchase order issued for steel sash for Air Force 
Structures J.J.J e.nd 3.3.4. 



May 16 1950 Received shop drawings for trusses for Navy Struc-
tures 3.2.Ja and b. 

May 19 1950 Received shop drawings for steel sash for Air Force 
Structures 3.3.3 and 3.3.4. 

May 24 1950 Purchase order issued for trusses for Navy Struc-
ture J.~.la. 

May 26 1950 Purchase order issued for corrugated asbestos siding 
for Anny Structure J.1.1. 

May 26 1950 Started shipments of reinforcing steel for Army 
Structures. 

May 29 1950 Received last shop drawing for structural steel for 
Anny Structure J.1.1. 

May 1950 Started excavation and construction of Anny Struc-
ture J.1.J, Navy S~ructures 3.2.la and b and 3.2.2b, 
and Air Force Structures J.3.5a and b. 

June 6 1950 Received shop drawing for trusses for Navy Struc-
ture J.2.la. · 

June 6 1950 Received last shop drawing for structural steel for 
Air Force Structure· J.J.8h. 

June 7 1950 Final approval received from Air Force representatives 
on shop drawings submitted for structural steel for 
Air Force Structure J.J.8h. 

June 12 1950 Revised cost estimates fer the Mill tary Structures 
Program submitted to AEC. 

June 15 1950 Final approval received !rom BuDocks on shop drawings 
sutrnitted for trusses for Navy Structure J.2.la. 

June 28 1950 Final approval received from OGE representatives on 
shop drawings submitted for structural steel for the 
Army Structures. 

June 29 1950 Final appro~ received from Air Force representatives 
on shop drawings sutmitted for structural steel for 
Air Force Structures J.J.J and 3.J.4. 

June 1950 Started construction of Navy Structures J.2.2a, 
J.2.4a and b, J.2.5, J.2.6, and J.2.7a and b, and 
Air Force Structures 3.J.J, 3.J.4, J.J.8g, and J.J.8h. 

July 11 1950 Received final approval from BuDocks on shop drawings 
su'allitted for trusses for Navy Structures J.2.3a and b. 
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July 13 1950 Received last shop drawing for crating of precast 
members for the Navy Structures. 

July 14 1950 Specifications addendum received on Army Structures. 

July 17 1950 Design drawings revising footings and floors of Navy 
Structures received from BuDocks. 

July 17.1950 Received last shop drawing fer miscellaneous iron 
and steel for Navy Structures. 

July 18 1950 Received final approval for shop drawings subnitted 
for precast members of the Navy Structures. 

July 18 1950 Received shop drawings for V-beam siding for Army 
Structure J.1.1. 

July 21 1950 Received last shop drawing for reinforcing steel 
for Army Structure 3 .1.1. 

July 24 1950 Received last shop drawing for reinforcing steel 
for Army Structure J.1.3. 

July 30 1950 Final revision of design drawings for Army Struc-

July 

August 

August 

August 

August 

August 

tures received. 

1950 Started construction of Navy Structures 3.2.Ja and b, 
and again started construction of Navy Structures 
J.2.la and 3.2.7b, due to relocation of structures. 
Again started construction of Air Force Structures 
J.J.J, 3.J.4, and 3.J.Sg, due to relocation of 
structures. 

3 1950 Final approval of shop drawings received fran BuDocks 
for rein.forcing steel for precast members for Navy­
Structures. 

18 1950 Final approval of shop drawings received from OCE 
representatives for reinforcing steel for Army 
Structure J.l.J. 

29 1950 First shop drawing for corrugated asbestos siding 
for Army Structure 3.1.l received. 

31 1950 Last shop drawing for corrugated asbestos siding 
for Army Structure J.1.1 received. 

1950 Started construction of Air Force Structures J.J.8a, 
b, c, and d at Jobsite. Finished construction of 
Navy Structure 3.2.7a at Jobsite. 

September 11 1950 Reinforcing steel design drawings for Air Force 
Structures J.J.8a, b, c, d, e, f, and g received. 
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September 14 1950 Shipment of reinforcing steel completed for the 
ArM1 Structures. 

September 14 1950 Precast pipe and bulkheads for AI"m1 Structure 
J.1.3 shipped complete. 

September 19 1950 Final approval o! shop drawings !or steel sash for 
Air Force Structures J.3.3 and 3.J.4 received from 
Air Force representatives. 

September 21 1950 Received last shop drawing for structural steel for 
Air Force Structures J,J.8a, b, c, d, e, !, and g. 

September 25 1950 Final approval of shop drawings for V-besm siding 
for Artf11' Structure J .1.1 received from 0 CE reprie~ 
sentati vas. 

September 27 1950 Final approval of shop drawings ror reinforcing steel 
for Army Structure 3.1.1, received frc:a OCE repre­
sentatives. 

September 1950 Started construction of Air Force Structures J.J.89 
and r at Jobsite. 

October 1 1950 Structural steel for Air Force Structures 3.3.J aDd 
J.J.4 shipped complete. 

October 10 1950 Received final approval from Air Force representa­
tives of shop drawings for structural steel for Air 
Force Structures 3.J.8a, b, c, 1, e, f, and g. 

October 12 1950 Air Force Structures design drawings for reinforcing 
steel for Structures J.J.8a, b, c, d, e, f, and g 
reTised. 

October 14 1950 Completed shipment of structural steel !or the A!'Sl 
Structures. 

October 14 1950 First shipment of structural ateel for Air Force 
Structures J.J.8a, b, c, d, e, !, and g. 

October 18 1950 New purchase order issued as replacement for purchase 
order previously issued to another supplier of struc­
tural steel !or Air Force Structure J.J.8h. 

October 23 1950 Final approval of shop drawings for miscellaneous 
iron and steel for the Navy Structures received from 
BuDocks. 

November 2 1950 Final approval of ahop dravinga tor V-beam siding !or 
Army Structure 3, 1.1 reeei.nd from OCE representati.His:. 
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November 22 1950 V-beam siding for Anny Structure 3.1.1, shipped 
complete. 

November 22 1950 Structural steel for Air Force Structure J.3.8h 
shipped complete. 

November 26 1950 Final shipment of structural steel Air Force Struc­
tures J.J.8a, b, c, d, e, r, and g. 

November 26 1950 Corrugated asbestos for Anny Structure 3.1.1 shipped 
complete. 

November 

January 

February 

GENERAL 

1950 Completed construction of Navy Structures J.2.la and 
b, J.2.5, J.2.6, and J.2.7b at Jobsite. 

1951 Completed construction of Navy Structures J.2.2a 
and b, J.2.Ja and b, 3.2.4a and b, and Air Force 
Structures J.J.5a and b at Jobsite. 

1951 Completed construction of Army Structures J.1.1 and 
J.1.3 and Air Force Structures J.3.3, J.3.4, and 
J.J.8a, b, c, d, e, r, g, and h at Jobsite. 

During the summer of 1949, Holmes & Narver was informed that con­
sideration was being given to the addition of a program involving con­
struction at Eniwetok Atoll in connection with experiments sponsored by 
the Department of Defense. In order to aid in the determination as to 
whether such a construction program was feasible, Holmes & Narver was 
requested to ana~ze the problem in the absence of even preliminary 
sketches of what would be required, but using as a working basis the 
assumption that the proposed program would require 2,000 man months or 
work. 

On the premise stated a very tentative schedule was submitted by 
Holmes & Narver to the AEC1 at the end of July 1949 which stated in part: 
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"If it is decided that Holmes & Narver undertake the proposed pro­
gram, the following recommendations are made: 

August 1949 

Decision that Holmes & Narver will undertake the job. 

1 
See HN· 1)32. 



September 1949 

Services to propose tentative scope or design and 
construction. 

Authority for Holmes & Narver to proceed with pre­
liminary requirements. 

Holmes & Narver to issue logistic forecasts and pre­
liminary cost estimates. 

Octob!r l<t49 

Services to make available to AEC funds for approved 
program. 

Noveaber l. 1949 

AEC to negotiate supplemental contract with Holmes & 
Narver. 

Novpber-December 1949 

Engineering design and procurement schedules. 

Januarx i. 1950 

Initiate procurement and shipping. 

JanuarI-March 1950 

Mobilize to 700 men, increase base camp to capacity; 
activate subcamps in work areas. 

April l. 1950 

Start construction, services requirements. 

Janµm 31. 1951 

Substantial completion of services construction." 

By November 1949, it was apparent that the tentative schedule was 
not being met. More had been learned by Holmes & Narver representa­
tives of' the general types of the structures now under design by other 
groups, but no information was available upon which forecasts of mate= 
rials, equipment, or m&Dpower could be based, nor had authorization to 
proceed been received f'roa the AEC. Concern over this state 0f a.f'.fairs 
was expressed by Holmes & Narver representatives to all concerned at a 
meeting in Washington on November 28, 1949. It was there stated that 
if drawings were not made available to Holmes & Narver by January 1950, 
in order to permit initiation of' procurement a:cd shipping, it was clear 
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that personnel requirements would increase in order to get the job done 
on time and there would be attendant increases in cost. 

In order to help expedite the program, arrangements were made at 
this meeting for Holmes & Narver personnel to visit the architect-en­
gineer groups engaged in the design of the special structures in order 
to ascertain the type and magnitude of construction work involved, the 
magnitude of the procurement program and the like, so that organizational 
arrangements could be made. Such a review vas accomplished during 
December from vhich it was clear: (1) that the 1 January 1950 deadline 
could not be met; (2) that Holmes & Narver could expedite procurement 
by doing all material take-off from the drawings rather than waiting 
for the preparation of bills of materials; and (J) that substantially 
more than 2,000 man months of work were involved in the program. 

Between January 30, 1950 and March 14, 1950, drawings on substan­
tially all of the structures ultim~tely included in the program vere 
received by Holmes & Na.rverl. ~any were only preliminary but did make 
possible the formulation of estimates of basic construction materials 
and manpower. In the meantime, discussions were being held on the sub­
ject of enlisting Holmes & Narver assistance in manning the Sandia­
directed instrumentation program for the military structures. Tenta­
tive informal agreements had been reached which placed Holmes·& Narver 
in the position of supplying a "force account" technicians' pool for 
the Sandia Corporation as well as rendering some engineering design 
services on instrumentation shelters. 

In view of the delays encountered in receivi~g drawings, the AEC, 
during January 1950, authorized limited (f. 200, 000) :)rocurem.ent of spe­
cial materials needed early in the program, including structural steel, 
reinforcing steel, cement, brick, lumber, and miscellaneous hardware 
and metal for two Army Structures, two NayY Structures, and three Air 
Force Structures. 

On March 9, 1950, full authorization to proceed was given to 
Holmes & Narver b7 the AEC in the form of a teletype which vas con­
firmed on March l4, 1950, by Work Authorization No. 50-507-9. Be­
cause this authorization defines the responsibility of Holm.es & Narver 
in regard to the Mill ta.ry- Structures Program it is set forth at length 
below. 

1 A record of all drawings on the fldli tary Structures is pre­
sented as an exhibit at the end of this section. 
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HIC 1349 
Auth. lo. 51-507-14 
Date: October 9, 1950 

U. S. ATOMIC ENERGY COMMISSION 
SANTA FE OPERATIONS OFFICE 

WS ALA.K>S, HEW MEXICO 

Holme• &: Harver 
824 South Figueroa St 
Los Angeles 14, Cali!. 

Subject: \IJ)Rl AUTHORIZATION, CONTRACT BO. AT-(29-1)-507, FOR: 

A. CHANNEL FACILITIES BETWZU SITES E ani S 
B. ADDITIONAL COST OF INSTRDMEft SHILTBRS roR IISTRU­

MEITATIOI OF MILITARY STRUCTURES SITES E .ll1D S 
C. ADDITIONAL TEBT CAMP OR SITE B 
D. OONllECTIKG BUILDING BETWDB ilC ADMIIISTliTIOB 

BUILDIIG AID HOUO:S &: 1W1VER .llJ(IIISTRATIOI 
BUILDING, SITE B 

E. ADDITIOHAL WING TO EIISTIIG MESS HALL, SITE B 
F. EITJ:ISIOI TO COMMOIICATIOI BOOM II JTF BUILDIIG 

SITE B 
G. ADDITIOHAL MOUSI CAGE ilClS Sin L 
H. ADDITIOIAL FACILITIES OR SIT! L 
I. PROTECT IV! lEICI!IG &: LIGHTIIG AROUID TOWEBS, 

SITES C, V, E 
J. GBOUTIIG FOR MILITARY STRUCTURES, sm I 
I. STIAM CL&AIIIG SHELTER FOR PR)GlWf 6. 7 sm A 
L. ADDITIOlU.L HOT WCIERS 
M. FOUID!TIOI IliVESTIGATIOR 

Gentle•n: 

A. Channel Facilities between. Sites E and S: 

1. Reference ia :made to .,.our letter CHl-786, dated 
19 Ju17 1950, requesting formal authorization !or 
this work. You are her•b1' authorised to proceed 
with this work and to turnish all plans, speci!i­
catio:na, materials procurement, labor, tra:naporta­
tion, and equipaent necess&17 for col18truction; 

2. The cost is estillated to be as follows: 

a. Material 
b. Labor 
c • Equipment 

$ 4,4.30 
98,700 
27,095 

d. Transportation. 
TOTAL 

325 
$ 1.30, 550 
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B. Additional Cost of Instrument Shelters for Instrumentation of 
Military Structures, Sites E and S: 

1. Reference is made to your letter CHN-647, dated June 14, 
1950, submitting detailed cost estimates for these shel­
ters. You are hereby authorized to proceed with construc­
tion of these shelters furnishing all plans, equipment, 
labor, material, etc., necessary to accomplish this work. 

2. The estimated additional cost is $208,250 

C. Additional Tent Camp on Site B: 

1. Reference is made to your letter CHN 971, dated October 3 
1950, wherein you submitted cost estimate for additional 
tent camp on site B. You are hereby authorized to furnish 
all material, labor, equipment, transportation, procurement, 
plans, etc., necessary to acccmplish this work. 

2. The cost is estimated to be as follows: 

a. Material $ 44,325 
b. Labor 42,200 
c. Equipment 5,185 
d. Transportation 7.802 

TOTAL $ 99,515 

D. Connecting Building between AEC Administration Building and 
Holmes & Narver Administration Building, Site B: 

1. You are hereby authorized to proceed with plans, specifica­
tions, material, labor, transportation, equipment, etc., 
necessary to accanplish this work. 

2. The estimated cost of this work is $ 16,800 

E. Additional Wing to Existing Mess Hall, Site B: 

1. You are hereby authorized to proceed with plans, specifica­
tions, material, labor an:i transportation, equipment, pro­
curement, etc., necessary to accomplish this work. 

2. The estimated cost of this work is $ 24,000 

F. Extension to Camnunications Roan in JTF Building, Site B: 
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1. You are hereby authorized to proceed with plans, specifica­
tions, material, labor, transportation, equipment, etc., 
necessary to construct this extensioL 

2. The estimated cost of this work is $ 3,000 



G. Additional Mouse Cage Racks, Site L: 

1. Reference is made to your letter CHlf 829 dated August 
8, 1950, wherein you submitted an estimate or cost for 
these additional cage racks. You are hereby author­
ized to proceed with procurement, installation, etc., 
of these racks. 

2. The estimated cost or this work is $ 12, 570 

H. Additional Facilities on Site L: 

1. Reference is made to our letter SD 5951, dated August 
15, 1950, authorizing this work. You are hereby 
formally authorized to proceed with plans, specifica­
tions, material, labor, transportation, equipment, 
procurement, etc., necessary to accoaplish this work. · 

2. The estillated cost or this work is $ 6,000 

I. Protective Fencing and Lighting Around Towers, Sites 
C, V, E: 

J. 

1. Reference is made to your letter CHI 9)), dated 
September 21, 1950, sulD.itting an estimate of cost 
for this work. You are now formally' authorized to 
proceed vith plans, specifications, material, labor, 
transportation, equipment, procurement, etc., neces­
sary to accoaplish this work. 

2. The estimated cost or work is as follows: 

a. Site c, material, labor, transportation 
and equipment $ 3,970 

b. Site E, material, labor, transportation 
and equipment 5,730 

c. Site V, material, labor, transportation 
and equipunt 2. '1'10 

TOTAL $ 15,470 

Grouting !or Military Structures, Site E: 

1. You are hereby authorized to proceed with the furnish­
ing of all specifications, material, labor, equipment, 
transportation, procurement, etc., necessary for the 
per!oniance of this work in accordance with instruc­
tions !roa Dr. Ra111ond E. Darts, AEC Consultant, and 
Mr. John Rantilla, AEC, Materials Engineer: 

2. The estimated cost of this work is pending your formal 
contract with the Intrusion Prepakt Comp&!J1'. 
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K. Steam Cleaning Shelter for Program 6.7 Site A: 

1. Reference is made to your letter CHN 957, dated 
September 28, 1950, sul:mi.tting an estimate of cost 
for this work. You are hereby authorized to proceed 
with plans, specifications, materials, labor, trans­
portation, equipment, procurement, etc., necessary 
for the performance of this work. 

2. The estimated cost of this work is $ 3,850 

L. Additional Hot Lockers: 

1. You are hereby authorized to proceed with procurement, 
labor, transportation, equipment, etc., necessary for 
the performance of this work. 

2. The estimate of cost of this work is $ 16,600 

M. Foundation Investigation: 

1. You are hereby authorized to proceed with procurement, 
labor, materials, transportation, equipment, necessary 
for the performance of drilling operations, coring, 
etc., pertinent to this investigation. 

2. The estimated cost of this work is not available at 
the present time. 

The total cost, exclusive of your fees, and Items J and M, in­
cluded in this authorization, is as follows: 

A. Channel Facilities Between Sites E and S 
B. Additional cost of Instrument Shelters for In­

.. +.,..,1T11en+ .• +; "'1 l"lf Military Structures, Sites E 
and S · 

C. Additional Test Camp on Si.te B 
D. Connecting Building Between AEC Administration 

Building and Holmes e Narver Administration 
Building, Site B 

E. Additional Wing to Existing Mess Hall Site B 
F. Extension to Communication Room in JTF Build-

ing, Site B 
G. Additional Mouse Cage Racks, Site L 
H. Additional Facilities on Site L 
I. Protective Fencing and Lighting Around 

Towers, Sites, c, V, E 
J. Grouting for Military Structures Site E 
K. Steam Cleaning Shelter for Program 6.7 Site A 
L. Additional Hot Lockers 
M. Foundation Investigation 

TOTAL 

i 130,550 

208.250 

99,515 

16,800 
24 ~ .. "') 

', vV 

3,000 
12,570 
6,000 

15,470 

3,850 
16,600 

$ 536,605 



Fees for your services for the above portion or work which 
constitutes a change in scope (i~cluding Titles I, II and III) 
and construction services will be negotiated with you a.!'ter 
receipt of all of yaur estimates for the work covered by the 
authorization. Costs of the work specified herein are chargea­
ble to Budget Project No. 3-311-9030. 

Authorized b;y': 

/s/ C. L. TYIER, MANAGER 

DISTRIBUTION: 
Holmes & Narv·r (Orig & 6) 
AEC Resident Engineer ( 1) 
Gen. McCormack, AEC, Washington 
J-Division, LA.SL (2) 
P. W. Spain (1) 
Commander, JTF-3 (2) 
Stanley Burris, J-10, LA.SL (1) 
J-6 (1) 

It is thus seen that the Holmes & Narver obligations were: 

1. To render construction services and inapection serVices (as 
defined) on the Military- Structures designated. 

2. To render design engineering, inspection, and construction 
serTices with respect to instrumentation tor the structures, 
as well as to provide a group of technicians in the field to 
render services as directed by Sandia Corporation representa­
tives. 

Thus, with respect to the Milit1U7 Structures Prograa, Holmes & 
·Na.rver was in a radical.lT different position from that established 
for the balance or the work under Contract AT(29-l)-507. In view of 
the tact that Holmes & NarTer had not participated in design or the 
structures tor Progru. 3, and further that the design criteria were 
unknown to Hollllea & N&rTer personnel, new liaison arrang ... nts were 
necessary to assure proper interpretation of plans and specifications. 
Furthel".11.ore, e"Ten though Holmes & Narver 1 s Inapection and Test Section 
at the Jobsite carried a direct responsibility for inspection, it was 
in the somewhat anomalous position or not being able to rule on matters 
requiring interpretation. 

While direct liaison between Holmes & Narver and Department of 
Defense representatives was authorized to alleviate some or the diffi­
culties inherent in the position of Holmes & NarTer in this arrangement, 
adherence to the formal requirements of the contractual relationship 
existing between the AEC and Holmes & Narver waa neceSS&J'1. This latter 
requirement led to the somewhat circuitous arrangement defined in para­
graph 5 of Work Authorization No. 50-507-9. 
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In anticipation of the different responsibility which Holmes & 
Narver would have in the Structures Program, (i.e., no design engineer­
ing and related responsibility), changes in the delegations of responsi­
bilities relating to Contract No. AT-(29-1)-507 within the Holmes & 
Narver organization were accomplished. These changes were designed 
primarily to expedite, as far as possible, the detailed work involved 
in procurement checking shop drawings, expediting and inspecting fabri­
cation of materials. As a secondary.result the changes reflected the 
necessary removal of responsibility from the Holmes & Narver Engineer­
ing Division except to the extend specifically authorized. In short, 
on the Mi.li ta17 Structures Program, Holmes & Narver was merely a con­
struction contractor; the rendering of inspection services, in the ab­
sence of authority or basis for interpretation of plans, was an ad­
junct to the construction contract. 

That the relationship existing between the AEC, the interested 
service agencies, and Holmes & Harver on this program was unusual and 
called for clear statements of responsibility was recognized by all 
concerned. Thus, on April 26, 1950, the AEC advisedl: 

"As you know it is considered essential that construction of 
Military Structures under the subject contract be inspected 
by qualified service personnel. 

In order to arrange for this inspection it is requested that 
a construction schedule !or these structures be furnished this 
office as soon as possible •••••• • 

Later, on May 25, 1950, when it was apparent that the need for 
Service Inspectors at the Jobsite was urgent in connection with in­
terpretation of requirements for foundations, Holmes & Narver was ~­
vised by the AEC Office of Engineering and Construction, Los Alamos : 

"This will serve to confirm my telephone conversation with Mr. 
Sherwood B. Smith and Lt. Cmdr. Rowen on May 23, with respect 
to certain features of the Military structures Program. 

I pointed out to Mr. Smith that it was necessa.ry that Services 
Inspectors be sent to the Jobsite as quickly as possible, in 
viev of the tact that a requirement had been established for 
approval of !oundation borings before the start of construc­
tion. Mr. Smith stated that a representative of the Office, 
Chief of Engineers, Captain Beck, would depart for the Jobsite 
on June 6, and that he would also attempt to send at the SI.Diii 

time, Major Pettit representing the Air Material Camu.nd. I 
requested that Mr. Smith attempt to have Captain Beck armed 
with authority to approve borings for all structures as an in­
terim emergency measure until the remaining inspectors arrive 
at the Jobsite." 

1 
Reference E-1, SD5541 

2 Letter dated May 23, 1950 
6-126 



At a series of meetings of representatives or the Services, I.ASL, 
AEC, and Holm.es & Na.rver held at Los Alemos on J"une 28 and 29, to dis­
cuss the Structures Program, it was noted that a gap existed in regard 
to the engineering services required br the Program and that the Progrllll 
Director would attempt to obtain resolution or the dirricultyl. As a 
result or these comments, Holmes & Narver, on Jul.7 11, 1950, wrote the 
following letter to the Manager, AEC, Los Alamos, on the subject ot 
Military Structures Program Work Authorization No. 9, Contract No. 
AT-(29-1)-507: 

"Dear Sir: 

At conferences held in Los Alamos, June 28 and 29, attended br 
our Mr. School.master and East, there was some difference of 
opinion expressed as to the responsibility or Holmes & Narver 
in the matter or design or foundation or supporting elements 
for various structures under subject progrem. This letter is 
to set forth our understanding of our responsibilities in this 
matter. 

By Work Authorization No. 9 and subsequently br Modification 7 
to subject contract, Holmes & Narver were instructed to pro­
ceed with the construction of the Militar;r Structures, includ­
ing those for the At1Ay, Navy, and Air Force, and were also 
charged with the responsibility for complete Title III (In­
spection) work. The designing engineers for these Mill tary 
Structures, however, were other than Holmes & Narver. 

It is part or the designing engineers• responsibility in de­
signing a structure to take into consideration the character­
istics of the f oU.lldation material upon which the footings rest 
(foundation material being the natural earth, rock, or other 
material on which the structure rests). In order to success­
fully determine whether the foundation material for a given 
structure is suitable or whether it must be artiricallJ" 
strengthened, it is necessarr to know the requirements of the 
structure, the use of the structure, its allowable settlement, 
differential deflections, etc.,~such knowledge forming the 
criteria upon which the engineer bases the design. During con­
struction, it is not uncommon to develop unexpected. foundation 
conditions which require the designing engineer to review his 
work and make changes, adjustments or reinforcements. Such 
changes in design must be based not only on the requirements 
of the new foundation conditions, -but must necessarily take 
into consideration the criteria mentioned above, and must be 
founded on the full knowledge of the original conditions which 
the designing engineer possesses •••••• " 

1 See Minutes of the Meetings of June 28 and 29, 195.Q.f." presented 
as an exhibit at end of this section. 
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In the light of the above-mentioned considerations and on the 
basis of Authorization -9, full-scale procurement was initiated and 
manpower mobilization was begun. In view of the experimental nature 
of the structures, complete materials testing programs were establish­
ed. Physical tests or ~11 concrete placed at the Jobsite were ac­
complished by the Inspection-Test Section of the Jobsite Engineering 
Department. On reinforced concrete components, prefabricated in the 
United States, arrangements were made for physical tests of reinforc­
ing steel and concrete. Certified mill reports were required for all 
reinforcing and structural steel used in construction of all structures 
and when necessary, these were supplemented by independent investiga­
tion. A summary of all test reports on materials used in each struc­
ture is presented as an exhibit at the end of this section. 

Construction schedules called for foundation work to begin in_ 
April. However, it must be remembered that concurrently with the in­
crease in interest in the Military Structures Program at the end of 
194 9, arrangements were being made for an Engineer Brigade to move to 
Eniwetok Atoll to undertake construction of base facilities on Eniwetok 
Island and to be responsible for stevedoring and other support activi­
ties. The amount of construction now contemplated for Eniwetok Island 
vas greater than originally planned and this construction vas being 
initiated at a much earlier date than scheduled by Holmes & Narver. 
Thus, even basis construction materials on hand at the Atoll could not 
be made available for the Military Structures Program in more than 
small quantities. 

Nevertheless, upon arrival of authorized representatives of the 
Services at the Jobsite to resolve problems connected with foundations, 
vork got under way. The foundation questions, as noted above, could 
only be answered by those who knew the purpose and use of the struc­
tures, i.e., the basic design criteria. Thus, the final decision on 
whether to proceed vith construction at the specified locations or to 
move the structure to a new, specified location, could only be made by 
the agencies and groups responsicle for basic criteria and design. As 
will be seen later in the discussion of the details of the Army, Navy, 
and Air Force structures, these decisions were ultimately ma.de by the 
Services Agencies and Holmes & Narver vas authorized to proceed in ac­
cordance therewith. In some cases reinforcement or foundation mate­
rials (i.e., natural earth, rock, etc.), was directed by the use of 
lean mix concrete under the footings; in another case, intrusion grout­
ing was prescribed; in still other cases changes in location vere speci­
fied. The first construction objectives on the Structures Progre.m were 
thus attained and, in the Progress Report as of 15 September 1950, it 
was noted for the first time that all structures were under active con­
struction. 

From this time until essential completion of all Army and Navy 
structures on December 15, 1950, and the Air Force Structures by 
January 15, 1951, the construction problems encountered in connection 
with the Military Structures were for the most part the same as those 
noted previously in connection with Base Facilities and Scientific 
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Structures. Difficulties in procurement and shipping affected this 
program in approximately the ~ame va.y as they affected other vork; 
however, it should be noted that a greater variety or unusual mate­
rials were required for the Military Structures, for example, as in 
the case of the Air Force model Structure 3.3.8h. The fact that the 
tolerances specified were unusual has been noted, and the education 
of construction personnel to bring about appreciation of these require­
ments was a necessary chore. Lik8vise, the establishment of construc­
tion procedures was required to meet the specified tolerances and to 
perm.it efficient accomplishment of concrete placement in the presence 
of unusual amounts of reinforcing steel and accurately placed gauge 
and survey point inserts. These factors were, after the initial im­
pact, accepted as part of the construction effort. 

ARMY STRUCTURES 

The Army Structures in the Military Structures Program were de­
signed as Structures 3.1.1 and 3.1.3. 

Structure 3 .1.1 - Mu.l ti-Stou Building. Structure 3 .1.1 com­
prised seven independent three-story buildings of distinct design; 
the total dimensions or the composite were 195 feet, 10 inches in 
length, 52 feet in 'Width, and J6 feet in height above grade. A total 
of approximately 3000 cubic yards of concrete and 300 tons of rein­
forcing steel were required. The amount or reinforcing steel employed 
was unusually large. For example, in building number four the ratio 
of cubic yards of concrete to tons of reinforcing steel was approxi­
mately l.6J, nearly twice as great as the ratio of these materials in 
typical commercial reinforced concrete buildings of comparable di­
mensions. 

Another feature of design of this structure involved the utiliza­
tion of various types of materials in the walls, including reinforced 
concrete, coll!llon bond brick, asbestos sheathing, protected metal sheath­
ing, structural steel, and reinforced concrete sheathing and reinforced 
brick. In addition, various sizes of openings vere provided in some 
of the walls and specifications for certain of the buildings called for 
the placement of live-loads on the upper floors. 

The most significant problem which a.rose in connection with this 
structure vas related to basic criteria and design, which, as noted 
above, were the responsibility of agencies and groups other than 
Holmes & Narver. 

During October, 1949, at the request of the AEC, tests were con­
ducted on Engebi Island to obtain information as to the existence of 
a suspected subsurface lens or cavern. These limited tests failed to 
reveal a:rry evidence of a lens dovn to a depth of nine feet at one 
point and a depth of five feet at a second. At both points coral rock 
was encountered at the depths mentioned. 
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In the course of the same tests samples of coral aggregate and 
sand were obtained from Engebi and shipped to the AEC. Earlier, loose 
samples had been obtained by the Reconnaissance Party in October 1948, 
and these formed the basis for design of the structures and facilities 
for which Holmes & Narver vas responsible. (For further details of soil 
investigations carried out in connection with Holmes & Narver design 
engineering activities, see Chapter 5.9, Vol. II, of this report.) 

Thereafter, when plans and specifications were received on 
January 30, 1950, on structure J.1.1, it was noted that the specifica­
tions included the following provision: 

1-03 EXCAVATION 

~· General: The area indicated on the drawings shall be 
cleared of all natural obstructions and other items which will 
interfere with the construction operations. The excavation 
shall conform to the dimensions and elevations indicated on the 
drawings for the buildings, except as specified below, and all 
work incidental thereto. 

As soon as the site has been established borings and probings 
shall be made so as to determine the characteristics of the soil, 
to locate any large voids or water pockets, and to establish the 
depth of the bed rock. The foundation bearing shall be as indi­
cated on drawing No. 1, i.e., 10 tons p.s.r. under the rear por­
tion of the building and 5 tons p.s.f. under the front portion 
of the building. Four load tests shall be made along the line 
of the rear footings, one at each of buildings 1 and 7 plus two 
intermediate load tests between buildings 1 and?. A stress 
strain load curve shall be drawn for each load test point in­
creasing the load in two ton increments from zero to either 12 
tons p.s.f. or the yield point of the soil, whichever is less. 
For each increment the load shall remain in place until there 
is no settlement in a two-hour period. The yield point is de­
fined as the load under which the strain continues to increase 
under the applied load. If the load tests indicate that the 
yield point of the soil under the rear wall footings is less 
than 10 tons per square foot the foundations materials shall 
either be removed and replaced by a lean (1:8) mix concrete, or 
consolidated by injection of a neat cement grout. If suitable 
bearings are encountered at different elevations from those in­
dicated on the drawings the footing depth may be increased up 
to 12 inches. In no case, however, shall the top of the footing 
be changed or the depth of the rooting be decreased from that 
shown on the drawings. 

All pockets beneath the footing areas shall be filled with 
grout of the above mix. 
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These provisions were complied with and by June 15, 1950, about 
350 yards of lean mix fill had been poured as authorized. However, it 
was understocd that final approval of whether soil conditions found 
would be suitable was to rest with the Military Services as confirmed 
in the AEC letter to H&N o~ May 23, 1950, in which it was stated, among 
other things, that "it was necessary that Services Inspectors be sent 
to the Jobsite as quickly as possible, particularly in view of the fact 
that a requirement had been established for approval of foundation bor­
ings before the start of construction". 

The findings under date of June 16, 1950, of the representative of 
OCE sent to the Jobsite in June 1950, in accordance with the plan out­
lined in the above letter, are given as an exhibit at the end of this 
section. Briefly stated, it was reported that subsoil conditions were 
unsatisfactory and that, while tests performed in accordance with speci­
fications indicated that no settling occurred under specified loads, 
these data were considered misleading. Pressure grouting at the back 
of Structure 3.1.1 was recommended to correct the conditions which were 
deemed to be undesirable. 

As a result of this report, meetings were held at Los Alamos on 
June 28 and 29, 1950, attended by representatives of the agencies in­
terested in Program 3, Military Structures, by representatives of the 
AEC Office of Engineering and Construction, Los Alamos, and by H&N re­
presentatives. Based upon these discussions the decision was reached 
that the AEC and the three services would retain an expert consultant 
on soil mechanics, and a meeting with this consultant was arranged for 
July 6, 1950. H&N was requested to have a representative at the meet­
ing because it was anticipated that a program for field investigation 
would be established. 

At the meeting on July 6, 1950, it was decided that grouting ex­
periments should be carried out under the direction of the AEC consul­
tant, using high pressure instrusion grouting methods and a patented 
grouting mix. In the meantime an AEC representative and a soil me­
chanics expert retained by H&N in connection with exploration and tests 
required for the design of the foundation for the 200-foot heavy tower, 

. would conduct further investigations in connection with Structure 3.1.1. 

The investigations at the Jobsite were carried out as were the 
grouting experiments. As a result, the decisionl was made, in accord­
ance with the recommendation of the AEC consultant, to proceed with the 
grouting program. Holmes & Narver was formally directed to proceed by 
~ork Authorization No. 51-507-14, dated October 9, 1950, vhich stated: 

"You are hereby authorized to proceed with the furnishing of all 
specifications, material, labor, equipment, transportation, pro­
curement, etc. necessary for the performance of this work in ac­
cordance with instructions from Dr. Raymond E. Davis, AEC Consult­
ant, and Mr. John Rantilla, AEC, Materials Engineer". 

lsee Minutes of Meeting of August 2, 1950, preaented aa an exhibit 
at the end of this section. 
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It might be noted at this point that prior to the issuance of this 
directive a program of exploration involving a considerable amount of 
drilling and coring at various locations in the Atoll was recommenied 
by soils experts. This program was also authorized by Work Authoriza­
tion 14 and the scope of the work was indicated in a letter dated Octo­
oer 13, 1950 to H&N from the AEc2 in \./hich it was noted that, "Dr. Davis 
and Mr. Rantilla will direct this program at the J obsi te 11 • 

The data collected in the course of this program are presented as 
an exhibit at the end of this section. 

Upon the recommendation of the AEC consultant and pursuant to the 
directive contained in the Minutes of the Meeting of August 2, 1950, 
H&N entered into a subcontract with the owners of the patented grouting 
process and materials to be used in the grouting program. The subcon­
tract covered the services of expert personnel to supervise work at the 
Jobsite, and the sale of special materials used in the patented process. 

Thus, through the Labor pool supplied by H&N, the expert supervision 
supplied by the designated subcontractor, and pursuant to the technical 
direction and specifications of the AEC consultant and Jobsite repre­
sentatives, the work was ultimately performed. Details of the proced­
ures are given as an exhibit at the end of this volume. Details of the 
results of the grouting program are given in the report of the .AEC con­
sultant which is included in the same exhibit in order to provide com­
plete documentation of this work. 

Structure 3.1.3 - Under~round Test Shelter. This structure was 
cross-shaped and after completion was covered with coral fill. One 
section of the structure was unusual in that plans called for f abrica­
tion of reinforced concrete pipe sections by centrifugal casting methods. 
A subcontract was entered into with a West Coast fabricator of cast con­
crete conduit for the fabrication of the necessary components for this 
section. No difficulties were experienced in fabrication or installa­
tion at the Jobsite. 

NAVY STRUCTURES 

The construction performed by H&N on the Navy portion of Program J 
involved work on twelve structures, nine of which utilized precast com­
ponents assembled on foundations poured at the specified locations. 

The Navy Special Military Structure Program consisted of twelve 
separate Structures: 3.2.la, 3.2.lb, J.2.2a, 3.2.2b, J.2.Ja, J.2.Jb, 
J.2.4a, J.2.4b, J.2.5, J.2.6, 3.2.?a ani 3.2.7b. 

Structure J.2.la was constructed of 
with steel trusses inbedded throughout. 
square with an overall height of 11-feet 
thick roof, a 3-foot open center portion 

concrete heavily reinfor~ed 
This Structure -was 28-feet 
which was composed of ti 5-foot 
v.ith 3-foot thick walls and a 

2
This letter is presented as an e~ibit at the end of this section. 
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3-foot foundation slab. A change in foundation and location was re­
quired because of poor soil conditions at the original location. 

Structure 3.2.lb was constructed of c;ncrete heavily reinforced 
w:ith steel trusses imbedded throughout the foundation, precast concrete 
cells forming the main structure and a reinforced concrete roof slab. 
This structure was 28-feet square, w:ith an over-all height of 10-1/2 
feet above the grade line. The footings extended 6-feet below the 
grade line. The upper half of the foundation was open w:ith 3-foot 
walls. The structure proper was composed of three layers of precast 
concrete cells vhich were 2-foot 9-inch cubes. The first layer immedi­
ately above the foundation walls and the third layer immediately under 
the roof slab were canposed entirely of cells. The second or middle 
layer was composed of alternately laid cells, the voids and the insides 
of the cells being completely filled w:ith concrete. The outward facing 
cells were covered w:ith a concrete outside wall provided w:ith openings 
correspor.rling to the cell openings of the upper layer of cells. 

Structure 3.2.2a was constructed of preeast reinforced concrete 
walls, panels, columns and beams. This structure had 2-feet by 5-feet 
concrete pads under each corner and in the middle of each side. The 
dimensions of this structure were: length 41-feet; width 21-feet 2-
inches; and height 11-feet 6-inchee. All precast m.ellbers were ribbed 
and were either bolted or welded together by means of plates set in the 
precast members. 

Structure J.2.2b was constructed of precast reinforced concrete 
wall and roof panels assembled on poured in place f oun:iations. An in­
side wall of 12-inch brick was constructed immediately inside the pre­
cast concret~ panel walls and was connected to the outside wall by 
means of bolts. The inside bric~ wall was provided with 3 x 12 inch 
weed roof-joists with 1-inch sheathing immediately under the precast 
concrete roof panels and was connected to the outside roof by means of 
bolts. 'All precast concrete panels were connected by means of bolts 
through the ribs or by welding steel plateE imbedded in the castings. 
This structure was 43-foot 6-inches long, 21-feet 6-inches w:ide, and 
11-feet above the grade line. 

Structures 3.2.3a & b vare identical except for instrumentation. 
They were constructed of precast wall and roof panels which were formed 
from 16-inch square by 8-inch high cells with 5/8-inch thick walls. 
After assembly_ the cells were covered with an 1-3/8 inch reinforced con­
crete facing. A total of 135 trusses were imbedded in each structure 
in the various precast panels. The various members were welded, grouted 
an::l anchored to a 3-foot deep by 2-foot 8-inch wide continuous four.rla­
tion set on a 6-inch reinforced concrete slab. The structure was 41-feet 
7-3/8 inches long, 21-feet 7-5/8 inches wide ar.rl 10-feet 9-1/4 inches 
above grade. 

Structure 3.2.4a was constructed of precast wall, roof, and floor 
panels. One 12-inch square concrete strut was used to connect the two 
longitudinal side walls and took the place of one floor panel. This 
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structure had an arch type roof and \.ling walls along the front face. 
The entire structure was covered \dth an earth fill up to the \.ling walls. 
The dimensions of this structure exclusive of the wing walls were: 
length, 44-feet 1-inch; \ddth, ~2-feet 10-inches; and height, 13-feet. 

Structure J.2.4b was constructed pf precast reinforced concrete 
wall, roof and floor panels. Two 12-iqch square concrete struts were 
used to connect the two longitu¢inal w4}.ls and took the place of two 
floor panels. This structure had an arch type roof with various roof 
panels inverted. This structure was similar to Structure J.2.4a and 
was 22-feet 10-inches wide, 45-feet long, and lJ-feet high. The struc­
ture was set on 2-foot thick footings. 

Structure J.2.5 was constructed o~ precast reinforced concrete 
floor and roof panels and was in the general form of a quonset hut. 
This structure was anchored to 2-foot thick footings. This structure 
was 41-feet long and 23-feet 6-inches wide 'With a 10-foot 6-inch radi­
us of arch. 

Structure 3.2.6 was dome shaped, constructed of precast reinforced 
concrete components. The entire structure was covered with a 2-foot 
fill. The 6-inch thick reinforced concrete floor slab was placed over 
2-foot 3-inch footings. 

Structures 3.2.?a and b were simi~ar in dimension and appearance; 
the chief point of difference being in the reinforcing steel. Both 
structures were poured in place, the outside dimensions being 21-feet 
in width, 41-feet in length, and an 111feet 6-inches in height. The 
floor slabs were 12-inches thick and foundation footings extended 
3-feet below grade. Each structure had one end opening fitted with a 
metal door. 

In order to avoid overloading the construction forces at Eniwetok 
Atoll and in view of the construction deadline, it was decided to pre­
fabricate the steel-reinforced concret~ components required for the 
Navy Structures in the United States and thereafter to ship the compo­
nents to Eniwetok for assembly on foundations there provided. 

As a consequence, shortly after r~ceipt of the plans (on February 
27, 1950) \Jhi.ch had been prepared by the Bureau of Yards and Docks, in­
quiry was initiated by Holmes & Narver'to determine the qualifications 
of a number of firms to perform the prefabrication operations. There­
after, on March 29, 1950, invitations tP bid ~ere sent to approximately 
a dozen prospective bidders and replies received from nine. At the bid 
opening on April 10, 1950, a contracting firm of San Francisco, Cali­
fornia, was apparent low bidder '\Jith a bid of $61,569.00. After analy­
sis of the bids and examination of the.

1

qualifications of each of the 
bidders, the acceptance of the low bid was authorized by the AEC on 
April 14, 1950. 

The successful bidder ~as immediately notified to initiate pro­
curement and planning of the work, and a purchase order to cover the 
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Military Structures Program, Station .3.2.la (Navy). Rein­
forced Concrete. 



Military Structures Program, Station J.2.lb (Navy). Rein­
forced Concrete. 
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Military Structures Program, Station 3.2.2b (Navyi Precast 
Concrete Sections. 



Mi:itary Structures Program, Station 3.2.Ja (Navy). Precast 
Concrete Sections. 
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Military Structures Program, Station 3 .2. 5 (Navy). Precast 
Concrete Sections. 



Military Structures Program, Station 3.2.4.a (Navy). Precast 
Concrete SP.ctions. 



work was issued in due course. Various revisions of this purchase order 
were issued during the course of the work to cover (1) the fabrication 
of spare components; (2) changes in design; and (3) the furnishing and 
installation of inserts for instrument mounts. A second purchase order 
was issued to cover crating of the prefabricated components for export 
shipment. 

Changes in the plans and specifications were directed from time to 
time. The most important of these were (1) the changes specified in 
Revision No. J to the original purchase order; (2) the relaxation of 
the specification on concrete compression strength; and (J) the approval 
of the use of "guni te" procedures on certain panels which were otherwise 
not acceptable. 

The performance of the work by the subcontractor was interferred 
with at one time or another by a few unfortunate events. The supplier 
of the required iron and steel work was unable to supply all of the ma­
terial needed and, initially, did not assign sufficiently expert per­
sonnel to the job. The advent of the Korean situation created addi­
tional procurement problems. The conc~te subcontractor c~anged cement 
during the course of the work, resulting in casting difficUlties and 
an ultimate (28-day) strength below original speci!ications but conform­
ing to the amen:ied specifications. Approval of drawings submitted on 
various details was delayed by the requirement that such matters must 
be transmitted through H&N to BuDocks and returned through the same 
channels. One example of such difficulties is !oµni in the delay in 
approval for a variety of reasons of a drawing cove~ng miscellaneous 
bolts and nuts for connecting the panels. Almost five months was con­
sumed in the approval process, sixty days of which can be ascribed to 
"mailing time". 

Norwithstanding these events, all of the originally ordered pre­
fabricated ,components were shipped by the beginning of September 1950 
(approximately a month late), and the ~ipment of spares was accom­
plished by mid-October. Placement and assembly was accamplished at 
the Proving Ground by the middle of January 1951. In all, 2414 com­
ponents, including cells and panels and spa.res of each, were produced 
and shipped. Table 6.7-1 summarizes the pertinent quantitative in­
formation for each structure. 

AIR FORCZ STRUC'l'.URES 

Twelve structures were constructeQ for the Air Force portion of the 
i1ili tary Structures Program, Locations for these etructures were speci­
fied on Engebi and Muzin Islams. 

Structure J.J.3 v,s also know as 0 Air Force Structure Type C-1.1." 
This structure was constructed in the form of a hangar with three open­
sided 78-foot 8-inch bays. Sixteen special built-up columns supported 
27 prefabricated trusses which in turn supported a 2-in~h plank deck 
roof with three structural steel skylights provided with steel sash. 
The skylights and outside trusses vere covered with corrugated metal 
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TABLE 6. 7-1. CONCRETE UNITS COMPLETED & SENT TO JOBSITE 

QUAN- QUAN-
TITY SPARES MARK LOCATION TITY SPARES MARK LOCATION 

STRUCTURE 3.2.lb STRUCTURE 3.2.3a 

203 Cells 5 1 Pl Roof 
(Large) 2 1 P2 Roof 

13 3 PJ Side & End 
STRUCTURE 3.~.~a 2 1 PJa Side 

2 1 PJb Side 
12 2 A Roof 2 1 P4 End 
2 1 Air Roof 2 1 P5 End 
2 1 AlL Roof 1 1 P6 End 
2 1 A2R Side 932 Cl Cells 
2 1 A2L Side 42 C2 Cells 
8 1 AJ Side 
2 1 A4R Side STRUCTURE 3.2.3b 
2 1 A4L Side 

11 2 B End 5 Pl Roof 
4 1 Bl End 2 P2 Roof 
1 1 c End 13 PJ Side & End 
1 1 Cl Column 2 P3a Side 
1 C2 Column 2 P3b Side 
1 CJ Column 2 P4 End 
1 C4 Column 2 P5 End 
1 C5 Column 1 P6 End 
1 C6 Column 932 Cl Cells 
1 1 TPl Beam 42 C2 Ce11s 
1 TP2 Beam 
1 TPJ Beam §TRUCTURE 3.2.~ 
1 Door 

1 1 A Rear 
STRUCTURE ~I 2 I 2b 1 1 B Rear 

1 1 Bl Rear 
14 2 A Roof 1 1 c Front 

2 1 Al Roof 1 1 D Fror1t 
28 3 B Side 1 1 D1 Front 
2 1 Bl Side 1 1 E F:ront 
2 1 B2 Side 1 1 El Front 

11 2 BJ End 1 1 F Front 
1 1 c End 1 1 Fl Front 
2 1 Cl End 1 1 G Front 
2 1 C2 End 1 Gl Front 
1 Door 1 H Front 

1 Hl Front 
1 1 Jl Floor 
1 J2 Floor 
1 JJ Floor 
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TABLE 6. 7-1 (Continued) 

QUAN- QUAN-
TITY SPARES MARK LOCATION TITY SPARES MARK LOCATION 

STRUCTURE 3.2.4@. (Continued) 

1 J4 Floor 1 J6 Floor 
1 J5 Floor 1 J7 Floor 
1 J6 Floor 1 J8 Floor 
1 J7 Floor 1 J9 Floor 
1 J8 Floor 1 JlO Floor 
1 J9 Floor 8 1 R Roof 
1 JlO Floor 2 1 Rl Roof 
l l K Front 8 1 R.2 Roof 

20 2 R.2 Roof .2 l R.2b Roof 

STfiUCIVRE 3 • .2.4b STRUCTURE 3.2.6 

1 l A Rear 1 1 Al Top 
l l Al Front l 1 A2 Top 
1 1 B Rear 1 A3 Top 
.2 1 Bl Front & Rear 1 A4 Top 
l 1 B2 Front 1 A5 Top 
1 1 Jl Floor 1 A6 Top 
1 J2 Floor l A7 Top 
l J3 Floor l A8 Top 
l J4 Floor 1 A9 Top 
l J5 Floor l AlO Top 
l J6 Floor l All Top 
1 J7 Floor l Al2 Top 
1 J8 Floor 1 Al3 Top 
1 J9 Floor l Al4 Top 
1 JlO Floor l Al5 Top 
1 l L Front Door l Al6 Top 
8 1 R Roof 1 l Bl Top 
.2 1 Rl Roof 1 1 B.2 Top 
8 1 R.2 Roof 1 BJ Top 
.2 l R.2B Roof l B4 Top 

1 B5 Top 
STRY,gTURE J.~.~ 1 B6 Top 

1 B7 Top 
.2 l PlR Front & Rear 1 B8 Top 
.2 1 PlL Front & Rear 1 B9 Top 
1 1 P2 Rear 1 BlO Top 
l 1 P2a Front 1 Bll Top 
l l P3 Front 1 Bl2 Top 
1 l Jl Floor 1 Bl3 Top 
1 J.2 Floor l Bl4 Top 
1 J3 Floor 1 Bl5 Top 
l J4 Floor l Bl6 Top 
1 J5 Floor 1 1 Cl Top 
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TABLE 6. 7-1 (Continued) 

QUAN- QUAN-
TITY SPARES MARK LOCATION TITY SPARES MARK LOCATION 

STRUCTURE 3.2.6 (Continued) 

1 1 C2 Top 1 1 D2 Top 
1 C.3 Top 1 D.3 Top 
1 C4 Top 1 D4 Top 
1 C5 Top 1 D5 Top 
1 C6 Top 1 D6 Top 
1 C? Top 1 D? Top 
1 C8 Top 1 D8 Top 
1 ClO Top 1 DlO Top 
1 Cll Top 1 Dll Top 
1 Cl2 Top 1 Dl2 Top 
1 Cl.3 Top 1 Dl.3 Top 
1 c14 Top 1 Dl4 Top 
1 Cl5 Top 1 D15 Top 
1 Cl6 Top 1 Dl6 Top 
1 1 Dl Top 1 1 Top Unit 
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End of Hangar Toward Zero, Military Structures Program, Station 
3.3.4 (Air Force) on Muzin. 



Front Elevation of Brick House, Military Structures Program, 
Station J.3.5a (Air Force) on Engebi. 
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siding. The two end walls were constructed of concrete blocks with 
brick end sections. Steel sash windows were set into each end wall. 
A total of 16 footings were provided· for column supports and varied in 
size fran 2-feet 10-inches to 3-f eet 8-inches deep and from 1-f oot 10-
inches to 2-feet 6-inches square with pads up to 2-feet 6-inches deep 
and 8-feet square, all reinforced. The dimensions of this structure 
were 238-f eet 8-inches long by 120-f eet 8-inches wide by 52-f eet 4-inches 
height above grade. Structural steel wing walls, covered with corru­
gated metal siding, extended on each side of one of the end walls. These 
wing walls were 38-f eet 4-inches above grade and were 40-f eet 6-1/2 
inches long, making the over-all width of one end of the structure 
201-feet 9-inches. 

Structure 3.3.4 was also known as "Air Force Structure Type A-2.1." 
This structure had four 26-f oot open sided beys. There were 16 rein­
forced concrete columns on footings 5-feet deep. The roof of this 
structure consisted of laminated 2 x 6 1 s covered with built-up roofing 
and supported by reinforced concrete bents. There were two monitors 
in the roof 'Which ccmprised a structural steel framework with steel 
sash and covered with corrugated metal siding with the exception of the 
openings for the lights. The two ends of Structure 3.3.4 were construc­
ted of brick and provided approximately 720 square feet of windows with 
steel sash and lights. The structure was approximately 106-feet long, 
56-feet wide, and 25-feet high. Structural steel wing walls, covered 
with corrugated metal siding, extended on each side of one of the end 
walls. These wing walls were each 19-feet 2-1/4 inches high and 20-feet 
6-1/2 inches long, making the over-all width of one end of the struc­
ture approximately 100-feet. 

Structure 3. 3. 5 a am b were also known as "Air Force Structures 
Type F-2." Structures J.3.5a and b -were identical. This structure vas 
a two-story brick dwelling-type building with a sheet metal covered 
gable roof, and was erected on concrete foundation walls 1-foot 4-1/2 
inches thick and 5-feet 1-inch deep. There -were five brick masonry ih­
terior fireplaces. All interior walls vere covered vi.th metal lath. 
Finished plaster covered ceilings, walls and partitions with the ex­
ception of the entrance and stair halls. This structure vas 42-feet 
1-inch long, 33-feet 4-inches wide, and approximately 35-feet high. The 
first floor vas canposed of a 6-inch layer of sand, a 3-inch layer of 
bitumuls concrete, sleepers, and tongue-and-groove flooring. The second 
floor was canposed of 2 x 10 inch joists with tongue-and-groove board 
nailed to the bottom and covered by tongue-and-groove flooring. A sand 
fill was placed bet-ween joists in the floor and ceiling of the second 
story. 

Structures J.J.8a, b, c, d, e, and g were also knovn as "Air Force 
Idealized Med.els". All six structures were similar and varied mainly 
in diaene,i~Dl._-~~:J-openings and sizes of columns. These structures 
were constructed of structural steelframework with reinforced concrete 
walls and roof slabs. All joints and openings were canpletely closed 
by means of fiberglass sealing strips. Four 3-1/2 inch extra strong 
pipe struts connected the tvo side walls of each structure. Tvo 1/2 
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inch rods were connected to the flanges of each pipe strut at the wall 
and were anchored to hooked anchors set in the concrete floor slab un­
der each pipe strut. These structures were 21-feet long, 15-feet 10-
inches "Wide and ?-feet 2-inches above grade. 

Structure J.J.8f 'W'as also known as the 111/4 Scale Idealized Model". 
This structure was a 1/4 scale model of the J.J.8 idealized model. 
Welded "Wire mesh was used as reinforcing for this structure. Three of 
the four walls were 2-1/2 inches thick. The roof slab and the rear 
wall were 2-inches thick. All joints and openings were canpletely 
closed by means of fiberglass sealing strips. The floor slab was 6-
inches thick and had a 1-inch square by J-inches thick concrete pad 
at each corner and at the center of each side. This structure vas con­
structed of specially milled structural steel framework an:i reinforced 
concrete floor, roof and side slabs. This structure was 5-feet J-inches 
long, 4-feet 1-inch "Wide, and 1-foot 1/2-inches above grade. 

Structure J.J.8h vas also kno'Wil as the "Model Structure Type C-1.1." 
This structure was a 1/4 scale model of Structure 3.3.3 am was con­
structed in the form of a hangar "With three open-sided 19-foot 8-inch 
bays. Sixteen special built-up columns supported 27 prefabricated 
trusses which in turn supported a 1/2-inch plank deck roof. Three 
structural steel skylight monitors "With steel sash were provided in 
the roof. The monitors and outside trusses "Were covered 'With corru­
gated metal siding. The two end walls were constructed of concrete 
brick. Steel sash windows "Were set into each end vall. A total of 16 
pyramidal footings were provided for colwnn supports, varying in size 
from 1-inch square to 2-inches square anl 5-feet 1-inch deep. This 
structure was 59-feet 8-inches long, 30-feet 2-inches wide, and 13-feet 
in height above grade. Structural steel wing walls, covered 'With corru­
gated metal siding, extended on each side of one of the en:i walls. The 
wing walls were 9-feet 8-1/2 inches above grade and were 10-feet 2-1/2 
inches long, making the over-all width of one end of the structure 50-
feet 7-1/2 inches. 

Piers for displacement gauges were provided for Structures 3.3.3 
and 3.J.4. Six piers were provided for Structure J,J.J all constructed 
of heavily reinforced concrete supported by a 7-foot by 9-foot 6-inch, 
2-foot thick pad. These piers were pyramid shaped, 25-feet high and 
4-feet 6-inches by J-feet at the base. Two piers were provided for 
Structure J.3.4 and vere constructed of heavily reinforced concrete 
supported on a 3-foot by 4-foot, 9-inch thick pad. These piers were 
pyramid shaped, 10-feet high and 1-foot 9-inches by 2-feet 9-inches 
at the base. 

Fram the descriptions given above, it would seem that none of the 
Air Force structures presented a formidable construction problem. How­
ever, examination of the details involved in each of the structures re­
veals, among other things, that construction practices were called for 
which vere unusual when compared to normal practice in the United States. 
On this score, indoctrination of personnel charged with the supervision 
of the work in the philosophy that these structures were, in essence, 
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test instruments for experimental purposes soon alleviated a:ny diffi­
culties. For this reason, and others which are presented hereinafter, 
the Air Force Structures are good illustrative examples of the many 
ramifications entailed in the construction of test structures of this 
type at an off-shore isolated base. It is not the purpose of this re­
port to repeat in detail all of the instances which bear on this point 
inasmuch as detailed reports have been submitted in answer to questions 
raised by the various groups concerned. However, in order to indicate 
the scope and number of the factors which must be considered in evalua­
ting this construction effort, a few significant example~ are presented 
which show the impact on construction of changing requirements respect­
ing location, changes in design, time-consuming liaison channels, and 
firm construction deadlines to meet test operation schedules. 

Location requirements for all structures were received through 
channels described above and, in due ;ourse, drawings were issued to 
the Jobsite Construction Department s~ecifying exact locations for all 
items of construction at Eniwetok Atoll including the Air Force struc­
tures under discussion. In the case of the group of structures, in­
cluding Structures 3.3.3, 3.3.4, and J.3.8g, located on Muzin Island, 
locations were established and work on foundations had progressed al­
most to completion vhen a change in location was ordered at the re­
quest of the Air Force, shifting all three structures 150 feet. The 
abandonment of the work already done, while important to remember, 
should not have interfered greatly under normal conditions with the 
progress of construction. However, in this case work was stopped and 
almost a month elapsed before the new location was specified. This 
required rescheduling of other construction work in order to best uti­
lize the men and equipment made available by the work stoppage. In 
addition, when the new location was specified, it was found that part 
of the concrete poured for the earlier foundation for the J.3.3 struc­
ture interfered with the placement of the new foundations and had to 
be torn out. 

In the case of structure 3.3.8h, the quarter-scale model of struc­
ture 3.3.3, a substantial portion of the structural steel and sash re­
quired had to be milled to cross-sectional dimension because standard 
stock sizes did not satisfy the scale requirements. As a consequence, 
difficulties in procurement were experienced which were enhanced when, 
at a late date, design changes -were introduced. 

Problems were encountered in fabrication of the trusses required 
for the structure an:i particularly in the tension and compression mem­
bers which were made of angle steel machined to cross-sectional dimen­
sion. In the course of machining the required angle steel, H&N in­
spectors raised the question as to whether the dimensional criteria 
specified were being met. The problem was referred to the group re­
sponsible for design of the structure for resolution and clarification 
of the specifications. In due time an interpretation was received 
which would permit acceptance of the machined parts as within specified 
tolerances. On the other hand it was apparent that such acceptance 
would have, as an inherent result, a danger of distortion during 
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subsequent riveting steps. As a consequence, a new interpretation of 
specifications was requested. As a result of the second request a re­
presentative of the Air Force inspected the ~achined steel at the fab­
ricator' s yard and firm decisions were finally reached in which tension 
nembers thus far fabricated would be accepted and compression members 
would be rejected. New machining methods were then established by the 
supplier and the job completed in accordance with the interpretation 
of plans and specifications finally obtained. 

With respect to the required steel sash, shop drawings were pre­
pared and approved and subsequently a sample sash in accord with the 
approved drawings was submitted to the Air Force design group. On 
October 10, 1950, this group notified H&N that a design change was de­
sired due to the fact that the design embodied in the sample submitted 
was too strong in comparison with the remainder of the structure. The 
redesign was ultimately forthcoming and fabrication and shipment to 
the Jobsite followed. 

From the above examples it is apparent that consideration must be 
given in construction of this type to the precise technical nature of 
the structure, to the changes that are invariably encountered in dealing 
with experimental requirements, and to the difficulties attendant upon 
the establishment of small tolerances for fabrication. When, in addition 
to such consideration, one remembers that a deadline had to be met by 
construction forces, the complexities mentioned become matters of serious 
concern. Thus, in connection with the 3.3.8 structures, in order to meet 
deadline dates, the decision had to be made on whether to require the 
structural steel fabricator to deliver perfect structural steel elements 
(which could not be done in time to meet construction schedules) or to 
accept somewhat less than perfect, but usable, elements and complete the 
work on time. The latter course was chosen, but not without repercussion. 
The fabricator had been chosen (in accordance with standard practice) on 
the basis of a low bid and qualifications to do the required work. How­
ever, during the course of the work (which had finally been initiated 
after a series of design changes), the H & N inspector noted that devia­
tions existed between webs and flanges of mating structural steel com­
ponents. This condition was brought to the attention of the fabricator 
and work was stopped, It was soon apparent that new steel could not be 
obtained in time to permit fabrication and shipment to the Jobsite in 
time to meet schedules and this condition was thoroughly explored and 
confirmed by the H & N Procurement Department. On careful examination 
of the parts on hand, it was determined that matching elements could be 
found for some of the components, and the decision was made, in order to 
save time, that where components did not match, the webs should be 
aligned and a mismatch permitted on the flanges where mismatching was 
due to mill tolerance variation of not more than 3/8 inch. Protrusions 
were to be ground flush. In order to avoid any difficult~in field erec­
tion, test erection and match-marking of these components at the fabri­
cator1 s yard was specified and accomplished prior to shipment to the 
Jobsite. 

On November 14, 1950, the Air Force representative at the Jobsite 
advised that the structural steel thus fabricated was unsatisfactory for 

6-142 



final field erection. This rejection was based upon visual inspection 
and measurements made of steel before erection. However, in order to 
permit a full determination of the factors involved, structural steel 
for one of the 3.3.8 structures were erected. A survey made at this 
time indicated that some discrepancies in beam connections were present 
and minor variations existed in the beam and column connections. These 
discrepancies after erection, were found to be much less than those re­
ported before erection and no difficulty was experienced during the 
final erection of these structures, which was authorizedl by the AEC on 
December 5, 1950. 

Just prior to completion of the structures, a change vas introduced 
calling for bars to be welded on both flanges and on both sides of the 
beam web at all splices in Structures 3.3.8a, b, c, d, and e for the 
purpose of strengthening the beams in question, thus closing the incident. 

INSTRUMENTATION 

Early in 1950 the Sandia Corporation had been given the responsi­
bility for instrumenting the structures involved in the Military Struc­
tures Program. In order to avoid major staff increases in the Sandia 
Corporation, the proposal vas made that Holmes & Narver supply auxiliary 
technical services in the form of a technician pool operating under the 
supervision of Sandia Personnel, After studying the proposal, H & N 
expressed its willingness to undertake such a program and, subsequently, 
on March 14, 1950, Work Authorization No. 50-507-9 was issued formally 
authorizing the following: 

"3. Instrumentation - All instruments and connecting vire 
required will be furnished to you by the Sandia Corporation. 
Your participation in this portion of the program consists 
of the design (in accordance with information furnished by 
Sandia Corporation), procurement and installation of all 
mounting fixtures and all conduit required to install, cal­
ibrate and read all instruments and measurement poilft.s under 
the supervision of representatives of the Sandia Corpora­
tion. You will not be required to interpret any of the 
reading or measurements resulting from.the test. Also, 
prior to the test, you will obtain from the Sandia Corpora­
tion representative a signed certification that the instal­
lation, calibration, and initial readings or measurements 
are approved, It is understood that the instrumentation 
work will be performed by a special group of workmen under 
a separate Holmes and Narver supervisor under the direction 
of Sandia Corporation representative with respect to tech-· 
nical and operational matters only." 

1Ref TWX SD 6418 
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Original estimates of cost for the instrumentation program had been 
submitted on February 8, 1950 and totaled $665,095 including the services 
of 74 men who would work under the supervision of Sandia Corporation per­
sonnel, This estimate was based upon the inclusion in the Structures 
Program of: St:M1ctures 3.1.1, 3.1.3, 3.2.la, 3.2.lb, 3.2.2, 3.2.Ja and 
b 9 3.2,4a and bj 3.2.5, 3.2.6, 3.2.7, 3.3.3, 3.3.5a and b, and 3.3.8h. 
Small shelters for only twenty recorders and camera mounts were also 
invo~ved. However, by April 6, 1950, the scope of the work required of 
Holmes & Narver was radically revised, additional structures were added 
to the program, and H & N's responsibilities were increased to include: 

l, Design and construction of recorder shelters and conduits 
from the various shelters adjacent to the test structures 

2. Design, procurement, and shipping of instrument mounts 

3. Design and construction of camera mounts 

4. Construction of instrument pedests.ls 

5. Installation, calibration, and reading of instruments 
and measurement points 

6. Preparation of plans showing locations of all instruments 

7 Warehousing and pr0perty accountability of all instruments, 
wiring, and appurtenances at the Jobsite 

Personnel. As a result of these changes, the estimate on the 
lnst:r:.mentation Program wa.~ revls~G up~ard to $1,067,060. Original 
planning was based upon the philosophy that the Sandia Corporation 
would supply all supervisory personnel required for the program and 
tha~ H & N ~ould provide a work force for all other duties. However, 
in 01'der to minimize the "out-of-pocket" cost to the Department of 
Defense ~r the Instrumentation Program, the decision vas reached that 
ma:x:im•JID. use should be piade of mili ta.ry personnel. As a consequence of 
this decision, the integrated group participating in the Instrumenta.­
~ion Program comprised 42 military personnel, 10 Sandia. Corporation 
personnel and 36 H & N personnel. The H & N increment included person­
nel in many c~tegories ranging from property clerks and carpenters to 
ski::.led ele c\ ronic engineers. In addition to the field force mentioned 
above 9 it should be noted that at least ten expert draftsmen were 
assigned, under the supervision of Sandia Corporation personnel, to 
duties connected 'With the preparation of 147 drawings shoo.ring instrument 
:ocations~ mount designs, and mount locations. 

In order to completely integrate the personnel requirements of the 
program, Holmes & Narver personnel participated extensively in the in­
terviewing and recruitment of military personnel ultimately assigned to 
the work. By such participation, early, definite decisions could be 
reached on the numbers and classifications of personnel to be recruited 
by H & N; thereby materially expediting the initiation of security 
cleara.'l'lce processing. 
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All technical. personnel employed by Holmes & Narver for the overseas 
portion of the program were assigned directly to the Sandia Corporation 
Laboratories at Albuquerque, New Mexico for training. The Instrumenta­
tion Program involved an effort to attain very precise and, in some 
cases, novel data on structures subjected to the effects of large ex­
plosions. End instrumentation included electronic gauges, self-recording 
gauges, survey and Whittemore point measurements and Stimoscopes. The 
electronic gauges were associated with multi-channel, high precision, 
magnetic tape recorders. The measurements involved in the Instrumenta­
tion Program included pressures from 0 to 250 psi, strain from 0 to 10 
per cent, accelerations from 10 to 350 g, displacement from 0.003 to 
5.00 feet, and ti.me of break of various panels. In viev of the highly 
specialized nature of the work thus involved, careflll. training of per­
sonnel in the duties to be performed was of prime importance. A sub­
stantial. portion of the training of H & N personnel assigned to the pro­
gram was accomplished by the expedient of temporary duty tours at the 
plants engaged in the manufacture of end instruments and recorders. 
This phase of training proved invaluable during field operations. 

Engineering Services. The designs of the various recorder stations 
(301 Station series) and the camera mounts (302 Station series) are dis­
cussed in Section V, Engineering, Vol. II. Briefly, the recorder shelters 
housed electronic recorders, timing racks, and batteries; and the camera 
mounts protected photographic equipment installed for the purpose of re­
cording observations made during test detonations. Construction sched­
ules on the Military Structures Program cal.led for the commencement of 
work on this program during Aptil 1950 and, in view of the fact that 
instrumentation locations were scattered through all parts of the struc­
tures involved in the program, it was essential to provide the construc­
tion organization with location drawings at the earliest possible date. 
As noted above, ten expert draftsmen, operating under the supervision 
of Sandia personnel, prepared the 147 drawings involved in approximately 
one month. Representatives of the three services were assigned to the 
Los Angeles office of H & N during this period in order to expedite 
approval of the dravings. 

In addition to the preparation of the location dravings, H & N was 
assigned the responsibility for collating information and preparing draw­
ings shoving the location of a11 survey points and Whittemore points. 
Each survey point was accurately fixed by 3-dimensional location. A 
special monument system was established and integrated into the island 
and atoll surveys with an accuracy of plus or minus 0.001 foot. Details 
of the surveys are included in Chapter 5.8, Vol II, Appendix "D". 

Field Activities. The construction phase of the Instrumentation 
Program required a complete coordination between tbe instrumentation 
group and the construction forces. To effect this coordination, H & N 
assigned three inspectors whose primary duties were to assure the proper 
and accurate placement of all (approximately 800) instrument mounts. A 
weekly reporting system was established in order to keep all concerned 
informed on the progress of construction connected 'With the Instrumen­
tation Program. 

6-145 



Gauge installation was started during November 1950 with the laying 
of all cables required for the Instrumentation Program. Thereafter, 
operating from a field laboratory established in Air Force Structure 
3.3.5a on Engebi Island, calibration of each gauge and complete check­
out of each of the 24 channels of each of the magnetic tape recorders 
was accomplished. Actual installation of end instruments followed in 
due course. During January and February 1951, Whittemore points were 
drilled in all exposed steel members (points located in reinforcing 
steel had been placed by construction forces) and survey points were 
established using "drive-it" markers. 

The follo"'1ng relevant statistics are of interest in connection 
with the activities of the field forces engaged in the Instrumentation 
Program: 

Electric gauges installed 

Self-recording gauges installed 

Survey points established 

Whittemore points established 

Stimoscope readings 

Natural period studies 

621 

252 

2,15.3 

1, .314 

1,249 

7 

Upon completion of the tests, H & N personnel engaged in making 
the required measurements and surveys and in the recovery of data and 
equipment. Thereafter, H & N technical personnel were reassigned to 
duty at the laboratory of the Sandia Corporation at Albuquerque, New 
Mexico, in connection with the reduction of data, the responsibility 
of Sandia Corporation. 
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CHAPTER 6.8 

SUBCONTRACTS 

The use of subcontracts in performing the services required in 
connection with the development and operation of the Proving Ground was 
specifically recommended in the Reconnaissance Report as follows: 

"Various parts or sections of the work may be awarded to sub­
contractors for certain special reasons. The practice of awarding 
such subcontracts is not only common, but universal on any piece 
of construction work which is extensive in its nature. Under 
present circumstances, there are several conditions which would 
justify this procedure: 

To employ special management skills and methods. 

To effect hire of special skilled personnel for short time work 
when such personnel is not available for hire on the open 
market. 

To avoid difficulties of operating with certain trade groups 
or unions. 

To acquire the use of specialized equipment for a specific 
operation when purchases or rental of such equipment is not 
economically just!fied." 

In the course of the Project, it was deemed expedient to minimize 
the amount of Jobsite subcontracting because of wage scale difficulties 
which would have resulted. Thus, the only portion of the Jobsite con­
struction program for which H & N initiated a subcontract for services 
to be performed at the site was that involving the erection of the ten 
towers required, of steel erection for various structures, and of 
heavy rigging services and related activities requiring similar skills 
and experience. This subcontract involved a total expenditure of ap­
proximately $390,000 for labor, materials, equipment, etc. 

Late in 1950, when the decision had been made to institute a 
grouting program in connection with Structure 3.1.1 of the Military 
Structures Program, H & N was directed to enter into a subcontract 'With 
a designated specialized organization covering the supervision of the 
grouting operation and the use of patented grouting methods, materials, 
and equipment. In effect, Holmes & Narver were merely an administra­
tive agency in connection with this work and served as well to make 
available to the subcontractor a labor pool and materials to aid in 
performance of the work. The determination of the adequacy of the 
work for the desired purposes was the responsibility of others, and 
to this end the AEC dispatched engineer personnel and special consult­
ants to the Jobsite. (The details of the grouting program and the 
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subsequent drilling exploration are discussed in connectioa vi th the 
construction ot military structures. ) The total eJC;pendi ture inwl ved 
in connection v:l..th the grouting subcontract (but not the llbole grouting 
program.) , was approximately $251, 560, including $74, 545 tor H & 11 labor 
and $27,449 as the proposed fixed fee to the subcontractor. 

In connection with construction activities, two subcontracts were 
entered into covering the prefabrication in the United States, ot com­
ponents for the Military Structures Program.. The first iJl"'f'Olved the 
prefabrication of reinforced concrete components tor the N&"TY portion 
of the program and the second: inTOlTed the prefabrication ot cow:ponents 
for a cylindrical reinforced concrete section, 8 feet, 6 inches inside 
diameter by 27 feet in length tor the .law7 3.1.3 structure. 'l'heae sub­
contracts were considered to be desirable in viev ot the baaic philos­
ophy of conserving manpower at the site, the high strength apecitica­
tions, close tolerances, and specialized nature ot the wrk inwl...ed. 
With the aggregates a"t'8ilable at the Jobsite, it vu clear that meeting 
specified concrete strengths could not be considered. routine. l"urtber­
more, because of the great number of coaponents involved, the utiliza­
tion of Jobsite manpower tor these taska did not appear to be Justified. 
In view of the ditticulties experienced by the subcontractor in the 
fabrication of the Na"'Y components at a San 1'rancisco area plant, the 
decision to arrange a subcontract for this work was clear~ 1B accord 
with the principles announced in the Reconnaissance Report. 
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Pipe Form Being Landed on Spinning Rollers for Army Test 
Structure 3.1.3, American Pipe & Construction Co., Sub­

contractor. 



View of Completed Pipe for Army Test Structure J.1.3, Ameri­
can Pipe & Construction Co. , Sub-Contractor. 



Bulkhead Form vi.th Reinforcing Steel in Place for Army Test 
Structure 3 .1. 3, American Pipe & Construction Co. , Sub-Con­

tractor. 



Concrete Plant for Pipe Manufacture for ~ Test Structure 
3.1.J, American Pipe & Construction Co., Sub-Contractor. 



CHAPTER 6.9 

HEAVY EQUifffENT 

Throughout the course of the work at the Proving Ground, emphasis vas 
placed upon the importance of having aaple heavy equipnent available for 
all types of construction. This emphasis entailed early and continued ef­
forts to procure construction equipment from govermaent surplus stocks and 
to salvage and rehabilitate equipment found on the Atoll by the Beachhead 
Group and later by construction forces during the cleanup of the extensive 
dump area on Parry Island. 

Surplus equipment and spare parts in great quantity were located at 
Guam, and arrangements were made for tr.ansfer to the AEC from the Corps 
of Engineers, and from the Navy. Transportation froa Guam to Eniwetok was 
provided by ·the Navy without charge and in conjunction with the shipment 
by LSD of some M-boats from Sasebo, Japan. Much of this equipm.ent was in 
need of repairs, some which was beyond repair was cannibalized to form a 
basic spare part stockpile 'Which proved invaluable on many occasions. This 
particular method of procurement of construction equipaent had the signal 
advantage of making a considerable quantity of heavy equipnent available 
immediately at the Jobsite for use in the construction program, at a mini­
mum expenditure of funds. 

In the selection of the equipment transferred, competent heavy equip­
ment personnel examined all items that were available and evaluated each 
choice on the basis of operating condition, cost of repairs, usef'ul life 
expectancy, availability and cost of ccaparable items through other sources 
and like considerations. · 

Heavy equipment mechanics were included in the first group of H & N 
personnel assigned to Eniwetok, and the establishment ·of a heavy equipment 
shop was one of the missions scheduled for early accomplishment. Extra­
ordinary atmospheric conditions and the necessity for borrowing consider­
able amounts of coral from underwater sources were the chief contribution 
to the short usef'ul life for construction equii:aent used at the Atoll and 
to the high maintenance costs. Cyclic maintenance programs were prescribed. 
The frequency of maintenance depended upon usage; thus, for example, bull­
dozers working on the reef and subjected to the constant corrosive action 
of salt water were greased and coated with corrosion preventive agents as 
frequently as every day. 

All types of equipment needed for the application of the most modern 
construction techniques and practices vere accumulated in the equipllent 
pool. In addition an extensive boat pool including tugs, barges and vari­
ous amphibious craft was operated for the inter-island movement of mate­
erial, supplies, and construction personnel, The following list of types 
of equipment nov in use or in storage at the Proving Ground is indicative 
of the types available and used during construction: 

Crane, cravler, Model 25 
Crane, crawler, Mod.el J9A 
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Crane, crawler, Model 3000 
Crane, crawler, Model 61tlAK - vi.th shovel 
Crane, crawler, Model 655A - vi.th shovel 
Crane, crawler, Model 2000B - with shovel 
Crane, crawler, Model 6WAL - with shovel 
Crane, truck Model 18T-50 
Crane, truck Model HC-70 
Grader, road, Caterpillar, Model 12 
Grader, road, Caterpillar, •Road Patrol• 
Ditching Machine, B/G Model 44c 
Paver, crawler, Ransome Model 34E dd 
Road-roller, Model WXLC-3 
Tracavator, crawler, Model T-4 
Tractors, crawler, Caterpillar, Model D-7 
Tractors, cravler, Caterpillaf, Model D-8 
Batcher, traveling, Model 534 
Bodies, dwnpcrete, Model 2C-2 
Buckets, concrete, Model 416-L 
Buckets, dragline, Page, Model 1-KC 
Conveyor, belt, Model 17 
Crusher, rock 
Finishers, cement, Model B 
Hammer, piledriver 
Mixers, air-driven, Model MGB 
Mixer, cement, Model 141-5 
Mixers, concrete, Model 11-S 
Mixers, concrete, Model 16-S 
Batch-plants, w/acc. 
Light-plants, 7.2lva, Model WC4-7.55 
Plant, rock-crushing, Pitmaster 
Rooters, road, LeTourneau 
Scrapers, carrrall, LeTourneau, Model LP 
Screen, vibrating, Model lS-266 
Screen, washing-unit 
Sheepsfoot, 2-drua, Model 20 
Trailers, doll7, Model JD 
Trailers, 4-vheel, pneU11&tic-tired 
Trailers, full flatbed, Fruehauf Model FNN 422-SP 
Trailers, lovbeds end semitanks 
Trailers, tank, bituminous, Model 102 
Trucks, cargo, GMC Model CCKW-353 
Trucks, dump, Reo Model D-23S-B 
Truck, fire 
Trucks, full flatbed, Model M-5H6 
Trucks, pickup, Ford Model 8HC 
Trucks, tank, 600 gal 
Trucks, transit-mix, Model F-226 
Vehicles, motorbus, Model K-7-269 
Carts, concrete, 6 cubic foot 
Compressors, air, portable 
Diggers, pnewaatic, portable, Model 75 
Drills, air, pneumatic, portable, Model JJSK 



Drill, air, rotary, portable, Model J27-R500 
Drill, core-cutting, portable, Model ES-48 
Drills, derrick, pneumatic, Model LCM-73 
Drills, sinker, dry, Model S-55-D 
Generators, 75 Kw, Model DlJ-66 
Generating Units, Model EH 
Hammers, riveting 
Hoists, single-drum 
Hoists, hook, suspension 
Machines, holeblasting 
Machine, sandblasting 
Vibrators, cement, electric 
Welders, arc 
Wrench sets, impact, pneumatic 
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EXHIBIT A 

Memorandum of Agreement for Participation 
in Construction Program, Eniwetok Atoll 



6-l5lt-

MEMJRANDUM OP AGBEEMDT FOR 
PARTICIPATION Ill COISTRUCTIOB PROGRAM 

ENIWETOK ATOU. 

l. In viev of the rapid approach of the time vb.en actual construction 
of facilities on Eniwetok IelaDd vill begill, it vaa considered. desirable 
to call a meeting between the variou.e parties baTiDg an active interest in 
this construction for the purpose of fillal a&reement as to the division 
of responsibility and construction activities between the Atoaic Energy 
Commission and its contractor, Holaes & lfarver; and Joint Te.Ilk Force 'l'hree 
and the Construction Battalion. Accordingly, suc:ll a meeting vaa held at 
JTll'-3 Head.quarters, Washington, D.C., on Jamia.ry 30, 1950. 'l'he following 
persons were present: 

JTP'-3: 

Lt. Gen. E. R. Quesada, Coamanding 
Brig. Gen. Loper 
Col. Hale 
Col. Tate 
Capt. Pahl 
Col. Stanford 
Lt. Col. Alexander 
Mr. Riley 

7th Engl-. Brigade: 

Brig. Gen. Butler 
Lt. Col. Mccrone 
Maj. Lyon 
Maj. Detlie 

~: 

Col. Schlatter 
Mr. Spain 
Mr. LaPlante 

Hol.Ms & larn!r: 

Mr. Holaes 
Mr. Lester Kell;r 

2. 'l'he follovi.ng a&reements were -.de or reatfirlled: 

a. The iteu listed bel.ov constitute a coaplete listing of facilities 
to be constructed. on Bnivetok !eland for which A"lf;; vill procure aaterials: 
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(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 

(36) 
(37) 
(38) 
(39) 
(40) 
(41) 
(42) 
(43) 
(44) 
(45) 
(46) 

Power Houae Tranallitter 
Tranami tter Building 
Latrine• 
36-man Barrack.I 
72-1111.11 Barrack.I 
Di1patcher1 Buildii:ig 
Anl:! Talk Group Head.quarter. 
Po1t Office and P.X. 
Latrine 
18-1111.11 Barracka 
Ward BuildiDg 
Dilpenaa17 
Pire Station 
800-1111.11 Theatre 
Laundry 
Reef er Buildii:ig 
Boiler Houae 
Bake17 
Mell !J&ll 
Co-1.Haey 
18-un Barracu 
LatrinH 
800-man Theatre 
LatriDH 
Power Plant • Di1tillation 
Rad. Chea. Buildii:ig 
Drone Headquarter. 
Air Operationa 
Power Houae, ReceiTer 
ReceiTitr BuilcU.Jli 
Drone control Bup 
~gen Shack 
WeatAer Imtrlment lepa1r BIUlcU.Jli 
Bue Operatiou • Co1ltrol '1'onr 
Air Tuk Group Headquarter•, AACS, 

Air Plot, Photo Operatiou 
cruh Truck Shed 
L-13 Operationa 
L-13 Ma111.te11&11ew 
P.O.L. Pumphouae 
P.O.L. SUbMriDe L1:ae1 
P.O.L. Storage Tanka 
PrHh Water Tanka 
Latrine• 
Loran. Station 
llRDL 7 Chn. corp1. Area 
Tent Slab• • rr .... 

-2-

Bld,g. llo. 

3 
4 

5-8 
10 

11-13 
14 
15 
16 
17 

18-21 
23 
24 
29 
30 
31 
33 
34 
35 
36 
37 

38-42 
43-44 

45 
51-55 

56 
57 
77 
78 
84 
85 
86 
87 
88 
89 

90 
91 
92 
93 
94 

107 
109-115 

ll.6 
117 

,,.. 1hovD 011. Lqout 
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(47) Cargo Pier Extension 
(48} PersonDel Pier 
(49) Runway Extension & Rot&tion 
(50} Parking Are8' & Taxi~s 

(inclllding L-13 tiedovns) 
(51) Roads and Streets 
(52) Electrical Distribution System 
(53} Fresh & Salt Water Distribution Systella 
(54) Sewage Sy.tea 
(55) Telephone Syatea 
( 56) Open Air Shover 
(57) Ward Building 
(58) 72-man i]( Quarters 
( 59) Gas Storae;e 
(60} JP l Fuel 
(61) Movie (8oo-man) 
(62} Telemeter Trailer 
(63) EleY&ted. Water Storage 
( 64) Latrines 
(65) Salt Water Pump St&tion 
(66) Latrine &i Decontaination Showr 
(67) Latrines 
(68) Booster Pump Bouse 
(69) Rehabilitation ot Bldga. 58-76, 79, 80 

82a and b, 83, 98, 99, l00-106 

Bldg. lfo. 

9 
22 

46-50 
95 
96 

108 
120 
l2l 

l.22-123 
124 
125 

1.27-130 
131 

b. Hollies and 1'&M'l9r will design all facilities listed 1n paragraph 2a, 
will furnish 10 complete sets ot vorlt1Dg dravi.nfls to the Batt&llon, and oae 
transparency ot each building floor plan and elefttion to J'?r-3 Headquarters. 

c. Holmes and 1'arntr vill construct the tacilltiea 1n 2&(1), (2), (25'), 
(29), (30} 1 (40), (48), (52), and (54). 'Dae Rece1TUI& Building and Power Bouse, 
lfos. 2a(29J and (30}, will be conatructed b7 Bo1-s and Barver atter the arr1Y&l 
ot the Battalion u a dellonstration to battalion persoDIMll ot the proper .. tbod 
ot erection ot the prefabricated alUllima buildiDgs. Itea (25) vill be con­
structed by Holllea and llarTer complete except tor the aliaima buil.diDg llhell 
and such aaaiatance u the Battalion can. render 1n ]Jqout., excant.1011, concrete 
placeMnt, and unakilled labor. Item (52) vill be constructed. complete to tbe 
aerrice drops by Holmes and 1'&rTer, ut1llz1Dg such usiatuce u the Battalion 
can f'urniah in layout, setting poles and f'urniahills apprentice labor. Item (54) 
vill be constructed by the Battalion, except that Holmes and llarTer v1ll con::. 
atruct the sever outtalla troa the last MD.bole on the beach. 

d. The Battalion Vill construct all tacilitiea llated 1n paragraph 2& 
except thoae Hated in paragraph 2c above. Thia includes ~t and at&lt1Dg. 

-3-
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e. Holmes & !Jarver vill procure all construction -terials to be 
incorporated into the varioua structures. This includes cement, c~rcial 
explosives tor excavation and quarrying, and fixed equi:pment in the buildi.Dgs, 
such as sinks, kitchen equi:pment, bakery equi:;ment, fixed reefers, toilet 
fixtures, a reasonable emount of 11.lllber and plywood tor tent tr1111111s, 1helvi~ 

and lockers, and the like. It d.oea not include form lumber, construction 
equipment and hand toola, concrete aggregate, hoapital equipment other th&D 
fixed, office and quarter turuiahi~a, meH table and ch&i.ra, crockery and 
silverware, tents, and special equii--nt 1uch aa weather equipment, shop 
equipment and the l!Jte. SUch Bol.Jles & larver procur-nt ~ be from De­
partment ot Defense stocu in accordaZlce vith ex11ting agreement. A. ship 
will arrive at the lite on or about April 7, 1950, vith sufficient materials 
to provide tor 1-diate t'U.ll-scale construction effort on the part ot the 
Battalion. 

r. Tuk Group 3.2 Yill trunish all stevedori~ services troll hold 
to shore on Eniwetok and Parry Ialanda. Holme• & larTer vill proT1.de 1ten­
dori~ service'trom. lighter to ahore on all other ialanda. Bolae1 & larver 
will norma.ll7 operate all boata, tug1, barges and l1ghter1, but vill be 
supplemented by boats from. Tuk Group 3.2 (by 1111.tual agreement) aa required. 

g. In order to &Hist the Battalion during the construction period, 
Holmes & l'larver will furnish the tollovi~ personnel: 

one construction superintendent 

One each craft tor-n: Plumber, ate..titter, interior 
electrician, exterior electrician, 
concrete (during initial stage ot 
construction 0111¥) 

Tvo each craft Journeyman: Plumber, interior electrician 
(tor a 90-dq period) 

These men will report to the conatruction 1uperinteDd.ent and vill direct work 
only through the cO'llllissioned or non-cCllll&iasioned officers in direct charge 
ot the particular phue ot work. The conatruction superintendent vill advise 
and assist the Conasnding General of his designated conatructi~ El:lgi.Deer 
and will be the representative ot the ~ Resident El:lgineer tor inspection 
purposes on behalf or the Al'£ • 

h. Holmes & larver vill operate and ll&intain the electrical generators 
to the board, vater distillation unita to the elHated tanlul, salt vater pumps 
to the main and refrigeration units. Tult Group 3.2 vill operate the P.O.L. 
tacilitie1 and Roi.me. & l'larver vill maintain these tacilltie1 incl~ P.O.L. 
Subm.rine Linea. Task Group 3 .2 Yill &Hist Bo1Jle1 & llarnr in acccapl11hi~ 
the above by turn1sh1~ personnel u required. 

-4-
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i • Holmes & Narver vill provide all materials and replacement parts 
ror maintaining the building and facilities listed ill paragraph 2a with 
the exception of item. (44). This is to illclude installed equ1pi1ent pro· 
vided by Holmes & Narver from c011111ercial sources. 

3. It wu &gl'.eed that all parties concerned will mutually cooperate 
and &Hist. Direct coordination and cooperation between the AIC Resident 
Engineer and his designees, and the Comanding General and his desiglleea 
is desirable and is authorized, bearing in 1llind that changes ill the scope 
of the work must have the approval of the Resident Engilleer's home office. 
Where possible, mutual exchange of construction equipment tor specialized 
jobs will be made, vi th priority or uae being jUdged by the Resident 
Engineer. 

Approved: /s/ E.P. Morgan, Acting 
C. L. Tyler 
Manager, Santa Fe Operations 
U. S. Atomic Energy Comm1ssion 

Approved: /s/ E. R. Quesada 
E. R. Quesada, Lt. Gen. 
COlllUJld.1ng 
Joint Taek Poree Three 
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EXHIBIT B 

Extracts from H & N Concrete Report 



CQRAL AQGREGATE CONCRETE 

The following is the mix formulae used to obtain 2000 to 3500 
p.s.i. concrete on the various islands. 

RUNIT - SITE nc II 

3500 and 3000 p.s.i. 

Santa Clara Cement 
Runit Pit Sand 
Reef Crushed Rock 
Sea Water 

658 pounds per cu. yd. 
1300 pounds per cu. yd. 
1600 pounds per cu. yd. 

6 gal. per sack 

2500 and 2000 p.s.i. 

Santa Clara Cement 
Runit Pit Sand 
Reef Crushed Rock 
Sea Water 

611 pounds per cu. yd. 
1300 pounds per cu. yd. 
1600 pounds per cu. yd. 

6 gal. per sack 

BIIJIRI - SITE "D" 

3500 and 3000 p.s.i. 

Santa Clara Cement 
Aomon Fine Sand 
Coarse Biijiri Sand 
Site "D" Canned Crushed Rock 
Sea 'Water 

658 pounds per ou. yd. 
360 pounds per ou. yd. 

1125 pounds per cu. yd. 
1330 pounds per ou. yd. 

6 gal. per sack 

2500 and 2000 p.s.i. 

Santa Clara Cement 
Aomon Fine Sand 
Coarse Biijiri Sand 
Site "D" Canned Crushed Rock 
Sea Water 

611 pounds per ou. yd. 
360 pounds per ou. ydo 

1125 pounds per ou. yd. 
1330 pounds per cu. yd. 

6 gal. per sack 

ENGEBI - SITE 11E" 
3500 and 3000 p.s.1. 

Santa Clara Cement 611 pounds per cu. yd. 
Sand 1493 pounds per ou. yd. 
Crushed Reef Rock 1396 pounds per cu. yd. 
Brackish Water 6 gal. per sack 

• 

6-159 



CORAL AGGREGATE CONCRETE (Continued) 

• 

6-160 

2500 and 2000 p.s.io 

Santa Clara Cement 
Sand 
Crushed Reef Rock 
Brackish Water 

564 pounds per cu. yd. 
1485 pounds per cu. yd. 
1330 pounds per cu. yd. 

6 gal. per sack 

Lean Mix Concrete 

Santa Clara Cement 
Beach Sand 
Crushed Reef Rock 
Brackish Water 

376 pounds per cu. yd. 
1485 pounds per cu. yd. 
1330 pounds per cu. yd. 

8 gal. per sack 



LIMONITE CONCRETE 

Limonite concrete is a heavy W"eight, high limonite ore bearing, 
high cement ratio concrete using steel scrap as coarse aggregate and 
having good shielding value. Because of its high unit weight it was 
believed that the placing of limonite would be much more difficult 
than coral concrete. This was disproved on Runit (Site "C") and 
Biijiri (Site "V-D") W"here the limonite ore and steel scrap w.s placed 
in the hoppers of the batch plant and weighed in the same manner as 
coral aggregate. The limonite concrete was mixed in a transit mixer 
and discharged into a bucket, then lifted by a crane and placed as 
ordinary concrete. The W"ater content of limonite concrete was found 
to be ver.1 critical in that it would go from a high to low slump ver.1 
quickly; therefore, the addition of W"ater had to be rigidly controlled. 
On Engebi (Site 11E11 ) limonite concrete W"as handled in much the same 
manner except that mix:!ng was done in a stationary mixer and discharged 
into 11Dumperete 11 type "bath tubs 11 on trucks, hauled to the site and 
then handled as described above. Vibrators W"ere used vigorously to 
get an even distribution of scrap steel aggregate within the forms. 
No evidence of segregation was noted and vibration tended to eliminate 
objectionable pockets and voids. 

There were two types of limonite concrete used on the project, 
high strength limonite concrete containing a fixed quantity of limonite 
ore and developing a compressive strength of not less than 3500 p.s.1. 
and high density limonite concrete for which compressive strength was 
not a requirement and no definite proportion of limonite ore to steel 
scrap was set up. 

The average unit weight of high strength limonite concrete is 
approximately 273.5 pounds per cubic foot. This is the average of 
many unit weight tests taken from the loading bucket. The steel scrap 
boxes were labeled 3/8" to 211 and the mixture of scrap contained equal 
parts by weight of bullets, punchings and scrap particles. 

liigh Strength Limgnlte Cgncrete Mix - 35QQ p.s.i. 

Cement - 940 pounds/cu. yd. (Santa Clara or Santa Cruz) 
Limoni te Ore -1880 pounds/ cu. yd. 
Steel Scrap -4100 pounds/cu. yd. 
Water adjusted to provide proper slump (approx. 5.5 gals. per sack) 

The average compressive strength of high strength iimonite 
concrete 6 x 12 inch cylinders on a 28 day test showed a strength of 
4500 p.s.i. This is predicated on all of this type of cylinder cast, 
on Engebi, using Santa Clara and Santa Cruz cement. 
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SAM!'LE FROM LIMONITE 

;Ein~ Qg~~~ 
Sieve Total Total Percent Total Total Percent Passing 
Size WtoRte % Rta Passini Wt 9 Rt 0 % Rt. fa.ssini Ayeraie 

0 61206 100 78400 100 
200 56002 91.6 8.'4 743.6 95o0 5.0 6.7 
100 530.0 86.6 1Jo4 71308 90.8 9.2 11.J 

50 46308 75o7 24o3 670.0 85o4 14.6 19.5 
30 358.7 58.5 4105 60209 76.7 23.J 32.4 
16 247.6 40.4 5906 52106 66.5 33.5 46.6 

8 2L2 3.5 96o5 283.9 36.2 6.308 80.2 
4 0 JOOo 27o5 3.5 96o5 98.3 

3/4 lOOo 1000 

Fineness Modulus - 2.647 J.59 

High Density limonite concrete was specified in some structures, 
and called for a mix having a unit weight of three hundred ten pounds 
per cubic.foot. No strength was required in the dense limonite con­
crete~ its entire purpose being maximum unit veight. Considerably 
more difficulty vas experienced on Runit (Site 11 cn) and Biijiri · 
(Site "D") in placing dense lim.onite concrete. Due to its great weight 
the transit mix could not discharge it. This situation was remedied 
by building a ramp and running the front of the transit mixer up the 
ramp until the back end was low enough to discharge. Considerably 
more vibration was necessary with dense limonite concrete to eliminate 
voids. The high density limonite concrete mix was: 

6100 pounds scrap metal (3/8" to 2") per CUo yd., 
1700 pounds Limonite ore per CUo yd. 

658 pounds cement per cu. yd. 
27 gallons of water 

Gradation of ore the same as above. 

The following is a suggested gradation for steel scrap" The 2" 
dimension quoted herein defined as meaning the greatest dimensiono 

Sieve Number 
2" 
l~" 
l" 
3/411 

1/2 11 

3/8 11 

Percenj; fassit),i 
100 ' 

70 - 90 
50 - 70 
30 - 50 
10 - .30 

0 - 10 

Considerable heat is generated by the rich (ten sacks of cement 
to the cubic yard) mix, but no adverse thermal effects were observedo 
Some hairline cracks were notedo Laboratory experiments indicate, 
that for high strength limonite concrete having unit weights not higher 
than 275 pounds per cubic foot the follo'Wing mix is recommended: 
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5600 pounds scrap steel 
1800 pounds limonite ore 

8 sacks cement 
30 gals. water (approx.) 

These mix proportions per cubic yard may be varied depending on 
the gradation of the coarse aggregate. 
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EXHIBIT C 

Location Changes, Scientific and 
Military Structures 



LOCATION CHANGES (Continued) 

RELOCATION OR TOTAL 
STAT IOI REINSTATEMENT DELErION CANCELLATION CHANGES 
592b 1 l 
592c 2 2 
592d 1 l 
593a 1 1 
593b 1 1 
593c 1 1 
178 1 1 
100 l l 

78 1 1 2 
79 1 1 
95h 1 1 

81.3 2 2 
5 2 2 

32b 1 1 
.32d 2 2 
.32e l l 
.32t l l 
.32g 1 l 
.32h 1 1 
321 l l 
32J l 1 
.32k l - l 
.321 l l 

1.31 l l 
1.32& l l 
l.32b l l 
l.32o l l 
l3~d 1 l 
1.32• l 1 
l.32t 1 - 1 
1.321 l l 
1.3.3 .. l l 
140• 1 - l 
l40b 1 l 
141& 1 1 
l4lb l l 
l44 l l 
142& l l 
1.30 l l 
592e l ... l 
l42b 1 l 
1.420 l l 
143 l - l 

Eberiru-AollloD Group 
lJ.21 1 - ... l 
l.32b 1 ... .. l 
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' 
LOCATION CHANGES (Continued) 

RELOCATION OR TOTAL 
STAT IOI REIN3rATEMENT DELEXIOI CAHCELLATIOJr CHANGES 
132c 1 1 
132d 1 1 
132e 1 1 
132f 1 1 
1.42a l 1 
l42b l l 
1420 1 1 

4218 1 1 
42.20 l l 
4221 1 l 
4Z2la l 1 

812 l l 
3 3 3 

32hl 1 1 
42 1 l 

181 1 l 

Enge bi 
?ld 1 l 
74h 1 1 
80d 1 1 
90e l l 
90f' 1 l 

120a l 1 
120b 1 1 
1200 1 1 
120d 1 l 
120e 1 1 
12la l 1 
Ulb l l 
121c 1 1 
12ld 1 1 
121e 1 1 
123 1 1 
124 1 1 
132a 1 1 
133 2 2 
134 1 1 
132g 2 2 
l32b 1 l 
1320 1 1 
132d 1 1 
l32e l 1 
132f 1 1 
14la 1 1 
14lb 1 1 
1420 l l 
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STATION 
143 
l44a 
l44b 
145 
146 
JOli 
JOlj 
302.a 
J02b 
302c 
302d 
303.a 
32la 
32.lb 
324b 

5151 
5152 
5161 
5162 
5163 
6101 
6102 
6103 
6104 
6321 
6322 
6323 
6341 
6342 
771 

.3 
4 

16 - 0 
2lc 
22a 
22b 
2.3a 
2.3b 
27a 
27b 
32a 
32b 
32c 
32d 
33a 
3.3b 
36e 
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LOCATION CHANGES (Continued) 

RELOCATION OR 
REINSl'ATEMENT 

1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
3 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 

DEIE!ION 
TOTAL 

CANCELLATION CHAIGES 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
l 
l 
1 
2 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 



~.ATIOB CHANGES (Continued) 

RELOCATION OR TOTAL 
ST.ATIOI REINSTATEMENT DELETION CANCELLATIOI CHANGES 
36£ 1 1 
39a 1 1 
39b 1 1 
50a 1 1 
52 1 1 

592a 2 2 
592c 3 3 
593b 2 2 
593c 3 3 
160 1 1 
166 1 1 
8ll 2 2 
181 1 1 
l.42a 1 1 
l42b 1 1 
592e 1 1 2 
80a 1 1 

5 1 1 
622 1 1 
621 1 1 2 
429 1 1 

2 1 1 
.3 1 1 
4 1 1 
5 3 3 
8 1 1 
9 1 1 

10 l l 
11 1 l_ 
12 l l 
14 2 2 
15 l l 
16 2 2 
17 2 2 

Piiraai 
4223 3 J. 

Teiteiripucchi 
60 l l 
61 l l 
62 l 1 
63 1 l 
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I..CXJATION CHANGES (Continued 

RELOCATION OR TOTALS 
STATION REINSTATEMENT DELEl'ION CANCELLATION CHANGES 

4216 l l 
628 1 1 

Muzin 
9le 1 l 

4212a l 1 
5171 1 l 
5172 1 1 

80a 1 1 2 
30ld l. 1 
301.f' 1 1 
301g l 1 
302e 1 1 
302g l 1 
625 1 1 
.302h 1 1 
302j 1 l 
J02k 1 1 
.302a 2 2 
J02n 2 2 
.302p 1 1 
302q l 1 
62.3 2 2 

80 l 1 
.327b l 1 
333 l l 
.3.34 1 1 
.3.35b 2 2 
42ll 1 l 
624 2 2 

Kirinic 
77 2 2 

625 2 2 
625b 1 l 
625c 1 1 
626 1 1 
519 1 1 

~ 
774 l 1 

Eberiru-Ao.mon Group 
2 l 1 
4 1 l 
5 2 2 
8 1 l 

10 1 
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LOCil'IOH CHANGES (Continued) 

RELOCATION OR TOTAL 
ST..lTIOI REINSTATEMERT DELErION CANCELLlTIOli CHANGKS 

28K 1 1 
30& 1 1 
30b 2 2 
30c 2 2 
32e 1 1 
36a 1 1 
36c 1 1 
50d 3 3 
5ld 3 3 

17.3 2 2 
174 1 1 

70h 1 1 
701 1 1 
70k 1 1 
701 1 1 
70m. 1 1 
70n 1 1 
70p l 1 
70q 1 1 
70r 1 1 
?'Os 1 1 
70t l 1 
?Ou 1 1 
70Y 1 1 
70x 1 1 
70r 1 1 
70a 1 1 
7la 1 1 
7lb 1 1 
71c 1 1 
7le 1 1 
7lg 1 1 
'7.3a 1 1 
7)b 1 1 
73c 1 l 
'7.3d 1 1 
73e 1 1 
73! 1 1 
73g 1 1 
'7.3h 1 1 
80a 1 1 
80b 1 1 
80e 1 1 

l.20a 1 1 
l20b 1 1 
120c 1 1 
120d 2 2 
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LCCATION CHANGES (Continued) 

RELOCATION OR TOTAL 
Sf AT ION REINSfATEMENT DELETION CANCELLATION CHANGES 
120e 2 2 
12la 1 1 
12lb 1 1 
12lc 1 1 
12ld 2 2 
12le 2 2 
123 2 2 
125 l 1 
132a 1 1 
133 1 1 

Bogon 
627 1 1 
628 1 l 
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EXHIBIT D 

Summary of Engineering Change Orders 
Is sued at Jobsite 



SUMMARY OF ENGINEERING CHANGE ORDERS ISSUED AT JOBSITE 

ESTIMATED 
NO. DESCRIPTION NET COST 

1 Shower Drains - 11 Buildings - Parry $1,335 

2 Change Sewer Connection - Parry 100 

3 Sinks in Animal Quarters - Japtan 215 

4 Floor and Curb in Mess Hall Kitchen - Parry 100 

5 Relocate Underground Piping - Parry 100 

6 Relocate Facilities - Brookhaven and Sandstone - Parry 855 

7 Relocate Ice Machine - Parry 100 

8 Relocate Ducts and Hood in Mess Hall - Parry 100 

9 Patching Walk-in Reefers - Parry 775 

10 Salt Water Intake - Parry 5,455 

11 Lower Toilet and Shower Floors - Parry 7,455 

12 Relocate Boat Repair Building - Parry 100 

13 Extent 12 1 to Nurses Quarters - Parry 3,385 

14 Drain Pans in Mess Hall Reefers - Parry 280 

15 Garbage Can Wash House - Parry 3,170 

16 Relocate Parking Area and Sewer Line - Parry 100 

17 Cancelled 

18 Power Plant - LLC By-pass - Parry 

19 Substitute AluminUJI Pipe for Plastic - Parry 

20 Modification to Electrical Overhead Distribution -
Enge bi 

21 Pipe Trench Booster Pump Station - Japton 

22 Cancelled 

150 

1,240 

100 

350 
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ENGINEER.ING CHANGE ORDER (Continued) 

NO. DESCRIPTION 

23 Alternate Piping, Power House - Parry & Japtan 

24 Rearrangement of Piling - The Aomon Group 

25 Modification of DUK\J Repe.ir Shop - Parry 

26 Footings, Power and Distribution Plants - Runit, 
The Aomon Group, Engebi 

27 Underground Piping Waste Lines - Japtan 

28 Transformers, Rad-Safe Building - Parry 

29 Relocate Telephone Pole - Parry 

30 Sewer Lines and Traps - Japtan 

31 Revise F. M. Diesel Engine Piping - Parry 

ESTIMATED 
NET COST 

$100 

8,585 

335 

780 

100 

750 

100 

160 

100 

32 Rearrangement of Exhaust Ducts - Runit, The Aomon Group, 
Engebi & Japtan 100 

33 Modification of Water Lines - Japtan 100 

34 Modification of Trans. and Rec., Power House - Eniwetok 495 

35 Rearrangement Electrical in Barracks - Parry 100 

36 Relocate 3• Supply Fuel Line - Parry 100 

37 Relocat~on of Facilities, Fire Station - Parry 370 

38 Boat Repair Shop Slabs - Parry 2, 390 

39 Recreation Area - Parry 575 

40 Protect Runways - On Causeway - The Aomon Group 1, 560 

41 Ground All Buildings - Parry, Runit, Ths Aomon Group, 
Engebi, Japtan 1,775 

42 Receiver Building Conduit - Eniwetok 100 

43 Po 0 o Lo . Dykes - Parry 100 

44 Electrical Change, Infirmary - Parry 100 
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ENGINEERING CHANGE ORDERS (Continued) 

NO. DESCRIPTION 

45 Playground Area - Parry 

46 Plumbing Changes - Bar and Barber Shop - Parry 

47 Move Ice Ma.chine and Erect Shelter - Parry 

48 Revise Water Lay Out - Runit 

49 Rearrange Piling - The Aomon Group 

50 Snack Bar Counters, Etc. - Parry 

51 Marine Ramp - Parry 

52 Air Strip and Parking Improvements - Runit, 
The Aomon Group, Engebi 

53 Additional Water and Sewer Services - Japtan 

54 Extension to Reef er Building - Parry 

55 Causeway - The Aomon Group 

56 Exhaust Hood in Snack Bar - Parry 

57 Acid Tank House and Pumps - Parry, Runit, The 
Aomon Group, Engebi, Japtan 

58 Maintenance Warehouse - Modification Building 
313 - Parry 

59 Bins and Pltllllbing - Buildings 400 and 402 - Parry 

6o Install Weather Proof Pugs - Cargo Pier - Parry 

61 Camp Extension - Engebi 

62 Rigging Loft Building - Parry 

63 Relocate Mess Hall - Runit 

64 Relocate Control Cubicle - Japtan 

65 Small Craft Landing Float - The Aomon Group 

66 Rip-Rap Fill - P. O. L. Area - Parry 

ESTIMATED 
NET COST 

$455 

100 

300 

1,715 

100 

780 

15,445 

78,350 

4,590 

12,525 

1,780 

255 

9,940 

1,355 

15,180 

1,480 

240,500 

775 

100 

120 

100 

1,745 
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ENGINEERING CHANGE ORDERS {Continued) 

NO. DESCRIPl'ION 

67 Temporary Warehouse - Engebi 

68 W!nrlng Light Panel with Horn - Parry, Ru.nit, The 
Aomon Group, Engebi, Japtan 

69 Alter Autopsy Building - Japtan 

70 Fence Winch Bases - Runit, The Aomon Group, Engebi 

71 Revise Footings - 75 1 Towers - Tower-Site Southeast 
of Ru.nit, Piiraai, Bokonaarappu, Teiteiripucchi 

72 Walk and Ramp - Reef er Building - Parry 

73 Insulate Floor from Engine Slab - Runit & The 
Aomon Group 

74 Rearrange Mess Hall Boiler House - Runit, The Aomon 
Group, Engebi, Japtan 

75 Insulation in Power Houses - Parry, Runit, The 
Aomon Group, Engebi 

76 Pressure Reducing Station Power House - Japtan 

77 Garbage Storage Shed - Runit, The Aoaon Group, 
Engebi, Japtan 

78 Fuel Oil Storage - Japtan 

79 Ventilation - Building 212B - Parry 

80 Electrical Crypt Vault - Parry 

81 Screen Pen Covers - Japtan 

82 Water Storage Power House - Engebi 

83 Covered by Work Authorization Ho. 50-507-13 

84 Covered by Change Order No. 61 

85 Finish Paint Tower - Engebi 

86 Screen Entrance to Mess Hall - Japtan 
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ESTIMATED 
NET COST 

$17,575 

1,200 

1,405 

385 

1,940 

1,440 

200 

915 

100 

200 

1,910 

1,075 

100 

.3,245 

585 

690 

4.35 



ENGINEERING CHAIGE ORDERS (Continued) 

NO. 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

DESCRIPTION 

Salt Water Outlets - Mess Hall - Japtan 

Fresh Water Connection - Mouse House - Japtan 

Stand for Chlorinator Tanks - Japtan 

Drinking Fountain - Power House - Japtan 

Replace Submarine Cable - Runit & The Aomon Group 

Light Proof Rad-Safe Building - Parry 

Light Proof Photo Laboratory - Parry 

Erect Test Laboratory - Engebi 

Concrete Foundations - Japtan 

Pier Extension - The Aomon Group 

P. O. L. Fire Protection and Fencing - Parry 

Ventilators in Mess Hall - Japta.n 

99 Covered by Work Authorization No. 50-507-13 

ESTIMATED 
NET COST 

$185 

325 

115 

385 

5,375 

555 

125 

5,185 

530 

3,510 

6,310 

100 

100 Theater Shelter and Plat!ol"ll - Parry 3,295 

101 Electrical Sert'ice to Instrument Laboratory - Parry 405 

102 Salt Water Outlets - Mess Hall - Ru.nit & The Aomon Group 125 

103 Thermal Building - Japtan 580 

104 Mess Hall Equipment - Ru.nit & The AOllon Group 2,140 

105 Miscellaneous Work Request - Japtan 200 

106 Miscellaneous Work Request - Japtan 2,960 

107 Suction Line - S. W. Pump House - Parry 590 

108 Exhaust Header - Power House - Runit, The Aoaon 
Gr~,En~M ~ 

109 Header Piping - Power House - Runit 100 
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ENGINEERING CHANGE ORDERS (Continued) 

NO. 

110 

111 

112 

113 

114 

115 

116 

DESCRIPTION 

Salt Water Storage - Japtan 

90° L1s in Vertical Tanks - Parry & Eniwetok 

Salt Water Well - Runit 

Salt Water Well - The Aomon Group 

Refreshment Bar - Parry 

Awning Extension - Animal Runs - Japtan 

Painting Crypto Vault - Parry 

117 Covered by Military Structures Estimate 

ESTIMATED 
NET COST 

$610 

1,015 

1,980 

1,980 

1,345 

4,240 

205 

118 Enlarge Door Opening - Building 322 - Parry 215 

119 Screened Entrances - Mess Hall - Runit & The Aoaon Group 870 

120 Marine Borer Check Logs - Parry, Runit, The 
Aomon Group, Eniwetok 495 

121 Additional COllllll. Req. T. F. Building 221 - Parry 6,150 

122 Causeway - Aomon to Ebiriru 53, 080 

123 Wash Rooa Facilities - Building 406 - Parry 1,115 

124 Fresh Water Line - Cargo Pier - Parry 1,055 

125 Water Line - Camp Office - Parry 310 

126 Tin Coat Autopsy Tables - Japtan 27Q 

127 Rev. Ad. Building 208 - Parry 785 

128 Field Office - Construction - The Aomon Group 320 

129 Personnel Department Quonset - Parry 5,865 

130 Gym and Radio Quonsets - Parry 8,860 

131 Photo Lab Revision - Parry 475 

132 Repair and Relocate Nine Qu.onsets - Parry 45,805 
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ENGINEERIIG CHANGE ORDERS (Continued) 

NO. DESCRIPTION 

133 

134 

135 

136 

137 

138 

139 

142 

14.3 

144 

145 

146 

Additional Tents - The Aom.on Group 

Construction Boad - The Aamon Group 

Move Old Mess Hall to Biijiri - The Acaqn Group 

Additions to Mess Hall - Engebi 

Repair Float and Light Ext. Personnel Pier - Parry 

Protective Shelter Over Reefers - Runit & 
The AOllon Group 

Relocate Station 42 - Site Eberiru. to 8'1Dit-·. 
The Aoaon Group 

Install Fencing - Warehouse Building #320 - Parry 

Extend Intake Ducts - Power House - Runit, The 
Aoaon Group, Engebi 

Construct Addition to Mess Hall - The AOllOn Group 

Additional to Slab for Beefer - Mess Hall - Runit 

Fire Hose Shelters - P. o. L. - Parry 

Install Septic Tank - Building 329 - Parry 

Construct Chill Storage Building - Parr,r 

147 Co"t'ered by' c. M. R. Estimate 

148 

149 

150 

151 

152 

Construct Concrete .Beser...oir - Parry 

Install Salt Water Well - Engebi 

Install (3) Transformers - Photo Lab. - Parry 

Relocate Sink - X-Ray Building • Japtan 

Construct Wood P'r&Jle Building - I-Ba7 Gen. - Japtan 

153 Included in E-Plus EatiJDate 

154 Maint. and Bepair Tover - Tower-Site Southeast ot 

ESTIMATED 
lllT COST 

$6,455 

1,015 

210 

2,210 

490 

1,245 

1,190 

l,llO 

105 

80 

1,115 

33,175 

28,690 

J,385 

1,830 

250 

1,420 

Runit, Piiraai, Bolconaarappu, Teiteiripucchi, Coral Head 4,005 
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, 1 

ENGINEERING CHANGE ORDERS {Continued) 
ESTIMATED 

NO. DESCRIPTION NET COST 

155 Construct New Sever Outfall - Parry $4,465 

156 Repair Cargo Pier - Parry 2,080 

157 Additional Tents - Runit 5,385 

158 Tents for Housing Dry Stores - Japtan 2,155 

159 Additional Tents - The Aomon Group 5,385 

160 Additional Tents - Engebi 16,185 

161 Install Ladders - Pier - Engebi 195 

162 Rearrange Lights - Wash Rooms - Parry 450 

163 Construct Nev Cargo Pier - Japtan 39,445 

164 Add W!l.ter Cooled Condenser - Photo l&b. - Japtan 1,300 

165 Move Screen - Construct New Seats - Movie - Parry 2,935 

166 Add Drain Line - Mess Hall Roof Dow Spouts - Parry 1,000 

167 Construct Tvo Beach Houses - Parry 7,570 

168 Install 2 25-KVA Transformers - Building 102 - Runit 1,950 

169 Convert Vegetable Storage Building to Marine Parts 
Repair - Parry 2,425 

170 Construct Nev Cargo Pier - The Aomon Group 19,195 

171 Rehabilitate Quonsets - 404 and 405 - 'Warehouse 
l and 2 - Parry 16, 595 

172 Additional Recreation Facilities - Parry 4,845 

173 Replace Insulation - Chilled Water Tank -
Building 210 - Parry 475 

174 Additional Telephone Facilities - Parry 850 

175 Construct Navigation Air Tower - Japtan 1,070 

176 Construct Shelters for Crash Jeeps - Parry, Runit, 
The Aomon Group, Engebi 500 
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ENGINEERING CHANGE ORDERS (Continued) 

NO. DESCRIPTION 

177 

178 

Construct Additional P. O. L. Storage 
Facilities - Parry 

Change Air Duct Discharge - Power Houses -
Runit, The Aomon Group, Engebi 

179 Delete Latrine Doors - Barracks Buildings -
Parry & Japtan 

180 Additional Theater Seating - Engebi 

181 Cancelled 

182 

183 

184 

Additions to Building 209 - East Wing - Parry 

Install Air Craft Tie Down Facilities - Parry,. 
Runit, The Aomon Group, Engebi 

Install Water Cooler - Exclusion Area - Parry 

185 Cancelled - Transferred work to Job 5 

ESTIMATED 
NET COST 

$49,660 

270 

2,205 

9,740 

595 

440 

186 Additional Recreation Facilities - Runit 875 

187 Install Locks on Dark Room Doors - Building 210 - Parry 280 

188 Install Counter - Security Office - Building 205 - Parry 275 

189 Covered by Scientific Structures Estimate 

190 

191 

192 

193 

194 

195 

196 

197 

Install Nev Piping - Salt Water Pump House - Parry 

Install Exhaust Ventilator - Building 51 - Japtan 

Repairs to Air Strip - Parry 

Install Lighting System - Cargo Pier - Parry 

Relocate Road - Parry 

Convert Steel Lockers to Hot Lockers - Parry 

Modify Grease Rack - Japtan 

Modify Grease Rack - The Aomon Group 

810 

705 

7,190 

515 

190 

1,720 

535 

535 
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ENGINEERING CHANGE ORDERS (Continued) 

NO. 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

DESCRIP!'ION 

Delete Canopy - Building 409 - Parry 

Modify Existing Quonsets - Parry 

Erect (5) Additional Tents - The Aomon Group 

Additions - Mess Hall Scullery - Parry 

Auxiliary Reefer Foundations - Parry 

Shielding X-Ray Room - Japtan 

Construct Hot Locker and Shelving -
Building 210 - Parry 

Navigational Aids - Runit, The Aomon Group, Engebi 

Construct Dispatchers Office - Parry 

Erect Tent - Dispatchers Office - Air Strip - Runit 

Erect (2) Tents - Dispatchers Office - Air Strip -
Enge bi 

Additions to Mess Hall Galley - Parry 

ESTIMATED 
NET COST 

$1,680 

5,385 

5,675 

760 

530 

415 

2,235 

2,015 

945 

1,860 

41,765 

210 Remodel Quonset - Guard and Mimeograph Sections - Parry 1,285 

211 

212 

213 

Install Partition - Building 209 - Parry 

Repairs to Air Strip - Engebi 

Remove 100 1 Steel Tower - Parry 

214 Covered by Change Order lo. 177 

215 

216 

.217 

218 

.219 

6-182 

Modify Building 209 - Parry 

Modify Grease Rs.ck - Runit 

Construct Addition to Laundry - Party 

Construct 30 Limonite Blocks - Runit, The AOllon 
Group, Engebi 

Install Evacuation Warning Sirens - Parry & Japtan 

420 

990 

575 

700 

535 

44,405 

40,455 

290 



ENGINEERING CHANGE ORDERS (Continued) 
ESTIMATED 

NO. DESCRIPTION NET COST 

220 Additions to Building 204 - Parry $16,465 

221 Additions to Fraternal Hall and Beach Houses - Parry 1,980 

222 Channel and Turning Basin - Engebi 48,955 

223 Steel Bracing - 200 1 Tower - The Aomon Group 1,775 

224 Cancelled 

225 Cancelled 

226 Covered by Job 5 Estimate 

227 Install Additional Electric Equipment and Power 
Recep. - Japtan 1, 900 

228 Install Fresh \later Recirculating Systea Reefer 
Bank - Parry 1, 685 

229 Relocate Instrulllent Piers - Building 3.3.Sh - Muzin 790 

230 Temporary Distillation Units and Shed - Parry 8,680 

231 Reefer Shelter - Building 210 - Parry 840 

232 Primary Fuse Installation - Stations 6A and 6B - Runit 420 

233 Primary Fuse Installation - Stations 6A and 6B - The 
Aom.on Group 845 

234 Install Dehumidification EquiJBent - Building 329 -
Parry 5,435 

235 Construct Camera Shelter Supports - Stations 183-184 -
Runit 430 

236 Covered by Change Order No. 185 

237 Covered by Estimate for Job 5 

238 

239 

240 

Addition to Butcher Shop - Parry 

Determine and mark M-Boat Channel to Eberiru - The 
Aomon Group 

Modify Electrical Service and Wiring - Parry 

350 

2,615 

4,670 
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ENGINEERING CHANGE ORDERS (Continued) 

NO. 

241 

DESCRIPTION 

Primary Fuse Installation - Engebi 

Relocate Stations 77 and 625 - Kirinian 

243 Cancelled 

244 Construct Garbage Can Wash House - Parry 

245 Construct Power House Access Tunnel - Engebi 

246 Repair Air Conditioning System - Station 69 - Engebi 

247 Extend Airstrip and Move Dispatchers Shack - Engebi 

248 ·Modify V-Beam Siding - Building 3.1.1 - Engebi 

1A Theater Benches - Eniwetok 

.2A Tents - Eniwetok 

3A Cargo Piers - Eniwetok 

4A Sewer Lines - Eniwetok 

5A Sever and Water Lines - Eniwetok 

6A Electrical Grounds - Eniwetok 

7A Buildings 18, 19, 20, and 21 - Eniwetok 

BA \later Storage - Eniwetok 

9A Building 3J - Eniwetok 

lOA Sever Lines, Building 16 - Eniwetok 

llA Telephone Circuits - Eniwetok 

12A Building 14 and Electrical Distribution - Eniwetok 

13A Mess Hall - Eniwetok 

l4A Dispensary - Eniwetok 

15A Transformer Pad and Fence - Eniwetok 
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ESTIMATED 
NET COST 

$420 

2,445 

2,275 

1,320 

445 

1,430 

1,330 

100 

100 

4,.390 

100 

100 

625 

100 

100 

100 

370 

100 

100 

1,245 

1,200 

100 



ENGINEERING CHANGE ORDERS (Continued) 

NO. DESCRIPTION 

16A 

17A 

18A 

19A 

20A 

21A 

22! 

2JA 

24A 

25A 

26A 

27A 

28A 

29A 

JOA 

JlA 

J2A 

JJA 

J4A 

J5A 

36A 

37A 

38A 

J9A 

Transformer Pad - Eniwetok 

Pump House - Eniwetok 

Water System - Eniwetok 

Tank Support - Eniwetok 

Acid Tank and Pump - Eniwetok 

Transformers - Eniwetok 

Latrines - Eniwetok 

Power Plant Elec. - Eniwetok 

Power Plant Heat Exch. - Eniwetok 

Theater - Eniwetok 

Dispensary - Eniwetok 

Sewer Lines - Eniwetok 

Rehabilitation of Buildings - Eniwetok 

Ventilation Ducts - Eniwetok 

Sewer Lines - Eniwetok 

Electrical Service in Theater - Eniwetok 

Power House - Eniwetok 

Mess Hall Hood - Eniwetok 

Eave Support - Eniwetok 

Sever System - Eniwetok 

Electrical Distribution - Eniwetok 

Catch Basin - Eniwetok 

Explosive Storage - Eniwetok 

Dispensary Partitions - Eniwetok 

ESTIMATED 
NET COST 

100 

100 

695 

1,895 

100 

100 

245 

100 

985 

100 

100 

7,870 

100 

100 

100 

730 

520 

375 

605 

16,050 

125 

100 

2,145 
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ENGINEERING CHANGE ORDERS (Continued) 

NO. DESCRIPTION 

40A Hood for Snack Bar - Eniwetok 

41A Electrical Distribution - North End - Eniwetok 

Section Line - S. W. Pump - Eniwetok 

43A Dispensary Changes - Eniwetok 

Screened Enclosures - Eniwetok 

45A Ventilation - Water Heater Room Disp. - Eniwetok 

ESTIMATED 
NET COST 

$405 

480 

590 

100 

570 

100 

46A. Conduit Across Runway - Construction Change - Eniwetok 18,375 

47A 

48A 

49A 

50A 

51A 

52! 

5JA 

54A 

55A 

56A 

57A 

58A 

59A 

6oA 

61A 

6-186 

Exhaust Hood for Bake Oven - Eniwetok 

Construction Change - Aircraft Parking and Taxiway -
Eniwetok 

Revision of Laundry Plan and Equip11ent - Eniwetok 

Pot Racks for Mess Hall - Eniwetok 

Emergency Generator Building 143 - Eniwetok 

Airstrip Paving (150 1 x 3000 1 x 2-1/2•) - Eniwetok 

Relocation of Tank in La.Ulldry Boiler Room - Eniwetok 

Addition of Auxiliary Boiler and Fuel Oil Tank -
Eniwetok 

Asphalt Paving of Roads - Eniwetok 

Elevating Fire Hy-drants - Eniwetok 

Canopies tor Electrical Panel Boards and Drip Pans 
for Refrigerators - Eniwetok 

Power and Water Distillation Plant - Eniwetok 

Asphalt Paving of Roads - Eniwetok 

Mess Hall Reefer Boxes - Eniwetok 

Sub. Larger Transformers - Eniwetok 

855 

1,770 

100 

590 

100 

76,240 

345 

5,850 

14,195 

100 

100 

4,115 

16,560 

110 

4,400 



ENGINEERING CHANGE ORDERS (Continued) 

NO. DESCRIPTION 

62A Install Water Sprayers - Laundry - Eniwetok 

63A Delete Latrine Doors - Eniwetok 

ESTIMATED 
NET COST 

$590 

64A Additional Water Storage - Laundry - Eniwetok 100 

65A Increase Laundry Stacks - Eniwetok 420 

66A Salt Water Pump Station - Eniwetok 260 

67A Electrical Distribution System - Eniwetok 4,530 

68A Additions and Alterations to TG 3.4 Conference 
Room - Eniwetok 2,125 

69A Auxiliary Salt Water Pump Station - Eniwetok 3,825 

70A Alterations to Loran Station - Building 116 - Eniwetok 100 

71A Extend Truck Fill Arms in P. O. L. Area - Eniwetok 

72A Ground S. W. Service Lines - Eniwetok 

73A 

74A 

75A 

76A 

77A 

78A 

79A 

80A 

81A 

Adjust Manholes to Grade - Sever System - Eniwetok 

Construct Landing Stage at Personnel Pier - Eniwetok 

Install (5) Fresh Water Tanks - Eniwetok 

Install (3) Warning Sirens - Eniwetok 

Alterations to Building 90 - Eniwetok 

Pave 110,000 square feet of Warm-up Area - Eniwetok 

Construct Camera Housing - Building 90 - Eniwetok 

Add Showers - Building 125 - Eniwetok 

MSQ-1 Radar Sites - Eniwetok 

100 

395 

34,710 

365 

775 

3,080 

150 

765 

490 
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Drawing Record of Military Structures 



DESIGN DRAWINGS 

ARMY SP~IAL MILITARY STRUCTURE/ .J, /. 5-- ~~~Atl:>oh"t:> J#n~ 
Drawing Number 60-09-11, Sheets 1 to J, Inclusive 

ARCHIT&;T - ENGINEER: Ammann & Whitney, Nev York City, New York 

SHT. DATE REV. DATE DATE R&;D 
NO. 1950 NO. 1950 BY H & N D ESCRI Pl' I ON 

1 1-24 - -- l-J0-50 Underground Test Shelter - General Plans, Sections and Details. 

A J-17 J-20-50 Added tvo Air Locks, removed recess for Filter Frame and Exhaust 

B 7-6 7-11-50 Added Reinforcing Bars in Parapet. 

2 1-24 - - 1-.30-50 Underground Test Shelter - Concrete and Reinforcing Details. 
A 3-17 J-20-50 Added Air Lock Details. 

B 4-20 4-26-50 Increased quantity of Reinforcing Bars in valls. roof and floor. 
c 7-6 7-11-50 Changed Air Lock construction from Douglas Fir to Plywood. 
D 7-28 7-J0-50 No Structural change. 

J 1-24 - - l-J0-50 Underground Test Shelter - Door Details. 

A J-17 3-20-50 Changed Hinge Straps. Specified Latch and Hinges. 
B 7-6 7-11-50 Revised Welding at Door Sill and IJ.ntel. 



DESIGN DRAWINGS 

ARMY SP!X:IAL MILITARY STRUCTURE 3.1.1 - MULTI-STORY BUILDING 
Drawing Number 60-09-06, Sheets 1 to 13, inclusive 

ARCHIT:PX;T - ~GINE!li: Ammann and Whitney, Nev York City, New York 

SHT. DATE REV. DATE DATE RU;D 
NO. 1950 NO. l950 BY H & N DF.SCRIPI'ION 

1 1-24 - - 1-30-50 Key plans and elevations of l-blti-Story Building. 
A ~17 3-20-5Q Revised foundations of Buildings 1,2,6 and 7. 

B 7-6 7-11-50 Corrected error in dimension of Building 4. 
2 1-24 - - 1-30-50 Buildings 1 and 7 - Concrete plans and ••tails. 

A 3-17 3-20-50 Revised edge of footing at line 17 of Building 7. Eictended 

keyvay for full length ot wall on line 17 of Building 7. 
B 7-6 7-11-50 Changed length of column base bolts from 3 '-3" to 2 1 -3" on L 1) i 

20 of Building 7. 

J 1-2.i - - 1-30-50 Buildings 1 and 7 - Interior wall elevations, sections and 

details. 

A 3-17 3-20-50 Deleted alternate 5/8"¢ horizontal bars at sides of access 

openings in rear walls of Buildings 1 and 7. Deleted 2 1-0" from 

vidth of footing at line 4 of Building 1 and line 17 of 

Building 7. 

B. 7-6 7-11-50 Added details showing method of fastening corrugated asbestos 
aiding at side and rear ot Building 7. 

4 1-2.i - - 1-30-50 Building 1 - Test panels, elevations and details. 

A 5-19 7-11-50 Added details showing method of fastening V-beam siding at 

front of Building 7. 



DESIGN DRAWINGS 

SHT. DATE REV. DATE DATE aEX:;D, 
NO. 1950 NO. 1950 BY H &· iJ DESCRIPTION 

5 1-24 - -- 1-30-50 Building 7 - Test Panels, Elevations and Details. 
A 7-6 7-11-50 Changed Spacing of Anchor Bolts to correspond to 

Corrugation Intervals in Asbestos Siding of Building 7. 
Noted size of Wall Dowels at Lines D and 20 of Building 7. 

6 1-24 - - 1-30-50 Buildings 2 & 6 - Concrete Plans and Details. 
A 3-17 J-20-50 Revised Footing in Buildings 2 & 6 to.eliminate Transverse 

Beams and deepen entire Footing from 3'-0" to 5'-0". 

ReYi sed spacing of Anchor Bolts to avoid interference vi th 

Column Flanges and permitted Substitution of Reinforcing 
. Bars of equivalent area and bond • 

B 5-6 5-9-50 Deleted Anchor Bolt Sleeves in Buildings 2 & 6, Revised 

spacing of Bottom steel in Buildings 2 & 6. 

c 7~ 7-11-50 Changed size of Anchor Bolt Bar. Changed spacing of Column 

Bolts at 2nd and 3rd Floors. 

7 1-24 - - 1-30-50 Buildings 2 & 6 - Structural Sections and Details. 

A 3-17 3-20-50 Increased size of Steel Columns and Beams. 
B 7-6 7-11-50 Changed size and thickness of Stiffener Plates. 

8 1-24 - - 1-30-50 Buildings 2 & 6 - Wall Elevations, Sections and Details. 

A 3-17 3-20-50 No Structural Changes. 
B 7-6 7-11-50 No structural Changes. 

9 1-24 - - 1-30-50 Buildings 3 & 5 - Concrete Plans and Details. 

A 3-17 3-20-50 ReTised Spacing and Lap or top and bottom Steel in 2nd and 



DESIGN DRAWINGS 

SliT. DATE REV. DATE DATE i1&;D 
NO. 1950 NO. 1950 BY H &· :l 

DESCRIPTION 

Jrd floor and Roof Slabs of Buildings 3 & 5. Changed 

size and quantity of Steel in Floor Girders. 

B 7-0 7-11-50 Added access opening in 2nd and 3rd Floor Slabs. 

c 7-28 7-30-50 Changed Stirrup Spacing in Transverse Roof Girders. 

10 1-24 - - 1-30-50 Building 4 - Concrete Plans and Details. 

A. 7-6 7-11-50 Increased size of Reinforcing Bars in foundation of 

Building 4. 

B 7-28 7-30-50 Changed Stirrup Spacing in Floor and Roof Girders. 

11 1-24 - - 1-30-50 Buildings 3,4 & 5 - Wall Elevations, Sections and Details. 
. A 3-17 3-20-50 Increased size of Reinforcing Bars in wall of Building J. 

B 5-7 5-9-50 Increased size of Reinforcing Bars in wall of Building 5. 

c 7-6 7-11-50 Added Wall Dowels in Building 5. 
12 1-24 - - 1-30-50 Buildings 3,4 & 5 - Column schedule, Wall Elevations and 

Details. 
A 3-17 3-20-50 Increased quantity of Vertical Steel in Column Reinforcing. 

Changed Stirrups from round to square core. 
B 7-6 7-11-50 Changed Radius of Bend in Column Dowels. 

13 1-24 - - 1-30-50 Location plan for Survey Points and Access Way. 

A 3-17 3-20-50 Increased size of Nails in Live Load Straps. 

B 6-9 6-12-50 Changed Survey Point Locations and Detail. 

c 7-6 7-11-50 Added Survey Points on right Elevation. 



DESIGN DRAWINGS 

ARMY SPECIAL MI LIT ARY Sl'RUCTUR~ PR~RAM 
SP&::IFICATIONS 

ARCHIT&::T - ENGINEEll: Prepared by Ammann & Whitney, New York City, New York 

SHT. DATE REV. DATE DATE R&::D 
NO. 1950 NO. 1950 BY H & N DF.SCRIPI'ION 
1-33 12-31 - - 1-30-50 Specifications for Test Structures prepared under the direction 

of the Officer of the Chief of Engineers. 

1 - 7-14-50 Addendum Number 1 and Errata. 



DESIGN DRAWINGS 

ARMY SP~IAL MILITARY STRUCTURES 
CONSTRUCTION SKETCHES 

ARCHIT~T - ENGINEER:Holmes & Narve~, Inc. Construction Department 

SHT. DATE REV. DATE DATE R.EX;D 
NO. 1950 NO. ~950 BY H & N DESCRIPTION 

6 4-5 - - . Reinforcing Substitution - Bars in Footings. 

1 4-27 6-9-50 

14 8-15 - - 8-28-50 Reinforcing Substitution - Bars in Columns. 

21 L2-26 - - Fiberglass Sealing Strips. 

22 L2-27 - - Fiberglass Sealing Strips. 

Na!'E: Drawings 21 & 22 were initiated and approved by 

Holmes & Narver Construction Department. 



SHOP DRAWINGS 

ARMY SPJ!l:IAL MILITARY STRUCTURE 3.1.3 - UNDERGROUND SHELT!ll 
/ 

DF.s!GN DRAWING·60-09-ll, Sheet 3 of 3 

SUB--COllTRJCT<Jl: Co~Oblidated Western Steel Corp.: A.J. Bayer Co., Sub-sub-contractor 

PURCRJSB amm RUMB!B: 4249 DATE ISSOID: 3-20-50 

MA1'mIAL: Hollow Metal Door 

DRWG • • DATE RIV DJ.Tl DATE APP 
NO. 1950 rm. 1950 BI A-E D~IP'l'ION -

S-1 5-12 - - 7-17-50 Hollow Metal Door. 

. 

-

. 

~ 



SHOP DRAWINGS 

ARMY SP~IAL MILITARY STRUCTURE 3 .1. 3 

SUB-CONTRACTCR: American Pipe & Construction Co., Oakland, Calif. 

PURCHASE ORDER NUMBJ!'R: 4250 DATE ISSUID: 3-23-50 

MATI!RIAL: Precast Concrete Pipe 

DRWG. DATE REV DATE DATE APP 
NO. 1950 NO. 1950 BY A-E D~RIPl'ION 

No Drawings Required. 

. 



SHOP DRAWINGS 

ARMY SPECIAL MILITARY STRUCTURE 3.1.1 - MULTI-STORY BUIIDING 
DESIGN DRAWING 60-09-06, Sheets 1 to 13, Inclusive 

SUS..COlmUCTCR: Bethlehem Pacific Coast Steel Corp. of San Francisco, California 
. 

PURCB.lSI OBD!Jl NUMB!R: 4248 DATE ISSUID: 3-20-50 

HATIRIAL: Reinf orcinR: Steel 
DRWG. DATE REY DATI DATE APP 

HO. 1950 NO. 1950 BI A-E D.!roRIPTION 
1 3-30 - - Building l - Foundations. 

1 4-10 
2 4-24 --
3 5-22, 6-19-50 . 

2 3-30 - - Buildings 2 and 6 -- Foundations. 
1 4-24 

2 6-23 
3 6-30 7-7-50 

3 3-30 - -- Buildirurs 3 and 5 -- Foundations. 

l 4-10 -
2 4-24 . 

3 5-22 6-19-50 

4 3-30 - - Building 4 -- Foundations. 
.1 4-10 

2 4-24 
3 5-22 6-19-50 

5 3-30 - - Building 7 -- Foundations. 



SHOP DRAWINGS 

-

DRWG. DATE REV. DA.TE DATE APP. DESCRIPTION 
NO. 1950 NO. 1950 BY A-E 

1 4-10 

2 4-U 

J 5-22 6-19-50 
4 6-23 --
5 6-30 7-7-50 

9 4-18 - - Building 1 -- First story valls. 
1 5-4 6-lJ-50 

10 4-18 - - Buildillj? 1 - First story valls and second floor slab. 
1 5-4 5-25-50 
2 6-1 6-13-50 

11 4-18 - - Building 1 - Second floor slab. 

1 ~4 5-25-50 

2 6-1 6-13-50 

12 4-18 - - Buildings 2 & 6 - Second and third floors. 
1 5-4 6-13-50 

13 4-18 - - -- Buildings 3 & 5 - First story valls and second floor. 

l 5-4 

2 5-29 

3 6-16 6-28-50 

14 4-18 - - Building 4 - First Story Walls. 
1 5-4 6-13-50 
2 8-4 --
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DRWG. DATE REV. DATE DATE APP. 
NO. 1950 NO. 1950 BY A-E DESCRIPTION 

3 8-23 8-31-50 
15 4-18 - - Building 7 - First story valls. 

1 5-4 5-25-50 

1 5-4 6-13-50 

16 4-18 - - Bililding 7 - First story valls. 

1 5-4 6-lJ-50 

17 4-18 - - --- Building 7 - Second floor. 

1 5-4 5-25-50 

2 6-2 6-lJ-50 

18 5-8 - - ~ -- Building 1 - Second story valls. 

1 5-20 6-lJ-50 
19 5-8 - -- Building 1 - Second atori7 valls, and third floor. 

1 5-20 

2 6-1 6-13-50 
20 5-8 - - Building 1 - Third floor. 

1 5-20 

2 6-1 6-13-50 
21, 5-8 - - -- Buildings J a 5. 

1 5-20 6-13-50 

22 ~-8 - - Building 4 - Second Story Walls and third floor. 

1 5-20 6-lJ-50 

2J 5-8 - - Building 7 - Second story valls. 
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. 
)RWG. DATE REV. DATE DATE APP. DF.sCRIPTION 

NO. 1950 NO. 1950 BY A-E 

1 5-20 6-13-50 

.24 5-8 - - - Building 7 - Second story walls. 

1 5-20 6-13-50 
25 5-8 - - Building 7 - Third floor. 

1 5-20 --
2 6-2 6-1.3-50 

26 5-8 - - Building 1 - Third story walls. 

1 5-20 6-1.3-50 
27 5-8 - - - Building 1 - Third story walls, and roof. 

1 5-20 

2 6-6 6-13-50 
28 5-8 - - 6-13-50 Buildings 2 & 6 - Roof. 

29 5-8 - - --- Buildings 3 & 5 - Third story walls and roof slab. 

1 5-20 6-13-50 

2 7-14 7-21-50 

3 8-7 8-18-50 

30 5-8 -- - Buildi112 4 - Third story walls and roof. 

1 5-20 

2 6-1.3 6-28-50 

3 7-20 7-21-50 

4 8-7 8-18-50 
31 5-8 - - Building 4 - Roof slab. 
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DRWG. DATE RE.V • DATE DATE APP. DESCRIPTION 
NO. 1950 NO. 1950 BY A-E 

1 5-20 6-13-50 
32 5-8 -- -- - Building 7 - Third story walls. 

1 5-20 6-13-50 
33 5-8 - - -- Building 7 - Third story walls. 

1 5-20 6-13-50 

34 5-8 - - -- Building 7 - Roof. 

1 5-20 ---
2 6-6 6-13-50 

lOA 6-1 - -- 6-13-50 Building 1 - Second floor slab - Bars at access openings. 

1 6-16 --
2 7-7 7-11-50 

l?A 6-2 - - 6-13-50 Building 7 - Second floor slab - Bars at access openings. 

1 6-16 -
2 7-7 7-11-50 

19A 6-1 - -- 6-13-50 Building l - Third floor slab - Bars at access openings. 

1 6-13 --
2 7-7 7_7.;;.50 

3 7-19 7-21-50 

25A 6-2 - -- 6-13-50 Building 7 - Third floor slab - Bars at access openings. 

1 6-13 

2 7-7 7-7-50 
27A 6-6 - - 6-13-50 Building 1 - Roof slab-bars at access openings. 
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DRWG. DATE REV. DATE DATE APP. DESCRIPTION 
NO. 1950 NO. 1950 BY A-E 

1 6-13 6-30-50 

1LA 6-6 -- - 6-13-50 Building 7 - Roof slab - Bars at access openings. 

L-1 7-7 - - 7-12-50 Building 1 - Second floor slab - Placing plan. 

1 8-16 8-31-50 

2 9-8 9-15-50 

L-2 7-10 -- - 7-12-50 Buildings ~ & 6 - Second and third floor slabs - Placing 

plan. 

1 8-4 8-18-50 
L-3 7-10 - - 7-12-50 Buildings 3 & 5 - Second and third floors - Placing plan. 

1 7-21 7-21-50 

2 8-4 8-18-50 

3 8-16 8-31-50 

L-4 7-12 - - 7-12-50 Building 4 - Second floor - Placing plan. 

1 8-23 8-31-50 
L-5 7-11 - - 7-12-50 Building 7 - Second floor slab - Placing plan. 

1 8-16 --
2 9-8 9-15-50 

L-6 7-12 - -- 7-21-50 Building 1 - Elevation Line 1 - Placing plan. 

1 8-15 ---
2 9-8 9-15-50 

L-7 7-12 - -- 7-21-50 Building 1 - Elevation Line A - Placing plan. 
1 8-15 
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DRWG. DATE RF.V. DATE DATE APP. DES:RIPI'ION 
NO. 1950 NO. 1950 BY A-E 

2 9-8 9-15-50 
L-8 7-12 - - 7-21-50 Building 1 - Elevation IJ.ne D - Placing plan. 

l 8-15 

2 9-8 9-15-50 
L-9 7-17 - - 7-21-50 Buildings 1 & 7 - Elevation Walls B & C - Placing plan. . 

1 8-15 8-31-50 
L-10 7-17 - - 7-21-50 Building l - Walls 2,3 & 4 - Placing plan. 

1 8-15 8-31-50 

2 9-18 9-27-50 

L-11 7-17 - - 7-21-50 Buildings 3 & 5 - Walls A & D - Placing plan. 

1 8-4 8-18-50 
L-12 7-21 - - 7-21-50 Building 4 - Elevation Walls A & D - Placing plan. 

1 8-7 8-18-50 
. 

L-13 7-21 - - 7-21-50 Building 4 - Shear Walls 9 & 12 - Placing plan. 

1 8-7 8-18-50 

L-14 7-20 - - 7-21-50 Building 7 - Elevation Walls A & D - Placing plan. 

l 8-15 --
2 9-8 9-15-50 

L-15 7-20 - - 7-21-50 Building 7 - Elevation Wall 20 - Placing plan. 

1 8-15 8-31-50 
L-16 7-20 - - 7-21-50 Building 7 - Elevation Walls 17,18 & 19 - Placing plan. 

1 8-15 
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. 
DRWG. DATE REV. DATE DATE APP. DESCRIPTION 

NO. 1950 NO. 1950 BY A-E 

2 q_g Q..15-50 

L-17 7-20 - - 7-21-50 Building 1 - Third floor slab - Placing plan. 

1 8-16 --
2 9-18 9-27-50 

L-18 7-20 - - Building 4 - Third floor - Placing plan. 

1 8-7 8-18-50 

L-19 7-20 - - 7-21-50 Building 7 - Third floor slab - Placing plan~ 

1 8-16 

2 9-8 9-15-50 
L-20 7-20 - - 7-21-50 Building 1 - Roof slab - Placing plan. 

1 8-16 8-31-50 

L-21 7-19 - - 8-18-50 Buildings 2,3,5 & 6 - Roof - Placing plan. 

L-22 7-19 - - - Building 4 - Roof - Placing plan. 

1 8-7 8-18-50 

L-23 7-20 - -- 7-21-50 Building 7 - Roof slab - Placing plan. 

1 8-16 --
2 9-8 9-15-50 

L-24 7-20 - - 7-21-50 Buildin11:s 3.4 & 5 - Columns - Placing plan. 



SHOP DRAWINGS 

ARMY SPECIAL MILITARY STRUCTURES 
DESIGN DRAWING 60-09-11, Sheets 1 to 3, Inclusive 

S~OllTR.&C'l'Cll: Bethlehem Pacific Coast Steel Co., San Francisco, California 

PURCBJSB <EDIR RUMB!B: 4248 DATE ISSOlll: 3-20-50 

MATERIAL: Ra· nl'nr,,.i .,a q+ ... .._ 1 

bRWG. DATE REV D.ATI DATE APP 
110. 1950 RO. 1950 BI A-E DF.3::RIPTION 

6 3-30 - - Undereround Teat Shelter. 

1 4-24 
2 8-7 8-18-50 
.3 5-22 

4 6-23 6-28-50 

5 7-21 7-21-50 
7 J.:30 - - -- Underground Test Shelter. 

1 4-10 --
2 4-24 6-19-50 

3 8-7 8-18--50 
8 3-30 - - Underground Test Shelter. . 

1 4-10 ------
2 4-.24 6-19-50 
3 8-7 8-18-50 

L-25 7-24 - - -- -- Underground Test Shelter - Placing Plan. 

1 8-7 8-18-50 

L-26 7-24 - - --- Underground Test Shelter - Placing Plan. 
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. 
DRWG. DATE REV. DATE DATE APP. DESCRIPl'ION 

NO. 1950 NO. 1950 BY A-E 

1 8-7 8-18-50 

. 
' 



SHOP DRAWINGS 

ARMY SPEX::IAL MILITARY STRUCTURE 3.1.1 - MULTI-STORY BUILDING 
DESIGN DRAWING NUMBER 60-09-06, Sheets 1 to 13, Inclusive 

SOB-CONTRACTOR: Consolidated Western Steel Co. of Los Angeles, California 

PURCHASE ORDJm NUMB.!R: 4249 DATE ISSUE): 3-20-50 

MA.TJmIAL: Structural Steel and Miscellaneous Iron 
bRWG. DATE RD. DATE DATE APP 

NO. 1950 NO. 1950 BY A-E D~IPTION 

1001 3-JO - - J-:31-50 Buildings 2 and 6 -- Anchor bolts and bars. 

1002 J-Jo - - J-Jl-50 Buildings 2 and 6 -- Miscellaneous anchors. 
1003 J-JO - - 3-31-50 Buildings 2 and 6 - Miscellaneous anchors. 

1006 5-12 - - 6-8-50 Anchor bolts. 
1007 5-12 - - 6-28-50 Anchor bolts. 

1008 5-16 - - 6-28-50 Buildings 2 and 6 -- Anchor bolts, 2nd and 3rd floor slabs. 
1 4-26 -- - 6-28-50 Buildings 2 and 6 -- Columns. 

2 4-27 - - 6-28-50 Buildings 2 and. 6 - Columns. 

J 5-1 - -- 6-28-50 Buildings 2 and 6 - Roof girders. 

4 5-2 - - 6-28-50 Building 2 -:- Roof beams and vertical girts. 

5 4-26 - - 6-28-50 Buildings 2 and 6 - Floor beams, roof beams and splice plate~ 

8 5-9 - -- 6-28-50 Buildings 1 and 7 - Posts and beams. 

9 5-5 - - 6-28-50 Building 2 -- Posts. 

10 5-3 - - 6-28-50 Building 2 -- Posts. 
11 5-5 - - 6-28-50 Buildings 1 and 2 - Posts. 
12 5-11 -- - 6-28-50 Buildings 1,2,3,4,5,6,7 and access ways - Posts, Sealing 

Angles, Channels, Cover Anchors and Angles. 



SHOP DRAWINGS 

DRWG. DATE REV. DATE DATE APP. DESCRIPTION 
NO. 1950 NO. 1950 BY A-E 

1.3 5-.3 - - 6-28-50 Building 6 - Posts, 1st Tier. 
11._ 5-4 - - 6-28-50 Building 6 - Posts, 2nd Tier. 

15 5-9 - 6-28-50 Building 6 - Posts, 3rd Tier. 

16 5-11 - - 6-28-50 Building 6 - Girt Beams, Front Elevation. 

17 5-15 - - 6-28-50 Buildings 2 & 6 - Girt Beams, Rear Elevation. 

18 5-29 - -- 6-28-50 Buildings 1,2,6 & 7 - Anchors, Sealing Angles and Turned 

Bolts. 

E-1 .3-29 - - Buildings 2 & 6 - Anchor Bolt Setting Plan • 

l 6-26 6-28-50 Bolt Spacing changed and Survey Points added. 

F.-2 4-25 - - 6-28-50 Building 6 - Erection Diagram. 

E-.3 4-26 - - 6-28-50 Building 2 - Erection Diagram. 

E-4 4-26 - -- 6-5-50 Building l - Erection and Anchor Bolt Plan. 

E-5 5-1 - - 6-28-50 Building 7 - Erection and Anchor Bolt Plan. 

E-6 5-2 - - 6-5-50 Building 7 - Erection and Anchor Bolt Plan - Elevation. 

E-7 5-3 - - 6-5-50 Building 3.4 & 5 - Erection and Anchor Bolt Plan. 

E-8 5-11 - - 6-28-50 Location Plan for Survey Points and access ways. 

li'-10 5-18 - -- 6-28-50 Buildings 2.e & 7 - Anchor Bolt Plan. 

. 



SHOP DRAWL.GS 

ARMY SPECIAL MILITARY STRUCTURE 3.1.3 - UNDFliGROUND SHELTFli 
DESIGN DRAWING NUMBFli 60-09-11, Sheets 1 to 3, Inclusive 

SUB-COHTR.&C'l'Cil:Consolidated Western Steel Co. of Los Angeles, California 

PURCH.lSI CllDIR RUKBJ!B: 424 9 DATE ISSUED: 3-20-50 

MATmIAL: Structural steel and Ml.scella.neous Iron 

DRWG. DATE RIV. DATE DATE APP 
HO. 1950 MO. 1950 BI A-E DES:;RIPTION 

1004 5-9 - - 5-23-50 Door threshold. 

1005 5-1 D - - 6-5-50 Corrugated Iron Shelter. 
6 5-1 - - 6-28-50 Door frames. 

7 5-4 - - 6-28-50 Door details and assembly. 

E-9 5-1 - - 6-28-50 Erection plan of shelters. 

' . 

. 
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-
DRWG. DATE RFN. DATE DATE APP. DESCRIPTION 

NO. 1950 NO. 1950 BY A-E 

x 9" Jr. 

1C2-E 5-lC - -- ---- 1/4 Scale Idealized tbdel, Project No. J.J.8f. Assembly 

Erection Plan for Angles on Fiber-Glass Seals. 
A 5-23 Revised in accordance vith Design Draving 100-261-3, Rev. 2. 

B 6-5 6-6-50 Cm-rected. 
1C2-C 5-12 - 1/4 Scale Idealized M:>del, Project No. J.3.8f. Structural 

Steel Details. 

A 5-23 Revised in accordance vith Design Drawing 100-261-3, Rev. 2. 

. B 6-5 6-6-50 Corrected. 

1C2-1 :i 5-12 - -- 1/4 Scale Idealized K::xiel, Project No. 3.J.8f. · Miscellaneou ~ 

Details. 
A 5-23 6-3-50 Revised in acco:rdance with Design Drawing 100-261-3, ..Rev. 2. 

1C2-1 L 6-6 -- -- -- Idealized Models, structures J.3.8a,b,c,d,e & g. Details 

for Steel Frame and Plate. 



SHOP DRAWINGS 

ARMY & AIR FCRCE SPECIAL MILITARY STRUCTURES 

SUB-CONTIUC'l'Cli: Seaman Products, Burbank, California 

PURCHASI ORDIR NUHBIR: 5586 & 8947 DATE ISiOlD:5-J1-so & 1-25-51 

MATIRIAL: Fiberglass Sealing Strips 

DRWG. DATE RD DATI DATE APP 
NO. 1950 NO. 1950 BI A-E D~IPTION 

1 6-15 - Details for Fabrication of Fiber~lass Strios. 

NOI'E: This Drawing was approved by Holmes & Narver 

Construction Department. 

I 

. 

. 



SHOP DRAWINGS 

ARMI SPFXIAL MILITARY Sl'RUCTURE 3.1.1 - MULTI-Sl'CRY BUILDING 
DESIGN DRAWING NUMBJ!R 60-09-06, Sheets 1,3 & 5 of 13 

SU&-COll'l'IUCTClh Western Asbestos Co., Los Angeles, California 

PURCB.lSB OBDIR IUHBIR: 5622 DATE ISSUID: 5-26-50 

MATIRIAL: Corrwzated Asbestos SidinQ:. Drawing Number 50 - 70. 

PRWG. DATE RIV, DJ.Tl DATE APP 
NO. 1950 NO. 1950 BI j~E D F.S:mI Pf I ON 

A 8-29 -- - --- Panels E-1, ~2 and E-J. 

1 B-:n General revision. 

2 9-15 9-25-50 Revised as per approved drawings. 

B 8-Jl - - Panels A-1, A-2, and A-J. 

1 s-:n General revision. 

2 9-15 9-25-50 Revised as per approved drawings. 

. 
Note: Drawing 50-70-A supercedes drawing 5o-60-l and 

drawing 50-70-B supercedes drawing 5o-60-2 • 

. 



DESIGN DRAWINGS 

NAVY SP~IAL MILITARY STRUCTURES 
DRAWINGS 481, 343 to 481, 361, Inclusive - Sheets 1 to 19, Inclusive 

ARCbIT&;T - ENGINEIB: Bureau of Yards & Docks, Washington,D.C. 

SHT. DATE REV. DATE DATE R.EX;D 
NO. 1950 NO. ~950 BY H & N DESCRIPl'ION 

1 - - - 2-27-50 Structure 3.2.la - Solid Bomb Shelter, Structural Details. 

* 7-6 7-17-50 Deleted Spread Base on Footings. Added Reinforcing Trusses 
in Footing. 

2 - - -- 2-27-50 Structure 3.2.lb - Cellular Bomb Shelter, General Plans. 

* 7-6 7-17-50 Added Haunch to Footing. Added Reinforcing Trusses in Footing. 

Deleted Spread Base on Footings. 

3 - - - 2-27-50 Structure 3.2.lb - Cellular Bomb Shelter, Truss Details. 
4 -- - - 2-27-50 Structure J.2.lb - l;ellular Bomb Shelter, Foundation Plan. 

* 7-6 7-17-50 Added Reinforcing Trusses in Footing. 

5 - - - 2-27-50 Structure J.2.2a - Precast Panels with Columns & Beams, 

Structural Details. 

* 7-5 7-17-50 Added 2 Concrete Struts between Footings at side. 

6. 7-7 7-17-50 Corrected Dimension. 

6 - - - 2-27-50 Structure 3. 2. 2a - Precast Panels with Columns & Beams, 

Structural Details. 
7 - - - 2-27-50 Structure 3.2.2b - Precast Panels with Brick Walls & Wooden 

Roof Framing, Structural Details. 

* 7-5 7-17-50 Added 2 Concrete Struts between Footings. 

8 - - - 2-27-50 Structure 3.2.2b - Precast Panels with Brick Walls & Wooden Roof 



DESIGN DRAWINGS 

si--· DATE REV. DATE DATE ;tEX;J, .a• DF.SCRIPTI ON 
NO. 1950 NO. 1950 BY H t :i · 

Framing, Structural Details. 

* 7-5 7-17-50 Corrected Dimension. 

9 - - - 2-27-50 Structures 3.2.3a & b - Precast Cellular Walls & Roof, 
General Plans. 

~ 4-3 4-18-50 Added Holes in ends of Cells. Added Structure 3.2.3b. 

~ 5-9 5-19-50 Added Holes & Depressions in sides of Cells. 

10 - - - 2-27-50 Structures 3.2.3a & b - Precast Cellular Walls & Roof, 

Joint Details. 

fu 4-3 4-18-50 Added Holes in ends of Cells. Added Structure 3. 2. 3b. 

rTl 5-9 5-19-50 Added Concrete Stop Plates. Revised Wooden Concrete Stops. 
-~ 5-9 5-19-50 Added Holes & Depressions in Sides of Cells. 

11 - - - 2-27-50 Structures 3.2.3a & b - Precast Cellular Walls & Roof, Panel 

Details. 

~ 4-3 4-18-50 Added Holes in ends of Cells. Added Structure 3.2.3b. 

rn 5-9 5-19-50 Added Concrete Stop Plate~. Revised Wooden Concrete Stops. 

~ 5-9 5-19-50 Added Holes & Depressions in sides of Cells. 

I 2 1 5-11 5-19-50 Added Assembly Procedure. 

12 - -- - 2-27-50 Structures J.2.Ja & b - Precast Cellular Walls & Roof, Truss 

Details. 

ITl 5-9 5-19-50 Added Concrete Stop Plates. Added Structure 3.2.3b. 

121 5-11 5-19-50 Added Spacer Bars to Trusses. 

13 - - - 2-27-50 Structure 3.2.4a - Precast Panel Arch Rib with Wing Walls, 



DESIGN DRAWINGS 

SE'i'. DATE REV. DATE DATE i:l:&;::J, 

NO. 1950 NO. 1950 BY H 8· :1 DESCRIPTION 

Structural Details. 

* 7-5 7-17-50 Deleted one Floor Panel. Added Concrete Strut in Place of 

Floor Panel. 

14 - - - 2-27-50 Structure J.2.4a - ?recast Panel Arch Rib with Wing Walls. 

Structural Details. 

* 7-5 7-17-50 Deleted one Floor Panel. 

15 - - -- 2-27-50 Structure 3.2.4b - ?recast Panel Arch Rib, Plans & Details. 

* 7-5 7-17-50 Deleted 2 Floor Panels. Added 2 Concrete Struts in place 

of Panels. 

16 - - - 2-27-50 Structure J.2.5 - ?recast Panel Igloo, Structural Details. 

1 4-17 7-17-50 Changed Type Number to J.2.6. 

17 - - - ~27-50 Structure 3.2.5. - Precast Panel Igloo, Structural Details. 

1 4-18 7-17-50 Changed Type Number to 3.2.6. 

18 - - - 2-27-50 Structure 3.2.6 - Precast Panel Quonset. 

1 1..-18 7-17-50 Changed Type Number to 3.2.5. 

* 7-5 7-17-50 Deleted 2 Floor Panels. Added 2 Concrete Struts in place 

of Panels. 

19 - -- - 2-27-50 Structure 3.2.7a - Conventional Reinforced Concrete Buildill@ 

Structural Details. 

* 3-14 3-20-50 Changed Type Number to 3.2.7a & b. 

rs;J 3-14 3-20-50 Added Structure 3.2.7b. 

~ 7-5 7-17-50 Changed Type 3.2.7a to 3.2.7b & changed Type 3.2.7b toJ.Z.7q 
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SliT. DATE REV. DATE DATE ;:u~x;J. 

NO. 1950 NO. 1950 BY H 8· :i DF.sCRIPTION 

.3.2.7a. 
(I 7-5 7-17-50 Added Concrete Strut between Footings. 



DESIGN DRAWINGS 

NAVY SP:EX;IAL MILITARY STRUCTURES PRCGRAM 

SPl,t;IFICATIONS 

ARCEIT&;T - ENGINEIB: Bureau of Yards & Docks, Washington, D.C. 

SHT. DATE REV. DATE DATE R.EX;D 
NO. 1950 NO. 1950 BY H & N DESCRIPTION 

1-8 - - - 3-9-50 Specifications for Test Structures. 



DESIGN DRAWINGS 

NAVY SPECIAL MILITARY STRUCTURES 
CONSTRUCTION SKEI'CHES 

DESIGN DRAWINGS 481, 343, -47, -48, -50, -51, -52, -53, -54, -58, -59, -61 
ARCUTFX:T - ENGINE:IB: Holmes & Narver, Inc. Construction Department 

SHT. DATE REV. DATE DATE R.FX;D 
NO. 1950 NO. 1950 BY H & N DESCRIPTION 

3 3-21 - -- ------ Miscellaneous iron details for Structures 3.2.2b, 3.2.5 and 

3.2.6. 
4 J-23 - -- ------ Steel door details for Structures J.2.3, J.2.6 and J.2.7a &· b. 

8 6-12 - -- ------ Shoring details for Structure J..2.la. 

9 6-12 -- -- ----- Shoring details for Structure 3.2.2a. 

10 6-13 - -- ------ Shoring details for Structure 3.2.J. 

11 6-13 -- -- ----- 9taring details for Structure J.2.6. 

NarE: These drawings were initiated and approved by Ho~mes 

& Narver, Inc. Construction Department. 



SHOP DRAWINGS 

NAVY SPECIAL MILITARY STRUCTURES 
DESIGN DRAWINGS 481, 347 to 481, 360, Inclusive 

Stm-CONTRACTClt: Barrett & Hilp, San Francisco, Calitornia 

PURCRASB ORD!R RUMB!R: 4609 DATE ISSUED: 5-3-50 

MATERIAL: Erection Marking Drawings 

DRWG. DATE RIV DATE DATE APP 
NO. 1950 NO. 1950 BY A-E D~IPTION 

ES-1 5-19 - - --- Structure 3.2.2a. 
ES-2 5-11 - - - Structure 3.2.2b. 

ES-3 5-19 - - Structure 3.2.3a. 

1 6-20 

ES-4 5-19 - -- Structure 3.2.Jb. 

1 6-20 

~~~5 5-24 - - --- Structure 3.2.4a. 
~ 5-24 - - -- Structure 3.2.4b. 

1 6-20 -
ES-7 5-25 - - --- Structure 3. 2. 5 

ES-8 5-25 - - Structure 3.2.6. 

NOl'E: These Drawings were approved by Holmes & Narver, 

Inc. Construction Dept. and sent to the Navy for 
their information only. 



SHOP DRAWINGS 

NAVY SP&:IAL MILITARY STRUCTURES 

SUB-CONTRACTOR: Barrett & Hilp, San Francisco, California 

PORCH.AS! ORD!Jl NUMBJ!R: 4609 DATE ISSUED: 5-J-50 

MATERIAL: Insert Holding Details 

l>RWG. DATE REV DATE DATE APP 
NO. 1950 NO. 1950 BY A-E DESCRIPI'ION 

ID-1 5-15 - - Insert Holrling Details 
NOTE: This Drawing vas approved by Holmes & Narver's 

Resident Inspector on the Job & was sent to the 

Navy for their information only. 



SHOP DRAWINGS 

NAVY SPEX;IAL MILITARY STRUCTURES 
DESIGN DRAWINGS 481, 343, -44, -45, -47, -50, -53, -54, -56, -59, -60 

SO&-COM'l'RACTClh Barrett & Hilp of San Francisco, Calif.: Ellison & King sub-sub-contractor 

PURCHASB CIU>IR NUMB!R: 4609 DATE ISSUED: 5-3-50 

MAT!RIAL: Crating for Precast Parts of Test Structures 
DRWG. DATE REV DATE DATE APP 

HO. 1950 NO. 1950 BY A-E DF.3::RIPTION 

Pl 5-8 -- - -- This drawing is superceded by drawing P2 
P2 6-24 - - 7-7-50 Crating for Precast sections 

P3 7-5 - - 7-12-50 Crating for Precast sections 

P4 7-10 - -- 7-18-50 Crating for Precast sections 

P5 7-13 - -- 7-18-50 Crating for Precast sections 

--



SHOP DRAWINGS 

NAVY SPECIAL MILITARY STRUCTURES 
DESIGN DRAWINGS 481, 347, -48, -49, -50, -52, -54, -56, -57, -58, -59, -60 

SUB-COJITRAC'l'Cll: Barrett & Hilp of San Francisco, Calif.: EMPC01 sub-sub-contractor 

PURCIUSI ORD!R RUMBm: 4609 DATE ISStml: 5-3-50 

MAl'IRIAL: Miscellaneous Iron 
DRWG. DATE REV, DATI DATE APP 

110. 1950 NO. 1950 BY A-E D~RIPTION 

1 5-11 - - Bevel vashers. 

1 5-25 ----
2 8-J --
3 8-21 ---
4 10-9 10-23-50 

.2 5-11 - - - Bevel vasher s. 

1 5-25 ---
2 8-J 

J 8-21 -----
4 9-7 9-22-50 

J 5-11 - -- ---- Bolts and nuts. 

1 5-25 ------
2 8-J ------
J 8-21 -
4 9-7 --
5 10-9 10-23-50 

4 5-11 - - Bolts and vashers. 



SHOP DRAWINGS 

DRWG. DATE REV. DATE DATE APP. DESCRIPTION 
NO. 1950 NO. 1950 BY A-E 

1 5-25 
2 8-3 -
3 8-21 9-22-50 

5 5-11 - - -- Ml.scellaneous plates and washers. 

1 5-25 

2 8-3 ---
3 8-21 9-22-50 

6 '>-10 - - - Plates. bars and bolts. 
1 5-25 Omitted clip angles. 

2 6-6 - Omitted bent bars. 

3 8-3 9-22-50 Added bent bolts. 

7 7-17 - - 9-22-50 Plates, bolts and nuts. 



SHOP DRAWINGS 

NAVY SP.EX:!IAL MILITARY STRUCTURES 
DESIGN DRAWINGS 481, 347, -48, -49, -50 

SUB-CONTR.tCTCll: Barrett & Hilp of San Francisco, Calif.: Soule Steel Co~sub-sub-contractor 

PURCHASE ORD!R NUMB!R: 4609 DATE ISiUED: 5-3-50 

MATmIAL: Miscellaneous Iron 
DRWG. DATE REV DATI DATE APP 

NO. 1950 NO. 1950 BY A-E D~IPI'ION 

6 5-8 -- -- --
7 5-H - -- ---
8 5-1~ - --

NarE: Sheets 6,7, & 8 were superceded by Sheets 4 & 8 

4 5-8 - -- Plates, Angles & Channels. Structure 3.2.2a. 

1 - -
M4 5-8 - - 6-28-50 Supercedes Sheet 4. 

1 -- 9-22-50 

8 5-1: - -- -- Plates & Angles. Structure 3.2.2b. 

M3 5-1: - - ---- Supercedes Sheet 8. 

1 - ---
2 -- -
3 - 9-22-50 

Ml.O 7-11 - - --- Plates. Bolts, Nuts & ~e-Bolts, Structure 3.2.2a. 

1 - 9-22-50 



SHOP DRAWINGS 

NAVY SPECIAL MIUT ARY STRUCTURES 
DESIGN DRAWINGS 481, 347 to 481, 360, inclusive 

SUB-CONTRJ.CTCR: Barrett & Hilp o! San Jranci•co, Calif.: Soule Steel Co.sub-sub-contractor 

PURCHJSB C!IDBR NUHB!R: 4609 DATE ISiUID: 5-3-50 

MlllRIAL: Reinforcing Steel 

bRWG. Dill Rfi DATI DATE APP 
10. 1950 NO. 1950 BY A-E DES;RIPTION 

1 4-17 - - __ _.__ 
Reinforcing for Structures 3.2.Ja & b and 3.2.4a 

l 5-29 6-12-50 
2 4-18 - - Reinforcing for Structure 3.2.4a 

l 5-29 6-12-50 

3 4-19 - - -- Reinforcing !or Structure 3.2.4b 

1 5-25 6~-50 

4 4-20 - -- --- Reinforcing for Structure 3.2.2a 

1 5-12 8-3-50 
5 4-21 - - 5-2-50 Reinforcing for Structure 3.2.2a 

1 5-12 8-3-50 

6 4-24 - -- -- Reinforcing for Structure J.2.5 

1 5-12 8-3-50 
7 4-24 - - Reinforcing for Structures J.2.5 and J.2.6 

1 5-29 6-12-50 

8 4-26 - - Reinforcing for Structures J.2.2b and 3.2.3 

1 5-25 
2 7-7- 7-18-50 



SHOP DRAWINGS 

NAVY SP&;IAL MILITARY STRUCTURES 3.2.3 a & b 
DF.SIGN DRAWING 481, 354 

s~O~OR: Barrett & Hilp of San Francisco, Calif.: Soule Steel Co.9ub-sub-contractor 

PURCRASI ORDIR NUMB!ll: 4609 DATE ISitJm: 5-3-50 

MA.TIBIAL: Steel Trusses 

DRWG. DATE RIV' DATI DATE APP 
10. 1950 10. 1950 BY A-E D~IPTION 

M-9 5-16 - - 6-14-50 Steel Trusses 

l - -- Added spacer bars and concrete stop plates. 

2 6-30 7-11-50 .Added splice plate details. 



SHOP DRAWINGS 

NAVY SPECIAL MILITARY STRUCTURE 3.2.l a 
DESIGN DRAWING 481, 343 

SUB-COtn'R!CTCR: Bethlehem Pacific Coast Steel Co. of San Francisco, California 

PURCBASI ORDJ!R NUMB!R: 5489 DATE 1ssom: 5-24-50 

MATIRIAL: Steel Trusses 
DRWG. DATE RIV DATI DATE APP 

NO. 1950 NO. 1950 BI A-E DES:;RIPTION 
l 6-6- -- -- 6-15-50 Steel Trusses 

2 6-6 - - 6-15-50 Steel Trusses 



SHOP DRAWINGS 

NAVY SPECIAL MILITARY STRUCTURE 3. 2.lb 
DESIGN DRAWING 481, 345 

SUS-COlmUCTai: Nigg Engineering Corp. of Covina, California 

PIJRCHASB ORDIR NUHBJ!R: 4251 DATE !Si/JED: 3-28-50 

.MATPJUAL: Steel Trusses and Miscellaneous Iron 

DRWG. DATE RIV DATI DATE APP 
HO. 1950 NO. 1950 BY A-E DF,S;RIPI'ION 

1 3-30 - - 4-7-50 Trusses T-1. 
2 3-30 - - 4-7-50 Trusses T-2. 

3 3-31 - - 4-7-50 Trusses T-3. 

4 3-:n -- -- 4-7-50 Miscellaneous Iron. 



DESIGN DRAWINGS 

AIR FORCE SPECIAL MILITARY STRUCTURES 
PRELIMINARY PLANS 

ARCHITEX;T - ENGINEEll: Hovard T. Fisher & Associates, Chicago, Illinois 

SHT. DATE REV. DATE DATE RJOCD 
NO. 1950 NO. ~950 BY H & N DF.sCRIPrION 

1 - - - 2-14-50 Drawing No. 100-252, Structure TYPe C-1.1. 

2 - - - 2-14-50 Drawing No. 100-252, Structure Type C-1.1. 

3 - - - 2-14-50 Drawing No. 100-252, Structure TYPe C-1.1. 
1 - - - 2-14-50 Drawing No. 100-253, Struci;ure Type F-2. 

1 - - -- 2-14-50 Drawing No. 100-254, Structure Type D. 

l - - - 2-14-50 Drawing No. 100-255, Truss Bridge 

2 - - -- 2-14-50 Draving No. l(X)-255, Plate Girder Bridge and M:>del. 

3 - - - 2-14-50 Drawing No. 100-255, Supports for Bridges, Members and t-bdel. 

1 - -- - 2-14-50 Drawi~ No. 100-256, Structure Type B-1. 

2 - -- - 2-14-50 Drawing No. 100-256, Structure Type B-1. 

3 - - -. 2-14-50 Drawing No. 100-256, structure Type B-1. 

4 - - - 2-14-50 Drawing No. 100-256, Structure Type B-1. 

5 - - -- 2-14-50 Drawing No. 100-256, Structure TYPe B-1. 
6 - - - 2-14-50 Drawing No. 100-256, structure Type B-1. 

7 - - - 2-14-50 Drawing No. 100-256, Structtn"e TYPe B-1. 

1 - - -- 2-14-50 Drawing No. 100-257, structure Type A-2.1. 

2 - - - 2-14-50 Drawing No. 100-257, Structure Type A-2.1. 

3 - -- - 2-14-50 Drawing No. 100-257, Structure Type A-2:i. 

1 - - - 2-14-50 Drawing No. l(X)-258, Structure Type B-2. 



DESIGN DRAWINGS 

SHT. DATE REV'. DATE DATE it&;D. 
NO. 1950 NO. 1950 BY H 8- :l DESCRIPTION 

2 - - - 2-14-50 Drawing No. 100-258, Structure Type B-2. 

3 - -- -- 2-14-50 Drawing No. 100-258, Structure Type B-2. 
1 - - - 2-14-50 Drawing No. 100-259, lt>del Strueture Type C-1.1. 

2 - -- 2-14-50 Drawing No. 100-259, lt>del Structure Type C-1.1. 

3 - - - 2-14-50 Drawing No. 100-259, Model Structure Type C-1.1. 



DESIGN DRAWINGS 

AIR FORCE SP&:IAL MILITARY STRUCTURES 

ARCHIT~T - ENGINENl: Howard T. Fisher & Associates, Chicago, Illinois 

SHT. DATE REV. DATE DATE REX;D 
NO. 1950 NO. ~950 BY H & N DESCRI Pl'I ON 

1 2-27 - -- 2-28-50 Drawing No. 100-252, Structure TYPe C-1.1. Project No. J.J.J. 
Plans, Elevations & Structural Details. 

2 2-27 - - 2-28-50 Drawing No. 100-252, Structure TYPe C-1.1. Project No. 3.J.3. 

Sections and Details. 

3 2-27 - - 2-28-50 Drawing No. 100-252, Structure Type C-1.1. Project No. J.3.3. 
Structural Details. 

4 2-27 - - 2-28-50 Drawing No. 100-252, Structure Type C-1.1. Project No. 3.3.J. 
Wing Walls. 

1 r.-20 7-14-50 Changed height of Braces. 

Note: This revision was covered by letter from Fisher dated 
5-11-50. 

1 2-2? -- - 2-28-50 Drawing No. 100-253, Structure Type F-2. Project No. J.3.5a & b. 
Plans, Sections & Elevations. 

1 ·-20 ?-14-50 First floor joists changed from 2" x 12" to 2" x 1011 • 

Note: This revision was covered by letter from Fisher dated 

5-11-50. 

1 2-27 - - 2-28-50 Drawing No. 100-257, Structrue Type A-2.1. Project No. 3.J.4. 
Plans, Elevations & Sections. 

1 2-27 - - 4-25-50 Drawing No. 100-257, Structure Type A-2.1. Project No. J.3.4. 



DESIGN DRAWINGS 

SHT. DATE REV. DATE DATE !l»'.; D 
DE~RIJ>TION 

NO. 1950 NO. 1950 BY H 8: il 

Plans, Elevations & Sections. 
Note: This Drawing was corrected but no Revision or Revi-

sion date indicated. 
1 4-~0 7-14-50 Corrected errors in dimensions. 

2 2-27 -·- - 2-28-50 Drawing No. 100-257, Structure TYPe A-2.1. Project No. 3.3. 

4. Structural Details. 

2 2-27 -- - 4-25-50 Drawing No. 100-257, Structure TYPe A-2.1. Project No. 3.3.4 

Structural Details. 

Note: This Drawing was corrected but no Revision or 

Revision date indicated. 
l 4-20 7-14-50 Corrected errors in dimensions. 

3 2-27 -- - 2-28-50 Drawing No. 100-257, Structure A-2.1. Project No. 3.3.4. 

Wing Walls. 

1 4-20 7-14-50 Changed height of Braces. 

Note: This Revision was covered by letter from Fisher 

dated· 5-11-50. 
l 2-27 - - 2-28-50 Drawing No. 100-259, Structt\)e Type C-1.1. M:>del. Project 

No. 3.3.8h. Plans, Elevations & Structl11'al Details. 

2 2-27 -- -- 2-28-50 Drawiruz No. 100-259. Structure TYPe C-1.1 M.:>del. 

Project No. 3.3.8h. Details. 

3 2-27 - - 2-28-50 Drawing No. 100-259, Structure Type C-1.1 M.:>del. <Project 

No. 3.3.8h. Truss Details. 



DESIGN DRAWINGS 

SHT. DATE REI/. DATE DATE ll:&:D. DES::RIPTION 
NO. 1950 NO. 1950 BY H K il 

4 2-27 - -- 2-28-50 Drawing No. lC:X:::-259, Structure Type C-1.l t-k>del. 

Project No. 3.3.Sh. Wing Walls. 
l 4-20 7-14-50 Changed height of Braces. 

Note: This Revision was covered by letter from Fisher 

dated 5-ll-50. 

1 2-27 - - 2-28-50 Drawing No. 100-261, iimplified Structures. Project No. 

3.3.Sa,b,c,d,e,f & g. Plans, Elevations, & Details. 

1 J-23 J-J0-50 Omitted lower Beams. Changed size of upper Beams. 
Increased thickness of front Slab. Added drop Panels at 

Column Footings. Increased size of Reinforcing Bars in 

Walls. Changed Anchor Fastening from Bolts to Plates. 
1 4-12 - -- 4-25-50 Drawing No. 100-261, Idealized K>dels. Project No. J.3.8a, 

b,c,d,e & g. Plans & Elevations. 

1 4-20 4-25-50 Drawings 100-261-1, -2 & -J dated 4-12-50 supercede Drawing 

No. 100-261-1 dated 2-27-50. 

2 5-12 5-16-50 Changed thickness of Side Walls. Reinforcing Side and Rear 

Walls, thickness of Door Plate and Overall width. 

2 4-12 - - 4-25-50 Drawing 100-261, Idealized 1't)dels. Project No. J.3.8a,b,c, 

d,e & g. Details. 

1 4-20 4-25-50 Drawings 100-261-1, -2 & -3 dated 4-12-50 supercede Drawing 
No. 100-261-1 dated 2-27-50. 

2 5-11 5-16-50 Changed thickness of Side Walls, Reinforcing Side and Rear 



DESIGN DRAWINGS 

SHT. DATE REV. DATE DATE !lFJ:;;-). 

NO. 1950 NO. 1950 BY H 8· il DES:RIPT I ON 

Walls, Struts, Strut Spacing and Ties. 

3 4-12 - - 4-25-50 Drawing No. 100-261, 1/4 Scale Idealized lbiel. Project 

No. 3.3.8f. 

1 4-20 4-25-50 Drawings 100-261-1, -2 & -3 dated 4-12-50 supercede 

Drawing No. 100-261-1 dated 2-27-50. 
2 5-10 5-16-50 Changed thickness of Side Walls, Reinforcing Side and Rear 

Walls, Struts, Length of Front Wall, etc. -• Drawing No. 100-262, Piers for Displacement Gauges. 1 4-12 - - 4-25-50 Project 

No. 3.3.3 & 3.3.4. 
1 S-10 5-16-50 Added Stirrups in Shafts. Lengthened all Vertical Bars to 

e•tend into Footing. Deleted all Bar Splices. 



DESIGN DRAWINGS 

AI~ FORCE SPEX;IAL MILITARY STRUCTURES 
SPECIFICATIONS 

ARCHITEX::T - ENGINE!ll:Hovard T. Fisher & Associates, Chicago, Illinois 

SHT. DATE RF.V. DATE DATE Jm;D 
NO. 1950 NO. 1950 BY H & N DF.SCRIPfION 

- 2-21 - - 3-1-50 Specifications for Structures for Department of tte Air Force. 

1 4-1~ 4-14-50 Addendum No. 1 



DESIGN DRAWINGS 

AIR FORCE SPECIAL MI LIT ARY STRUCTURES 
CONSTRUCTION SKETCHES 

ARCHIT&;T - ENGINEEll: Holmes & Narver, Inc. Construction Department 

SIIT. DATE REV. DATE DATE REX;D 
NO. 1950 NO. ~950 BY H & N DESCRIPI'ION 

7 4-11 - - Anchor Bolts. 

1 10-3 

13 9-22 - - Straight Bar Cutting List. 

1 9-22 -- Redraw 

2 10-3 -
16 9-15 - - -- Roofing for Structure 3.3.5. 
17 9-21 - - Reinforcing List for Structure 3.J.3. 

l 10-3 
18 9-22 - -- -- Reinforcing List for Structure 3 • .3.4. 

1 10-J 

Note: These Drawings were initiated and approved by Holmes 

& Narver, Inc. Construction Department. 



SHOP DRAWINGS 

AIR FORCE SPECIAL MILITARY SfRUCTURES 
DESIGN DRAWINGS 100-252-1, -2, -3 & -4 and 100-257-1, -2 & -3 

SUB--CONTRACTOR: Bethlehem Pacific Coast Steel Co., Alameda, California 

PURCHASE ORD!R NUMB!R: 4575 DATE ISSUID: 4-11-50 

MAT!RIAL: Structural Steel and Miscellaneous Iron 
bRWG. DATE REV DAl'I DATE APP 

MO. 1950 MO. 1950 BY A-E DF3}RIPI'ION 

1 4-26 - - 6-7-50 Structure Type C-1.1, Project No. 3.3.3. Trusses. 
2 4-20 - - 6-7-50 Structure Type A-2.1, Project No. 3.3.4. Columns Bracing 

and Girts, Wing Wall. 
3 4-25 - - 6-7-50 Structure Type C-1.1, Project No. 3.3.3. Columns Bracin~, 

.. --
Wing Wall. 

4 5-3 - -- 6-7-50 Structure Type C-1.1, 'Project No. 3.3.3. Columns. 

5 5-4 - -- 6-7-50 Structure Type C-1.1, Project No. 3.3.3. Columns. 
q 5-11 - - -- Structure Type C-1.1, Project No. 3.3.3. f.t:>nitor. 

1 6-14 6-7-50 

7 5-13 - - 6-7-50 Structure Type A-2.1, Project No. 3.3.4. f.t:>ni tor Framing. 

8 4-28 - - 6-7-50 Structure Type C-1.1, Project No. 3.3.3. Trus!Jes. 

9 4-28 - -- 6-7-50 Structure Type C-1.1, Project No. 3.3.3. Truss Sections. 

10 5-2 - - 6-7-50 Structure Type C-1.1, Project No. 3.3.3. Trusses. 
11 5-1 - - 6-7-50 Structure Type C-1.1, Project No. 3.3.3. Trusses. 

12 5-12 - - --- Structure Type C-1.1, Project No. 3.3.3. f.t:>ni tor. 

1 6-14 6-15-50 

13 5-9 - - ~- Structure Type C-1.1, Project No. 3.3.3. Purlins and Eave 



SHOP DRAWINGS 

DRYG. DATE REV. DATE DATE APP. DESCRIPTION 
NO. 1950 NO. 1950 BY A-E 

Struts. 
1 6-7 6-7-50 

14 5-6 - - -- Structure Type C-1.1, Project No. 3.3.3. Diagonals, Struts 
& Strut Plates. 

1 6-7 6-7-50 

15 5-13 - - 6-7-50 Structure Type A-2.1, Project No. 3.3.4. Girts, Lintels 

& Door Headers. 
16 5-8 - - 6-7-50 Structure Type A-2.1, Project No. 3.3.3. Lintels. 

E-1 4-19 -- -- 6-7-50 Structure Type C-1.1, Project No. 3.3.J. Anchor Bolt Plan. 

E-2 4-14 - -- 6-7-50 Structure Type A-2.1., Project No. 3.3.4. Anchor Bolt Plan. 

E-3 4-20 -- - 6-7-50 Structlire Type C-1.1, Project No. J.J.J. Elevations and 

Bottom Chord'Plan. 

E-4 4-20 - - 6-15-50 Strtmture Type C-1.1, Project No. 3.3.3. r.bni tors and 

Bottom Chord Plan. 

E-5 4-28 - - 6-7-50 Structure Type C-1.1, Project No. J.3.3. Truss Diagrams. 

E-6 4-28 - - 6-7-50 Structure Type A-2.1, Project No. J.J.4. Erection Plan. 

K-1 - - -- 6-29-50 Index to Marks. 

Jt-2 - - - 6-29-50 Index to Marks. 

SR-1 6-15 - - 6-29-50 Rivet Ll.st. 

CBl 5-17 - - 6-29-50 Plates. 
M 1 5-17 - - 6-29-50 Rod Ll.st. 
~ 



SHOP DRAWINGS 

AIR FORCE SPEX;IAL MILITARY STRUCTURES 
DESIGN DRAWINGS 100-259-1, -2, -3 & -4 

SlJB-CONTlUCTOR: Jumbo Steel Products Co., Azusa, California 

PURCHASE ORDm NUMBER: 4576 DATE IS.DID: 4-13-50 

MATERIAL: Structural Steel and Miscellaneous Iron 
DRWG. DATE REV DATE DATE APP 

HO. 1950 NO. 1950 BY A-E DF3::RIPTION 

lCl-l 4-20 - -- ------ M:xiel Structure Type C-1.1, Project No. 3.3.8h. Foundation 

Bolts - Layout. Dimension changed. 
A 4-24 Dimension changed. 

B 5-10 6-3-50 Changed Section A-A • 

lCl-2 - -- -- -- Model Structure Type C-1.1, Project No. 3.3.8h. Erection 

Diagram. 
A 5-10 --- General Revision. 

B 6-3 6-6-50 ~ks corrected. 
lCl-3 4-21 - - -- r-txiel Structure Type C-1.1, Project No. 3.J.8h. Erection 

Diagram. 

A 5-18 ----- Reversed L and R. 

B 6-J 6-6-50 Changed dimension line. 

lCl-4 4-22 - - 5-19-50 t-bdel Structure Type C-1.1, Project No. 3.3.8h. Details 

Wing Wall. 
A 5-15 6-3-50 General Revision. 

lCl-5 4-27 - - M:xiel Structure C-1.1, Project No. 3.3.Sh. Detail Truss T-3 

A 5-17 6-3-50 General Revision. 



SHOP DRAWINGS 

bRWG. DATE RE.V. DATE DATE APP. DF.SCRIPTION 
NO. 1950 NO. 1950 BI A-E 

lCl-6 5-3 - - -- Model Structure Type C-1.1, Project No. 3.3.8h. Detail 

Truss T-2. 

A 5-17 6-3-50 General Revision. 

lCl-7 4-27 - - Model Structure Type C-1.1, Project No. 3.3.8h. Detail 

Trusses T4A, T4B & T4C. 

A 5-16 -- Plates changed. 

B 6-3 6-6-50 Hole added. 

lCl-8 5-1 - -- Model Structure Type C-1.1, Project No. 3.3.8h. Trusses 

TlA, TlB, TlC, TlD & TlE. 
A 5-16 6-3-50. Strip:. changed. 

lCl-9 5-1 - - Model Structure Type C-1.1, Project No. 3.3.8h. Details 

of Purlins. 

A 5-11 -- Revised P-8. 
B 5-26 General Revision. 

c 6-3 6-6-50. Changed Dimensions and Bill of Material. 

lCl-11 5-8 - - Model Structure Type C-1.1, Project No. 3.3.8h. Girts 

and Diagonals. 

A 5-18 --- Nuts changed. 

B 6-3 6-6-50 Column connection. 

lCl-1 5-8 - - -- Model Structure Type C-1.1, Project No. 3.J.8h. Details 

of l't>nitor Frames. 
A 5-18 General Revision. 



SHOP DRAWINGS 

. 
l:>RWG. DATE REV. DATE DATE APP. DF.SCRIPTION 

NO. 1950 NO. 1950 BY A-E 

B 6-J 6-6-50 Changed Dimensions and added Material. 

lCl-1; 5-8 - - f.t>del Structure Type C-1.1, Pro~ect No. J.3.Sh. Column 
Details. 

A 5-17 General Revision. 

B 5-26 -- Dimensions Changed. 

c 6-3 6-6-50 Changed Columns A4 & G4 and Bill of Material. 

lCl-1. 5-9 - -- rt:>del Structure Type C-1.1, Project No. 3.3.Sh. Column 
Details. 

A. 5-17 -- General Revision. 

B 5-26 -- Changed Dimensions. 
c 6-3 Column A Face Changed. 

D 6-6 6-6-50 Angle Clip omitted on Face A. 

lCl-11 5-8 - - f.t>del Structure Type C-1.1, Pro~ect No. 3.3.Sh. Struts, 
Gussets and Diagonals. .,. 5-18 --- Nuts changed and Note adde<1. 

B 6-3 6-6-50 Changed D4, D5, DP2, DPS & DPS. 

lCl-P 9-21 - - 6-3-50 M:>del Structure Type C-1.1, Project NO~ 3.3.Sh. Sash 

Details. 
c 9-21 -- Redrawn. 

D lQ-3 Changed Dimension. 

E 10-4 10-10-50 Changed Dimension. 
lCl-lt 5-9 - - -- l"k><lel ::>t.ructure Type L;-1.-r, tTOJect. No. J.J.on. 



SHOP DRAWINGS 

DRWG. DATE REV. DATE DATE APP. DF.sCRIPTION 
NO. 1950 NO. 1950 BY A-E 

Corrugated Metal Details. 

A 5-18 6-3-50 General Revision. 



SHOP DRAWINGS 

AIR FORCE SP~IAL MILITARY STRUCTURES 
DESIGN DRAWINGS 100-261-1, -2 & -J 

SUB-CONTIUCTOR: Jumbo Steel~ Products Co. , Azusa, 6alifornia 

PURCHASE ORDIR NUMBm: 4577 DATE ISiOED: 4-14-50 

MATERIAL: Structural steel and Miscellaneous Iron 
ORWG. DATE REV DA1'1 DATE APP 

HO. 1950 NO. 1950 BY A-E D~RIPI'ION 

1C2-J 4-20 - - Idealized r.txiels, Project No. J.J.8a.b,c,d,e & g. Erection 

Plans and Elevation. 

A 4-28 ----- Changed Name, Pipe Sleeves, Markings and Pipe Bracing. 

B 5-8 -- Deleted Wall Ties. 

c 5-19 --- Revised in accordance with Design Drawing 100-261-2, Rev. 2. 

D 5-26 ---- Revised in accordance with corrections. 

E 6-5 6-6-50 Corrected. 

1C2-; 4-25 - - ---- Idealized t-k:>dels, Project No. J.J.8a,b,c,d,e & g. Erection 

Plan for Roof and Wall Angles. 
A 5-1 -- Changed Hole Spacing to clear Horizontal Bolts and Pipe 

Sleeves. 

B 5-19 Revised in accordance vi.th Design Drawing 100-261-2, Rev. 2. 

c 5-26 6-J-50 Revised in accordance with corrections. 
1C2-' 4-27 - - [dealized Models, Project No .• J.J.Sa,b,c,d,e & g. 

Miscellaneous Details and Corner Columns. 

A 5-9 --- ~ashers Changed. 

B 5-19 -- Revised in accordance with Design Drawing 100-261-2, Rev. 2. 



SHOP DRAWINGS 

bRWG. DATE REV. DATE DATE APP. 
NO. 1950 NO. 1950 BY A-E DE~RIPTION 

c 5-26 6-3-50 Added ftn-ned Pins and Cotter Pins to Bill of Material. 

1C2-l 5-1 - - --- Idealized l-t>dels, Project No. 3.3.8a,b,c,d,e & g. Column 

and Beam Details. 

A 5-4 Added Note on Welding. 

B 5-19 - Revised in accordance with Design Drawing 100-261-1, Rev. 2. 

c 5-26 6-3-50 Revised in accordance vith corrections. 

1C2-5 5-2 - - --- Idealized M:>dels, Project No. 3.3.8a,b,c,d,e & g. 4r 

Column Details. 

A 5-4 -- Added Note on Welding. 

B 5-19 Revised in accordance with Design Drawing 100-261-1, Rev. 2. 

c 5-26 6-3-50 Revised in accordance with corrections. 

1C2-6 5-3 - - -- Idealized 1't>dels, Project No. 3.3.8a,b,c,d,e & g. Details 

of J~" Pipe Struts, Cables and Anchors. 

A 5-19 -- Revised in accordance with Design Drawings 100-261-1, -2, 

Rev. 2. 

B 5-26 6-3-50 Revised in accordance with corrections. 

1C2-7 5-8 -- - --- 1/4 Scale Idealized r-k>del. Project No:· 3.3.8f. Assembly 

Erection Plans. 

A 5-12 ---- Added Erection Marks. 

B 5-22 ---- Revised in accordance with Design Drawing 100-261-3, Rev. 2. 

c 6-5 --- Corrected. 

D 6-6 ---- Removed Horizontal Weld on Stiffener and Web of 10" x 2-3/4" 



SHOP DRAWINGS 

DRWG. DATE ru.v. DATE DATE APP. DESCRIPTION 
NO. 1950 NO. 1950 BY A-E 

x 9" Jr. 

1C2-t 5-lC - -- ---- 1/4 Scale Idealized M::>del, Project No. 3.3.Sf. Assembly 

Erection Plan for Angles on Fiber-Glass Seals. 
A 5-23 - Revised in accordance with Design Drawing 100-261-3, Rev. 2. 

B 6-5 6-6-50 Corrected. 
1C2-~ 5-1~ - 1/4 Scale Idealized M:>del, Project No. 3.3.Sf. Structural 

Steel Details. 

A 5-23 Revised in accordance with Design Drawing 100-261-3, Rev. 2. 

. B 6-5 6-6-50 Corrected. 

1C2-1 :l 5-12 - --- -- 1/4 Scale Idealized M::>del, Project No. 3.3.Sf. · Miscellaneou 

Details. 
A 5-23 6-3-50 Revised in acco~dance with Design Drawing 100-261-3, .Rev. 2. 

1C2-1 l 6-6 -- -- -- Idealized Jlbdels, Structures J.J.Sa,b,c,d,e & g. Details 

for Steel Frame and Plate. 



SHOP DRAWINGS 

ARMY & AIR FORCE SPEX;IAL MILITARY STRUCTURES 

SUB-CONTJUC'l'CR: Seaman Prqducts, Burbank, California 

PURCHASI ORDIR NUMB!Ji: 5586 & 8947 DATE IS.iUID: 5-'.31-50&1-25-51 

MATERIAL: Fiberglass Sealing Strips 

DRWG. DATE REV DATI DATE APP 
10. 1950 RO. 1950 BI A-E D~RIP'l'ION 

1 6-15 ---- Details for Fabrication of Fiberglass Strips. 

NOTE: This Drawing was approved by Holmes & Narver 

Construction Department. 

-



SH:'P DRAWINGS 

AIR FORCE SPEX;IAL MILITARY STRUCTURES 
DESIGN DRAWINGS 100-252-1 & -2 and 100-257-1 & -2 

SOB-CONTRACTOR: Sould Steel Co., Los Angeles, California 

PURCHASE ORD!R NUMBER: 5371 DATE IS.UEIJ: 5-12-50 

MATilUAL: Steel Sash 

ORWG. DATE REV DATE DATE APP 
NO. 1950 NO. 1950 BY A-E D FS;RI Pl' ION 

4318 5-19 - - Sheet No. 1 of 2. Steel Sash Layout for Structures Type 
C-1.1, Project No. 3.3.3 and Type A-2.1, Project No. 3.3.4. 

1 7-6 7-17-50 Anchor Bolt Locations. 

4318 5-19 - - - Sheet No. 2 of 2. Steel Sash Details for Structures Type 

C-1.1, Project No. 3.3.3 and Type A-2.1, Project No. 3.3.4. 
l 7-6 Clip Angle Locations. 
2 "f-'2c Flashings added. 

3 8-23 9-19-50 Flashings Removed. 

. 



SHOP DRAWINGS 

AIR FORCE SPECIAL MILITARY STRUCTURES 
DESIGN DRAWING 100-259-2 

SUB-CONTRACTOR: E.K. Wood Lilmber Co., Oakland, California 

PORCH.AS! ORD!R NUMBJm: 5584 DATE I~IJF.l): 6-6-50 

MATJmIAL: Millvork 
DRWG. DATE B.E'l DAT! DATE APP 

NO. 1950 NO. 1950 BY A-E D~RIPl'ION 

1 - - - 7-17-50 r.bdel Structure Type C-1.1, Project No. 3.3.Sh. 

Door Details. 

2 ~14 - - 7-17-50 M:>del Structure Type C-1.1, Project No. 3.3.Sh. Nailers. 



' 

SHOP DRAWINGS 

AIR FORCE SPECIAL MILITARY STRUCTURES 
DESIGN DRAWING 100-253-1 

SOB-CONTRACTOR.: E.K. Wood Lumber Co., Oakland, California 

PURCHASE ORD!l\ NUMBElt: 6120 DATE ISSUED: 7-7-50 

HATEll.IAL: Millvork 

lJRWG. DATE REV DATE LATE APP 
NO. 1950 NO. 1950 BY A-E D ESCRI P'l' ION 
1 7-10 -- -- 8-16-50 Structure Type F-2, Project No. 3.3.5a & b. Enterance Door 

Details. 
2 7-10 - -- 8-16-50 Structure Type F-2, Project No. 3.3.5a & b. Typical WindO\I 

Details. 

3 7-10 - -- 8-16-50. Structure Type F-2, Project No. 3.3.5a & b. Inside Door 

Details. 
J 7-27 - - 8-16-50 Structure Type F-2, Project No. 3.3.5a & b. Stair Details. ... 



SHOP DRAWINGS 

AIR FORCE SPEX;IAL MILITARY STRUCTURES 
DESIGN DRAWINGS 100-252-2 and 100-257-1 

SOB-CONTRACTOR: E.K. Wood Lumber Co., Oakland, C&lifornia 

PURCHAS! ORDJm NUMB:m: 6301 DATE I~UED: 7-5-'lO 

MATmIAL: Mi.llvork 

PRWG. DATE REV DATI DATE APP 
NO. 1950 NO. 1950 BY A-E D~RIPI'ION 

1 7-5 - - 7-17-50 Structure Type C-1.1, Project No. 3.3.3. Doors and Frames. 

Structure Type A-2.1, Project No. 3.3.4. Doors 
2 7-5 - - 7-17-50 Structure Type A-2.1, Project No. 3.3.4. Door Frames. 



EXHIBIT F 

Minutes of Los Alamos Meetings of 
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SD 2548 HNS 1079 
10 July 1950 

LAB J-1139 
RESUME OF PROGRAi~ THREE ~:EETING 

28 ar:rl 29 June 1950 
Los Alamos, Nev Mexico 

List of Participants 

Mr. SheI"W'ood B. Smith 
LCDR William H. Raven, USN 
Mr. Martin D. Kirkpatrick 
Lt. C. L. Hayen (CEC) USN 
Mr. Louis A. Ness 
Mr. Robert J. O'Brien 

Mr. Harlan E. Lenander 

Dr. Byron F. Murphy 
Mr. Luke V ortman 
Col. R. E. Jarmon, USAF 
Dr. Thomas N. White 
Maj. Leonard Eddy, USAF 
Mr. Loris Gardner 
Mr. Courtney D. Scott 
Dr. Jack C. Clark 
Mr. William R. Adair 
Mr. And.rev W. Schoolmaster 
Mr. C. L. East 

Director Program 3 
Deputy Director, Program 3 
Project 3.1 Officer 
Project 3.2 Officer 
Project 3.3 Officer 
Armour Research Foundation, 

Project 3.3 
Project 3.4 Officer, 

Field Instrumentation 
Project 3.4 
Project 3.4 
CTU 3.1.3 
TU 3.L5 
TU 3. L 7 
CTU 3.1.6 
TU .3.1.7 
TG .3.1 Operations 
TG 3.1 Securit;r 
Hal.mes & Narver, Constrc.etion 
Holmes & Narver, Fisoal 

The various participants were introduced, the agenda presented, and the 
primary purpose of the meeting stated to be the preparation of an opera­
tion plan covering the foI"W'ard-area operations or the Program. 

As a preparatory measure to the integrated effort of drafting an opera­
tion plan the following were accanplished~-

L The organization of the Pro~am was discussed with the aid of an 
organization-chart that was distributed. 

2. Procedures necessary for coordinated action in the Program were 
cited with special reference to a directive relating to correspon­
dence, SD, 2391. 

3. A revised listing of predicated peak overpressures at the test struc­
ture locations, SD 2390, was distributed ar:rl confirmed as satisfac­
tory for the test by each of the Project Officers. A map of the 
Program structure si tea, HN drawing l 7E234, Revised 21 June 1950, 
vas distributed for information and comment. 
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Film badges 
Pocket dosimeters 
Shoe covers -
Respirators 
Coveralls and gloves as neoessaryo 

Monitors will be provided where required. In general they will accan­
pe.ey all groups penetrating into dangerously radioactive regions. In 
addition they will be furnished to monitor as necessary within areas 
less highly contaminated where work is in progress. It will be neces­
sary for groups working on the post-shot islands to be under the opera­
tional control of designated individuals furnished by the appropriate 
program. Such individuals shall be free fran the distractions of hav­
ing to personally perform details tasks ani shall devote their efforts 
to direction of' the operations under their control. They shall also be 
prepared to forecast operations in order to permit effective use of 
available monitors. The monitors will have the responsibility of advis­
ing the program operation control officers of 8IIJ' radiological dangers 
that ~ or that are attending the operations. The operation control 
officers shall be charged with enforcing precautions necessitated by the 
advice of the monitors. 

Indoctrination of personnel in rad-safety procedures and problems will 
be conducted in October 1950. It was considered vorthWile to have 
sane Program Three Personnel atteIXi this indoctrination. 

Mr. Loris Gardner of TU 3.1.6 discussed the. documentary photography plans 
and procedures an::l supplied the meeting w1 th the following information: 

1. Present Operation Plans indicate the assignment of six photographers 
for post-shot coverage needed by Program Three. 

2. Camera equipnent now planned follows: 

Deardorff 8 x 10 Cameras with J4•, 10", 8 1/2" lenses 

Linhof'f Technica 4" x 5• Cameras with 8 1/2", 5 1/4", 3 1/2" lenses 

Pacemaker Graphic 4", x 5" with 8 1/2", 5 1/4", 3 1/2" lenses 
.~ 

TripOO.s and other accessories included with each kit. 

J. It will be possible to process negatives and turnish cheek prints 
if proper facilities (dark roan, equipment, water, etc.) are pro­
vided near-by. Requirements for proof' prints must be forwarded. 

4. In lieu ot slating each photograph, a form will be filled Ollt as 
each shot is made identifying the film pack 8lld film m:unber and 
noting the description of the subject photographed aa furnished 
by the person directing the photographer. The photographer will 
immediately supply the former with a carbon of this form. Further 
damage notes may be made on the carbon if desired. Prints of the 
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The meeting then proceeded to discuss the following subject: 

The question of making measurements of the angle between girders and 
columns after the test was discussed with the purpose of determining 
whether this should be done directly by the DOD Project Officers or 
whether it should be done on a general basis by the Instrumentation 
Officero It was agreed that this would be done by the DOD Project 
Officerso 

The status of plans wa~ discussed and Mro Vortman indicated that all 
plans had been furnished to Holmes and Narver for redrawing in accord­
ance with an understanding with Mro David Narvero It is true that the 
shelters for the cameras have not been formally approved although indi­
cations are that they are acceptable both to Sandia and to EGGo 

There was a brief discussion of the requirements for the preliminary and 
final reports required of Program Three and estimates were obtained by 
LCDR Rowen as to the number of volumes required for the final reports. 
The format of such reports has not been definitely established as yet. 

A general statement was made by the Program Director with regard to the 
responsibilities in the accomplishment of construction. He pointed out 
that the plans and specifications were prepared by the DOD Project Offi­
cers and the responsibilities for such plans remained vi.th them. How­
ever, it appeared to be the position of Holmes and Narver, that the 
firm was a contracting agency and had no engineering responsibility 'With 
respect to the construction of the test structures. It was pointed out 
that a gap existed in view of the fact that certain actions required 
engineering judgment a:rrl that these cases could not be controlled di­
rectly by the DOD Project Officerso The Program Director.stated that 
it was his opinion that since the Scientific Director has assumed re­
sponsibility for the construction in accordance vi.th the plans furnish­
ed by the Project Officers, it was his responsibility to assure that 
engineering judgment be used in handling those matters not specifically 
covered by the specifications or arising because of change of condi­
tions lolhich were not foreseen in the specificationso It was further 
pointed out that in view of the fact that Holmes and Narver was provid­
ing the inspection of construction for the Program, it was particularly 
important that Holmes and Na.rver assume sane engineering responsibility 
rather than take the position that they are simply a contracting agency 
vi th out aey responsibility for the necessary engineering judgment in 
those cases 'Where it may be requiredo This situation will be improved 
to sane extent when the DOD Project representatives are on the site. 
However, it will still be the responsibility of the Scientific Director 
and the AEC agencies supporting him to construct the buildings in ac­
cordance with specificationso All tests of the materials will be made 
by alt H&N inspection force rather than by the Service representative 
and the same responsibility 'Will therefore be entailed even after the 
Service representatives are present on the site insofar as the ordinary 
requirements for good construction is concernedo 
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At the meeting on 28 June, the matter was discussed further with the 
Project Officers and they agreed to the proposal to seIXi Dr. Davis out 
with rather broad authority to work out the best solution on the growxl. 
Mr. Schoolmaster o! H&N stated that in his opinion the action being tak­
en was based on assumptions which might or might not be true. He was 
assured that there was no intention of taking drastic action unless it 
were required; rather it was intended to send someone fully qualified 
out to determine what action, if aJJY, might be needed. If remedial 
action, such as grouting or providing additional solidified material on 
top of the coral, were indicated he would be in a position to advise as 
to the best method of handling the problem. Mr. Schoolmaster suggested 
Mr. Dames o! Dames and Moore as another consultant. The matter was dis­
cussed with the Project Officers and it was agreed that the decision as 
to whether Mr. Dames would accompany Dr. Davis be left up to Mr. Cole. 
The DOD Project Officers were advised that the date of the meeting and 
location was firm and that they were to provide for representation at 
that meeting. 

DISTRIBUTION: 
Copy 1 o! 25!, S. B. Smith 
Copies 2 and 3 of 25A, M. D. Kirkpatrick 
Copies 4 and 5 of 25A- C. L. Hayen 
Copies 6 and 7 o! 25A- B. E. Pettit 
Copies 8 and 9 of 25A- E. F. Cox 
Copy 10 of 25A - T. N. White 
Copy 11 o! 25A - L. Gardner 
Copy 12 o! 25A - J. c. Clark 
Copy 13 of 25A - W. R. Adair 
Copy 14 o! 25A - P. W. Spain 
Copy 15 o! 25A - A. C. Graves 

/s/ W. H. ROWEN 
Deputy Director 

Copy 16 o! 25A - A. W. Schoolmaster 
Copy 17 of 25A - C. L. East 
Copies 18, 19, 20, 21, 22, 23, 24, and 25 o! 25! - W. H. Rowen 
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EXHIBIT G 

Test Reports of Materials, Military Structures 



ARMI SP:SCliL MILIT!RI STRUCTURE J.l.J 
COliCRE'l'B COMPRESSION T~T DATA 

CILIHDERS ULTIMATE STRB:llGTH, P .s. I. 

IZSCllIPTION LAB. PLACED SLIDCP 7 DAI 28 DAI NO. 1950 INCHES 

First Bulkhead, 1. to r. 20067 7~ 3i 2325 3919 

First Pipe Halves, 1. tor. 20068 7-7 2t 4235 5182 

Second Bulkhead, 1. to r. 20069 7-10 2i 2634 3436 

Second Pipe Halves, 1. to r. 20070 7-10 3/4 3981 5:.:SOts 

Third Bulkhead, 1. to r. 20359 7-13 -- 3288 5011 

Third Pipe Halves, 1, to r. 20358 7-13 -- 3938 5122 

Av. 3400 Av.4663 



A.RMI SPECIAL MILITARY STRUCTURES 
REINFORCING STEEL TEST DATA 

ULTIMATE 
YIELD PODiT BEND DESCRIPTION STRENGTH TEST P.S.I. P.S. I. 

1-1/8" Square, BPCS. 75590 49610 O.K. 

l" Square, BPCS. 75000 49800 O.K. 
l" Round, Deformed. 74900 49430 O.K. 
7/8 11 Round, Deformed. 85190 56570 O.K. 
3 / 4" Round , Def or med. 77490 46950 O.K. 
5/8" Round, Deformed. 75570 48050 O.K. 
1/2" Round, Deformed. 75510 46680 O.K. 

3/8" Round, Deformed. 75910 50910 O.K. 
1/4" Round, Plain. 78430 57840 O.K. 
3/B" Round, Plain. 60810 40540 O.K. 

Av. 75440 ~v. 49638 



ARMY SPECIAL MILITARY STRUCTURES 
STRUCTURAL STEEL TF..ST DATA 

DESCRIPI' ION 
HEAT YIELD POINT fl'ENSILE STRENGTH 

NUMBER P. S. I. P. s. I. 

Angle, 4" x 4" x 1/2". 22116 41600 66200 

Angle, 4" x 411 x 3/8". 62286 43200 65400 

Angle, 4 11 x 3" x 3/811
• 81930 44500 67200 

Bar, 111 Round. 44109 42200 65650 

Bar, 411 x 5/811
• 12694 43300 64250 

Angle, 2ill X ~II X 5/16 11
• 12436 42050 66100 

1211 x 19#B. 53P305 48770 65400 

16 11 x 36#B. 273230 45850 65010 

12" x 22/IB. 213235 50480 66390 

Plate, 7 /8". 751h49 38710 68780 

1011 x 251/B. 353508 49020 64600 

2.4" x 8411 B. 303595 42190 67500 

An1Tle. 6 11 x 4" x 1/2". 21963 38000 65500 

Bar . 1 11 x 3 /8" • 12614 43200 65000 

Amzle . 5 11 x 3-b" x 3 /8 11
• 72220 41500 67200 

.t.n"'le 6 11 x 1.. 11 x 5/811
• 61982 38000 63400 

AnPle - 811 x 4" x 1/211
• 248553 38450 66480 

Plate- ?" x 1/211
• 62308 36090 64300 

'5 11 x Hi#B. 22813 43750 61720 



ARMY SPECIAL MILITARY STRUCTURES 
STRUCTURAL STEEL TEST DATA 

HEAT YIELD POINT TENSILE STRENGTH 
DESCRIPTION NJi'-OlER p. s. I. p. s. I. 

6 11 x 12.5#B. 91377 45900 64900 
10" x 25./JIB. 12582 49070 68530 

Angle, 3i" x 2~" x 5/16". 32927 40100 62250 
Angle, 3" x 2~" x 5/16 11

• 32950 40750 63500 

Bar, 5/811 Round. 86128 41700 65700 

Bar t ~II X 1/ 4 II• 23689 41900 63750 

Plate, l~ "· 121296 37090 64420 

Angle, V., 11 x ~" x 1/4". 33941 42450 65600 
Bar t 3 II X 1/ 4 n 0 13269 43550 61500 
Bar , 3 11 x 1/2 11 • 44904 43000 65750 

Bar, ll" x 1/411
• 03140 46250 720CO 

Bar, 3" x 5/8". 13125 42200 67450 

Bar, 3" x 3/8 11
• 24979 44200 62350 

Bar, 3~" x 5/8" 24843 41800 65100 

Bar, 3/4 11 Round. 44271 41800 66400 
Bar, 7/8 11 Round. 44931 40750 63100 

Bar , 1/2 11 Round. 44688 43000 61800 

Bar t 2 II X 1/ 4 11 
• 34228 40500 61700 

Plate, 1/4". 71939 46000 67500 



ARMY S1'ECIAL MILITARY STRUCTURES 

STRUCTURAL STEEL TF.ST DATA 

HEAT YIELD POINT ~ENSILE STRENGTH 
DESCRIPTION NUMBER P.S.I. p. s. I. 

Plate, 3/8". 41684 43000 69100 

Angle, 4 11 x 311 x 5/811
• 41383 37700 66110 

Anfle, 3~" x 21: 11 x 5/16". 12563 44150 71000 

Angle, 2" x 1-~" x 3/16". 12484 --- ----
Bar, 3" x l". 12553 44600 68550 
Bar, 4" x 5/8". 12522 45600 71400 

Angle, ~" x 2" x 5/16". 33426 43300 68600 

Ang le , 3 II X 2-~ II X 5 /16 II • 33332 42550 64950 
Bar, 3~ 11 x 5/16". 33164 44500 65150 

Bar , 3~ 11 x 3/811 
• 33164 41450 6450C 

Angle, 3" x 311 x 5/16 11
• 12446 41050 71750 

Angle, ~" x 2" x 3/8 11
• 24188 40900 67000 

Plate, 7/16". 22080 469oc 71500 

Angle, 3~ 11 x 3~" x 5/16 11
• 32111 46500 67600 

27" x 145#B. 53A314 43390 62840 

21" x 1:"'7#B. 53A243 44670 67780 

Bar, 2i" Round. 4K278 41000 66750 

511 x 3~" x 17.9# x 30' Zees. 269800 37970 67560 

Bar , Ji 11 Round. 32728 33200 63500 



ARMY SPECIAL MILITARY STRUCTURES 
STRUCTURAL STEEL TEST DA.TA 

HEAT YIELD POINT ~ENSILE STRENGTH 
DESCRIPTION N\JMBER P.S.I. P.S.I. 

Bar , 3~ 11 Round. 12616 33100 60500 

Bar, 311 Round. 3W088 33000 64000 

Bar, 3" Round. 31W078 34000 62000 

Channel, 3" x 6#. 962628 44080 67770 

Beam, 24" x 12cil. 55A348 44230 65660 

Plate, 3/16 11 • 82269 42700 61400 

Plate, 1~ 11 • 62622 33200 68400 

Angle, 5" x Ji" x 5/16 11
• 42397 4300C 65400 

Channel, 811 x 11. 5#. 82284 47000 62200 

Channel, 4" x 5.4#. 12134 49500 68200 

Channel, 4" x 5.411. 42418 53400 71600 

Channel, 8 11 x 13.75#. 82165 44600 63100 

Plate, 7 /16". 91995 38100 63500 

Channel, 12" x 25#. 31982 36700 64100 

Plate. 5/8". 32208 42300 67200 

Plate, 1/2 11 • 82045 36800 68700 

Plate, 3/4". 22219 35300 63300 

Angle, 6 11 x 4" x 3/8". 42137 39600 60500 

Channel, 5" x 9#. 62350 42900 68700 



ARMY SPECIAL MILITARY STRUCTURES 
STRUCTURAL STEEL TF.ST DATA 

DESCRIPTION 
HEAT YIELD POINT ~ENSILE STRENGTH 

NUMBER p. s. I. P. S. I. 

Channel, 15" x 33.9#. 42118 40100 61700 

Angle, 3~" x 3" Xl/2•. 51859 39400 60300 

Plate, 111 • 423631 40370 66780 

Plate, 3/8". 383492 40820 64610 

18" x 60#B. 283548 42660 70860 

24" x 7&#B. 393622 43740 66300 

14" x 68#B. 333642 41500 65680 

Plate, l~". 473848 36770 69660 
Angle, 811 x 611 x 5/8". 259164 33420 65260 

Angle, 811 x 8" x 1/2". 293905 38170 63400 

36 II x 230/I CB. 313788 41270 65160 
18 11 x 50#B. 343456 4580C 67760 

143 x 68# CB. 283797 39610 63500 

146 x 24&# CB. 383590 33700 64220 

145 x 127# CB. 273807 35560 64420 

146 x 15Qli CB. 323800 36380 69100 

143 x 61# & ?/JI CB. 273836 47570 68320 

142 x 43# CB. 293826 42140 65570 

146 x 24&# CB. 313774 33970 70320 



ARMY SPECIAL MILITARY STRUCTURES 
STRUCTURAL STEEL TE.ST DATA 

DESCRIPTION 
HEAT YIELD POINT ~ENSILE STRENGTH 

NUMBER P. S. I. p. s. I. 

Bar, 2" x l~ 11
• 661393 36630 64310 

Ang le J 8 11 X 4 II X 7 /16 II• 332753 40580 67730 

Plate, 3/8 11
• 41538 39450 65300 

24 11 x lOO#B. 53K500 47990 70910 

Bar. 511 x 3/8". 2H237 38600 62500 

Bar, 1-3/411 Round, 1Y225 38640 61380 

Angle , l" x 1" x 1/811 
• 19783 --- ---

Bar , 2 11 x 3 /16 ". 21502 -- ----
24" x 94/IB. 361593 39620 62240 

Bar, 7" x 7/16 11
• 50941 39140 66840 

Ang le J 4 II X 3-~ II X 5 /16 II • 555575 40220 69340 

Av. 41332 Av.65814 



IAVY SPECIAL HlLITARI STR~Tl&E 3.2.la 
COlERETE CCJUlBESSION TF.ST DATA 

CILDmERS ULTIMATE STRElllTH, P.S.I. 
IESCRIPTIOH L&B PLlCED, $LUMP, 

11). 19So ruEJIE.5 7 nlY 28 nu 
Small Cells. 19273 6-20 7 4156 6593 

Small Cells. * 20368 7-19 2-3/4 4050 8414 

Av. 4103 Av. 7504 
* Indicates 3-3/8" x 6-1/4" Test Cylinders. 

All others 6 11 x 12". 



HA VY SPF.CUL MILIT.ARI S'l.'RCX:TtllE 3 • 2. 1 b 

OOJERETE CCJmll&SIOR T&ST DAT.1 

CYLINDERS ULTIMATE STRENJTH, P.S.I. 
IESCRIPTION L&B PUCED, SLUMP, 

r«:>. 19~0 ~HES 
7 DAY 28 DU 

Large Cells. 18889 6-8 2-1/2 4048 5r/Q4 

LarEe Cells. 18973 6-9 -- 3792 6007 

Large Cells. 20365 7-ll J-1/4 4498 59GC 

Av. 4035 Av. 5870 

All Test Cylinders 6 11 x 12 11 • 



ll VY SPBX:UL M1LITARI S'IRtx:Ttm: 3. 2. 2a 
COa:m:l'E CCJUIR.ES.5101' ~T DATA 

CYLINDERS ULTIMATE STREWTH, P.S.I. 
IBSCRIPTIOH LAB PLlCED, SLUMP, 

!(). 191)0 nr.11&5 7 DlY 28 DlY 

Roof Panels. 20020 7-7 5-1/4 2934 4013 -

Roof Panels. 20594 7-25 3 4857 6702 

Columns & Beams. * 20740 7-28 2-1/2 4839 8821 

Left Side Panels. (No. 1). 21264 8-10 2-3/4 4310 6838 

Columns & Beams * 21266 8-10 2-3/4 3776 6022 

Panels. (No. 2). * 21267 8-11 3-1/2 3709 5812 

Front 8.· Rear Panels. 21559 8-18 3 6307 8360 

Right Side Panels. 21672 8-23 3-1/2 4o67 6961 

Extra Panels. 22251 9-7 3 53L':J 7748 

Extra Panels. 22252 9-ll 2-1/2 6678 8839 

Av.4681 Av.7012 

* Indicates 3-3/8" x 6-1/4" Test Cylinders. 

All others 6" x 12". 



NAVY SPECIAL Kll.ITARY S'l'R~TURE 3.2.2b 
CONCRETE COMPRESSION TEST DATA 

CYLINDERS ULTIMATE STREN'.ITH, P.S.I. 
DF.SCRIP'l'ION LAB PLACED, SLUMP, 

llJ. i9c;o DX:HE:S 7 DAY 28 nlY 

Side Panels. 19590 6-28 3-3/4 2914 4096 -

Roof Panels. 19730 6-30 3 3143 4639 -

Roof Panels. (No. 1). 20366 7-18 3-1/4 2773 4105 -

Roof Panels. 20733 7-27 2 4816 8077 

Front & Rear Panels. 20838 7-28 4 4329 6669 

Roof Panels. (No. 2). 21264 8-10 2-1/4 4269 7084 

Extra Pru1els. 22251 9-7 3 5329 7748 

Av.3939 lAv.6060 

All Test Cylinders 6 11 x 12". 



JllVY SPECIAL MlLITARI STRU:TlllE 3.2.3a 
COHCRETE CCJtFRF.SS ION ~T DATA 

CYLDIDERS ULTlMATE STREWTH, P.S.I. 
IESCRIPTION UB PLACED 1 SLUMP, 

JI). 19~ Ill:HES 7 DlY 28 IllI 

Roof Panels, Extra. 22247 9-12 3-1/2 5246 8251 

Av. 5246 Av.8251 

All Test Cylinders 3-3/8" x 6-1/4". 



llAVI SPECIAL HILlTARl STRtrrt.RE 3.2.3b 
CONCRETE CCMPRESSION TEST DATA 

cn.INDERS ULTIMATE STRER:lTH, P.S.I. 
DESCRIPTIOR LlB PLA.CED 1 SLUMP, 

~- 19~0 ln.r.HE:s 7 DA.Y 28 DU 

Roof Panels, Extra. 22247 9-12 3-1/2 5246 8251 

Av.5246 Av.8251 
All Test Cylinders 3-3/8"x6-l/4". 



llVI SPECIAL KILITARI S!ROOTtllE 3.2.4a 
CO!ERETE CCl!PRES.5101 TFST DAT.1 

CYLIRJDS ULTWTE STREJllTH, P .S.I. 
IESCRIPTIOH LAB PLldkDJ SLUMP, 

11>. 19So Ill:HES 7 DAY 28 nu 
Floor Panels. 19132 6-14 4-1/2 3672 5041 
Floor Panels. 19133 6-15 - 4266 5828 

Rear Panels. 19273 6-20 4-1/2 3431 5792 

Floor Panels. 19729 6-29 3 3713 5086 

Rib Section (No. 1, 9:10 A.N.) 19895 7.,.5 6 3620 4740 -

Rib Section (No. 2, 10:50 A.M.) 19895 7-5 1-3/4 3436 5001 

Floor Panels (No. 3, 2:00 P.M.) 19895 7-5 1 3071 4129 -
Front, Right End (No. 1). 20115 7-10 2-1/4 3135 3968-

Front, Left End (No. 2). 20115 7-10 4-3/4 3346 4420 -

Rib Sections (No. 1). 20593 7-21 2-1/2 5003 7699 
Rib Sections (No. 2). 20593 7-21 4-3/4 4670 7622 

Rear Panels, Extra (No. 2). 20737 7-26 2-1/2 4603 7270 

Rib Sections. 21154 8-9 3-1/2 4520 6792 

Roof Panels. • 21894 8-31 2-1/4 5460 5902 

Av. 3996 -rl/f-"" Av. 5671 
• Indicates 3-3/8 11 x 6-1/4" Test Cylinders. 

All others 6 11 x 12". 



NAVY SPF.CIAL MILITARY S'l"ROCTURE 3.2.4b 
CONCRETE COMPRESSION TF.ST DAT.A. 

CYLINDERS ULTIMATE STREWTH, P.S.I. 
DESCRIPTION LlB PI.A.CED, SLUMP, 

oo. 1950 Ill:IIBS 
7 DAY 28 DAY 

Rib Sections. (No. 1). 20019 7~ 1-1/4 3054 4284 -

Rear Panels. (NO. 2). 20116 7-11 3 3023 3953 -
Floor Panels. 20463 7-14 3 3168 4661 -
Rib Sections - Dovn. (No. 1). 20464 7-20 I 3-1/2 5036 6351 
Floor Panels. (No. 3). 20593 ~ 7-21 1-3/4 4418 7965 
Rib Sections - Dmm. 21030 8-7 2-1/2 4679 6896 

Rear Panels, Extra 21153 8-8 3 4411 7145 

Rib Sections - Up. 21155 8-9 3-3/4 4761 7753 

Rib Sections - Dovn. 21671 8-23 2-1/2 4990 7570 

Rib Sections - Up. 21745 8-25 3 4424 7371 
Front Panels. 21892 8-29 3 5016 6943 

Roof Panels, Extra * 21894 8-31 2-1/4 5460 5902 

Rib Sections - Dovn. * 22242 9-1 2-1/2 4023 5297 

Front Panels, Extra. * 22244 9-8 3-1/2 4180 6432 

Rib Sections - Dovn, No Cross Ribs. * 22245 9-11 2 4298 5575 

Rib Sections - Uo. No Cross Ribs. * 22246 9-11 2-1/2 4268 6239 
* Indicates 3-3/8" x 6-1/4" Test Cylinders. Av .4326 ,?f; « Av.6271 

All others 611 x 12". 



NAVY SPECIAL H.ll.ITARY 51.'Rtl:TURE 3.2.6 
co~ CCJmlF.SSION TEST DATA 

CYLINDERS tn.TIMA TE STREWTH, P .S. I. 
DESCRIPrION LlB PUCED, SLUMP, 

?«>. 19~ nr.ar.s 7 DAY 28 DAI 

Right Side Panels. 20300 7-14 - 3171 4705-

B Panels. 20367 7-19 3 3388 5437 
C Panels. (No. 2). 20464 7-20 2-3/4 4044 7332 

D Panels. (No. 3). 20464 7-20 4-1/2 5048 7657 

A Panels. * 20465 7-20 3-1/2 3343 6847 

Top Panel. * 20739 7-27 2 4140 7869 

A & B Panels. * 20840 7-31 3 3860 ---
C & D Panels. 21029 8-3 3-1/2 3634 6710 

A&B Panels. (No. 1). • 21267 8-11 3 3881 5199 

C & D Panels. * 21557 8-17 2-1/4 4085 6245 
A & B Panels. * 21746 8-25 2-1/2 2968 6594 

C & D Panels. • 21893 8-29 2-1/2 3711 5716 

A & B Panels. • 22243 9-7 3 4083 5096 

C & D Panels. • 22248 9-12 2 4272 5917 

Av. 3831-'111-t oF Av.6256 

* Indicates 3-3/8" x 6-1/4" Test Cylinders. 

All others 6 11 x 12". 



NAVY SPECIAL MILITARY STRUCTlIRES 
WIRE MESH TF.ST DATA 

LAB GAlJGE ACTUAL YIELD l'ENSILE STRENGTH CHARACTER OF 
~CRIPTIOll POINT NO. NO. DIA. P.S.I. P. s. I. FRACTURE 

2" x 2" No. 1 18640 8 .160 55660 85980 In Weld 

211 x 2" No. 1 18640 10 .133 67590 96340 In Weld 

2" x 2" No. 1 18640 12 .105 36800 69000 In Weld 

211 x 2" No. 2 18640 8 .163 39320 69940 In Weld 

2" x 2" No. 2 18640 10 .132 68970 91680 In Weld 

2" x 2" No. 2 18640 12 .105 52640 7?700 In Weld 

211 x 211 No. 1 18?58 12 .105 62070 82760 In Weld 

2" x 2 11 No. 2 18758 12 .105 56550 76320 In Weld 

2" x 2" No. 1 18758 8 .161 70780 81760 In Wire 
211 x 211 No. 2 18758 8 .161 90880 97c:i:JO In Weld 

211 x 211 No. 1 20422 10 .135 90840 95740 In Weld 

211 x 211 No. 2 20422 10 .136 71030 93780 In Weld 

2" x 211 No. 3 20422 10 .133 83450 97840 In Weld 

2" x 2" No. 4 20422 10 .135 82460 99230 In Weld 

211 x 211 No. 5 20422 10 .135 89440 10c:i:J30 In Weld 

Planet Mfg. Co. No. 1 -- 10 - - fj~/':J.) --
Planet Mfg. Co. No. 2 - 10 - - 91433 --
Planet Mfg. Co. No. 3 - 10 - --- 85673 ---

Av. 67899 Av. 87536 



NAVY & AIR FCECE SP!tIAL MIUT.ARY STRUCTURES 
REINFCRCING STOL TJ!'.ST DATA 

IlELD POINT TI!:llSILE ST'R!NGTH BEHD 
DE,CJ;RIPI'I <If P.S.I. p .S.I. TEST 

Reinforcing Bar, 11" Square 48300 85700 O.K. 

Reinforcing Bar, 1-1/8" Square 41200 71500 O.K. 
Reinforcing Bar, 1 11 Square 45550 77340 O.K. 

Reinforcing Bar, l" Round 46700 76200 O.K. 

Reinforcing Bar, 7/8 11 Round 48400 75900 O.K. 

Reinforcing Bar, 3/4" Round 50000 75100 O. K. 
Reinforcing Bar, 3/4" Round 47170 75680 O.K. 

Reinforcing Bar, 5/8 11 Round 46000 74500 O.K. 

Reinforcing Bar, 1/2" Round 47100 74000 O.K. 

Reinforcing Bar, 3/8 11 Round 57200 80200 O.K. 

!Av. 47762 Av. 76612 

NOTE: This steel used 1n foundaH nn• nnlv nf' NRvv ..... ~ Ai.,. li'n.,.-- c:.+-· L~ --- -,,. 

,___ __ 



NAVY SPECIAL MILITARI STRUCTURES 
REINFORCING STEEL TEST DATA 

DF.SCRlPI'ION LAB HEAT YIELD TENSILE STRENGTH CHARACTER OF COLD BEND 
NO. NO. ~~r.1. p .s. I. FRACTURE TEST 

111¢, Deformed 18619 10272 45390 62320 Silky O.K. 

7 /3"¢, Deformed 18619 16558 45000 64740 Silky O.K. 

3/4"¢, Deformed 18619 47040 41740 65300 Silky O~K. 

1/2"!3, Deformed 18619 44960 44960 59980 Silky O.K. 

3/8 "Ii', Deformed 18619 82989 47280 72190 Silky O.K. 

1/4"¢, Plain 18619 4477 52360 66690 Silky O.K. 

Av. 46122 Av. 65203 

NOTE: This steel ue ed in p •e-cast panels only. 



AIR FORCE SPECIAL MILITARY STRUCTURE J.J.J 
CONCRETE BLOCK TF.S'l DATA 

LAB SAMPLE COMP~m STRENGTH ABSORPTION 
DESCRIPTION NO. NO. p. s. I. LBS/CU.FT. 

7-3/4"x 15-3/4"x 7-'J/4", Hollow. 22390 1 1334 6.31 

2 916 6.12 

3 1005 6.41 

4 1254 7.95 

5 943 7.28 

7-3/4"x 15-3/4"x 7-3/4", Hollow. 22391 1 1399 8.54 

2 1160 8.14 

3 1157 8.36 

4 1163 8.24 

5 1112 7.85 

7-3/4"x 15-3/4"x 7-3/4", Hollow. 22392 1 903 9.67 

2 1184 10.56 

3 1216 12.89 

4 1109 8.65 

5 1416 8.97 

Av. 1159 Av.8.40 



NAVY &: AIR FCBCE SP~IAL MILITAltY Sl'RUCTURES 
REllll"<JlCING S'l'DL TES!' DAT! 

IlELD POIMT TENSILE STRDGTB BEND 
DE$RIPl'ICli P.S.I. P.S.I. TEST 

Reinforcing Bar, lt" Square 48300 85700 O.K. 

Reinforcing Bar, 1-1/8" Square 41200 71500 O.K. 

Reinforcing Bar, 1" Square 45550 77340 O.K. 

Reinforcing Bar, 1 11 Round 46700 76200 O.K. 

Reinforcing Bar, 7/8" Round 48400 75900 O.K. 

Reinforcing Bar, 3/4" Round 50000 75100 O.K. 

Reinforcing Bar, 3/4" Round 47170 75680 O.K. 
Reinforcing Bar, 5/8" Round 46000 74500 O.K. 
Reinforcing Bar, 1/2" Round 47100 74000 O.K. 

Reinforcing Bar, 3/8 11 Round 57200 80200 O.K. 
~ . ,.. 

Av. 47762 Av. 76612 

NOTE: This steel used in foundations onlv of hnt.h Na'"" Ann Ai,. Fn,..,., S+.,..11~t.111'"A• 



AIR FCllCE SPJl:Iil MIUTARY Sl'RUCTURES 3.3.3 & 3.3.4 
STRUCTURAL STE!L TF.sT DATA 

DES::RIPTI<Ji HF.AT TIEU> POIIT, TF.NSILE Sl'RDGTH B!llD 
10. P.S.I. P.S.I. TFS!' 

Angle. 6 11 x 411 x 7/16". K040 38070 60050 O.K. 

Angle, 6 11 x 4" x 7/16". K006 40560 63340 O.K. 

Ane:le. 611 x 4" x 3/8 11
• K009 40930 61250 O.K. 

Bar. 2t 11 x 5/16 11 •• 2K258 44820 65010 ---
Angle, ct" x 211 x 111

• 3J420 46220 67160 ---
Angle, 2-t- 11 x 2f" x 5/16 11

• 4K086 42630 64960 O.K. 

Angle, 2"! 11 x 2-t" x 5/16". 3J630 42750 63770 O.K. 

Bar, J!" x 7/8". 3K967 33750 60650 O.K. 

Bar' J~" x 3/4". 3K967 36550 60330 O.K. 

Bar. 3~" x 5/8". 3K967 40220 60780 O.K. 

Angle• l~ll X ~II X 3/16 11 
• 4K297 43720 65300 O.K. 

Channel. 5" x 6. 7#. 3K987 51600 65480 O.K. 

An~le. 3" x ~" x 5/16". 5J770 41290 61440 O.K. 

Angle. 2-t-" x 2" x i". 3J420 46220 67160 --
Ane:le. 2t11 x 211 x -i". 5J744 44830 64390 --
Angle. 2-b" x 211 ~ -i". 2J879 45920 69020 ---
Ang le • 5 II X 3~ II X ¥11 

0 3J435 41050 67620 --
Angle, 5" x 3~" x i". 5Kll6 39760 64580 --
Angle. 4" x 3" x i". 4J833 37430 65430 ----



AIR F<ECE SPFX;U.L MILITARY Sl'RUCTURES ·3.3.) Ir: ).3.4 • STRUCTURAL ~DL TFST DATA 

D~IPTIClf 
HEAT TIEU> POIIT, TDSIL! S'l"RDIGTB BEID 

MO. P.S.I. P.S.I. TFST 

Angle, 3~" x 3" x 5/16". 3K958 40530 62320 ---
Angle, 3~" x 3" x t"• 3K961 41870 61160 --
Angle, 3" x 2i" x i". 3K056 44880 67790 O.K. 

Channel, 6 11 x 8.211. 3K024 45500 61250 O.K. 

Angle, 3" x 2i" x ~". 3K056 44880 67790 O.K. 

Angle, 4" x 3" x {". 3K043 41670 62300 ... ---
Channel, 4" x 5.4#. 3K067 41670 60930 O.K. 

Beam, 3" x 5. 7#. 2K445 41340 61220 O.K. 

Channel, 3" x 4.1#. 5K259 44530 63970 O.K. 

Beam. 12" x 27#. 36A357 47020 66040 O.K. 

Beam, 12" x 27#. 46A338 41780 61+760 O.K. 

Light Beam, 10" x 15#. 36A363 48250 67660 O.K. 

Beam, 10" x 21il. 38A363 45890 66310 O.K. 

Light Beam, 1011 x 15#. 36A363 48250 67660 O.K. 

Light Column, 6 11 x 15. 5#. 44A272 37180 62540 O.K. 

Light Column, 6 11 x 15.5#. 36A367 38590 64230 O.K. 

Light Column, 6 11 x 15.5*. 40A471 38370 63300 O.K. 

Beam, 24 II X 81JI • 34A299 41320 64880 O.K. 

Bea.ii, 12" x 27#. 55A474 45700 69350 O.K. 



' 

AIR FCBCE SP1£IAL MIUTARY STRUCTURE 3.3.S 
STRUCTURAL STEEL TEST DATA 

DESCRIPTION 
Bll'1' IlELD POIIT T!NSI LE STR.DIGTJ 

HO. p .S.I. P.S.I. 

Light Beam, 10" x 15#. 55A2.74 48540 71350 

Light Beam, 10" x 15#. 41A309 46740 66580 

Joist, 8 11 x 10/I. 41A316 52690 64510 

Joist, 811 x lei/. 44A077 54000 67310 

Joi st , 8 11 x 10# • 31A069 57540 65280 

Bar , 2{ " x 3 /8 11 
• 16715 4?000 68400 

Beam, 8" x 58#. 535273 38300 67840 

Plate, 3/4". 43994 39190 61170 

I Beam, 3" x 5. 7#. 13230 42350 69500 

Beam, 12" x 79#. 51A2.33 40030 69540 

Angle, 1/2" x 1/2" x 1/811
• 3K910 47370 64470 

Channel, 3/4 11 x 3/8" x 1/8 11
• 5Kl71 46050 63160 

Angle, 2 11 x 2 11 x 1/8". 10285 52000 66000 

Angle, 1/2" x 1/2" x 1/8 11
• 3K910 473?0 644?0 

Ber, 311 x 5/8''. 1EA836 41600 68480 

Channel, 3/4" x 3/8 11 x 1/8 11
• SKl?l 46050 63160 

Angle, 2" x 211 x 1/811
• 10285 52000 66000 

Angle, 1~ 11 x 1-~" x 1/8 11
• 4K294 42670 6?240 

Channel. lt" x t" x 1/8 11
• 4K228 4?660 6?280 



AIR FCRCE SPJ!X;IAL MI LIT ARY STRUCTURE 3. 3. 8 
STRUCTURAL STEEL TEST DAT A 

DESCRIPTION 
HEIT IlEI.D POINT TENSILE Sl'RJ!JlGTI 

NO. P .S.I. P.S.I. 

I Beam, 3" x 5.7#. 3H067 45020 613580 

Bar, 2" x 1/2". F41149 41710 63670 

Bar, 4" x 3 /8". 44903 42300 61500 

Plate, 1/2" x 72" x 120". 63563 40080 66580 

Bar, 2" x 1/4". 1EA724 44440 65320 

Bar t 2 II X 3 /8 II • 03543 42100 67700 

Bar , 111 x 1/2" • 03087 41600 68350 

Bar • 2" x 1/ 4" • 13725 41420 63170 

Plate. 1/4" x 72" x 360". 53845 46320 67850 

Plate, 1/2" x 36" x 144". )3963 43850 66310 

Pipe Flanges, 3/4" x 10" O.D. 63304 39050 63950 

Bar. 3" x 3/4". 33674 42490 66490 

Plate, 1/2" x 48" x 48". 33963 43850 66310 

Plate. 1/2" :x 36" x 144". 33963 43850 66310 

Junior Beam, 10 11 x 9#. 555785 44260 66080 

Bar, 3/4" Round. 16749 43300 67300 

Angle, 4" x 3" x 1/4". 62413 45100 66200 

Angle, 4 11 x 4" x 3/8". 22116 41600 t6200 

Angle, 3" x ~" x 5/16". 23788 43700 71000 



EXHIBIT H 

Inspection Report, Army Structures 



To: Mr" Charles T. Cooper 
A.E.C. Resident Engineer 

From~ Mr. Christian Beck 
Office, Chief of Engineers 
Department of the Army 
Eniwetok Atoll 

Date: 16 June 1950 

Subject Inspection Report - Army Structures 

1. There is enclosed a report of my inspection of the Army structures 
and the results of my discussions and consultations with Dr. Carlson, 
A.E.C. and Holm.es & Narver personnel. 

2. It is urgently requested that the recommendations int.he enclosed 
report be followed. 

3o It is also requested that Lt. D. C. Iselin, Navy be consulted re­
garding the Army structures until the o.c.E. representatives arrive 
here, scheduled about 1 July 1950. 

CHRISTIAI BECK 
CB~fjb:jk OFFICE, CHIEF OF ENG~ 

1 Incl. 
Insp. Rep't - A:rrJrr Structva 

* * * * * * * * * * * * * * * * * * * * 
16 June 1950 

INSPECTION REPORT - ARM! STROOTOR1!5 

L MULTI-STORY BUILDING (fro1ect 3. l. l) 

a. Borings - Test borings at this site indicated dangerousq weak sub­
foundation condition. A more or less solidified d1"7 coral sand and gravel 
shelf 1 varying in thickness from 2' to 6 1 is generally' encountered approx­
imately 6 9 below ground level. Underlying this layer or good ,foundation 
material there seems to be nothing by wet to saturated sand, in some cases 
apparently large voids, down to a depth of approximately 20 1 , i.e. to 
maximum depth of borings. A 20'-0" x 1/2• dia. steel rod was used to 
probe existing holes. In no case did this rod meet resistance in the 
saturated sand. Conditions seem to be particularly dangerous at the rear 
of the building where the 108.d on the foundation is the heaviest, and a 
large void is encountered at the most critical point of Building Section 
7, ioe., at the rear corner adjoining Section 6. 

b. Bearing Tests - Load bearing tests were made on top of the rock or 
solidified gravel slab, loading the bearing plate in 2 ton increments up 
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to 12 T/Sq. ft. ae defined in the specifications. Apparently' the data 
sho'Wn by the stress-strain curves and time deflection curves for con­
stant maximum load indicate that the foundation sub-grade complies with 
the specifications. HoW9Ver, due to the peculiar sub-foundation condi­
tion of soft underly'ing material, the test data appear dangerousq mis­
leading. The bearing test is made on a relatively 811&11 area, on a 20• 
diameter plate, the load is spread out by the rock slab over a relatively 
large area, so that the actual bearing on the wet underlying material may 
not exceed more than poesibl.y .5 ton/sq. rt. It appears important to 
know how much this underlying material will carry, to determine exactl7 
what measures should be taken to reme~ the condition. The distribution 
of the whole building load on the sort sub-soil will, or course, be pro­
portional~ much less than for the 2• diameter bearing plate test. 

c. Pressure Grouting - The undersigned consulted Dr. Roy Carlson and 
a scheme of pressure-grouting the soft subgrade was tentatiTely formu­
lated for consideration. The scheme was discussed in detail at a meet­
ing in Mr. Cooper's office on the morning of 15 June 1950. Present were 
Messrs. Curtis, Cooper, Kohl and Beck, Drs. Carlson and Stephenson and 
Lt. Iselin. It was generally agreed that something should be done to 
increase the foundation bearing area on the underly'ing wet material. At 
this stage of' construction a scheme of pres11Ure-grouting outside the 
footing, say 2' to 5' frma the outside edge, need not interfere with, 
nor delay conetruction operations. The discussion brought out the need 
for particular~ caref'ul pressure-grouting operations, possibly at rela­
tively low pressure. Considerable experimenting with equipaent and pro­
cedures will undoubte~ be necessary before grouting at the actual j~b­
si te. Grouting should be done all along the rear of the building, with 
grout holes at 88."f 10' c.c about 2' to 51 from rooting edge. Particular 
care should be taken where borings or probings indicate large voids, in 
order not to spend an exoeesive amount or cement. It was genera~ 
agreed by all concerned that the Al"Jll1' Specifications cover the above 
measures and, therefore, no change order will be required to cover this 
work. It was also agreed that bearing tests be made to determine the 
bearing capacity of th• wt underi,ing aaterial. This will require 
excavation and cuttinc through the solidified. upper cruet. 

d. Inapeqtion - Becauee ot the experiaental nature of the building 
and the JD.anT dif'terent elaenta of the building being inTestigated, it 
is particular~ important thats 
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(1) Construction follows the deaign drawings as elo .. ~ ae poesible; 
adding aaterial to gain more strength than cal.led ror is just 
as bad a1 reduction in material; 

(2) "As-built• construction be carefully recorded, and whenever 
possible tb• inspector 1hould be pre1ent during concrete 
pouring to record Bn1' particular conditions which JI&)" be or 
interest for the post-bla1t teat deaign an~ai•J 

(3) Test speciaen be obtained aa called for in the apeci.f'ications 
and wherever subatitute material, as approved, is being uaed. 



If a satisfactory concrete beam testing equipment can be 
rigged up, it is recommended that a number or the beams 
(not to exceed 1/4 of the total number of beams called for) 
be tested at the jobsite for control. The other beams and 
the concrete cylinders which are to be shipped to the States, 
shall be field cured to proximate condition of the element 
of the building represented by this sample. Until advised 
differently, any test specimen sent to the States shall be 
shipped to: 

Director of South Pacific Division Laboratory 
Corps of Engineers, U.S. Army 
Sausalito, California 

(4) Erection dra'Wings, as checked by Ammann and Whitney should 
be available at the jobsite in order to simplify interpreta­
tion of drawings and to insure that construction is accom­
plished exactly as planned and indicated on the design draw­
ings. Mr. Curtis suggested that the undersigned stop over 
at Los Angeles to duscuss with Mr. Schoolmaster, Holmes & 
Narver, this and other problems encountered in connection 
with the Army structures. 

The two Corps of Engineers' representatives, who are scheduled to 
be out here from about 1 July to end of construction period, are ex­
pected to help out with the inspection in addition to giving advice in 
regard to interpretation of drawings and specifications. They will act 
as authorized representatives of the Army Project Officer, and as such 
will apprive necessary changes. 4.ny·major changes may require approval 
by the Project Officer in Washington. 

If 
(e) Soil Pressure Gagea - Dr. Carlson advised the undersigned about 

the method which ia being uaed in installing the pressure gages. This 
method, requiring !12 sand bed under the footings, raoves the danger or 
sliding on the lean concrete foundation. 

2. BURIED SHELTER (Prolect 3.1.3) 

The above considerations and recommended measurea apply equally to 
the shelter structure. The foundation conditions should be explored as 
indicated above and foundation strengthened to support an estimated load 
of 5 Tons/sq. ft. of floor slab. The ~ Specificationa possibly give 
the impression of referring principally to the Multi-story building. 
They do, of course, apply equally to the shelter structure. 

3. SUMMARY OF RECOMMENDATIONS 

a. Multi-story Building - It is recommended that: 

(1) Bearing test should be made near the site to determine the 
bearing capacity of the wet underlying foundation materials; 
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(.2) pressure grouting should be accomplished along the rear of 
the building to increase the foundation bearins area on the 
underlying wet material. Loading test (see (1) above) should 
indicate area required for safe bearing; 

{J) construction, testing and inspection be more accurate and 
in accordance with specifications and drawing•, because or 
the experimental nature of the building; 

(4) erection drawings, as checked by Ammann and Whitney, should 
be available at the jobsite; 

(5) "as-built• construction should be carefully recorded; and 

(6) top of lean concrete foundation shall be roughened sufficiently 
to insure proper friction against horizontal sliding. 

b. Buried Shelter - It is recommended that: 

(1) Borings and load bearing tests be ma.de to insure safe founda­
tions bearing, and if necessary acccaplish pressure grouting 
as outlined above; 

(.2) construction, testing and inspection be as accurate as possible, 
in accordance with design and specification•. 

Christian Beck 
Auth. Representative of Project Officer 
Dept. of the Arrq Structures Program 

CB:fjb:Jk 
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EXHIBIT I 

Minutes of Meeting of August 2, 19 50 



3 August 1950 

MINUTES OF MEETING 

On the evening of August 2, 1950 at 8:00 PM, the following met to dis­
cuss the memorandum of Dr. Raymond E. Davis, Consultant, of even date, 
on foundation grouting. In addition, some reviev was made of the remain­
ing exploration program. 

D. Lee Narver, Acting Project Manager, HN 
Lester J. Kelley, Director of Procurement, HN 
A. R. Sedgley, Resident Manager, HN 
Fred Jordan, Construction Manager, HN 
H. C. Kohl, Engineering Manager, HN 
F. M. Hines, Asst. Construction Manager, HB 
Dr. Raymond E. Davis, Consultant to AEC & the Armed Services 
R. E. Cole, Director, Eng. & Const., SFOO, AEC 
John Ranttila, Asst. to Resident Engineer, AEC 

1. Alex Hawkins of Prepakt Inc. can be released until new contract made 
with Preps.kt for larger crew at time materials will be available. 

2. Sample cylinders being made which will be used to detel"lline the time 
test drilling of grouted area should be performed. Dr. Davis says this 
should not exceed 30 days. 

3. Dr. Davis confirmed his statement that foundation for building 3.1.1 
could be adequately strengthened by grouting and that this method was the 
most economical method or accomplishing the reinforcement or the f ounda­
tion. Dr. Davis pointed out that with proper equipment and personnel 
the efficiency of the grouting could be greatly increased. 

4. Dr. Davis feels there is no question of getting specified unit weight 
on 11.moni te concrete by grouting. Holmes & Narver will run laboratorr 
tests and submit request to AEC for approval of this method. 

5. Oil coated punchings should not be used in concrete. 

6. Dr. Davis stated it would be better not to trr to set grout pipe• in 
floor slab but to drill through floor slab when proper time comes. 

7. It was agreed that cement for grouting would be procured in barrels. 
This would not be necessary for grouting limonite. 

8. Dr. Davis will compute quantities of fly ash and intrusion agent 
required per cu. yd. of limonite concrete. 

9. Holmes & Harver will proceed immediately to procure the ne.cessary 
materials and equip1.ent for the grouting program and will arrange with 
Prepakt Inc. to procure the necessary key personnel. In general Holmes 
& Na.rver will purchase the necessary equipnent instead of renting. It 
was confirmed that two grouting crews were necessary. 
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10. Remaining progra.11 tor exploration for structure• has been laid.out 
by Dr. Datl1, Mr. Ranttila, and Lt. Iaelin and is acceptable to Dr. Davis. 

11. Mr. Dickey of Da.11ee & Moore will go first to Bogallua to try to get 
soil samples to a greater depth and to get aaae undisturbed aem.ples if 
possible. 

/s/ R. E. Cole 
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EXHIBIT J 

Letter Authorizing Further Foundation 
Investigations 



2 Auguet 1950 

To: Mr. C. T. Cooper, AEC Resident Engineer 

From: Raymond E. Davis 

Subject: FOUNDATION GROUTING, BUILDING J.1.1 

1. Reference is made to those portions of the July 24 memorandum 
(M:: #20 CTC) having to do with increasing the rigidity and stability 
of the foundations of building 3.1.1 by grouting. 

2. To determine the practicability of grouting the coral sand under­
lying the coral conglomerate, an area 125 feet southwest of the building 
was selected for experiment. In this area holes, on three foot centers 
in each direction, were drilled through the conglomerate and one inch 
grout pipes were jetted into the underlying coral sand to a depth of 
five feet. 

3. The grouting materials were portland caent, which contained numerous 
small lumps, a fly ash of high fineness and lov carbon content (branded 
"Alfesil"), and a chemical adndxture(branded "Intrusion Aid") which acts 
to hold the solids in suspension and produce a grout which will penetrate 
small channels and voids without plugging. 

4. The equii:ment included a single stage centrifugal pump for water 
jetting, a simplex grout pump, an air driven grout mixer (badly under­
powered) which was hastily' improvised on the job (using an old steel drum 
and an air driven portable drill. For grouting, regular air hose was 
employed, which limited the pressures to about 100 psi. (High pressure 
grout hose and various other l!llllall fittings for grouting were not avail­
able) 

5. The grouting operations, and all work related thereto, were under 
the expert superTision of Alex Hawkins, a superintendent in the organ­
ization of Intrusion Prepalct Inc. He vas aseisted b7 a green crev of 
four laborers. 

6. On August 1, after a slow and disappointing start, 46 batches of 
grout, containing 51 sacks of portland cement and 46 sacks of fly' ash 
were pumped through one inch group pipes into 13 holes, when the supply 
of fly ash vas exhausted. After proper techniques were developed it vas 
found that the group could be pumped as readily at the five foot depth 
as at the higher levels. As the pumping of each hole proceeded, the 
group pipe was lifted until its lower end was at the base of the coral 
conglomerate. 

7. For most of the work the grout mix was in the proportions of 1 sack 
cement; 1 sack fly ash; 2 1/2 pounds Intrusion aid; 20 gallons of vater. 
However, near the end of the work after starting the hole with 1:1 mix 
it was found that grouting could be successfully continued with a mix 
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composed or 2 sacks of cement, 1 sack fly ash, 2 1/2 pounds Aid and 
20 gallons of water, and finally the water content of this mix was 
reduced to 18 gallons. 

8. Making allowance for grout wastage, it is estimated that on the 
average the grouted mass of sand in the test areas contains about four 
sacks of cementing material (cement plus flyash) per cu.yd. By reduc­
ing the water content of the grout, as was done near the end of the 
test, the quantity of cementing material per cu.yd. of sand would be 
increased to five sacks per cu.yard. 

9. Considering the unfavorable conditions under which the test was 
carried out (lumpy cement, inadequate equipment, green crew) there is 
no question concerning the practicability of grouting the foundation 
of building J.1.1 to a depth as much aa 20 feet if such depth is re­
quired, using materials and method• employed in the test, provided ade­
quate equipment is made available, key men experienced in such grouting 
are employed, and portland caent free froa 1UJ1.ps is f'urnished. 

10. For the foundation of Building J.1.1 it appears that it will be 
desirable to grout a strip along the rear wall, extending under the 
building for a distance or perhaps 20 feet and outside the building 
for a width of perhaps 25 feet. Final decision as to width, depth and 
proportions or this strip, which may be considered as an extension of 
the present concrete footings or the building, must await the results 
or laboratory tests on grouted specimens and analyses for foundation 
stability and deformations. 

11. From observations made during the field tests it appears that to 
be on the safe side, grout holes 01.lght to be spaced about three feet 
apart in each direction over a transverse distance of nine feet under 
the building and twelve feet outside the building. The remaining holes 
which would be at more shallow depths might be spaced four feet in each 
direction. However, it is believed that the spacing should be adjusted 
as seems necessary to allow for conditions encountered as the work pro­
gresses. 

12. The volume or the mass to be grouted is preaent]J' unlcnovn but 
possibly may amount to aa much as JOOO cu.yds. The grouting operations 
may require aa much as 8000 sacks or portland cement (to be sldpped in 
drums), 6000 sacks or ri:, ash and 7 1/2 tons of Intrusion Aid. 

13. Aa ~ aa 800 grout holes aa7 be required. Because or the factor 
of time, equipaent and labor for two grouting creva seem necessary. 
Also experienced jack lwmaer equipment must be provided. · 

14. John Ranttila and the writer observed and diseuaaed together all 
phases of the experimental work. 

15. Decisions w1 th respect to the grouting techniques to be emplo7ed 
were made by Hawkins and the writer. 
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16. Fieldtests of the grouted mass will be limited to permeability 
through drill holes, and the recovery of five inch core•. These cores 
will be examined and tested at 28 and 90 d~s for compressive strength 
and stress strain characteristics. Ranttila will supervise this work 
and report thereon. 

17. There is attached a suggested organization chart and list or equip­
ment for the proposed work. 

/s/ RAYMOND E. DAVIS 
RED:fjb 
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2 Timekeepers 

Shift #1 

7:00 AM to 5:30 PM 
Operations 

SUPT. - I.P. Man 

1 Shop Man (I. P.) 

Shift #2 

Drill Holes, Jet and Grout 

6:30 PM to 3~00 AM 
Operations 

Drill holes and Jet 

Personnel Personnel 

1 Shift Foreaan (IP Man) 1 Shift Foreman (IP Man) 
1 Key Man 
8 Drillers 
1 Comp Oper 
2 Water Pump Oper 
2 Grout Pump Oper 
2 Mixer Oper 
2 Mixer Helper 
2 Insert Men 
4 Insert Helpers 

" • 1 Kq Man 
8 Drillers 
1 Comp Oper 
2 Water Pump Oper 
4 Laborers 

" . 

Note~ It has been proposed to use, tvo 9-hour shifts, so that 
the grouting under the structure can be COllpleted in the mini­
mum amount or time. Intrusion-Prepakt personnel should not be 
leH than 1 Superintendent, 2 Shift Foramen, 2 Key Men and 1 
Timekeeper 



GROUTING UNDER MULTI-STORY BUILDING 

EQUIPMENT LIST 

2 - 315 C.F.M. Gardner Denver Air Compressors. 
Note: l - 315 C.F.M. Compressor on the island, but this is not 

always available. 
1 - 3" Bull Hose 
2 - Manifolds 
200 1 - Calco Pipe 3" 
2 - 90 degree ells for CalCo pipe 
600' - 3/4• Air Hose 
2 - Dead ends for CalCo pipe 
12 - 3/4" C.P. Fittings (Male) 
12 - 3/4" " " (Female) 
12 - 3/ 4" • • (Hose) 
12 - 3/4" Nord.strom Cocke 
6 - 3/4• Three-way fittings 

Note: Critical spare parts for compressors to be left to "Bud Kosa", 
be sure to send plenty as none available. 

4 - 73 Jack Hammer (with plenty of spare parts, including pawls, springs, 
etc) (None available) 

DRILL STEEL 

8 - 2'; 8 - 41 ; 8 - 6'; 6 - 8 1 ; 6 - 10'; 6 - 12'; 6 - 141 ; lengths to 
fit #73 hsmm.ers. 

14 - lengths of sectional drill steel 4' 

DRILL BITS 

100 - 2 1/2•; 100 - 2 1/4; 100 - 2"; 150 - 1 3/4•; 100 - 2 3/4• 

2 - Double mixers (gas driven complete vith water tank) 
2 - Extra gear box and shaft complete 
4 extra spider connectors 
2 extra :m.olassea gates (3") 

2 - Simplex (Air Driven pw1ps) 2 1/2• piston. 
Note: 1 pump available on island. 

6 Extra 2 1/2• pistons 
3 Extra 2 1/2" sleeves 
2 sets, valve seats (extra) 
2 extra sets valves 
2 extra sets valve springs 

2 Grout funnels to fit Simplex pumps (Note: none on island) 
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24 v - 1/8• screen, 36" wide 
3 gages for pumps 
3 - 1 1/4" cocks 
4 oilers for pumps and hammers 
500 1 grout hose l" 
4 by-pass hoses 

PIPE 

200 lengths l• x 20' pipe; 50 lengths 2• x 20' pipe 
20 lengths - 3/4" x 20' pipe 
10 lengths - 1/2• x 20' pipe 

PIPE FITTINGS 

200 - l" couplings: 100 - l" unions; 6 - 1 1/4• unions; 6 - 1 1/4" ni~ple•; 
24 - l• to 3/4• bell reducers; 12 - 1° to 1/2• bell reducers; 12 - 3;4•, 
90 degree ells; 24 - l" nipples 
600 9 - 3/4• or l• water hose (1• preferred) 

2 - Jet pumps 4~tage (one jet pump on island but is only eingle stage) 
Capacity of pumps should be JOO gals. at 200 PSI 1 CH & E, Jet pump 
preferred. 

2 Sound power telephone sets 
2 - 6• well points 
24 - l• Nordstrom cocks 
100 Tapered stoppers to fit l• pipe and 2• hole 
24 tarps 
12 flood lights, current on island 

TOOLS 

1 Cutting torch and welding tips; 1 set pipe dies 2• to 1/2•; 1 pipe 
cutter; 1 pipe reamer; 1 stay put hose clamp machine; 150 hose clamps 
for l" and 3/4• hose; 1 hacksaw; 24 H.S. blades; 2 sets wrenches for 
Simplex pumps; 4 - 24• pipe wrenches; 4 - 18• pipe wrenchee; 4 - 12" 
pipe wrenches; 4 - 8• pipe wrenches; 4 - 16• Crescent; 4 - 12• crescent; 
4 - 10• crescent wrenchee; 4 extra large pliers; 4 side cutters; 6 large 
screw drivers; 6 - 2/1 hanmers; 2 claw hammers; 2 cut off saw (hand); 
20# 3/16• brass rod; 2 cans fiux; 6 - 6 1 rules; 1/2• bolt dies. 
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E-1 
SD-6207 

Holmes and Narver, Engineers 
824 South Figueroa Street 
Los Angeles 14, California 

HNS-1.379 

October 13, 1950 

Subject: PROGRAM FOR FURI'HER FOUNDATION INVESTIGATIONS 
AT ENIWETOK ATOLL - Contract No. AT-(29-1)-507 

Gentlemen: 

There are attached hereto the tollowing documents: 

a. Letter to R. E. Cole trom. Dr. Raymond E. Darts dated 
September 11, 1950 -- subject, nProgram. tor Further 
Foundation Investigations at Eniwetok Atoll." 

b. Memorandum to Lt. C:mdr. Rowen from Sherwood B. Smith 
dated August 22, 1950 ~ subject, •Prograa for 
Project ).3 Structures• with enclosure•. 

c. Letter to P. W. Spain f'roa Sherwood B. Smith dated 
October 4, 1950. 

d. Meaorandum from. H. L. Meek to D. T. Robbins dated 
October 2, 1950 -- subject, "Soil Exploration 
Drilling Equip19nt and Accessories.• 

You are informed that the exploration program·aa proposed by 
Dr. Davis is approved by this ottice with the exception that 
ve have not 7et fi~ settled on the deep hole an:i the geopb1'1ical 
vork. Dr. Davia a:ad Mr. Rantilla will direct this progrlll at the 
Jobsite a:ad 7ou are requested to inf'ora this ottice in sufticient 
time before drilling operations start so that Dr. tavis mq proceed 
to the Jobsite. In general the progrea proposed herein is in ad­
dition to certain tests and borings desired by the various project 
officers of Program ). 

With reterence to enclosure •d• 7ou are advised that ve approve 
the use or Mr. V. C. Mickle 1 s serTices u superintendent tor the 
drilling operations. This enclosure also makes reference to the 
possibilit7 ot representatives ot the Office of Naval Research 
being present at the j obsi te to observe drilling operations and 

6-305 



perhaps perform geophy'sical tests. This has the approval. of this 
office in so far as it does not interfere with the drilling program 
as outlined herein and does not require ~ additional work. 

At a later date we will give you information as to the drilling or 
the deep hole and the performance or geophysical work b;y others. 

Very truly yours, 

P. W. Spain 
Contract Administrator 

Enclosures: 
4 as indicated. 
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Mr. R. E. Cole, Director 
Office of Engineering & Construction 
U. S. Atomic Energy Commission, SFOO 
Los Alamos, Nev Mexico 

HN-S-127.3 

Los Angeles, Cali!ornia 
September 11, 1950 

Subject: PROGRAM FOR FURTHER FOUNDATION INVESTIGATIONS AT ENIWETOK 
ATOLL. 

Dear Mr. Cole: 

On September 10, I conferred v1lh Mr. Trent R. Duel in Los Angeles, 
concerning a program for further investigations at Eniwetok Atoll. As 
a result or our discussions, vhich gave consideration to the probable 
needs of those vho will interpret the structural behavior or building 
in the present atomic experiment, and to the likelihood ot siailar 
f'uture experiments in the same general location, I make the following 
recommendations vith which Mr. Dames is in accord: 

(1) Borings. On the supposition that the drilling equipment 
mentioned in yaur letter o! Septaber 2, is capable o! 
advancing deep borings into rock, it ia believed that a 
boring should be carried into the underl.Ting bed rock at 
the following zero locations: Engebi, Ebriru, AOlll.On, 
Runit, and Bogallua. At Engebi the boring should be ex­
tended to a depth of approximate]J' 2000 !eet; at other 
zero locations the borings should be extended into rock 
or unU'or11 character for a distance or not less than .30 
feet. 

Further, it is considered desirable to aak.e six additional 
borings on Engebi and three on Musin to a depth or 100 feet 
or to solid rock if encountered at a leaser depth. The 
borincs should be so located a1 to give general coverage 
to the•• isla.Dd1. 

Undisturbed samples should be taken vith sufficient fre­
quency to provide adequate intoraation concerning the 
character ot and variations in the foundation soils and 
rock formationa. It is presumed that the aTerage interval 
between samples will increase vith depth. Perhaps ten 
samples should be taken within the first 100 feet; for 
the deep boring on Engebi the sampling interval might 
progressivel.7 increase to as much as 100 feet near the 
bottom of the hole. 
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The boring operation.a should be under the continuous super­
vision of a technically' qualified and experienced per1on 
faailiar with the purposes for which the work is being 
unde~en, vho 1hould exeroiH hi• judgment in selecting 
the depths at which urid'i1tur?Md'1avl•• will be take'b.. 
If it can be a.rruged, it ia auggeat.d that Mr. Dicke:r, 
of Dames and Moore, be eaplo7ed tor thia purpoH. 

(2) Geoph,y1ical Ipy!1tigation1. It 11 oonaidereci de1irable 
to detel'lline b:r geop~aical aethoda the contisuration 
or tlw underl.Ting rock formation on lngebi and Mu.sin, 
and it poa1ible alao to detenaine wa.,.. velooiti•• in the 
various mdia enc0W1tered ill the boring operation•. Thi• 
will require the serrlce1 or an expert in thi1 field. 

(J) Te1ting or Saaple1. The follovin& te1t1 ahould be a.de on 
u:ndiaturbed 1011 1aaple1: 
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Denait7 
Particle-tis• di1tribution 
Coapre111bil1t:r under atatio load 
Shearin1 strength under 1tatio load 
Frictional value on piling materiala UDder atatio load 

While the de1irabilit7 ot ooDduotinc the latter three te1t1 
UDder dJD.Ulio loadiq oonditiona 11 reoopi1ed., apparatua 
and Mthoda tor .uoh lo&diq1 haft not. beea de-nlopecl. It 
ia ho~d that the reaulta ot 1tatio te1ta aq be correlated 
with the reaulta ot tuture in-nati1atioraa ot d1naaio be­
h&Ti.or. 

Saplea ot rook oore1 1hould. be teated to detemiu the 
tolloviqa 

Deuit7 
Modulua ot elaatioit7 &Dd P&iaaon'• ratio UDd.er atatic load 
Compreaai-n atreDgth under atatio lo .. 
Wa-n -nlooit7 FOp&g&ted 'b1' ~c loacl 

1 tn Jl•lected aoil and rock aaaplea shollld be subjected 
to petrocraphic anaqaia. 

It ia sugeeated that the te1ting ot all aaaplea be delecated 
to Dae• and Moore, Lo• lqelea, beaauae ot their lmovled.p 
ot, and experieace with the aateriala Ulllller ia-na\i1atioa. 



(4) Research in the Dxnamic Behartor of Soils. At present 
little is known concerning the behavior of soils under 
dynamic loading. With the object of providing basic 
information in this f'ield, which would be of n.lua to 
those engaged in the future design of structures that 
are required to withstand the forces of' atollic bombs, 
not onlJ' on Enivetok Atoll, but elsewhere, it is believed 
to be of' prime importance that a long-range research 
program be undertaken. It seems obrtous that the details 
vf such a program can only be determined. after the com­
pletion of rather extensive exploratory tests involving 
the development of apparatus and methods for subjecting 
soils to desired conditions of dJUamic loading, and for 
measuring the affect ot such loading. It is suggested 
that those in authority consider the desirability of 
creating a board of experts to study this problea. 

Very truly' yours, 

RAIMOHD E. DAVIS 
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NATIOIAL Mil.ITilI J:STABI.ISBMUT 
Armed Foroe1 Special ~eapona Projeot 
P. O. Box 2610 
Washington, V. C. 

HX1-ll79 

SWPD' /Jc 22 Auguat 1950 

MEMORAIDUM FORs 1.1.eutenant COJlllaJlder Willi.a 11. Row, USI, 
J-10 Group, J-1 Division, Loa Al.tao• Soienti.tio 
L&borato17, P. o. Box 1663, Lot !l•o•, 
New Mexico. 

SUBJECT: Soila Progr• tor Projeot J.J Struotun1. 

1. There i• •noloaed • OO'f1 ot m.•orandua f'roa Project ottioer, 
Project J,J on the aboYe 1ubjtot, with enoloaun entitled, "Soil 
Program, Air Force Struoture1, J.J,• in duplicate. 

2. It 1• reque1ttd that the n1oe1aary action be taken to haft 
the indicated work accomplished. 

J. It is aaaumed that the coat or thia work will be included 
in an it .. to be set up in conatruction e1tillate1 to ooYer founda­
tion inTeatigation• and oorreotiYe action. 

2 Inola. s 

/a/ Sherwood B. Sllith, 
Director, P:roll'Ul '!hree 

l. Memo tr Maj. Pettitt dtd 17 Aue 50. 
2. IAcl. to aboft ... o •soil Prograa, 

A7 Struoturea, J.J• 

cc: Major Bert I. Pettitt. 
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MCAIXP 

HNS-1379 

MCAIXP/LAN/bob 

17 August 1950 

MEMORANDUM JroR: Mr. Sherwood B. Saith, P. 0. Box 2610, 
Washington, D.C. 

SUBJECT: Recommended Soils Program for Project 3.3 Structures 

1. As stated in our telet1Pe, file MCAIXP-8-18-E or 4 August 
1950, ve are enclos~ harevith, in triplicate, soils program 
which we recommend should be carried out for the 3.3 structures. 
We believe that the program is clear and the items contained 
therein are self-explanatory. 

2. In the course or preparation or this prograa we received the 
proposed soils prograa recommended b7 Mr. n ... s and Dr. Darls as 
an enclosure to yr:rur meaorandum or 9 August 1950. 

3. We haft checked it onr caref'ul~ and while ve make no 
criticisms or the prograa u an expedient method or obtaining 
foundation desiinl data in a short time. WI! c&DllOt concur in 
its use as the final and COllpl•t• soils program for the 3.3 
structures. 

4. We feel that our prograa is neceH&I7 to ensure harlng at 
ham adequate soil data that will enable us to make estillates 
and investigationa vith a reasonable degree or certainty of a:D1' 
aberrations that 1181' deTelop in the teat behaTior. We consider 
our progrea in the nature of high~ i.Japortant and ft%7' cheap 
ins"Urance to a succe•stul analysis or the proble• following 
the test. The DaTi.1 and D•H prograa falls far short or en­
suring reaaonable data !or mald.ng such post-teat investigation• 
as might be neces•ary. 

5. The DaTis and Dames program. requires use i! cable-tool drills 
and contemplates taking both disturbed and undisturbed samples 
out or the holes. Our progrea in effect mere~ calls for a 
~eat.er muaber of holes and consequent~ a greater am.aunt or labo­
ratory work. It is felt that the cost or drilling extra holes and 
perfonling additional laboratory vork involved in our program. is 
relatively' small compared to the costs already incurred on this 
investigation and to the costs or bringing over the necessary 
equipment. Once theH possible costs are .f'urtheraore measure 
against the losses that might be sustained 0,. a failure to have 
at hand adequate data for the interpreting test results, it is 
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!elt that our progra:a is not only completely" justifiable but 
also highl3' desirable. 

6. We therefore urgentl3' recolllllend tha.t the program we ha.Te 
submitted herewith be carried out. Aa we han pointed out this 
aeed not jeopardise the construction program since we are willing 
to go along with the present footings or such modifications as 
are agreed to in the field 111' our Mr. Thomas or such other ones 
as we 1181' suggest without jeopardising the construction program. 
This matter is considered o! sufficient importance ~ us to ear­
mark a liaited aaount of" funds out or such allotaenta as are 
presently aTailable to the project. 

7. We will appreciate an earl.7 consideration or this matter. 

Bert i. Pettitt 
Major, USAF 
Project Otticer, J.J 
Air Force Structures Program 

1 Encl: 
Soil Progra:a 

cc: (Meao & Encl) 
Mr. R. J. O'Brien (A.RF) 
Mr. Sargent White (HQ USAF) 
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HNS-1379 

SOIL POOGRAM 

AIR FORCE STRUCTURES. 3.3 

~. General; In studying the soil conditions and in considering the 
d;yn8lllic loads whieh will be applied to the soil, the program. described 
below will give valuable information which will greatl.1' assist the 
final evaluation of the test. Concurrence is giTim to the plan to 
proceed with construction and concurrentl.1' accoaplish the soil ex­
ploration program.. Since a number or the Air Force Structures have 
been moved to new sites, it is desirable that the soil profile within 
each structure be consistent, e.g., all footings to be on sand with 
fair)J" uniform. density, on sand with strata or coral beneath at uni­
form depth and thickness or on lean concrete on coral strata underlain 
by sand, gravel, etc, If such conditions are not found or believed to 
exist, large differential settlement within a structure ma7 occur and 
seriously affect final ana]J"sis and eTaluation. It is realized that 
uniform soil conditions cannot be found but can in ~ instances be 
attained by appropriate construction. Also, the tera, •un.iforait7, • 
as used aboTe is used in the sense or •within certain l.ill.its,n and it 
is up to the field soil consultants to determine the l.iaits or uni­
formity wherever differential settlement would be tolerable. These 
tolerances are as follows: 

J.a.lr..l - MaximuJl allowable differential settleunt between any 
two adjacent main colUJllllS not to exceed 1 inch. 

la.1.a.1s - Maximum allowable differential settle .. nt between the 
columns of e:IJ:1' bent not to exceed 3/8 inch and between the same 
columns in adjacent bents not to exceed 3/4 inch, 

3.3.8h - Maxillum allowable differential settle .. nt between a:rrr 
two adjacent main columns not to exceed 1/4 inch. 

II. "An and •B• intor.aation, u described below, is required on the 
soil beneath footings or structures 3.3.J, 3,3,4 and J.J.8h. The 
points at which the information is desired are shown on Figures I am 
II. These points indicate the general vicinit7 only. The depth to 
which soil will be explored and the number or saaples to be taken will 
be determined by' the soil consultants. 

A. "A• inforaation, undisturbed samples at different depths at 
each test hole. 

1. Determine if soil: 

a. Classification of material. 

b, Angle of internal friction. 
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c. Dry density. 

d. Water content. 

e. Mechanical analysis. 

f. Settlement vs. load and time. 

g. Load-carrying capacit7 with respect to tooting size. 

2. Determine if rock: 

a. Unconfined compression strength. 

b. Dry density. 

c. Load-carrying capacity with respect to si~e of footing. 

B. nan information, disturbed ssm.ples (not vash boring samples) 
at different depths at each test hole. 

1. Detenaine if soil: 

a. Classification of materials. 

b. Mechanical anal,-sis. 

c. Relative density by calibrated penetration teat 
or other means. 

2. Detenain• if rock: 

a. Thickness of strata. 

b. Relatin density. 

III. Structures J.J.Sa - g, J.J.5a and b, one teat hole in the 
vicinit7 of each structure and obtain 11B11 into:rsation. 

IV. In the event "B 11 intornaation at 8.Jl1' test hole varies ver, videly 
from •1r.,inf'ol"ll8.tion vill be obtained at these points. 

V. In evaluating the behavior of the foundations on the basis of the 
limits specified in Section I, conaideration should be given b7 the 
soil consultants to the affect large dynamic loads or short duration 
will have on the soils investigated. Further consultation between the 
soil consultants and the Project Officer is consider.d necessar, on 
this matter. 
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DEPARTMENT OF DEFENSE 
Armed Forces Special Weapons Project 
P. O. Box 2610 
Washington, D.C. 

SWPEF/3c 

Mr. Paul W. Spain 
Contract Administrator 
Santa Fe Operations otrice 
Los AlU1.os, New Mexico 

Dear Mr. Spain: 

Hla-1379 

4 October 1950 

Rererence is made to 1aur letter or 15 September 1950, Subject, 
"Program tor Further Investigation on Eniwetok Atoll.• 

In accordance with our agreement a.tter diacuaaion with Dr. DaTia 
on 29 September, it ts my understanding that a reTi1ed prograa or 
tOUDdationa inveatip.tion• will be prepared arter reTiev or require­
ment• stated 'b1' DOD Project orricer. Thua, it is hoped that a coa­
plete prograa ror roundationa in"Yeatigationa will be 118de aT&i.lable, 
including all requir ... nta or the DOD Project otricara in so far as 
may be practical. 

In general, the prograa autaitted. to me b.r the above ref'erenced 
letter appears to 'be aatiaf'acto17, if used in conjunction with the 
investigationa speciried 'b1' Project orricera, Projects J.l, 3.2, and 
J.J. 

The deep borings and Telocit1 meuuroents recommended. b.r Dr. 
Davis are comidered to be b97oad the scope of' Prograa Three. As 
indicated. to 1au in our diacuaion, uaauraenta ot this tne were 
made during the Bikini ReaurTe7. Also, it i• understood that the 
Scrippa Inatitution is conducting siailar investigations on other 
Atoll.9 in the Pacific. In this respect, I belieTe ve agree that the 
character of the coral below 100 reet tr011 the ground surface is not 
material with respect to structural perf'ormance. 

Vecy sincerel.7 ;roura, 

/a/ SHERYJOD B. SMITH 
Director, Program Three 
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To: Mr. D. T. Robbins 

From: H. L. Meek 

Job: 640 CHN-970 

Re: SOIL EXPLORATION DRILLING EQUIPMENT 
AND ACCESSORIES 

Date: October 2, 1950 

ApproximateJ.J- 60 days ago the Purchasing Department was requested 
to secure a Failing Drilling Machine to be used in the Soil Exploration 
Program at the Jobsite. We have secured one each Shop Model Ho. 1500, 
Shop No. 957 Failing Core Drilling Machine, complete with accessories, 
from the Naval Electronics Laboratory, San Diego, C&l.i!ornia. This 
machine is complete vith all necessary accessories and is J10unted on a 
K-7 International Truck. This lot of equipment also included so• 
drilling pipe and some steel cuing pipe. Thia entire lot of equipment 
and accessories has an approxill&te value of $25,000 and has been ob­
tained on a loan-and-return basis. 

Upon the recolllllendationa of the Failing CompaJl1 repre1entativw 
in Los Angeles, Mr. Ja;r C. Failing, ve havw purchased ari additional 
2, 000 feet of used 6• steel cuing• and an additional quanti t7 of 
2-J/S• diameter steel drill pipe, and ten {10) tona of aqua-jell, 
{drill mud), for use in the p;oograa. 

The shipment of the drilling machine and accessories obtained 
from the laT&l Elactronica Laboratory, San. Diego, vas effected on the 
USS •sgt. Morris Craine• on September 14, 1950. The auppluental it ... 
of drilling aateriala purohaaed looalll' b)r Holae1 & Haner will be 
scheduled for tranahipment tram Oakland on the USS Craig, ETD October 
15, 1950. 

We h&TII obtained the aerTioea ot a drilling rig operator, Mr. 
Ray E. Benson, vho i• Tilr'T tailiar with th• Failing tnw drilllq 
:machine and. who hu had approxia&teq .30 79ar1 of field experience in 
core drilling vork. It ia our preaent plan to secure the services ot 
at least two (2) additional operator .... charrl.01 to aaaiat Mr. 
Rq E. Benson. 

We haTII been adTiaed b7' Mr. George Jailing of hid, Oklahou., 
during the paat .30-dq period, that tbe7 would like to otter the 
services of their field 1uperintement, Mr. V. C. Mickle, to uai1t 
us in our Jobaite progra. It aq be noted that Mr. Mickle vu in 
complete charge of' ai.Jlilar te1t1 comuoted at the Jobaite area in 1947. 
Your !'urther attention is inTited to the fact that the core drilling 
work vaa accoapliahed with the identical drilling aaohine vhich we 
now have in our poaaeaeion on a loan basis f'roa the BaT&l Electronics 
Laboratory, San Diego, California. We haTII forwarded the neoeasar,. 
Securit7 Clearance Queationn&ire1 to Mr. V. c. Mickle, who advised 
us, thi1 date, that he would fill out the paper• and return th .. to 
this office without· delq. The approxim.ate charge tor Mr. Mickle'• 
services will be $.35 per d&Y", plus travel expenaea and lodging coat•. 

At the ti• or this writing ve do not have a defi~t• comitllant to 
utilize the services of Mr. V. c. Mickle. It is the opinion of' the 
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writer that we should at least take an option on his services in the 
event that a Security Clearance cannot be obtained on Mr. Benson for 
overseas employment. 

At 10 a.m., October 2, 1950, Mr. Gordon G. Lill contacted the 
writer by telephone and offered the following information: 

A conference had recently been held in Washington, D. C., which 
was attended by Col. Daymon of the JTF-J Washington, D.C. Office, Dr. 
Burris of the Los Alamos Scientific Laboratory, and Mr. Lill of the 
N~wal Research Laboratory, Washington, D.C. As a result of decisions 
reached in this conference, it was indicated that the Naval Research 
LBboratory and the U.S. Geodetic Service would require additional core 
samples and drill tests in addition to the basic requirements scheduled 
by the U.S. Atomic Energy Commission. In view of the fact that it was 
the desire of Mr. Lill to have two or more technical representatives 
at the Jobsite during drilling operations, it was requested that we 
notify his office at least two weeks in advance of the scheduled drill­
ing dates in order that he coulq schedule the transportation of their 
representatives to conform with field drilling schedule dates. Mr. Lill 
further requested that we secure the services of Mr. V. C. Mickle to 
supervise the drilling operations. He further added that Mr. Mickle 
had attended several recent conferences in Washington, D.C., regarding 
core drilling programs proposed by various government agencies and was 
thoroughly familiar with our particular·pro~ram. He stated the.t Mr. 
Mickle was readily reconunended by all persons concerned. 

The writer advised Mr. Lill that the authority for Holmes & Narver 
to perform any work for other govermnent agencies must originate with 
our client, the U.S. Atomic Energy Commission, Los Alamos, New Mexico. 
The writer further advised Mr. Lill that, under the terms of our con­
tract, all subcontractors for services. (technical advisors) must have 
the prior approval of our client. I also told Mr. Lill that we would 
suggest that our Engineering Department request approval for the utili­
zation of the services of Mr. Mickle. 

At 11 a.m., October 2, 1950, Mr. V. c. Mickle of the George M. 
Failing Company, Enid, Oklahoma, contacted the writer by telephone and 
gave me a resume of his recent conferences in Washington, D.C., with 
the Naval Research Laboratory officials and the U.S. Geodetic Survey 
Department Heads and stated thA.t he was very willing to cooperate by 
offering his services for the duration of the Jobsite drilling program. 
The writer advised Mr. Mickle that we would contact him at a later 
date regarding our acceptance of his technical services. 

I am attaching a copy of the letter from the Director of Procure­
ment to the Resident Manager, dated Septemper 29, 1950, on this same 
subject. Reference is made to the third paragraph of Mr. Kelly's letter 
wherein the George M. Failing Company, at Mr. Kelly's request, is for­
wardarding a complete resume and report of the drilling operations as 
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conducted on pre'Vious experimental operations at the Jobaite area. 
Copies of this report vill be forwarded to TOU u soon u V9 receive 
them. 

The address and telephone number of Mr. Gord on G. Lill of the 
Naval Research Laboratory, Washington, D.C., is as follovsi 

Hll4:mla 

co: L. J. lel.J.1' 
Operationa 
Central 1ile1 
(Robbi1111--3 OJP8) 
Chrono 
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O.f.tice ot Naval Research 
GeopbJaica Branch 
Washington 25, D.C. 

Attention: Mr. Gordon G. Lill 

Telephone No.: Rl-7400, Ext. 6-2346 

H. L. Meek 
Purchaaina Agent 



To: Resident Manager Job: 640 HO #2140 

From: Director of Procurement Re: EXPWRATION ~RK BY FAILING 
DRILL RIG 

Date: September 29, 1950 

The rig, which we shipped to you on the CRAIN and which will presumably 
arrive about the 1st of October, was secured from the Navy. The Navy 
had furnished this same outfit to Eniwetok during the first exercises. 
Upon return from Eniwetok no charging record was made, and at San Diego 
no receiving record was made. When we ordered the outfit to be shipped, 
the Navy repacked everything into 25 boxes and shipped to Oakland just 
in time to catch the CRAIN. No packing slip was prepared so that ve 
actually know nothing about the equipment you are receiving. We do 
understand that there are a number of drill bits in addition to the 
two (2) diamond drill bits which were sent nreceipted cargo.• There 
is also adequate equipment for the taking of cores. 

The writer got into this problem and has talked to Mr. George Failing 
and. with the Failing Company's engineers, and has been able to get 
some scant information together. One i tea is that the rig is designed 
to be a 1,500 ft. rig, although the Navy succeeded in drilling a hole 
something over 2,000 ft. in depth during the first exercises. The drill 
pipe size is 2 J/8• in diameter and all of the drilling equipment, of 
course, fits this drill pipe. Original.J.J" there was some 2,565 ft. of 
drill pipe furnished. On the supposition that some of this pipe was 
lost or damaged, we are ordering and will ship on the next boat, ETD 
October 10, 1950, another 500 ft. of drill pipe. Based on information 
that casing was not required in the deep holes, we are also sending 
10 tons of aqua jell, which is drilling mud and proved satisfactory 
during the first exercises. We are also sending 2,000 ft. of 6n casing 
which will enable the operator to take cores. 

We are securing fros the Failing Coap&Jl1' their report of the first 
operations together with a coP1 of the official report by' a Dr. Ladd 
who is associated with 11&"'7 research and vho is still interested in 
this prograa. 

Mr. Paul Spain hu instructed us to have Mr. Dicke7 of Dames and Moore 
return to the Jobsite in time to supervise the drilling. We have as­
slllled that this would be about October 15th as the equipment will be 
there at the time and will have been checked and put in working order. 

We have employed a qualified drilling superintement, naaed Benson, 
whom we believe will be available to you prior to October 15th. We 
will send with Benson a mechanic, a truck driver and a general helper. 
One or two additional laborers or mechanics ma7 be necessary to round 
out the crev. Information received by us from the Failing Company will 
be forvarded to you promptly for your information. 

LJK:dd 
cc: HO Chrono 

Central Files 
Procurement (2) 

By------------------------~ 

OS Chrono 
Purchasing (2) 

Lester J. Kel.q 
Director of Procurement 
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EXHIBIT K 

Foundation Investigations 
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~\-·ral ~onP-lori".P!'3tt.: fr-!tg.­
T.f: :it. s er.1b1::11d~d in sancy 
!:. • . .:. t. CO!ltpllct mci -,t, and 

'.:'...t~ ir. ;:, :c.:· ...:ccasicr.a.1 
si:\.y sar.C. l.f!r;ses up to 
) " i.n th i~i".n:•13s 

46 Cc:i·-'ic::~ ·st_.;:: fin~ t·:-
• ~ ·..:.1r ~if' :- :·.".J...;.. ,.,.· 1 :~:d n.nc-
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~·<icl~ at. !...1. • ~1 ' 

f , ' .. ' 



" ' ! • ' + __ • 

. . 
" 

-. l 

·-. 

. , ' ... 
(\. ·• -. 

I 

1. 

I 

t 

--- =,2 

·. ' . {"' . 
---~ .. ......-. __ .. 

r A - ,_ 

.. --~I 

: .. I 

-. •.l; 

.•..::r:i~.t' f'.'..r~ tc 
·:'"1\ -=d. 

'l.·:.:.· .. : '.1lAS ·tj..I •r-.,es (": .:f= ... :r-

1·;;-:. ~-. C ~ ~ j ~>!''. . l ':: '- ~·~ :': L''I -

r ..... c ;-~1_1 :it :.-ii ........ tr-.• 

}.'. '· :< • 

i 
- I 

~---.. ·-? 

·---------· . -1 
--:-:·--_..,-, -~ .---~-

ar·ri r~:no;~ <-'. 

r ' n.; 1-:i: .~. 

.... r i ,, .... ".V . . "1 y 

) t 

~ • f 

Sample (l: • .L.! i~ f!""OC ~-u.:! 
:iitcli 
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Corl' h~rr.c l -~'- , ~ : .. .: 
'~:l ptlll ed ~t_. • I ''.:;;;• 

(.., f co:--c 

J11mtJle No. ~ - tr-··-- ~- .. 1 

dit~:;h dur~n;.· c~. .• ·-~··;:: 
fr<11t ~,etc ·:. 1 

eora bar~~ u. 
out at 6-:J' :· lfi. • 
cc·· ry. 
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Fill - o;~·e·r~.";~, ... ..':'.n, 
~~1:".d, ~~., .. e ~ ~ r_ '-:::'"I ~r~· 

~7.-- t.c ')_ • ')' 

S.idi) - ~(e,tiw - ~.cr·rse, 
"·~·e f~::e +o .-r .. -:-1::se 
.:-.--.. v~ l """ ;. t:.!· .. · •. e. :i<l 
C•'"~comr-n~t. 
·'.:'i :; 8.r. '.U'l.:-:: f'r'. - ·:· ·~ ~. '\ t 1 e) I 

. ,.,~ ~ ,,_.·-.."I h. hl . ~ i..:..:J ·:..t. l.i . .r. ·i l.'.ALI - 1/?; y 
ee:r,ented. in lAc.s et 
variolJS t .... :. c ~er-es'"'. Th La 
lt!~·or~ Ii!';,, t': ~~ o to ~" 
.!.r lopth .... ; ,-:·-Aratl'.'la bf 
t>j:.,. ("-·"1 ·····i~ .. of . ,,__ - ,..' . ., .... , ,.._, 

c,:~-:;.r. co:--1:~,;.-:;:o.1 .:t$s sand 
e.nd v-a..,.el J.t'J to l" i11 
u~t::;r • 

;.1ternat:l~ ce~nt.ed ~ 
-::i:>:.'l-eo~esive ;,:.~,;.1t.:; ex!st 

u to l6.0' 

14 

16 

lB 

20 

22 

• 

::AiiD - ;~1:2 t.o acar~e 
.u:d ~ODi...".. :.1'1.i:!-· :<lorll& t'-:.nP 

F".,...V".! l. CH :J.1.lr• t. '\~.' • ~t. 
:;on-~or.os i:e - c l.~;<1-n · 

, ~ .• .J - :=r-_. ~·--, 

' ..... ' Ind :r-,.. - , '" . ~11e~ 
. '. :. t:s. :-1~ ··a:. - ~.L;ni-~r: t.. 

' ~ ~ .. ! ( . 

El'.lle opened~tCJ ;.o w'ith 
(!OUti!\4.l(""lS dr~ v~• '1 .. ;i th ;)_t.' 

ampler. 

su pipe .>u•, on ~;r.ent"ti 
r;ru:ld "-OJ :~~ ·;sl i. t 5 • Q ~ t:' :"..'} 

~" roc:C bi\ wed to '.-..; ne tr!- t. 

htlrd !Ol'llBtiOll to :6~0, 

No. J!1,J,4 .f'.ron :iru.:i ctt 
eJte&Vll.t1on • 

Cba.nge n~U-d in drill!.ng 
sction at 16.o · and ea."':'.nler 
put to 17 • ~ I -.,A_ t,h '2 - 1~ 
x lS" blovs r.er inc'-\. 

There see~ ""o he n ~dual 
reduc-t! on in ti1ic.1-.:11~a~ ot 
eemected ,_3·,-~·;·:: ':! ,,,.:, !'t 

cO?Te sponrl ~ ~; '· : n.cr'3a. :.-a .!..:i 
tM WlCei:',..t:t"!li sc;ct..!.nn~ !IS 

the dem.l< of' ·~ole is !.n­
c~d. 

Hater1sl ~:!."· -~ in "'11 t:_y ar..;.l 
hol""? '..le~ "• ' 1

• lJ. t "·",.;· '-:.- in­
e:-•~('.si~n~ · '.e · -rl'!."~n~·t'.1 cf 
tlu.:.J t~tr: ·.:1'-' t<dd~.:br. ,, •. 
l ~'! ~k of , :.- .-. • 
0ue t,1 ool-:F<s'-:'l.).~f~ 1 \-.:;-~ 
':.r i..; 2-.'!.t"lrL;. '!. '(',-,::_T · 

~.n,~ !'il1fl ~,...., L · • 
:'IP. r1':"lin-;; •. ~::i s;_ -
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f inc t.o ~dh-n::. .;nnd -
trn,·e of s.Ut, 
'NO t. 

.. ;r.se a':".d 

_44 

i ..... 

.. ' .. ~ 1 ... 0!'. .. :C'r-.e: .. : · ~ - ,;..,!.t~'::.r 
celiPr.l., :, ·.:>·~:j.' fr·•r-t·~·~, 

'""!13 C'•)t.U!. h tn~: n•X!.C::-~ 1.~ 
"·"' . n s !..!. :, ~ .. i !. : ~ ; r.(j.8......~ 

bc~.\JtleD ~eil:d · :_~1-... ~." 
::r;: :~.:;.; J-: l~r,,.·th. 

' .. \.. 

., 
.• 

. ) .... , .. .. 
'.2(/ .:..:_ __ ._ . .:~ 

?.- ,,CA.~il x 12" hloi - '."er .:.:·:cii 
at .::. to ~~ .. ) 1 

({,) : ~d :U ':.ch !!a.ro:."'J e-

Notice.hle dt.:e:-t:'l';tt ::'\ 
d.r111 !. nr re::. i ~ t-e .1-:···. 

12" bP..ri:-el ext..en::~on used r.t.: 
sa.-up1~·=- in m-der to 'rAt"f')"7"-r j 
"WM! l!1!1t~·1'"~-~.1. Indt!e 1.11r..--:.1 
inc:r.,f'.S~C !"t-~ 1. 5' tG 2 • ';. ' 
Sru:iple r~o. gA ts ~:{coes 
!tl!lteri~l !'\f~r :°"'!t·'"~r-.e ::.he 
lo'WOr 6 :-t·- -;: for :irc;.;~rvin.g 
3.nd shi ppi!~g. 

!n !ldV!l":'lcine: .;q 1 ~ :.'r"t'J -~ J 1 

to 1.~1 1 , n..'> abrur:t c1-,r n..:::" ·-~~: 
nc·ted. In vit'": J-. · ;' '· .. : ·~'?" 
to /.,7 .6' :·.n:::i. ~t'un>': -:.;, 
!'rfle tnred ·:, .'.l: • c' .. l' ~ -~. 

2es!stP.r.ce :'er .:S' 
drive "'11l5 10 - ]'.._¥:,,( 
blows Der incl:. 

?e~~E:·i an<.l n..:·1.'.!:· · :-: 
i::r. .,.,.,.~ ..... ;':1('1-fl 

(' ' T ... 
:-:: ll'' 
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54 

./J 
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.'., 
--- '-ti~ 

.... .._,, 

-· ~4 

'.:',ooet J o.f 4 

s .. ~~i~ "lnl.f·.:,?""' f~ne to 
·:'d >n.1 {1"11\ir.o·: · l'"~. •)t· n 
tn·: ... ~ r~:.e~i,j~d ·;!. t~ ".11~ '.3Cf 

or oongl-raw. 
Cont.a.ct is ""l\k at thc=e 
: : ._:1.~s .·:.t2~l ex.'..~t !..n 
iJ ·1 .. ::-t:..r:a.l ':'ll':l.11-J as ·-iel~. 
"',_n ~ ..... (' ·_ ' ..... ~..... ·.:.recti. ons. 

Few poro\lS ~ horwr;com" 
sections. 

G.oa.rse ~ ir-.ed, he.rd ~ 
::io!'.,.~ et::-Ju ·~& f P.'o! :iholl 
sections !iild .)a:J.e -pieces 
~ ~i!ll8 ;rail19d li."ll.tlstone 

0..,2 is ~ cJ.i t.cl4 .iMJ?le 
indicai:.tng no one~ in 
rorme.tion 

J...4 is auck C.i tell al'-'"'. ple 
ind!.ea t ln.r s, i '-¢lt inCl"M. 
in fine ::rn' ned li!lestmle 
cnn ':.en t. 

v1.· t Ff B:'". ii ff \l 

reststence. 

A 50 ?• s, i • r-e~d ir.(f «.:"'. s 
mai.ntAiM<.i .,n hydra·uic 
f aed F.&ge ~tr:- !."'..l ~it I oa..i 
of 1.2.50 lbs 1 to I'·· :n4:•)~~d. 

lU';t. aoo to drc·.tl.~ ~ tr.n 
thnl. tott~x.1 dinchl'.r~e >~";,: 

hit. . 
lbi.D ::~I :"PSUl ted ~ ·:-?t.W 
recov:?ry of the poor rock 
thru. fragment blcclc.ing ct 
tb9 bit.. 
l.'W· lon &?rClta 100. gal. 
~r lO'. 

c_.. &u-rel p!.1\. to 62 .J t 
tor J.O' recovery 

sup.~ 1-i-reguiar bit e.c­
t :!.on :;hO'dntr. al te~. ting 
h.tlrd and sott r<><'k l.ay"re 
or rrat. 4 to 6 i.."leh.es in. 
th1cl:msa. 
Daring eori:lg, r~l\.111.ng, and 
drUlinr, operations llUd loe£ 
•s e.~ox. 100 gal. per ~.o · 
ot hel,.. 

:'b,i upt ct a relatiwly 
hi~h ;::.~l-9trength. 

Core 1-:-,·'!l :.n at 70' ".'.111l 

Ot&t at 71.0' duo to '.lloek­
in«:. Pi4<lov~rv l no ic9. ted no 
cMng• in t" ~-:-:na ticm. 
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f..ess l~.!!t,Ont'" nn1 :ucr.:-JJ 
~"'-'.!:-.::~ ~a\.nc--1 ~c;n-:>y".':!"r.:\~ec 
::iection3 up to 5 '' !·or any 
'n(• pioce. 

Porl;) i '!.:-ile~r:: .,":'~-· frr:;:! , ,, ~" ";.O _\..11 
:"1'~ '<:. -I _._, <:. 

~-e .. ov-. r:• E"r·'":'!1 ~· i.r.._,, ~ ~n!'o 
~>.r!"'•:!l r.in shr .. ,.~_.;_ -,(, ~·-.1.."1J 

in •.\;-n ... ., r, 1 «n 

~~T .J.~~:; • t: :"'l t -......... --- -- . 

~eek bit 5''·)\d~.- : iri~2r 
t.nd 111.~ mi.f1Jr:'I re.:;i.:;t!~nce 
at ~) to ~J.5' 
Gore bo.M'e l b !\ t '.l: , • ~ ' to 
90 • 0 1 

unctAt' ·'10~0 ·.'.."1 "'... :' '. ~ 
ecrin~ ac .... i"."l!l. 

Hol~ ~a."'!.ed "rvi ~,;:.;-(er. to 
05 .o' A. th :.r>.5. f ·.'.i."m c">::.i: 
C'lt tin,'1 !'<'. !' i <;; ~ ... , tlr:'C 

?.-J~.·~ r!.r_'J: :~o ~,_. i ~~t"ri ·~f 
cs.Yi tt~ ti.on c ~- ·· -::- tl'."t ":. '.':e 
~o:·ous f'n<l 1i,,:1eJcV'"1> .:it:>~­
t.io".1s n:-evio·:.'."': ·; d<'~<'r'..lv.~d 
aV'7!"<1F;P. m1A...1 1.o~::; r-0~1." __ 

lJO r.-a.:. ~:- :.) I <"'.f -:'(~·· 

~nlltreted. 
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.:·.;·:.. -: .. t?.l~.;s 
~ .. ; r.i f',:""'.:.V',: - ~T'f!j­

_t ~r.d ·i<::,·;;t•. 

,,n·: ~.e c.J ~ .... 

"~ . '-' 

~ ,,;.-;- • "._:~;;.'/:.i; l'\lt.~rnat-

- : i; ] -~:V"' . ~ Of hi g!'llj r.em-
P t;,·ct_ - ~ C•18!'"~".' :&~d and 

f: ··;i.: · • '."'1. .,,_... :!<-~a.'."' lt <:'-:! by 
• :'.iL :-.c,n ... ' ,.f ..:on;.:sicr.-
: e.ss ~:in·! ar·1 7!'3V'-~ of 
~ ~ tr7i". t ::r c0Ar ;er ,~rada- · 

~ b,on l~0 ~o J/4°> 

;_;(;!"\.', 1"6CCV&.1".f $1".'Wt<..d 

f°i ::P !'. 'J C03.·l'Se 1:1!'!\.n~q 
:::(..ni;..:..°"~~te ~ "..r. ~ew 

t.8';1 l i.n.estdme .. p:..eees. 
t '-'1s roe:.: is cvid.r.r,t.J.y 

- ~~b~.jaC<!. in ~edium to 
nr.~ :Jand. Wh~cfr Ls washed 
c.;•, farir;g eo?"i•\R ~rd 
s!i.'::;-. ling. o~ratir>n. 

.:::v.1 .:ri··~ ~~rave.:. ~-~eyi8h, 
w~t J. ... ~ ·:..-nsc··c~~.r tair..3 
:.i!l t r:~ ~ .)~ r'"~~ r:;1.i.r.~c 

.. , .. .'. :·,. :- ~ ,_;i .t> ;~ t,C [.l:C ~, i ·~ :'\3 

'.\rt:i : : « o ece s c.f i;'.r-een 
- C(·:·;.~ r !":\;:!l.~r,!. :3. 

.. ~,~ 
~ 

.... 

1 ., .,I . ---

!1L'le ··t·~! .. ~a \..v '·.:;' w:·:1 
~;-v '3f.LT.J .... t 1 r ~· .. ~·1·' '(~ 
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l"I.'. !'\i~al .3:. 7 •.. ·~! "~· - .. : - r .. 

">aad <L"ld o::r.:.·11 : !.. 

)~cle i:aseci .to U.0 1 w:_th R·· 
~1pe 
Core 01tn-el ~ut Li :..t 1 : .·.1' 
thru alt..tt;.ati.·.l :ia::"ri dtir1 

ti~ seetians nae. gr-eat.c,:-­
than 6·· in. darth. 

tfol~ .n;~u to .~.·:• 1 ~:/1 
0-j( put tc rt:! :::a.:. a•, .:..: •• 
ind.h~ating :nor-e cor.r: n,;.t. ""l. 

:n with coz·l'! barr~ ... t.;: .;r,. • 
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Hole .rca~d. ar~.::. ·i~; · .',~1t;ed 
to ov.:J' ti1:-u •vh.:, 1 .:i:..~·a:-.;;i 
t..-:~ C(;; :=;i,.~ ~ar- ~cc~: .. ·~1~ui-
t. ~on~•. 
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IN ?U.:T 

1-
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10 

-1.:.:t\!.':}-Si: ty. ~c.".le f'ir.e 
-~ ~:;'13.vel. Tan. moist. lind 

- .,~:-.- ~oriesi·;e and lor1f'.8, 

-:1 
---1 (3amples .#l ~ .~ :·r::.'m mud 

-I ~it 0Xc&vat1..:m) 

-=1 

.• ' \•n .IL "..., • \ITT 5~ ' "''htl .:l.tuiu ai: 1.1:-.;,. : ,.._ - .J.. ""l'Y~ Y 
- Co:.'t\<jnt~, dense, fine, 

~Jt..an, Moist ar:d cloan. · -1 Contains n1;Wt'rous moida. 
--

1

i-.x. size t" 

i G" -n•ini. ~T'·T•:> . "' ~ 5 i:-~·~ --= l ,,J.,"J./'\~ ...:.l •• ~ ... '. • ...:..1.. 

-- IGii.A'l~ - t:i~~hly r,e11er.ted 
- 1 i'i.re to 1111:J<H.wzi. 

r.ilv'..\'i::L - ::,......me coc.!'~e !lalld 
- ~reyisb ,~]en and white 

ifole open~d to :l. 0 f·?r:>t. 
'-Ii th 8 inch ro.ll~r tit :.uid 
:.oo.v;r -::rJd. Cagoo tole to 
lJ.; feet tG 3hut Jf~ .:a~...o, 
stratw:ai 'l t 9 to ll ~--~.,,+ 

.. 12 looea 11ncl c'\ving. 

_: l 
-1 

16 

13 

r-- .o 
r-
~- i 

F 
. --- l 

I 

- I ... I 

I 
- i 

r-- -4 

- ! I 
r -·· 
I 

~~ ILTY SA~: C1Jnt...aina Ca;;l:-ig ·.ra::; cl~.1:.'<i -~~t 1ricl 

some ~~i:.l"'dd~~d do-.. el- bole ~dV!ln~ed to l.~. ~ '\:i>?i. 

shaped ~ors:. frai:p'll<:nte, 1n very so!~ ~ tP1r1.1l. 
thin shells, l'l.nc'. sell~ (DM) saaplar ···~~ .-u~ :,., 
meciium ~ravel. ~ll.a upper 16.0 t~et :-ap::1.i:~:"' .~(~e~ 
po:·t.:.or: cf this stratwl :-.OJO lb. :l.~"dra,uic r;':-t.:-

Mix dia!n~ter of c<:>ral WI!! s2.!ir:, f,:;.., :r:!'':.'·:· -'i.~:: ._:·. 
i.~ -:-;xtra"le:y soft. ar.c' wet.t 8'..lr~. (Max; pen. etnt: Jn 

:'r'\gze!"ts 1.:: :!:f"'' to cora.i .'~>;ment~. 

::.:::ny ,,.. ' '~-.... ... ,.-_ ,'14~. S t-rc:' + .. ~...:t G 1Jrj-

tL-:u~c ! -r--·t:: : I ,;; : 
-- ~·· 

·~ 

dltivr,.~. \D-; 1 ·; :r-~··T'l.:; 1 ~~ 

s.t :.:: :.0 1 •o 22 .--;· :_:.; ,'f•r 
I 7 000 1 b '•:!tl."'8.ulic r:• )~ .. 

~t~d ni.J: !'01.:..J :: .· 

! V"eer. cc :-r..~ ~··! .··.: :· ·.'.· · · -

i :-J':".2 / ? . 0. ~ ; . . . , 1. 

! t·~5 '. .. ;-. ... ~':':·t:~r:. 
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. -ij . ':'2' . .:: ··r: 

, .. T'','I.J ;=t _;.':rY ' .. :r: l ... '1<~-

... 0 ... .. 

u _~r1·~~ 
.. ~· ::,- , ... ,Tl 

- ., . ··-

. ·' 
•. -' 

-- 34 

- '.: '.ie-3.~le .:.r.~r,...J\se 1n 
:·.!.r:imess ·Lr.d ~1 ttle or 

- nc Jcwel-sh<.1. ;:..,,d ;:ore..l 
.:.:~(·~-L-~f.:. 

- 42 · --- L .;~-,~a~i:.- il'i donsi ~' 9.l'd 
l"O<!.'' ~or ~,Al"lt. c 

1 6Ct",~Se 

i.'i ll.Oi .~ t.1.:...--:! ·: . .;;-to? 1: t, 

-- '.1. 

-- !jJ 

',-. ...... 

G:~U!JND 

RIG 
·1,). ':"E 

~vidar.tly t~e COL-al Beciioa 
:·o•Jnd in the uppor po!'tion 
o: the 58.lllple~ vere he:.n~ 
;h~sed .:.'o,.·-r: ~he :i.ol.e by t~e 

:-1.i.;.; ion ol' the bit i:: i..jLi; 

sc:'t ~teria:. 
:Jole ~d·l'3.nced r,o ; 4. 5 ' ,. ~:d 
(D-M) ::;8.!!lrler ru~ t) •·• 0 1 

with rnaximurr. h;;rriraallc 
pressure or 2,0l")() l~s. 
Fenetra ~ion re. t9 s.:..l gnt ;_;• 
uneven 1ue to emb~dded ~o~ 
fra.gJaenta. 3&Japler crr•"fr­
driv::sn in an et'fort to ob­
tain ~ore material. 

Et)le taken to Jl. ~' 'lnd 
(!J-M) S&.'RJ;J.er rat to J4. •l 1. 

Ne l'."eca';"ery. In with ~~hl.n 

"ri.ll 3R.I:lpler t:> 34 0' 111d 
t"'l~;:ovi:.r~:i full :::url~ ')7° 

&.!lndy Jilt '..I l t.b I:!,".~ ~C 00 
gravel up to 11· :n Jia.. 
(D-Mj Siu!!pler ?.:i. t•l-':'d "by 
remov1.nr- on& r!..:._:_ ..a.:. ve· '1.r::; 
.L""l~erting hee.'-J' ,...,t:i..1.:-r- .... ~,.:: 
in ~\-;oe b"\'1;.~r~ li:!.vr•. 
Hole s.<:·1• .. nced i.o Y1 ~,. ·.i' ~1· 

no appirent ch1n,'.e : :1 d ,.i :­
ing aotion. (D-~~ ~1mpl;: 
in at, J9. o' ~!":'.'i pressed to 
41..5 1 ·,'lle unll'urm. :·£.~. 
H.:rdre.ulic p:-"lcieuJ·o l;:, ~~1.:· 
lbis. ~'"'1.,..-.l .-~co.:·'~· ·H·d ;,;11:>;· 

contb.inint; l:ir!'."e d .. ~~ cf 
f.lftYel. 

fl'-"; · :in~ ~., ·:o .i'), > :. ::=e1. ~,--cl 
mo=~ rw~k. ::-: · .. :.i!.h ·~ .. -:;: 
D.J.l:lFler at · D. C' :>.!°!" .·•)­

~Js4l .11 t ~u. 2 .. i ·~h l ..... ·.J· ··; 
i::.1. H.P. 
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60 

L:~ 

70 

.'.~.-...)~.LI\..··-· 

~r-• ..:.:.ieto.:..: !~ :,o_: 
• '!_, '3Jr-_l.1i Gr .. ,. ~iu 

.. ·c .:r·~r(:N 

iJf.11~1use loose ~re.~e~ bet~ 
- ~·a::.~'-~:: into t~P. tole ~ri 

;)f 6· 1 ~sin~· :.1f.\:; ~"':. iD t 
- ta,-el ir. a.t 58 1 '.r:d 01_.t 

-~ .. _._...JN 

Core ':ar:-~l !=t: ~ c:. at .: ) : ' 
and r·_r .. t(, ·~c:.r, 1 • :.t:r.'..)~ .. n~' 
7" c:· ::r cong: o~r:·rqtl!I ·an:.. 

_.-,amed hc-Je to ~ to .-.•. 1' 

·.mJ advs.r: ~eri :.·.1 · .~ O 1 

an lC. 0 1 ·md _;:. _-' ;.l<\S 

U:e d" •::1.sin~. '.l !" .. ?"~;_,.: 

-l ·'iept:-. o:: 5:3.0' .-:.-u--7 

t 59 1 '.ins tc t:Jo-:-~:i!",:. 

Hole a.dvancud ':..:) 60.0' 
a.mi ( D-M) :Ja.l!'lPl P!' Flt to 
refusal at 60.2' i,,;ith ~l:,01: •. 

lbe. E.P. In with core 
be..ITel to 62. ()' recov~r.t J. · 
conglomerate core. 
~ole taken to 65.0' ~nd 
drL.2.ing n~tior. ir.diCfl.tqd 
roek or dirf'eren~ :7\:-•ln•)"..'::l. 

In •i th ~ D-:-t; ~-::irl.; ·· at 
65. 0 1 and re:\.~'!!12 .irde::-
15, 000 lb~. H. J • . :10 ::1c·1a-

t ) {., \ . ...._ ·• T-' • ••" ....,.~.,""' I ~en • .,ore ,-rre_ . ~ ....... 
65. 0 1 to 7,~. !) , .t ~co·:'-1:-t'-d 
1. 0 1 of congloLi·~r. t.e ~ ci:·e. 

In vi th : D-M) ~:un;.:lo!r ~.o 
74.0 1 and ~acov~r~d what 
lookoo : he .;ro ... :·\-1.:p :-:-i-:k. 
~:eamed :.rid r_' ~- J:t_. Yi 'J'• +:. :;c ~~ 
to 7~. '.)'. :"..;': i' :-:•' s.r.!:lr:!.:.::-

to 75.}' .-·1 ·<·-~"-8.-, • .r::i":lr 
-5.(YY~ :~.s 1, .• ~}er 
drive t::c:"'.: .·le•-") ':"r .• -·. 

with A.n =i'lt:·~.~-: ·~~~.;.c-~:o·· .. :_.~...:.'."1.. 
-. - ..... 

. ,,~_. .. ~:o:·t, ·tr.,. - .::.S" t::i.0·•:; 31:" ~1 .:::- • 

J;~·, ·_ . ..-j li.'.:1€1S~one. hrtrlly 
"O ··r~,.,.~ ~ .... ·_r,;d ~ .. ·~t l~ seft11.:i11g . 

•I 
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!- -I' ;..t;d ;--)::.::;~.~ : ·_', ~.IJ - · \~ ll 

1-
--- :.~/ .. --·- ",,,. nar'lt:.r. ... ~ ~~a'.;;:, :-· .... ~ :..r. :h. 

-· J ··11co·.·t:-ed 4 :..: ··~, .. ::; r.r' ·,;,'\-
i-- --1 l< .'..o:-a..~-:-a te ·:"·3. 
1--- .st '..,rL:.1--..d to &- J" ':~,,·,~-. :n 
I- or1· o:nern.!,,~ .1:1d ~,l:.Jl al+:.·,r118ti:;; :~'·:·J .:.:.- 5c:~ 
j-- ~·; -~~~··s a ~hite section. 
,- ::'...i.:tt::-.t.0rn'!, 

3" 1--- 3.0, 

~-
t __ ~!1 
L 
t-
... 
--
~ 

3.0' ,_ __ 91.,. .. 
... _ 
. 

"-n 

Q~ 

.... 
.. '.01 i--.. 

i--100 

·• :ol.rit :Sb ~et~.J'Jen l.~e-

'"' .::."' ':3 !:d (":;:.l u.l..'l. ~ con-
- .;.:ome:-::i. t,'" i.;:: ·.:~it and 

~·esul ts it. snurt ,·ora 
- sec>;1cT"3. 

- 1~c1:;(.cc_n :,11 "illc.l l~ 
c;· r~r:i~ ",~r!.nt; in th~ckl~? 

- !"-eds. 

) ,", S ~ .· • J 1 G ~· .: ')"' .") i:! 3. 

:it.r:f::~, t·ritt,J.e, ~·!.!>!i­

'~.!.~rod . ~es t~n·:i. tl'lll in 
- 1-::c·~_J:-. :.or~ t1·'......:.·2.~e he-

-~·- ~ :..-·~~,1:.~d ,l'!~ +0 .l'!<i-a ~:it 

fo ""ith ·-:ire bP.:::-el to 
?l.0 1 :·i;,~O-verod 8" 'Jf 
:-.aro ~onglo::ient~ dnd 
thick sh~~l 3ec~lons ~nx . 
length, 4''. 
Oe.ck i.r.to upf::n hole with 
core barrel to 96. rJ 1 • .l:!­

covt:ired 3.0• o! , :::-t), ~x:. 
length. 4 ;.n::r,e~. 

-~~-~~"""!, ......... ,! ;~st~t:..!"lg :ore 
.._i·_...._~·!·-:.J. w(').'t:.e i·'i.na.: ~i.n rom \·6.0' to 

::c :·:. .. id leis-' •c:~ r.o .::vi- 101.0 1 ~-O!' '.0' ~eccv·:~/. 
d·-!r. ~"' :.Ji c·:n ·~. 1"..!.on 

I-
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10 

12 

16 

18 

3.-u\~ .. 1-i,.rl<, <~1;7, dens'' 
.i.lid ry . 1!' ) _-.:; fi :x ~ 
T~__: '. '- ;:;,;, g"l"'J.Vt: l. 

Cect:r. ~c-d zone11 s~Ci:U'3. ted. 
by cotoa!on len~ei or 
2.J3 E' :"fi of coaree :ux1 
medi'.c gnTel. 

S:t.m:;ler rcaht..-.·!.>.:! 
;ct:· l'b. t'..:l.ic.~r r~!ling 16'' 

Hol~ c~noo to S1.':'' tr-,.,.:. 
.Jauantc.:.d se·;:ticr•s. ~ 11 ::'-:Jci< 

bit. she,,;(<~ ·1.l'.>l""~~t .~!7.;~e 
~t 9.C' 

D :\ M S:\r:rvl'!r 2,, x '!011 'Wi ~ u . .. 
rir.e; liners used for all 
overrur~n ranplee. 

S.'\ND - 'l' w, 111f'dim to Sample i'U ex ... "E?as ica.t~ri.s.l 
oc:arse, ~ fine g:a.•~l. 
Jompi""t w ~t. 

Sa.ah' as ,al:ovo .. f fN 

e;r .... vl'l slt!€il 11p tc 1/21 

l. u .: : ~:-1.i ~ tt=·e ·md.is t~ 'tttll! 
~£._:.'~'- ,.,f · ri~a. 
~ ·:--, ~-:7a.a:·;1.J F'FCf.! 0 .0 t 

-~r·:·:ni1m, wi."th <!l~ht 
i~ .cr·-~="9C ir~ a hes ~w.. 
l~ Uf.i a.t ·?;·.ci :}!l.d\.al ."'.. e ~-re:-z. !.' e ' ·. ::. .-: : ~ -

1.r~ .\lld d.riv! ::'If ...... -!!. :1-.:r.~-; 
tta.rting l t f..t.0 1 
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Sc!t 

3tJ 37' or 6n casi~ pl.lced 
a! ter r.v ine; SC1ll»; .:J.VC-ir. 
trouble ~t ,}:.Ol 

38 1N i.::L:.;e:!dM. ~r.J.vel aize• 
to l l/ 2'' 

4-2 

Soft 

~ 4.11~· St No tum I r:=re:.ued. 1i ri 1 liJJt; wd 
dr)v~;:g !'9sie~"l,~ stl.r•­

::,,\y sand with some gr-_.vel ing ~t ~.01 

si~ee u~ t~ 1 l/2M 

!nc~ .. :.!e i!:. grs."Nl f"€'­
v:: :.r. .:f ~ll s ton!; s 1.%1:). 

i'l ~'it.: 
• 

' 

!I ~ -rier R·-·' "' , ~t-'• • l. :...,.~ • 

I 
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-~.J t-? r-:ia t '_ nt..' hard and 
r0<"1'. 

t'..y 1Je t t: ... :- ce~n ta­
·-8 :·. core 1-~nt·•.h 4. 11 

.. 

,...... ....... - ,. - __ ,' . 
r" I. -~~7- -.. - ---
-· -· --~-.::- '-·- - - -

pPne trn .. '!_ 0n . .,,.,, -:"j' ~-~-~ rr. r ,. 

L"'I gei:t:,~~ ·, .. , :·• •., 
t~'.icY.:nna:. 
~it e~ttc-r. l.r:·; '. ~,_t:!1,- "'.'.'·.,.~ 

r~si:t.tar."~ to -:'~-~~·····>'' --: • 
.Ss.ri'.'1e 'lo. ·~ l'~',n ,,: •. ~~ 

3Jlm~1e. 

t'fte"" 1Jnc0t:n.-.er~.:1r: ~<:-:-~ •· 
if~ "'n:i ~rG~:- C.:rtL ..._~,: 
~ •.infl .i tfons bek. •.JI" en 5 ~ to 

'.!l 

6G •. ~~Tr~ l ro~ove.; ·he "0 
blocki.nf "· t (.:: • ~ 1 

~.3f1le :re. lf1 t;·ken ..... -. 
:ll c~·:::. f"1:\r-- l!>. 
71()le res::ied anJ -::.· :"''' to 
70.0' tr.ru f lr:ier r• c:(. 

Gere barr" i. ''\; >; to :~. : ' 
t:\!i'~ r'\.tlJp~j ·'.' .. ~ ... ~ i:c ·~~_t"}t._;<:· ... 

Harder drilling as .Ji:;;-:-k 
&Ftl!'OOC:l<!!$ -~11.:-; • 

- '_\ .. ~ . ,.., . 
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FH.::!) 1:- ·:<!!'! Y.~!t 
~"R:i.;~ l rif (:' 

5\l~ 

'.t'::l t 
f i c.~ 
-.r~·t ..... 

. !'\~ ~ .. ) ~.,~r':.i·~ 
~rJ.ded to 112'1 soir.~ 
•.o meJ. ~ !i:n ~:r'°' ·/".~ l t'.> 
:7'.j,.X. :C.ose i.r.:.d. 3.ry 

~.:i 2.8' :..')ai::n·.;t ~~-~ mist 
~ ~. :;,• 
53.lt ::> l r; :.;;,). : f ~ .=..i.i 
i?i ~ l'.r•;..1.'7Ci. ~ hn , 

· . ="i::l :1n. s~::r. ~..i. t t~··· / 

Re~-< - 3.'}\:.h t;;,rpa finP. 
~rJ.i1~1.J. _,;-.d. wo;Y..';.s ~fn .. 
. t~:·i 

;;)<i.nd -3.!tl g:":l.'To?.l Wit~1 !Of.:~ 
c:i· :1.<: L·:)·~='""".i. t1 ~ li:rP.t "..coo 

,- ( ... 

ooulctt:~r-~ l.,tll~.:n~l; tra.oe 
~,f ~:.1t 

>'.\t.d.x :,f g~ l t.:r i:i.:.\"¥i is 
Vf: '!:"'/ ~ :-: !' ~ 

~i: ty -n.r~i ~ f;r.w"l "Xi':r 
t.... ~ n i !"'-'6 r.:.:..J. l l ·:.- nl j.c.:re 
(i)'I ~') ~· •f) ~U".!t:~illJ 

.:.c ft .;x~e;.;t w:J.tJre l\:t.m:.'l:;r 
r.·r' ~ ...... ., ... ,r~ ........ k ; "' ~:· 1··.; _-. • .... ... ·.J -·..... • • ..,,_ ... _ t,~,:,. l .. 

.-.~ 

.. _.iiiiiii;;;;::r:· ! ' 

GROUND ::IE-.' g i:;: __ •....l-. __ _ 

F.J:nn "l i::c)"" --..rrrrn----
-~ ,""'/"''"":. ·--

Role o~!'l.00. -.,,U,h :~ 1 Mck 
bit ·\nd hit;h ::.e !. : '· r !',.~th 
:nud aJ.sY :iri "Li'...·.~ tv : , 5' 
Mu.:h !"r.:ir.!t.::- t~ i .Ci' 

Drilli~ rt?~ietsn.ee fr1:::-. 
7 .0' to 20.c• very ir'r"~~~l.u 
d.·J.~ to ~n;~ '!Ot"'•l ~ngtj:~ 
er~ tic bc1.ilJ.s:::"" 

. "t t~ ct tc rr~ ':"" / ~· r :; .. :;, .1" 

.it 131 to 15' f4jlo.~ ..... ,~r. 
i !4 l l V3.}.V e ~C'.l."!:·~ : i.Js·).::i 

I ~ .l.: l~ed fluU t.~ i.r:\l.c. 
I t:.:. .. ·u sampler 

t 

D:-i:li~ t'l"!'ist.P.X:C~ :1. ... ~,·~ 
~ rr.~.ai soft t11 ~,..1.rl ,,~!. ~~...,. 
€Vi.n-:;' ') (' 1 :~f :01.·~ '.lt.i':t: 
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. c..i conl J.!~ ~:e;a1 f ~­
;:.::-:. t 9 ~1 r ~.;; J. 1 i 211 to 2i• 

'~i ·'. .•1:7._· ~ ~· ~ e.E!ct1or.s 
rJ~C ~1~· t.:.; .. :-a.!l:~r ~1it: :.,~~ 
'fi~~,~l ~· !:":r•:-; t~. "l"\ '.t~M.a.1 
.t!"'u.K ~p ir•- ,;.r~\l'',"!1 

r-~:-:--s du~:,.~:, ~"L.;-li~ ~\.nd 
- ::.r..g c T:'.'.j, • L~a. 

~ t ·.~nu. ting r.ard. _j.,").\ :::r'f::.. 
r.:u..:. d..~, 1 1 Cl;. 
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lC 
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i 

: ~:ole Oyi:o._f; ...., i t:1 :-1,l<-
i t inuolJ:) -..."1',;ler ur.!v~;: 

r .;:; :· .Lr• E: _,; r '. ·; e l , -:: Oi.. -

f· ct ct:--1·.! :··cist 
, ._ -, r ~ .. ! •.O ..•. ; • . __ r~ r·:o::"'..: . 
: .:-~v1 s.::i:-;}11.t>t' i'-' t to J. _' 

Co.or :~r:a:-.::,e ltnen re:·~~e·i. ei~1,~ ~c:..rn~ler 
--··-·-----------------'.put tc; l .'."I' r,nd. :"F.·f1.1ra::. 
.·<:..;.il - · r.::.~\,;, cl.::., ;1. 

:· 0·-.c L.r .. e .:_ r . v e 1, r; Ens e' 
:10:'..st tG . .;t ;.;r, .... ~'. 
(; r . . rJ. ,.~ e r . 

Sanplar ?e;ist~cce: 
No. 1 r±:;, .-~oor x l;:J"'$. 

'') ... 
'l: ... 

~red~~ l ~c<~~~se ir 4 
gr i2 v el s L: I? s -..: it h · _..pt h • ::i 
·css f~r;~ :o ;cec.!..-~ s,~.nd.~* Blows f f . .)~1 :- _ :.-:: l Ler-E; tr. 

-41·----.. ---··----_..- -------; 
~1:t~-~a0~ ~~~~~mi •dded!CorA ~-r~(l ~~ frox L· 

r•:und o.n·J ·r;-•JL·r ·_o:ro.l [15' ... o -:of·- ..... 7ery. •.::on-
~~~.5·,~~nt~ ~~~< 1 .. :me-rr)·Js ;tir.·1~d ,.,; :_t:·\. ,.,r.,_"'~: ·:.it 
:,;~1o::;~ls) '..7r.se, ·.;.,-. o.nd thru ;1ltc;r··~.;;;i.n,~ :.r-'i 
.:>~:~:. .. ·orie.: LV~. .. ... :~i :.-: ln ian:i :.;,;o:~t :::t~·~·tll")n:' ~.) ~..>. 
c () l. (J r .. 1 O ' • .2 c' r ,-_ ~ . : · l : • ~ . t: .' . ~ 
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Recov•:.;:y l.:.. 1 vi' "l;!' .:.l 
'fr.~~ .... """l·::.rit- \rr'i s~lel.~.~. 
!Fin1:;·; ·~·r~·~ .. 1sh~'i ;:._it,. 

d .. r:.:1 fJ '.l t 
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"(•-T'..,., ·u·n ~ '"'·· ·· ._..,.. 1 r.·.•. _!,__ !..~. /' ~:\J ~v. ., . ": . • ".'..1-.......;;..... 

LQC;.': ~0?·:_....-8,._I .. I.E-~.,.:_11 _ (!.::£· -~ OF ~OP I !~·] __ _.!X?LQ.' ;;:..;-.:F:.:.:.Ji:.:.' T;:;.c.:::.·...:·~------

Location r)f rori.ng 
L>f':~ ~- . ,- - - soil type Sampler 4'f;cord3, 

>.:. ~ r :.~-,_1 Oper::..tlu.~~ 

__ ... 0----

_ _.... 1 ---

2 ---

r J. - :rej':s:: t<..!l .::w.na 
& gravel. Loose ~n~ 
dr.,r ta 1.:: f 

-~----~------------
Sein.<; f 1 ne to C0<1.r~e 3 -- •. , 
~ravel. 7an moi•t & 

4 __ ~e:-~i-compact r:; t ;:, • 5 t ~ 
_ S2me fine ~r: vel:g 

5 _ . ~Wid i iire;vel - ;tgbli 
cen1~nted in heds o! 

e _:_ variou~ t:n::..:r-n.ess. 

i I . ! ~ 
T~~ in l&yers ,.,.re from 

7 --- 6 to 3'' in de;;th and 
3eper· .ite:d bj' t!.in 

8 __ (2 to :-") lenses of 
clean coh~~ioalesa 

9 _ san;.i <ind ~r.:wel up to 
l., in -~~·~1tter. --+--r--- 1 I -

' ! . i 
' I I 

-1.·I. -- '1 I -; I 

10 -- Al.terna tl.ng cemented 
:'~ nor1-c ol::esi ve z:ooes 

u-- exi:...t to lt-J.o•. 
~~--~----~~.------i· -

I I i I 

____..r --·--µ 
: I i 

. " 

-L--. ·-T-
: J I 
: ' 

-1'---~......---! 

i i 
·---t---~· 

__ _l_l _ ___J__ 
' I -1 
I II I 

12--

13'­

l•­
- 15--
- 18 ---

17 -

ld --

13 

20 
i , I 

-- ... _, -· -+-------t--··~ -
: I I I 

Sa:::d. - ::c,_:i~i.-n to coarsa 
and ~ontairdng 5ome 
fine gr~~vel. CClftp~ct 
'3.nd wet.. ?!on-cohe;;>ive 
and ~lec.:.n 

·~· 

no e ooened to -Z.~f 
witt continuous dr:..ves 
ustn& D-M sampler. 
aw pipe se~ on c~nted 

· sa~ a.r.d g~:J.vel .:· ;; .iJ' 
a:nd- 8" rock bit ·ls~.d 
to pen1tra1'e nard. !or­
ation to l&.o·,. 
Ghi:wge nvt.€r.l in Drill­
ing action .JJ.t 16.·0' 
and aamt>ler put '\o 
17 • 5 ' ... i th :: (~ 000F. 
2.18" blo~/inch. 

Th.ere ~a~ms to be ~ 

u:. a"'u~ 1 "'"" ,., "ti.t"rtr't ',.. .. .• c:a..- ... --1..4.... ,.,.. ..... J...4 

1c.ltne~'.~ of ce~ented 
le:iyers &nd ~ corres­
pondir.g incr~ase in 
the uncereented section 
as· tbe c~epth of ho,;.::! is 
increa:.ed 

:·~teri:;.ls gives in b111i­
l1 anti h.old w~s ::;ta. 1

· l-
1.i&ed 'by·lncre~s~r~ 
Gel-strer..,;th •:>f fluid 
thru tte au J .:'... t .:.or. of l 
9ac~ of li:r1e. 

Due to t11e co!:.esionle~.3 
nature of t~1L: !: • .:..ter-
1 l ( · ... ~ "' ·· i ; · •• ' ne a cot: .... e _,_,,.,,;. ,_ ..... 
;ra7el) it could ~ct 
':ie ret.::' ... ~ !.r. ,·,_. .. 



J-:E ::o. ~~.:.o --------
!.OCATION GlTE .,,~,~--

RF· FAILI:D "1500" 

~-:at?. 32/5/50 Di~..m. _ 7 
.... : ·.._'"---

' --l--+-
.~ •. .).3' 

0 Elevation 8,0' 
I I 

----1-,- ----1 ..,, - ,-.c r - · -- -- -----1--
~ ·1 - ..: 1 o "' · Depth · 9... O Q... r · 71, ' 
I € ~ E ~ : 0 c in Feet ' 
I~<;_ e - >-::,;• - I 

----- --------

. ·r::r:RIPTION, s .. :r~ 'l"iPE' 
.,,.., ·ri'-'·""'-_____ -- - ' -- ---+·---·----- - - --- _J_ __ _ - ---------------- -------------------------! r 

-~-----+----~--..... -
--------~---~---~ 

___ .., ____ ----~-~ -
I 

0 

l 

4 

,-, 
I 

. , 
•_j ------- -~--- --~---i -

I -- 3 
----~ ---~ ------------: -

' · lC 
· --r--;----t---1 :-

ZX13t. ~~rade 
f1ll- Compc.ct9d 
:.;and ~~ fine to 
:r.ed i ~ir1 gravel. l---+4•o" I 

i : =tZ' 1c/' 

Gre:,: ish, •lense :.G 

1

. .. 1- - - - - ""1

1 moist to wet 1 G.5'. 
· z~~ I- 24-_,; 

Ev l!iem~e o~ fill 
t; 0 ':. (~ t • 

1 /:'cio l1n9 8' )( 8' I I 
j I i I 

--~1. :Z:2.'.L._t._J 

v 'ir. 

!· L->1Y cemer.t:~1·_ ~o.nd aml t"ine to :.::-::ii·Jrr . 
cr~~el. \~.m~ler refusal at 6.8' ~ith 30G~ 
b.arr..e r fallL--i.g 1--)". 

No. l. 
• 

' . 

St.:·fPT2R RE.:3ISTENCE 
0-~·f (2 1/2" I .D. 

l :~oO# x 15'.l blow I inc~. 
l ,, ·~ If " 

" " " 
*FIJ:LD TEST DAT.A 

'v'nit ',.rt. (':Jry) 9a. ~o lb,/cu. ft. 
;~ ;.roi::;ture = l.8 •. 28 ~ 

@ .rnr11,-:-ates core.s suit<.0la for shipment. 
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-'.L..:..w 
---~--

• t ' f :J ~ .... ... LOCa .1on o _ or ...... 66 : 
I ~ ... 

•.:0%' 1,' /:~.;;;r; 
........ ..... .. ~ ... ----- 0IAM. 

IYQ~ 
- --:• --r - -~o 3.0' 

0 

tS.;1.Z 
I 

..,...,. , - t "' ,.. - r1· II> ''\ell/ 
.t..;.. • .i..;, ' :LC:-. T 

C omp::.c ted sand a.::·:l fine 
~er1ium irHvel f'ill. 

::rey i.s'.1, d~:i.:513 2r.d 
mo~s: ta we& ~t ~.5'. 

11 ··• r '· - t · r ...,,,. \.r • lfU ~~ • 

Ba .,,e of ~ .. ill 

- ~-COJ; :-s, 
------ r 

l lg:~· · . .> ,~ente•i ..;.: .. nd. an'i fine tv ~::~: ii,,rn f.'rc:.vel 
occ~r..; L: !:. 1.n '::lcllS ~~" to G" in ,:.::;:.J•.h .:..r .. Ll 
.si:-p'1ru.tt::Ll °:'.- s:·i.illow 13.,,ers of:~: n~1:-rJ83ive 
:"<::.t.:..t'~.11 ._.,f' a ~i!{.8 n~i:.U.::"e. 

::o. l. 1 ::;l·.JG . 
~:{)().rt 

rt·drn'..lllo:: Pr2s< '' t•e 
.x 18" blow/ir.c>"l ,, :· -. 1 

". Cemented core >ect..~o~. f;.·o~ 1 ;:/-~'' 
cor~ C<J.rrel (J" reco-.;.;; c·;) 

*FI~L~ ;;sT DATA 

. :::.:. ~ ~eight (dry' 
• 1 v~st.;re Content 

; ..: .) • ("' :~ -~"' / c u • ft, • 
lu.v:.:.< 

:ndi~.:..;,t":::; ·im~i.Jtur'\-J2rl _;'-'-r-•}.11€.s suitr:.t'l~ f 1.r 
~ l J. <.. i-'!r: i:· ; ~ ~ 
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Loc~tion of 2orlne 

.::eµth 
tn fEet 

0 

., 
J. 

-

.- 7 

--- :.1 

J 

10 

., 

r ,...- "'"'·--····~ •• , t ,~ .... ; - • ' • l 
~-_.:::;.:_.._ ,_ - ...... ~· 

~ i ..... ""' 1:' 
i.j. .'. lr...'.L.t ..... , ::C.I NG NC 3-3 .~, 3 PAGE_§_ OF 

vc • 
l - I 

- ~ 'r"' ., --
.. h .L \..., 1 1·= i.::"' 'rl!AM -·'-.... ,_ ........ ,_ ... _. __ ; -- "· . 

F..xis t. Gr21.de 
: Lll - i:::o'"lpo.c ted sand 
ru~l fine :o me:Ji:1m 
gra7el. 

Grr·:; i~h, ~:ense '4nd roois 
to ~;et at '.'.~:t 

:i:'v1dence of fill to o.5 
V Gr. ',.lat.tr ;~ • ..:i' 

s~nd :.1.r.a f int: to medium 
t{r1:n·el. High].;; c1tmented 
=~mv~er put from c.~· 
to ',' .G' antl :--:fusal 
·..r!tr. 300== lA.m..;;er. 

~1r.~ 
•. ! ... \..., • 

I 

2 110" 

L I _L_r1 '' ~r----4~ . ~ JO ~~___. 

. . '- ...t. - -T, .. I f"oof,·.,,j ~· ,.s} ti- - 22 ~ 

. . ~ I 
I ~I 
I ~I 
. Fl32' _j) 1 , __ .:.., __ -i: _ J 

SAY~L£..R ~ESISTENC£ 
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No. 1. 
<") 

l -~ 300# x 18" blow/inch 
~. 2 " " " ~ 
'Z ._,. 2 " 

* FIELD TEST 

7Jni t ·;eight (dry) 
~-1ois ':.ure content 

n " 
DATA 

_ 80.87
2
lbs/ 

_ a.?3i'J 
cu. rt. 

© r enotes ;;.a.m,1.•les .::u.i t&.ble tor shipment. 

·tt'1.-· .... , rr9; 
I I I .. 
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dt. of Drop 
R = ii.efu:rn.l 

l~O lbs. 
H, in::. 

Elevations ~re at start of driv~ 
which cousl.~ted of one blow to 
fJenetrc..te top 6" to l::'" loos~ 
dry sL.:.rface mdterial • 

.-1· r::::::1 :1 :; ant. 
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- Y?. o t 

:.lOt:e 

isr1, 

- .. 'oa:-se. con ... ,!iins ·:1::'.ole oyene•l to 7.o• 
fine 3rav.1;;l - Grey- 1-,.dth D-:-i sar!ltile~. 
moL~t ;.i.nd dense. '30.mJ:-111? Ho. l requi.:-cd 

- -~Gr. ·.·a. t'J:r 

0ana - "r r·wei. aTter-
ne. U.ng L:yers of highly 
Cilment:;·l c 1.rse s~nl and 
tine ~·:-; v:;l ":Ap~r:i.ted by 

142 - 300'7 x 13" blows 
1for l.~' penct"~tion 

Q • 0 -o ~ao~ .,aL'.lpJ.e • , ::!-• - .:; ,r 
x 13" ol'_1\.:s to ri;f'..l::;al 

:J: ? • O' •)n ~(::rri.entt:<i s:i.nd 
'and gr,:,vsl. 

t.hiL /·_,;:;~s .:: coc.esiOll- ·Hole 1:c1~e1i to 1-~-0' 
l~s s 5,"-ic'i. , :i l gravel of ;vi th 8" pi1-e 
sl1~htl:· c·".'-. :-:er gr;Ld.:..- ' 
1,,ion (:;p to ~/P') 

- -- - - _ .. ._..... ------· .. w --- -

. Core b.. ..._ '!: ~ : : , ~ t l.:i &. t 
i 1:3 t thI".l. ;;. 1 1~ ~ ~na. ting 
hard anci sr;~'t ~~ct ions 
\not. greatr::r th.en o" in 

·:depth. 

Gr11y - ::1'1ne ~and atld 
:ravel. Core recovery 
s.:1c1-:ed f lne to coa-rse 
grained conglOlllerate wi~ 
few t~in lL~estona Jieces 

?his r(.-~;'7 i~ evidently 
ernberl::•::d in :tedium to 
f !0-:: ·;;>n• 1 ·.·: .J.ch is 

•,.:asl;ei ou~ durlng corlni 
c..i.: ·;: -~pl . .:Z-~ ei~eration.s. 

C> 

~ol~ reace~ ~o ?~.~ 1 

and D-~' .;-u:: :o :-~~ '.'u:::.;d 
~ t ?--±. il' i:1n :.. '~ ,.;. t l.:--..g 
~ore con,glomer~te. 

for '.3:-:i;.:'llent. 
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INCA'! I 011. ___ s ... n:~i._".s_w_ 

Location ar Borings; 
. "' ...__. '.J 

Depth 
1n Feet 

.-a 

·-v·-~·-'--· 
"'-' ....... -:t . ELEVATION ~~8.1~5-'--~ 

I ·+·-·-r-· 
>Jo 1 

--- -----1 - --.r---- . ----- l ~ r --....... 
<:~ ::xistin.r, .~,rad9 1 

1 f 

1 

Ho. 1 
~ 
3 
·~ 

:ampler 
li) ~~ 

J 
- .:2 
- ?O 

l 

~-2 

3 --

4 --

5 

-

Fill - ~om~ -:ted sand I J r i 
1 

; 

and r 1ne t" i;ie:. ium gra11e ~ . ~ - - - ~ l 
Gre:;---, l;'.Y.lse ,..: .'W!oi1t to 1 t-"'' .. 1 1 1 
2 .5 f I IO" -r-i ·--f" I . 1 l I.,. 

·~ ·..c11.r·s, '1 ·~ 
Fl. ~ . .z.·~ l f I~ - T ----- i Base of t .. ill. 

6 --- i,or. i:·ater at R.O" 
- · Sand '!ml fine eravel. , 

7 

8 

1Hhite, cl•:'.:1 -,~d ;ense j 
aigh~- c~-:te:: ted sand <lnd 
fi{..e -: ri:.l.v1:;l. '.3:..i!lpler re- 1 

i°l.l~al :1. t 7. :2' 

Nes1stence. (D-~: 2-t11 I.n.) 
30()q x 18" blow::i for l. :i' 
" " .. !I !' 

I\ " " " n 
. II " " " tt 

*Field Test G~ta: 
Unit ~t • (Di-~ ) -
}!o~jt11re Con~~nt; 

.:rive 
" 
" .. 

}1.?4#/ cu. ft. 
3 • .:.7( 

@ Suitable for .st:.lp,':!~nt. 

Ete. 
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LOCA'I I ON _....-.3.-I""'-..l E.--."-5._"----

Lo<:a t. ion of Bor 1ng : 

----+ 0 

~ ~~ ~ '&, Depth 
~~ E: .,.,, .. ~ 
~ ' ~ ~ ~ :e- in r" et 

l 

·) 

"' 
.., ._, 

--+---....---

----
- o 
--1 

8 

10 

·+ -l- . .L. 
'f • . :; .;4 : 

·-+- ~·4-· 

I ~ ~~ ,, FA ILJ;!iG "1500. 

I ~,~,~~ DUH. 

~ATIO!i _..-a..i..a.;.;;;.5_, ___ _ 

. ~I,>~-i G-rad~ j' 
?ill - COGi,t·":;.cted sand and 
fine ·.:.o ::ner:Ji~ gra.vel. 
:.re;,·, lcose Etnc• moist to 
:3 .o' 

I t 
I I 
I ~ 

I ~ --,l.c) 

':. ,· ., 
Ka 

·.~ ..... ---· ..J. 

~;;~~;~-11-1~ 
£!.!l'-fl-- - _ J -~ 

:Jense from 4. 3' to .S .o t. I 
&3e of Fill 

_,~ Gr. · ... i<J.ter@ 6.5'. 
Jt:..nd o.nd ~e::!ium gravl!l, white l.. cle~,n :::i!ld 

G.ense. !I16hly C&.mented sand and r ine to n:.ea.~1:": 
gravel. ~umplar refusal at 7.o•. 

SAMPLE:i ~~3ISTENCE 
D-M ( (! 

' 1/2" I .D.) 

:~o. l. 9 ~ 300~~~ x 18" bl01-7'3 for 1.5' d.r l. • .,~ 
'J 14 " " If " •t ft .., . 
,;; . 32 '! " " " II II 

4. C1S T1 " " " 
,., 

" 

@ Sui ta. ble f'cr shiv.mant. 

-; 
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OF __ 1 __ 

LOCATION '? ITF "S '1 _f _L::_· -G_...... _:_:. •.-.·_· ·-"~----- ~PE OF '..:'I:.ST FElQ.T?c:-:E~I:.~ 

r.1.ATE __ J&_/1._3_,_s ..... o __ 2" 

L~Alf'I,>!T ~:QI ! ~ :: 4 2' I ~ '? rr ~ I~ !I i.= ,, ~ 

!ill'A:IC·NS 
0 7.5 7,.5 7.t ,.., - 7.5 ~ 7.0 7.0 7.~ '7 .5 7.8 .. .. 

I •;;, ' ..... 
~ 

t., , 
·' <:· ':'. 4 '7 ~ 2 . ' - '"' v ·~ 

., 
~ 

,_, u 

l 5 6 3 3 5 5. 4 - l l .., 
·~ 

4 ·1 3 
..} 

0 5 4 
. 

2 4 u ... " 2 tl 4· 5 4 ;:i .f 5 5 3 4 l .:, 
..:,, 4 4 5 7 ~ 4 •') e 2 <; 

v '"J) .... 
.:. .. 2 'r. .: <j 

i 
•) 3 7 4 0 4 ~. '". ,, .., 

l 3 ,) 7, 3 4 ·") 7 5 14-R 10-1' '-' '---- 4 2 9 3 4 le; -· £J 5 - .. I ....... ._ 

5 .:;; i·r~ .... '-' 17R 17-r .... d-H r· .. s 
5 21 17 4 9 9 

14-R 20-R ~:5-E ·-~ ~ 12-P ,.. 
21 0 

18 
'7 17 

18-11 
" 0 

J 

10 

--
:roTE: ~~:1".T!'f.:F P!t. 140 lbs. Elevations are at s tci.'!'t of 

t. 0 OR = lL~ ins. drive wi.ich cansist~J. of one 
R = ::.~e s l blow t.o penetrea.te top d" to 12" 

loose dry ::suTf a.ce material. 

Points located 48" to r:on out~ide cent'.:r line of col"JD:l'l, 
except ·) 5, 8 .:ind 11 'rii.ich ·,.;ere .:l. .:.eir.~~ center line of 'tuilding. "', 
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Elevationa are at start o! driv~ 
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dry surface .ater1al. 

Points located 3.0• outside foundatian vall. 

FOB 3UILDINO :: • 3 .o G 
Points located ~.O' o~tstde foundation 3lab. 
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EXHIBIT L 

Foundation Grouting 



To: Mr. R. E. Cole 
Director 
Division of EngineerUig and Construction 
Santa Fe Operations Office 
Loe Alamos, Nev Mexico 

Thru: Mr. C. T. Cooper 
AEC Resident Engineer 
Eniwetok, M. I. 

From: Raymond E. Davia 

HNC 1526 

November 11, 1950 

Subject: PLAN OF FOUIDATIOI GROUTING, STRUCTURE J.1.1 

1. Reference is made to the following documents concerned with the 
grouting or structure J.1.1: 

a. Memorandum to C. T. ~!)oper from RaJDlODd E.Da'ri.•i dated Augµat. 2, 
1950, Subjects "Potmdation Grouting, buiJ.clilil-J.1.1• // 

b. MaorandUlll to R. E. Cole troa . .Ba,mond E. Davi• ~October ll, 
1950, Subject: "!'~"i1xCGrouting, Building 3.1.1• 

c. Memorandma to C. T. Cooper frOll John Ranttila dated IOT•bel' ll, 
1950 Subject: •cores fra11 Grouting Teat Area• 

2G As a result of a re-an&lT•i• or the probl• of providing adequate 
foundation stabilit7 and rigidit7 tor Building 3.1.l baaed upon 
additional experiaental. data and observation• made at the jobaite 
during the period October 31, to lovember 11, it ia reoownded that 
the plan of grouting the foundation lll&terialll be as 8hOVB OD the 
acc011pan7ing dravinc. 

3. An •xa111nation or the 4 in. cores recovered froa the teat area re­
veals that the voids in the gravel and coarae und to a aTWap 
depth or somewhat leH than 1 rt below the coral conglcaerate are 
ca11pletel1' tilled with hardened grout, aa are also lar1e connected 
void• in the conglomerate. At the age or abou'\ 2 1/2 amths, the 
coapreHive strength or this upper layer or grouted gravel and 
coaraa aand vaa in exaeaa or 2000 psi and ite modulua or elaaticit1 
wu at about 2,;00,000 DIUCh higher than expected, or in. tact deaired. 

4. Below this denae ad strong material vaa a thim:ler l~ or grouted 
sand becoaing increaaingl.7 more poroua and waker with depth. Ro 
cores wre recovered at depth• in exceas or about 15 in. and air 
jetting diaoloaed no grout at deeper lenla. lroa thi• mdence, it 
appear• that th• path or nov or th• grout atter l•&Ti.Aa eaoh grout 
pipe waa up along the pipe, lat•ral.17 through th• coarse aaterial 
just below the conglcaerate,.then downward into the tiner And. 

6-401 



The depth or grout penetration was aubstantiall7 uniform. over this 
aree,and no grout was found at distances in excess or 3 rt fre11 
the area. 

5. The operation of drilling grout holes on approximatel7 3 ft C'11tere 
is now in progress. Beneath buildings, 1, 2, 4, 6, and 7 where 
drilling has been completed, it appears that there are two la7ers 
or strongly cemented conglomerate separated b;r a layer of slightl7 
cemented or uncemented gravel which in places is as much as lS in 
thick. This material causes sticking of the bits and seriousl1 re­
tards the drilling operation. It seams not unlikely that this gr•nl 
la7er mar exist over substantial portions or the area to be grouted. 

6. As determined by grout holes drilling and other explorations it 
appears that the thickness of conglomerate varies greatly within 
short distances. 

7. The conditions dascribed in preceding paragraph• and other .consider­
ations lead to the following 8Uggeated procedures for drilling and 
grouting, to be modified as job experience dictates. 

a. Vertical holes should be drilled on approximatel.7 3 ft· centers in 
each direction O'.'fer the entire area to be grouted, aa shown on the 
accomP&n1ing drawing. Where reinforcing steel makes vertic&l holes 
impracticable, as beneath the rear footing, inclined holes should 
be.drilled so as to obtain complete grouting coverage. Along the 
rear rooting the tops of theae inclined holes can be located outside 
the building. 

b. Where two la1er• or etrongl.7 cemented conglomerate are encountered, 
with gravel·betwen, drill through top 1.,.er. Air jethole.to. 
determine thickness or unc•ented or weak]J' cemented ut~ial and 
preaence or lower la19r. Air and water jet grout pipe•· to lover 
la79r and grout one hole at a till• with lower md o! grout pipe 
just abon lonr lqer. Later, when grout baa hardmied ~oiently, 
complete drillin1 through lower 11.7er. 

c. Air and water jet group• or hole• for a distance ot tvo ·or· three 
feet below· the· conglm19rate, to insure penetration ot gra.°",f and 
coarse And. Grout one hole at a tiae, in general prol'z'.e•~inl trca 
an area which hu betm prni.Qu•J.7 grouted. Start each; hole,. vi th 
grout pipe at required depth, b;r water jetting to be· 1-ediat•l.7 
:followed b;r . grouting. Continue pumping aa long ae hoie "will take 
grout. It.•arl7 plugging 1• indicated, clear b7 ahut~ing otf grout 
and turninc on water. Grout la7er immediately bene•th · C()llllomerate 
even though it ...,. be below the lllli t or the grouted'-. i•ation •• 
shown on the dravirlg. . . . · · ·: ·· : 

d. After grout ha• hardened eutrioientl7, drill through· c•ent-4 ute­
rial. Air and water jet groups of hole• waahing fine• up the hole 
and also up adjac4mt holes. Air jet each hole to the tull grau.tinl 
depth as shown on the drawing; continue air jetting aa pipe. is 
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w1 thdrawn and reinserted. Follow final air jetting b.r imzlediate 
water jetting vith pipe in po1ition at the bottom of hile. With 
all pipe• in a given group thu1 positioned, start grouting bf grad­
ually' decreasing the jet water euppJ.7 and increasing the grout sup­
ply' until undiluted grout i• being pwnped. Raise the pipe as pw1p­
ing ie continued. If a tendency toward plugging develops ehut oft 
grout and clear hole with water. Then reSUDle grouting as at the 
beginning. It plugging occurs, raise grout pipe and clear b.r water 
and/or air jetting. Rein1ert to deeired depth with vater jet in 
gentle operation, and rellUllle grouting as before. Keep water flowing 
through adjacent grout pipes of ungrouted holes to prevent plugging. 

e. For deep holes it ma7 be found that better results can be obtained 
if grouting as described in (d) is performed in two or more stages, 
working from the top dovn, and drilling each stage after the grouted 
material hae hardened sufficiently', to prevent cave in. To deter­
mine whether this will be neceH8.17, grouted areas ma7 be explored 
by jack hammer holes and air jetting thee• hol•. If the material 
is cemented, the hole will not cave in. It is not likely' that the 
presence of weakl,- c8ll9llted material can be detected b.f drilling 
alone. Ir the drill ie withdrawn f'rca arq desired depth and the 
hole is blown with the air jet, even we~ c•ented u.terial will 
not be dislodged below this depth. 

8. The grout mix proportion• to be •pl07ed vill depend upon condition• 
encountered but should generall.T be within the range of (1 sack or 
cement to 1 sack or ri,- ash to 22 gallons or water to 2t lbs of 
intrusion aid) , to ( 2 aacke of' c ... nt to 1 sack of fi7 aah to 18 
gale of water to 2t lbs of intrusion aid). It i• particularly' de­
sired that the rich mix of loveet practicable vater content be •­
ployed to a depth of not le•• than 10 rt beneath.the lean concrete 
of' the back footing of 3.1.1 and to the rear of the structure for a 
distance of about 15 tt. For location• below this level, and fUr­
ther to the rear, the vater content of the grout mq be increased 
and the cment decreued if it will facilitate the crouting opera­
tion. It is hoped that it will not generallT be found nece11arr to 
uee more than. 18 gals of vater vi th the lean Jlix shown above. The 
amount of Intrusion Aid Jl&1' be increased 'b1' aa &ch aa 50 percent 
in zone• of difficult grouting•; thie will retard aetting of the 
grout and decrease early' atrength, but will haft no significant effect 
upon later age strengths. 

9. Areas outside the structure over which there is no cover of oon­
gl011erate will need to be covered with a thin elab of contrete prior 
to grouting. Thie will prevent grout t'raa channeling to the surface. 

10. Lean concrete below the back footing of 3.1.1 is to be extended to 
the rear for a distance of 18 in at the bott01ll of the footing and 
thence downward and outward at an angle of 450 to the conglomerate. 
This should be done after the :material cover~ the conglomerate 
over the area to be grouted at the rear of the atructure has been 
excavated, and grouting along the back footing has been completed.. 
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There ae•a to be no need ot thi 1 lean concrete extension befond 
the length ot the grouted area a1 1how on the drawing, sine• at 
the tillle.~r the blast the end• or the rear tooting tor a length 
or 15 rt (under building• 1 and 7) will be BUbjected to eubstan­
tiall.7 no load. Prior to concrete placement, contact eurracea or 
old lean concrete and conglomerate ahould be thoroughl.1 aand-bla1ted 
and rlgoroual7 brushed with 11 coating or neat caent grout. 

11. It is not believed that grouting beneath 3.1.1 is like~ to cauae 
building displacements since regard.leH or the pumping pressure• 
emplo7ed thq will be diHipated vi.thin a short distance at the end 
of the grout pipe. Aleo adjacent open ·grout holes will make impos­
sible the develoi:nent or significant pressure• beneath the congloaer­
ate except over Sllall areaa. Beverthele1a aa a matter or record an4 
to guard against the remote posaibilit7 or aeaaurable dieplacelllenta 
due to grout preaaure, it 1eema desirable that a level crew observe 
lover floor and rooting levels at or near bole• that are being grouted 
beneath the structure•. · 

12. The grouting inspector should obtain the rollovinl iDtoraation. for 
each hold gi-outed; Date, location ot hole, elnation top or con­
glomerate (when not o"f'erlaid with lean concrete), elnation ot bot­
tom of conglomerate, grout Jlix and. volm• ta.km b7 graftl between 
la7er• of conglomerate (where present), grout mix and "f'olume in 
first atage below conglomerate, grout llin• and volume in other 
1tagea at lover leftla, at •elected hole•, sutriciena;r or grouting 
aa deterained bJ later exploration• with jack h-er and air jet. 

13. It 11 planned to obtain 5 in di8Mter core -pl•• trca the groute4 
maH. It i• rec~ded that 12 oor• hole• be drilled at the rear 
ot J.1.1 a~x to be selected location• along a line close to the rear 
or the at.ructure, and three each along parallel lines at di1tanc•• 
ot 15 and 30 ft from the rear wall or th• building. Selected. 18aple1 
or grouted material will be lhipped in aaturated condition to a 
1aboratol")' not 7et de11gnated. The remainder or the cores, includ­
ing coral conglcaerate, will be stored at the jobait• for tuture 
examination. Core drilling should not be und9rtakq until the age 
ot the hardened grout ie at least 60 d.81'•· The recOY91")' or core• 
from veakl.7 cemented material mq be iapo11ible, in vhioh caae 
wa1hing1 should be caretuJ.lT eTU11ned tor the pre1enoe or particle• 
or hardened c•ent pa1te, and it present in vhat estimated aaount. 
The presence or arq conaiderable thiclmea1 or uncaented aand IM1' 
be detected b7 probing. Laborat97 teata to be •de on 1eleoted 
sample• returned to the United State• ehould, aa tar a1 praoticable, 
include determination• or ccapree•ive 1tren,th, d1nudc and 1tatic 
modulus or ela1ticit7, Poiaeon'a ratio, wave "f'elocit7 and unit weight. 

14. It wa1 originallT propoeed that ceunt tor grouting be shipped in 
steel drum1 because or the abeolute nece11it7 ot uaing a •terial 
free tram lumps or agglomeration• or c•ent particle•. ru1 vu 
not done, but it appear• that cement ror grouting vaa lhipped in 
special la"f1' "E• t1}>8 bags, with the understanding that it vould 
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be so stored in a veatherproof building as to prevent warehouse set, 
and would be delivered to the job in a fresh condition. Judging 
from deliveries so far made, these conditions were not complied with, 
since from an inspection of the unopened bags alone, it has been 
found necessar,r to reject about seventy percent or the cement and 
more will certainly be rejected as the bags are opened at the mixer. 
This is a very serious matter. Unle198 fresh, uncaked cement can be 
positively supplied at all times, it is believed that the only solu­
tion is to screen all cement to be used for grouting purposes in 
such a manner that not more than 10 percent will be retained on the 
200 mesh sieve, as determined by grab samples taken hourly during. 
the screening operation. Screened cement represented by' any sample 
not meeting the requirement should be rejected. This matter re­
quires immediate attention. Unless the screened cement can be de­
livered in 94 lb sacks, the labor or batching will be increased. 

15. As originally scheduled, the grouting was to have been started by' 
October 15. Now nearJ.7 a month later, it is not under way because 
or lack of sufficient labor as well as suitable cement. The grout­
ing must be completed not later than the and of Janu&ry' 1951. The 
instrumentation program for 3.1.1 requires that by' December 15 grout­
ing be completed to the rear or the structure at and near the center 
line of building 4, to permit the placing or cable conduit to build­
ing 301J. To complete the work in time, suitable cement and a mini­
mum of 30 more men must be furnished at once tor the two crew 
scheduled to carry out the grouting operation; and as the work gets 
underway, more may be required. The labor situation is appreciated 
but there seems to be little point in the early completion of other 
work at the expense or progress on this work which under favorable 
labor conditions can scarce be finished before the deadline date. 

/s/ RAYM>ND E DAVIS 

RED:lfm 
Distribution; (With encl. Foundation Grouting.Plan and Sections - bldg. 

3.1.1) 
R. E. Darla 
c. T. Cooper 
John Ranttila 
R. Sorensen 
Lt. Comdr Rowen 
H&N Jobaite (3) 
1-Inapection Dept w/2 at Encl. 
1-A.H.Hawkins, w/3 ey encl 
1-File• 

P. W. Spain 
Bii, LA 
Boyd Anderaon 
J-6 
Sherwood Smith 
M.D. Kirkpatrick 
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Tog R. E. Cole, Director 
Office of Engineering and Construction 
Santa Fe Operations Office 
Los Alamos, New Mexico 

THRU g P • W. Spain 
AEC Resident Engineer 
Eniwetok Proving Grounds 

FROM: Raymond E. Davis and Vernon C. Kenne7 

HNC-2051 
24 March 1951 

SUBJ: EXPLORATION OF GROUTED FOUNDATION, STRUCTURE 3.1.1 

1. Reference is made to the following documents concerned with the 
foundation grouting of Structure 3.1.1. 

a. Memorandum to c. T. Cooper from Raymond E. Davis dated 2 August 
1950, Subject: "Foundation Grouting, Building 3.1.1" 

b. Memorandum to R. E. Cole from Raymond E. Davis dated 11 Novem­
ber 1950, Subject: "Foundation Grouting, Building 3.1.1 11 

c. Memorandum to C. T. Cooper from John Ranttila dated 11 November 
1950, Subject "Cores from Grouting Test Area" 

d. Memorandum to P. w. Spain from John Ranttila dated 1 February 
1951, Subject "Completion Report of Foundation Grouting, Structure 
3.1.1" 

2. Be.sed upon quantities of materials given in Document (d), it has 
been calculated that the total volume of grout pumped into the foundation 
beneath and to the rear of Structure 3.1.1 was approx:imatel7 30,000 cubic 
feet, or l,100 cu.yds. Beneath the structure the work of jettin1 and 
grouting was done throu&h J ackhamer holes on 3 foot centers; for the 
grouted area to the rear of the structure, the j ackham•r holes were on 
4 foot centers. . Thus each hole in the rear of the bllildin1 serYed an area 
of 16 sq.ft., and each hole beneath the building se?"Yed an area of 9 sq.ft. 

3. The aroutin1 waa done in 1taa•• proceed.inc downward. .Attar rl1orou1 
air and water jett1n1 tor the 1"9JIO'f'al of tine• and tor the creation ot a 
shallow oaTi t7 beneath the coral oonaJ.omerate or the pNYioual7 crout•4 
area, the croutin1 for each new atap wa1 started with the end ot the 
grout several feet below the bottoa of the oavit7. 

4. From the Jackbamer operationa Which preceded croutin1, it Val found 
that the depth of the coral oonaJ.omerate was in pneral much areater than 
had been assumed from a stud7 of the 1011 of earlier waeon drill holee at 
selected locations along the front and rear of the buildin1. .A.1 interpre­
ted, the wagon drill data indicated the total ab1enoe of oonaJ.omerate or 
naturally cemented coral sand and gravel under substantial portion• of the 



grout stages was quite generally adequate to prevent rupture of the core 
at these weakened planes during the drilling operations. 

10. Nearly pure grout of fair to good quality ('With or 'Without inclu-
sions of gravel) as a continuous layer extended to depths of 17 to 19 feet 
below the noor level. Material recovered below this depth vi th soil s~ 
pler was a 'Well graded sand without grout at points between old grout 
holes, and usually a poorly grouted coarse sand of no strength to depths 
of 20 feet near old drill holes. At points most distant from adjoining 
old grout holes, the lower surface of the well grouted layer averaged 
about a foot higher than at or near old drill holes. 

11. In order to secure some immediate information concerning strength, 
representative samples were subjected to compression tests in the Material 
Laboratory at Parry. The results follow: · 

a. Conglomerate core, coarse sand to gravel sizes, "Weight 128 
pounds per cu.ft. fairly well cemented, but 'With 25% voids - com­
pressive strength 1940 psi. 

b. Five grout cubes (1 1/2 and 2 inches) from short pieces of core 
which in drilling broke off every 2 or 3 inches, very low density 
and high gas bubble content (indicating double dose of intrusion 
aid), judged to be the poorest grout recovered, compressing 
strengths 790 to 830 psi, with average of 810 psi. 

c. Grouted core, 80% grout of fair quality, 20% coral inclusions, 
cold joint just below coral inclusions, noticeably softer grout 
immediately below cold joint, weight 97 pounds per cu.rt., compres­
sive strength 1690 psi, fractured just below cold joint. 

d. Grouted coarse sand and gravel core, some voids, good quality 
grout, weight 127 lbs. per cu.rt., compressive strength 1870 psi. 

e. Pure grout cube (2 1/4•) cracked on one side, good quality 
grout, compressive strength 3800 psi. 

r. Pure grout core, good quality, high density, no imperfections, 
weight 128 lbs. per cu. rt., compressive strength 5040 psi. 

12. From the results of an examination of cores, observations of core 
drilling operations, and strengths obtained from test specimens, it ap­
pears that those portions of the foundation which will be subjected to 
heaVT loads consist of essentially a continuous slab ll to 12 feet thick, 
comprised of a top layer of conglomerate exhibiting 'Widely varying degrees 
of cementation bonded to a lo"Wer layer of grout and grouted gravel. In 
the light of data presently available, it is roughly estimated that the 
average compressive strength of the conglomerate is 1000 psi and that of 
the underlying pure grout and grouted gravel 1800 psi. 

13. . From the results of the earlier grouting experiment (see document 
(c)) where air jetting for removal of fines was carried out much less 
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structure, and the presence of a layer of conglomerate on11 two or three 
feet thick over a large part of the building site. Actual.17, the entire 
building area and the foundation area to its rear was found to be covered 
with a conglomerate layer several feet in thickness. In areas of heavy 
foundation loading, at and to the rear of the structure, the thickness of 
conglomerate as estimated during the grouting operation was five to ten 
feet and averaged about six feet. The top of the conglomerate layer was 
found to be 6 to 9 feet below floor level. 

5. To determine the effective depth of grouting, and the nature and 
quality of the conglomerate and the grouted mass beneath, and to secure 
representative samples for shear and other tests to be performed in the 
laboratorr of the USBR in Denver, nineteen 5 inch diameter holes were 
drilled with diamond coring equipment (Failing Rig) during the period 
Fe bruarr 20 to March 23. Also using the Dames and Moore sampler, materi­
als below the limits of the coring operation wre recovered and inspected. 
The log of these holes describing the character and extent of the materi­
als encountered is given in the appendix. The size of the Failing Rig 
made drilling inside the building impossible. 

6. The location of the core holes is shown on the sketch of Fig. 1. 

Seventeen holes were within the grouted area, and two holes were 11 
and 15 feet outside the grouted area near the rear corners of the building. 
Nine of the 17 core holes were at or near old grout holes and 8 were at or 
near the maximum distance from old grout holes. As v1ll be seen from Fig.l 
most of the holes were located in a zone 5 to 15 feet from the rear building 
line. This was considered to be the critical zone insofar as foundation 
stability is concerned. The depth of grout penetration vithin this zone 
called for by the sections of Document (c) varied from 'Z7 to 22 feet below 
floor level. 

7. As will be discovered by a stud7 of the logs (See Appendix), the 
cores showed the top of the conglomerate at depths of 5 to 7 feet. The 
conglomerate was quite variable both as to grain size and degree of cemen­
tation. Weakl7 cemented coral partial.es in the gravel sizes was generall1 
partially impregnated vith grout of good qualit1, particularly near old 
drill holes and along the underside of the conglomerate 1&7er. Weakl7 
cemented sand showed no grout penetration. 

8. The conglomerate la19r was found to vary in thickness from about ; 
to 10 feet and the conglomerate was of poorest qualit7 near the bottom. 
\Where this bottom. layer was weakl.7 cemented sand not impregnated vi th 
grout, it was too weak to secure cores. 

9. Below the conglo•rate was found a continuous lqer of grout usual- · 
ly of fair to good qualit7, and frequentl1 containing zones of well 
grouted coarse sand, gravel or large frap.ants of coral. Generall1 at the 
bottom of these zones was.a cold joint between two stages ot grouting, in­
dicating that the coral particles had laid in the bottom of a cavit1 crea­
ted by the jetting operation. Just below these cold joints, whether 
topped by grouted gravel or pure grout, the grout appeared to be of some­
what poorer qualit1 than for the stage as a whole, though the bond between 

6-408 



vigorously and for which the quantity of fines removed was relatively 
much smeller, it appeared possible or even likely that much of the mate­
rial. com.prising the grouted mass would be of veey low strength, perhaps 
averaging as little as 500 psi. The sections to be gr:ld shown in 
Document (b) were based upon this assumption of veey 1 ~ trength of the 
grouted mass and upon a much lesser thickness of coral glomerate than 
actually exists. Generally speaking, the shearing stre h is propor­
tional. and compressibility inversely proportional. to compressive strength 
of such materials as comprise the grouted mass. This being the case, from 
a study of the data of this report it must be concluded that the quality 
of the foundation in the rear of Structure 3.1.1 is at least the equal of 
and perhaps much better than that which was anticipated when Document (b) 
was prepared. 

14. While no cores were taken beneath building 3.1.1 the fact that the 
grout holes were on 3 foot centers would make it appear that the quality 
of grouting in this areiCvould be at least the equal of that at the rear 
of the structure. · 

15. The greatly improved quality and homogenity of the grout in the 
grouted area, as com.pared with that of the earlier test area may perhaps 
be accounted for by the much more vigorous and prolonged air jetting e~ 
ployed in the former. 

16. Jackhammer holes made outside the grouted area during the grouting 
operation disclosed no grout cuttings. Cores taken near the rear corners 
of the structure 11 to 15 feet outside the boundary of the area, likewise 
show no trace of grout. The thickness of grout and grouted gravel o~ 
served in cores taken from the area in the rear of the building seems to 
be sufficient to account for most of the grout used, and while it seems 
likely that some grout did escape through channels beneath the conglomer­
ate, the amount so lost is believed to be small. 

17. The cores taken near the rear corners of the structure, outside the 
grouted area are of interest. The one near the southeast corner showed 
veey good conglomerate at depths from 5 to 15 feet. The one near the 
southwest corner showed poor quality conglomerate from 7 to 15 feet. At 
each of these locations the conglomerate was underlaid with approximately 
4 feet of fine sill~ sand mixed with gravel and large coral fragments. 
Below this material. to a depth of at least 22 feet was a well graded sand. 

18. Figure 1 al.so shows a longitudinal. section through the grouted area 
10 to 15 feet to the rear of the building and al.so a transverse section 
about 40 feet from the east end. 

19. Twelve bench marks have been placed at the locations shown in Figure 
l. These consist of either 6 or 8 inch casings grouted 3 1/2 feet into 
core holes in the conglomerate. These casings were filled with grout, and 
in their upper ends a round headed brass bolt was placed. The survey crew 
at Engebi has determined the elevations of these bench marks. 

20. Sixteen cores vaeying in length from 8 to 24 inches, including con-
glomerate P grouted gravel and nearly pure grout of vaeying qual.i ty have 
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been selected for shipment to the Denver laboratory of USBR. A descrip­
tion of these cores with their core hole locations is given in the appen­
dix. The results of tests to be made by USBR should provide information 
useful in foundation analyses both with respect to stability and rigidity. 

/s/ VERNON C. KENNEY 

RED~lfm 
cc: v/Engl. (Table 1) 
Po W. Spain,.R. E. Davis, V. C. Kenney 
H&N jobsite, H&N, Losa, C. T. Cooper 
lcdr Rowen, Sherwood Smith, M. D. Kirkpatrick 
Boyd Anderson, CJTF-3, CRG 3.1, John Ranttila, 
Ro C. Sorensen 
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TAILE I 
List of Cores to be Shipped to USBR Laboratocy 

HOLE SPEC DEPTH IN FEET DESCRIPTION 
NO NO. FROM TO 

1 DHl.-1 9-2 11.2 Coarse grained conglomerate 
DHl-2 17.2 lS.O Grout, with sand in suspen-

sion, cold joint near mid-
height. 

2 DH2-l 5.9 7.1 Dense fine grained con-
glomerate 

DH2-2 S.5 10.1 Weakl1 cemented coarse 
grained conglomerate grouted 
from S.5 to 9.5 

DH2-3 14.1 14.7 Pure grout, poor quality, cold 
joint near midheight. 

DH2-4 15.S 16.5 Hard grout, some sand in sus-
pension 

5A DH5A-l 16.1 18.3 Grout with grouted la19rs 
coarse gravel and 1&1'8r 
ooral frapents. 

5E DR5E-l 16.1 17.3 Grouted graTel and la19r 
coral !'repents. 

10 DHl.0-l 8.2 9.l Fine grained conglomerate 
DlU.0-2 12.5 13.5 Pure grout with cold joint at 

13.0 with some suspended sand 
rroa 13.0 to 13.5 

DHl.0-3 16.6 17.2 Good grout with sand in sue-
pension 

lOA DfilOA-2 11.6 13.0 Pure grout, cold joint at 12. 8 

lOB om.oa.1 9.1 11.l • Well C9118nted coniJ.0118rate, 
except at 10.l streaks of' 
grout alone old drill hole 

om.oa.2 12.l 12.9 Well grouted cra•el and 
porous conglomerate 

llB DBUS-3 16.o 17.3 Pure grout vi th 1&)'8r crouted 
graTel at 16. 8 

15 nm.5 - l 10.l 11.4 Den1e medium to coarse 
grained oonsiomerate 
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DESCRD>TION OF FIVE INCH DIAMETER CORES TAKEN FROM 
GRoUTEDAREA IN THE REAR OF STRUCTURE 3.1.1 (Dis­
tances are referred to floor level) 

HOLE #1 (Between old grout holes) 

Top of conglomerate at 5.1 ft to 6.S ft 
5 .1 t to 6. 8 t - well cementt1.d cqnaomerate in sand and gravel 
6.8• to 7.8' - uncemented sand and gre.vel, no grout 
7 .8• to 15.0 1- alternating layers of vell cemented and weakl1 

cemented conglomerate 
15. 0 • to 17. 0 1- very- veakly cemented sand and gravel with fragments 

" up to five inch size 
17.0' to 19.8'- grout with inclusions in the sand and gravel 
Below 19. 8 ' - well graded sand, no grout 

HOLE #2 (Between old grouting holes) 
' ' 

Top of congl.OJaerate at 5.6 ft. 
5. 6' to S. 6' - well cem.ented conglomerate 
8.6 1 to 9.4' ~ weakly cemented congl011erate impregnated with grout 
9.4' to 13.4'- well cemented conglomerate 

13.4' to 14.0 1- weakly cemented conglomerate in gravel sizes 
impregnated with grout 

14.0' to 16;5' - nearly pure grout with cold joint at 15.0', and 
' grouted coral la;yer from 15 . 3 to 15. 8 ' 

16.5• to l.S.7•- very- weakly grouted sand and gravel recovered with 
sampler 

18.7 1 tc;> 19.0'- pure grout of good quality 
19.0' to 20.0 1-sand and fine gravel, no grout 
Belov 20.0 1 , well graded sand, no grout 

HOLE #3;{.Between old grout hoiei) . 

,~ . conglomerate ' -.t 6. a' 
JI 6. S' to 11. 5' - well c-.ented consloaerate ranpg to poorl7 cemen-

1, ted conglomerate below 11. 0' 
· 11.5' to 12.6• - sand and aravel, or Yer, veakl.7 cemented conglomerate 

12.6' to 14.8 1 - alternate l&19ra ot vell cemented and purel7 ceaented 
· conglomerate 

14.8' to 15.7' - pure ll"OUt and crout 1mpre111ated porous conglomerate 
15. 7' to 18.8' - weakl7 arouted· sand and ara••l 
18.8• to 20.4' - well ll'OUted aravel 
20.4' to 21..5' - sand and ara••l containin1 f'raaunt1 of' crout recov­

ered with aampler 
Below 21. 5' , well i?"aded sand and graTel ~ no 11"0Ut 

HOLE #5 (Between old arout hole a) 

Top ot con&loaerate 6.7' 
6. 7 ' to 8. 3 t - Alternate 1819r1 or veil oemented and weakly ceaented 

con&].oaerate 
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8. :3' to 8. 4' - partially grouted, weakly ce•nted conglomerate 
8. 8' to 14. :3' - well cemented to poorly ceMnted conglomerate, no 

grout 
14.:3 1 to 14.8' - well grouted sand and gravel 
14.8 1 to 16.8' - pure grout, but very poor quality and low density, 

with a high gas bubble content 
16.S• to 17.0' - pure grout or good quality 
Below 17. 0' , well graded sand with no trace or grout 

HOLE #SA (At old grout hole) 

Top or conglomerate at 6.9' 
6. 9' to 12. 6' - alternating layers or well cemented and poorly 

cemented conglomerate with grout or good quality 
penetrating weakly cemented conglomerate between 
11.6' and 12.6 1 

12. 6' to 1:3. 6' - well grouted gravel 
1:3.6' to 16.S' - nearly pure grout or good quality exce~t for 

patches or well grouted gravel at 15.6' 
16.s• to 18.:3' - pure grout or good quality with lqers or well 

grouted gravel mostly in larger sizes or 25~ 
gravel and 75% grout 

18.:3 1 to 20.:3' - sand and fine gravel and gravel and grout, no 
strength, recovered with sampler 

Below 20. :3 1 , well graded sand 

HOLE #SB (Near old grout hole) 

Top or conglomerate at 7.0 1 

7 . O' to 9. 0 1 - rangini from well cemented to poorly cemented con­
glomerate 

10. 0 ' to 12. S 1 - weakly cemented conglomerate, mostly in the gravel 
sizes shoving good grout penetration 

12. 5' to 14. S' - lost core; recovered material. indicates weakly 
grouted gravel and sand, and weakly ceMnted con­
glomerate 

14. 5 1 to 16. 5 ' - pn:re grout, general quality, vi th some fine sand in 
suspension, and some large fragments of coral 

16.s• to 19.0 1 - mostly large pieces or coral, weakly grouted 
Below 19.0 1 , well graded sand, no grout 

HOLE #5C (Near old drilling hole) 

Top or conglomerate at 7.0 1 

7 . 0 1 to 8. O ' - hard fine grained oonclomerate 
8. O 1 to 9. S 1 - soft, weakl7 ceaented fine conglomerate 
9. 5 ' to 10. 0' - well cemented fine oonclomerate . 

10. O' to ll. 5 ' - coarse weak conglomerate, well impreanated with grout 
11. S ' to 16. 0' - coarse coral fragments and weakly cemented conclomer­

ate wealcl7 grouted, running into weakly grouted sand 
and gravel 

15.0' to 16.0• - nearl7 pure srout or go.od qualit7 in which several 
large fragments or coral were embedded 
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16.01 to 16.51 - two large pieces or coral well bonded together 
with good grout 

16.5 1 to 18.5' - grouted gravel 
Below 18. 5', well graded sand 

HOLE #5D (Near old drilling hole) 

Top of conglomerate at 7.0 1 

7 • 0' to 7. 8' - vell cemented conglomerate ranging to veakly cemented 
sand,. no grout 

7 . 8' to 9. 5' - reamed hole apparently weak, very poorly cemented 
conglomerate 

9. 5' to 10. 5 ' - strong fine grained conglomerate ranging to weakly 
cemented sand, no grout 

10. 5' to 11. 5' - veakly cemented conglomerate becOJlini coarser vi th 
depth, no grout 

11. 5 ' to 12. 3' - well grouted coarse grained conglomerate and gravel 
12.3' to 13.3' - pure grout or good quality 
13.3' to 14.4' - nearly pure grout of good qualit1with inclusions 

or gravel 
14.4' to 15.4 1 - nearly pure grout containing soae large coral frag­

ments 
15.4' to 16.9 1 - larie coral fragments weakly grouted 
Below 16.9', well graded sand, no grout 

HOLE #5E (Near old drilling hole} 

Top of conglomerate at 7 .0' 
7. 0' to ll. J' - conglomerate vi th a fine grain zone at 8. 8' no grout 

11. 3' to 12.0 1 - weakl1 cemented coarse conglomerate impregnated with 

12.0' 
13.5' 
16.0 1 

16.9' 
17.5' 

to 13.5' 
to 16.0' 
to 16.9 1 

to 17.5' 
to 18.1 1 

grout 
- nearly pure grout of fair quality 
- grouted gravel and large coral fragments 
- nearly pure grout or good qualit1 
- grouted cor&l fragments 
- nearly pure grout or 1ood quality with patches of 

well grouted sand and gravel 
18.1' to 18.7 1 - grouted sand and gravel and coarse coral f'rapents 
18.7' to 20.4' - poorl7 grouted sand and gravel, no strength, recov­

ered vith sampler 
Below 20.4', well iraded sand no grout 

HOLE #5F (The maximum distance from four adjacent old grout holes) 

Top ot conllomerate at 7.0' 
7 • O' to 9. 5' - conglomerate vi th soae grout and weakl7 cemented 

coarse material between 9. 0' and 9. 5 ' 
9 . 5 ' to 12. 5 ' - fine grained conglomerate changing to coarse iirained 

weakly cemented conglomerate partial.17 impregnated 
with grout 

12.5' to 14.0' - weakly cemented conglomerate of medium grained size, 
containing considerable grout, mostl7 broken up in 
drilling 
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14.0' 
14.5' 
15.5' 
17.5' 

to 14.5' 
to 15.5' 
to 17.5~ 
to 18.0' 

- very porous congl.oaerate and gravel well grouted 
- pure grout of good qualitr 
- well grouted gravel and large coral frasments 
- poorly grouted sand, no strength, recovered with 

sampler 
Below 18.0•, well graded sand, no grout 

HOLE #10 (Between old grout holes) 

Top of conglomerate at 7.2' 
7.2' to 11.2' - conglomerate in alternating zones or well cemented 

and poorly cemented grout between 10.7 1 and ll.2' 
11. 2 1 to 12. 51 - well grouted gravel and wea.kl.3' cemented conglomerate 
12.5 1 to14.0 1 - nearly pure grout except at 13.0' where there is a 

well grouted gravel layer at a cold joint, and at 
14. 0 ' a well grouted sand layer 

14.0 1 to 15.3 1 - pure grout of good quality containing some fine sand 
in suspension 

15.3 1 to 15.8 1 - weakly grouted sand recovered with sampler 
15.8 1 to 16.0 1 - well grouted sand and gravel, but grout or poor 

quality 
16. O 1 to 16. 5 1 - pure grout of poor quali tr and low densi tr, high 

gas bubble content 
16. 5 1 to 17. 3 1 - good quality grout with a substantial percentage of 

fine sand which was carried in suspension; cold 
joint at 17.3' 

17.3' to 17.6 1 - grouted gravel 
Below 17. 6 1 , well graded sand, no grout 

HOLE #lOA (At old grout hole) 

Top of conglomerate at 6.2 . 
6, 2 I to 8, 6 I - well cemented conglomerate p no grout 
8. 6 1 to 9. 6' - grouted sand and gravel and weakly cemented con­

glomerate 
9.6 1 to 14.0' - good grout with patches of well grouted sand and 

gravel, and in places, considerable fine sand in 
suspension 

14.0' to 15.5' - nearly pure grout of good quality 
15. 51 to 16.0' - good grout with patches of well grouted sand and 

gravel 
16. 0' to 17. 0 1 - weakly grouted sand and gravel 
17.0' to 18.0 1 - well grouted sand and gravel 
18.0 1 to 19.0 1 - poorly grouted sand, no strength, recovered with 

sampler 
Below 19.0', well graded sand, no grout 

HOLE #lOB (Over old grout hole) 

Top of conglomerate at 6.2' 
6. 2 1 to 11.1 1 - conglomerate in alternating well cemented layers. 

Weakly cemented conglomerate outside of old hole. 
Well grouted old hole filled with grout of good 
quality. 
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11.1 1 to 12.1 1 - imperfectly grouted weak conglomerate 
12.1 1 to lJ.3 1 - well grouted porous conglomerate with pure grout of 

good quality below 13.J' 
13. 3 1 to 15. 4 1 - hard well grouted gravel and sand 
15. 4' to 17. 6' - good quality grout ...nd well grouted gravel 
17.6 1 to 18.6 1 - well grouted large sized gravel 
Below 18.6 1 , sand with a few pieces of hard grout ranging into well 

graded sand without trace of grout 

HOLE #11 (Between old grout holes) 

Top of conglomerate at 6.8 1 

6.8 1 to 10.3 1 - conglomerate for the most part well cemented but 
with some thin porous layers 

10.3 1 to 10.5 1 - well grouted gravel 
10. 5 1 to 11. 2' - grouted gravel and weakly cemented conglomerate 
11. 2 1 to 11. 7' - partially grouted sand and gravel 
11.7 1 to 13.5' - weakly grouted sand and gravel; lost core 
13.5 1 to 14.8 1 - pure grout from fair to poor quality 
14.8 1 to 16.8 1 - good quality pure grout 
16.8 1 to 17.2' - well grouted gravel 
Below 17.2 1 , well graded sand, no grout 

HOLE #llA (Near old grout hole) 

Top of conglomerate at 7.0 1 

7. 5 ' to 11. 5 1 - weakly cemented conglomerate 
11. 5' to 13. 6' - weakly cemented conglomerate and weak17 grouted 

sand and gravel, recovered with sampler 
13.6 1 to 19.0 1 - fair to poor quality grout with patches of intruded 

sand and gravel, grout of low densi t7, hig)l gas 
bubble content. 

Below 19.0 1 , vell graded sand, no grout. 

HOLE #llB (Near old hole) 

Top of conglomerate at 7.0 1 

7 • 0 ' to 9 • 5 1 - vell cemented conglomerate 
9.5' to 12.8 1- verr weakl7 cemented conglomerate in sand and gravel 

sizes, vi.th partial grout intrusion 
12.8 1 to 17.3 1- nearl7 pure grout of good qualit7 with patches of 

vell intruded gravel 
17.3' to 17.5 1- veakly grouted sand 
Below 17. 5 1 , vell graded sand, no grout 

HOLE #13 (Between old grout holes) 
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Top of conglomerate at 7.0' 
7.0' to 11.0 1 - conglomerate in alternati~g zones of well cemented 

and poorly cemented material in sand and gravel 
sizes 

Below 11.0 1 , sand and gravel vi.th trace of grout at 15.0' and well 
graded sand below 15 • O ' 



, 

HOLE #15 (Outside of grouted area near southeast corner of 3.1.1) 

Top of conglomerate at 5.0' 
7.5 1 to 11.4 1 - well cemented conglomerate 

11.4' to 15.2' - for the most part weakly cemented to very weakly 
cemented sand and gravel 

15.2 1 to 17.2 1 - gravel and large coral fragments mixed with silty 
sand 

17.2 1 to 19.2 1 - sand and gravel up to 3/4 inch size 
19.2' to 21.2' - well graded sand 

HOLE #16 (outside of grouted area near southwest corner of 3.1.1) 

Top of conglomerate at 7.4 1 

7 .4' to 15.2' - conglomerate of alternating zones of well cemented 
and poorly cemented material 

15. 2 1 to 17. 5 ' - gravel and large coral fragments mixed with silty 
fine sand 

17. 5 ' to 19. 5 1 - well graded sand and gravel 
Below 19. 5 ' , well graded sand 
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FOUNDATION GROUTING - STRUCTURE 3.1.1 

Specifications for the Foundation Grouting under Structure J.1.1 
vere set up in a letter dated ll November 1950, to R. E. Cole, Director, 
Division of Engineering and Construction, u. s. Atomic Energy Commission, 
Santa Fe Operations Office, Los Alamos, New Mexico, from Raymond E. 
Daviso 

Grouting under the .3.1.1 building was placed, intending to solidif'Y 
loose sub-surface material in the regions of the severest pressures im­
posed by the blasto Grouting was designed to renier a strength of 500 
PoSoio 

I' Drilling inside the building was accomplished by the use of 8 
Gardner-Denver Model #S-73 air hamlllers using l" drill rod with 1 7/8" 
drill bits. Holes were drilled verticall7 on three foot centers inside 
the structure and on four foot centers in the rear of the structure. 
(See Exhibit "C"). The intersection of lines shown on Exhibit "0" 
represents the approximate location of the grout holes. A four foot 
grid system was devised to be used in reporting grouting progress, and 
is shown on Exhibit A. Some ditficulty wu encountered by the drill 
bits sticking in the holes due to loose material caving in from above. 
This condition accounts in part for the slov progress made at the out­
set of operations. 

Inside drilling was accomplished by the use of sectional drill 
steel and was considerably slower than the outside drilling, because 
of restricted quarters and lack of head room. 

The first drilling varied f'roa l' to 5' in depth inside the build­
ing and revealed a seUl of loose material in the coral conglomerate. 
The first grouting wu for the purpose of' solidifying this seam. All 
subsequent drilling, generally in J' stages wu either through the 
coral conglomerate or through a previously grouted area or stratum. 
In the rear ot the structure the overburden was removed .from an area 
40 1 x 200 1 to a depth ot appraxiatel1 8'. (See Exhibit "A" and "B".) 

Exhibits "E" through "!" represent data obtained during the drill­
ing and grouting operation. The thickness of coral conglmerate as 
shown does not necessarily indicate a solid material but in some cues 
vas found to contain loose sand and graYel. At various lenls the 
drilled boles were air and water jetted, f'olloved by' the introduction 
of grout. This sub-aurtace nploration indicated a wide latitude in 
material ranging trom hard lime coral to a sof't, slightly cemented 
coral conglomerate, having no particular pattern. The sea was com­
posed qt loose mterial between two layers ot coral conglomerate. 
The method used to solidity the seam wu to drill into the loose stratum 
and pump grout to retusal. On several occasions when grout was being 
pumped into a selected hole, the adjoining boles showed no evidence ot 
penetration. However, evidence of' grout would appear several holes 
distant. This would tend to indicate great irregularity in the seam. 
Grout consumption was slow and was applied with pressures up to .300 psi. 

6-418 .. 



After grouting of the seam was accomplished, the regular drilling pattern 
was continued. (See Exhibit •c•). In all holes loose material was en­
countered and removed by air jetting at a pressure of 100 p.s.i. The 
jetting was dual in purpose, first to blow out fines leaving coarser 
material and lower the level or the remaining coarse material, secondly, 
to create a void between the remaining material and the solid coral or 
grouted layer above, thus creating space for rreedOJI of movement UpVard 
during the grouting process. Representative samples of jetted materials 
were taken from random holes at various depths. The results of the sieve 
analyses of these samples are shown in Exhibit non. From an interpreta­
tion of available data it is apparent that after jetting, the loose ma­
terial below the conglomerate consisted of medium to coarse sand with 
varying percentages of gravel. 

After air jetting was completed, grout pipes were water jetted to 
the same level. The grouting operation was accomplished using one 
double drum mixer, 1 duplex J' x lt" grout pump and two 4 stage 3• x lt" 
centrifugal water pumps. 3/41 steel pipes equipped with a tee head and 
two plug cocks were inserted into the jet holes below the bottom or the 
material to be grouted. One cock was connected to the grout pump, the 
other cock to the water jet pump developing a pressure of approximately 
150 p.s.i. Each hole was water jetted preceding the introduction of the 
grout. 'Water under pressure was presumed to have a tendency to promote 
agitation and flotation, thus holding loose particles in suspension in 
the mass to be grouted. 'While the water jet was creating a boiling 
action in the loose mass, the water valve was closed and the grout valve 
opened. The grout pipe was raised as necessary to permit the grout to 
flow with as little pressure as possible. {O to 50 p.s.i,) The above 
procedure was followed inside the structure, using a mix of 1:1. Out­
side grouting mix was 2:1. 

TABLE OF MIXES 

Cement Alfesil Intrusion Aide 
Mix Sacks Sacks Pouncis 

1:1 1 1 2 
2:1 2 1 2 

As each stratUll was grouted, the holes were redrilled to below the 
grouted area and the method outlined above was repeated until the desired 
depth had been attained. Each grouting was intended to prod.uce a soli­
dified layer approximately two feet thick. The above grouting procedure 
was used to attain a maximum grouted depth of minus 27 under the rear 
foundation wall. This 27 foot maximum solidified area was 15 feet wide 
extending from the rear race of the foundation 10 feet toward th• front 
and 5 feet to the rear. From the maxi.mum. depth and 10 feet toward the 
front the grouted mass tapered upward to an elevation of minus 12 feet. 
plus or minus at the inside front foundation wall. In the rear from the 
maximum depth and 5 feet back of outside foundation wall the solidified 
mass gxtended upward reaching a depth of minus 12 feet, 33 feet to the 
rear of the structure. (See Exhibit B - Section B-B). 
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w.. 
1:1 
2:1 
TOTAL 

Ba~9has 
1948 
~ 
7703 

QUANTITIES OF MATERIALS USED IN GROWING 

Bags of C;m.ent 
1948 

111 51Q 
13,458 

Sags of illesil 
1948 
~ 
7703 

Intrusion A14e 
4870 

14,387 
19J257 

All cement used passed a 16 mesh sieve, was given soimdess test, 
fineness test, time of set and compression test to insure its quality, 
and was found to meet conditions as specified by A.S.T.M. 

Net volume to be solidified 'Within grouting limits equaled 5470 
cu.yds. During the entire grouting operation a constant check was 
maintained by instrument to detect any movement in the structure. This 
was done by setting a series or bench marks at various points on the 
back face and floor of the structure. These benches were accomplished 
by setting splices in the concrete by means of an explosive operated 
(Driv'it) gun. The checking was done by the use of an Engineers level. 
A nearby bench having an established datum was used as a reference 
point in these comparisons. No movement occurred. 

The .following major equipment was used to accomplish the grouting 
operation: 

gnaptity 
1 
1 
2 
1 
2 
2 
1 
2 

8 
1 lot 
1 lot 
1 lot 
1 lot 
1 lot 
1 lot 

~criotion · J:n x l" Simplex Recip.Pump for Sump 
3" x li" Single Stage Gorman Rupp Centrifugal Pump for Sump 
3" x l " Four Stage Goulds Cent.rite.gal Pump tor Water 
3" x l " Duplex Gardner DenTer Grout Pump 
315 C.F.M. Gardner Denver Compressors 
315 C.F.M. Ingersoll Rand Compressors 
365 C.F.M. Gardner Dennr Compressor 
Double-drum grout mixers {only 1 of these used at a tim9; 
One of these broke down and had to be replaced.) 
S-73 Gardner DenTer Air Drills 
l" drill rod 
3/4" grout and jet pipe 
Air hose 
Grout hoae 
Pipe and fittings 
1 7/8" drill bits, 2j-n bits, 2" bite 

Grouting dates herein given are tor the purpose ot showing pro­
gress, and dates are to be considered somewhat flexible. 
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15 1 - 18' 
18 1 - 20 1 

20' - 22' 
22 1 - 24' 
24' - 26' 

Grputipg Datt' 
13 - 15 Dec. 1950 
2l - 30 Dec. 1950 
4 - 7 Jan. 1951 

14 - 18 Jan. 1951 
2l - 25 Jan. 1951 
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