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I. INTRODUCTION

This report oovers the plamming and operation of the communicatiom
systen provided for the Atomic Energy Commission by Joint Task Force Beven
during Operation Sandstone. The communioaticns network emocompassed EwaJjaleln,
Bewail, and meny points in the Uhited States as well as the Eniwetok Atoll
area. §Some apprecliation of the megnitude of the pystem can be obtained when
it is pointed out that some three hundred eighty-five (385) frequencies were
required to provide the eighty-five (85) radlc chamnels used by AEC and the
Armed Forces for this operation. One of the primary features of the commmi-
catlons system was the employment of & radiotelephone system (AN/TRC-1) be-
tween the important ships and shore locatioms. This system was connected into
the ship and shore telephome switohboards thus reproducing, in miniature, the
telephone facilitlies aveilable between cities in the United States. Other com-
mmniocation systems used by AEC during this operation were: radioteletype and
coding eystems to provide for the treansmission of Atomio Energy Act (AFEA) Re-
strioted Data petween the farward area and the AEC installations in the United
States; radio-inmtercommunication facilities between the AEC directors and staff
offices and the cabins of the Task Force staff section heads and commanders; a '
"technical radio net" to provide communication to the photographio towers and
t0 baok up the radiotelephone system, and special radio nete required by the

Radiologioal, Blest, Neutron, Radiochemistry, and Evacuation Groups.

II. BACKGROUND

A. Boientific Operations Plan

The Atomic Energy Commission tested three (3) atomio weapons at

Eniwetok Atoll during the spring of 1948. To support the AEC, the Armed Forces

E.NCL/‘SS!FIED
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activated Joint Task Force Switchman (Ja.ter designated Joint Task Force Seven).
Thres primary. ships were assigned to the operatiom: UsS Albemarle (AV-5) as
the Test and Solentific Directors' headquesrters, USS Ourtiss (AV-L4) as the
Weapons Asgembly Ship, and the USS Mt. MoKinley (AGC-7) as the JIF T Flagehip.
Eniwetok Island wes the main shore base. The tnree tests, X-ray, Yoke, and
Zebre were conducted in the northeastern parti of the Atoll on Engebi, Aomon-
Bii1Jiri-Rojoa, and Runit Ielends. The test control station wes located on
Parry Island. Photogrephic towsrs were used on Aomon, Runit, Aniyasanii Islands,
and on a coral head near the center of the lagoon. Upon ccmpletion of the oqn-
struction phese, the ships proceeded from the West Coast to Eniwetok Atoll and
anchored off the first test island (Zero Island). When preparstions for the
tegt were complete, the ships moved to & safe location inside the lagoon near
Parry Island to observe the detomation. After the test, the ships proceeded
t0 an anchorage near the seconf Zero Island. This procedure was repsated
until the tests were completed.

B. Persomel and Duties

On 23 October 1947, Mr. R. W. Henderson, First Assistant Soientific

Director, appointed Mr. Louis A. Hopkins, Jr. of the Sandia Base Branch, Los
Alamos Soientifio Iabaratory, to aot in a liaison ocapacity in commnication
wmatters between J-Division and the Armed ¥Foroes during the plamning and opera-
tion phagses of Operation Sendstone. The duties of the J-Divisicn Cowmrmnioca-
tions Seotion, IAJ-1ll, were oonsidered to be:

1. Coordinate the communiocations requirementes of J-Division with the
conmmnications staff of Joint Task Force Seven.

2. Coordinste the Atomic Energy Commigsion communiocation facilities
in the United States with the Armed Forces.

RELEASE
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3. Inform the Solemtific Director concerming the status and opera-
tion of the communioetion system provided by the Task Force.

4. Advise the Soientifioc Dirsctor in matters relating to communi-
cations and operations.

On 7 Janmryvl9h8, Lieutenant Colconel John P. Scroggs, Sigmal Corps,
of the 38th Engineer Battalion was chogen to aid Mr. Hopkine with this assign-
ment. ILieutenant Colonel Soroggs! primary duty was plamning and supervision

of the AEC meseage handling procedures end fmur*lities.

III. DIsCUBSION

A. Planning Stage

1. Preliminary Plans

On 27 October 1947, after a general briefing on the purpose &nd
gtatus of the plan for the soientific phese of Operation Sandstone by Mr. R. W.
Henderson, a trip was made to Washington, D.C., and Boston, Messachusetts, to
determine the oommunication requirements of the mcientifio groups based at
these locations and to meet the JTF 7 communications staff. It was learmed
that the Communication Section wae headed by Captain (later Commender)
C. L. Engleman, USN, with Colamel C. H. Hatch, Signal Corps, &s his deputy
and in oharge of Army oommunications. Lileutensnt GColaonel C. A. Smith, USAF,
and Lieutenant Colanel J. E. Dupree, Sigmal Corps, represented the Air Foroe,
and Commander R. J. Schmidt handled Navy communications. The delineation of
resoaneibilities within this gtaff provided that' the Army would supply all
ground communications, the Navy all shipboard facilities, and the Air Force
all air/ground and point-to-point oommunications concerning aircraft. Since
the communiocations system' planning had been proceeding for approximately cne

month at this time, the Commnications Section was nlready awere of meny

. 5
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phages of the current scientifioc plan and were considering means of eupplying
the necessary commnications. At this stege, AX/TRC-1 radictelephons equip-
ment was being plamned as the primary communication nstwork on shore, and
S0R-608 (10 ohannel voice) radio sets as the mein voloe commnication between
ships and between ships and shore. Navy type MBF radio sets were to be in-
gtalled in the cabins éf the Techniocal {later termed Scientific) Directors
and the General ani Flag Officers of the Armed Forces to provide an intexr-
communication system for their exclusive use. Plans were being mde to pro-
vide redioteletype facilities for handling messages between the forward area
and the United States.
2. Telephone 8ystem
a. AN/TRC-1 Installation

on 28 Ootober 1947, the first oonsideration was given to
the possibility of installing AN/TRC-1 equipment on the three main ships to
provide VHF radiotelephone and teletype service between the ships and between
the ghips and the Army shore system. This insballation would permit an indi-
vidual at any ship's service telephone to dial the ship switohboard and be
oonnected to any telephon® on the other two ships or to any telephome on the
main shore locatione. The nsed for such a flexible radioctelephone aystem
interconnecting the USS Albemarle (AV-5), USS Curtiss (AV-h), USS Mt. MoKinley '
(AGC-7), Bniwstok Island, Parry (ocomtrol) Island, and the thres Zero Islands
(Engebi, Aomon-Biijiri-Rojoa, and Runit) was discuesed with the prinocipal
scientific persormel ooncerned during the period 29 Ootober to 6 November

194%7. All agreed that this eystem was highly desirable.

-6-
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The first written requestl for radictelephone servioce
we made on 12 November 1947. The final requirements for the radiotelephone
system were determined during a trip to Washington covering the period of
13 to 21 November 1947. Decision on these Final requiremente involved esti-
mtes of the amount of traffio expected, the existing limitation of four (4)
outside line drops on the AVs' awitchboards, a possidble increase in the number
of dr:ps on the AGC-T switchboard from four (4) to ten (10), persomnel and
space restrioctions aboard ship, planning and insvallation time for the ships,
and the relocation of the main share relay station from Parry to Eniwetok.
The final AEC radiotelephone pha.n2 wag submitted on 19 February 1948, and oon-
tained requests for the following cirouits:

l; AGC-7 and AV-5, 2 ohammels
AGC-T and AV-k4, 1 ochannel
3) AV-4 and AV-5, 2 chamnels
4) AGC-7 and Eniwetok, 7 chamnels
5) Eniwetok and Engebi, 8 channels
6) Eniwetok and Aouon, 4% channels
7) BEniwetok and Runit, I channels
8) Eniwetok and Parry, 8 channels

These oirouits required the following AN/TRO-1 inetallations with associated
telephone and teletype carrier and ringer equipment:

1) AGO-7, 5 sets

2) AV-4, 3 gete

3) AV-5, 3 pets

4) Eniwetok, 9 sets

5) Engebi and Parry, 2 sets each
6) Aomon and Runit, 1 set each

This made a total of twenty-six (26) AN/TRC-1 sets of equipment operating

within a radius of approximately ten (10) miles. Oomsiderable time was

1georet letter, Henderson (Hopkine) to Capt. Ruesell; subj.: "Proposed Commni-
cation System for Operation Sandstone”, dated 12 Nov. 1947. (Ref.: 1AB-2-5-(26)).

28eoret Letter, Henderson (Ho;ﬂ:ins) t0 Oapt. Russell; subj.: “Commmication Plan
for Operation Sandstone", dated 19 Feb. 1948. (Ref.: IAB-JS-11-(125)).

APPROVED FOR PUBLI C RELEASE
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—
devoted by the JTF¥ 7 Commmnications Seoction to the selection of the fifty-two
(52) frequencies required in the 70 to 100 megaoycle band to provide service
free from interference.

The shipboard installations were started during the first
week in December 1947 with Lieutenant Commander Ralph L. Hildebrand super-
vising the AV-5 work at Norfolk, Virginia, and Lieutenant (Junior Grade)
Thomas V. Grant supervising the AV-4 and AGC-T installations at the Terminal
Island Naval Shipyard, San Pedro, California. Inspection trips were made %o
Norfolk on 17 December 1947 and 12-13 Janvary 1948, and to Terminal Island on
18-20 December 1947, 26-27 January, and 17-24 February 1948. All three ships
wore docked at Terminal Island during the latter period, preparatory to de-
varbture in convoy for Eniwetolk.

b. Islsnd Telephone Installation

The initial requirements for the island telephone instal-
lation were determined during the period 29 Ootober through 10 November 19LT.
The first written requeetl wes forwarded to the Commmicetion Section on
12 November 1947. The finel requirements for the land-line telephone system
were laid down in a oonference held at the Naval Research Iaboratory on
16 December 1947, with the following section heads present:

Dr. A. O. Graves, Deputy Sclentific Director

Dr. G. K. Hartmann, NOL (IAJ-8)

Dr. E. H. Krause, NRL (IAJ-L)

Mr. H. E. Grier, EGG (IAJ-12)

Capt. C. L. Englemn, UBN, JTF T Commnications Officer
The requirements included: |

(1} Eniwetok

a) Radiochemistry

b) Beourity
o) Others

lSee footnote, page 7.

APPROVED




APPROVED FOR PUBLI C RELEASE

(2) Parry
a) Control Station (3)
b) Telemetering tower (IAJ-8 installation)
c) Beach
d) Cable terminal
e) Guard
£) Communicetions building

(3) 2Zero Islends
a) Top of tower (2)
b) Tower base
o) Timing station (&)
d) LoO-ft. station
e) 1,000-ft. station
) Gamma "A" station
g) Gamma "B" station
h) Gammae "C" station (Runit only)
1) Photo tower (Aomon and Runit)
.) Causeway between Aomon-Biijiri '
k) Blast dbuilding (2)
>) Blast footing common
m) Blaet footings
n) Communications building
éo) Beach or pier

The locetions of the Zero Island telephones were plotted on the LAJ-16 maps3.
The "blast footing common" line was to be terminated on & pair of binding posts
in a& small box adjacent t¢ each footing, end at & phone in the blast bullding.
The "blast footing” circuit was also terminated in this box and ran to the
i1gland switchboard. Thus each blast footing was connected to all other footingse
on the island and to the blast building with a common oircuit and also with a
common circuit to the swicchboard. Telephones were to be carried by the work-
ing parties and connected to the terminal board at the foctings being worked
on at the time.

c. Ship Telephone Installation

Telephones were already installed in Shops 1, 2, 4, 5,

2, 8, 9, 10, 11, 12, and 15 and the Admiral's ocabin and Flag Office on the

3gecret Maps, LAJ-11, Nos. MJ-3201C (Engebi), MJ-3301C (Aomon-Biijiri-Rojee),
MJ-3401C (Runit), dated 28 Dec. 1947. (Ref.: I1A&B-J-218, dated 9 Jan. 1948).

-9-
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AV-4 and AV-5. Therefore, no modifioation was required. A request for land-
line telephone service to the two AV'e, during the period 15 February to 1 March
1948 while berthed at Terminal Island, was made on 15 January 1948 to the Com-
wanding Officer, Terminal Island., BSeparate lines were requested from the yard
switohboard to phones in the Admiral’s cadin cn each AV and in the Flag Office
on the AV-5. Due to a shartage of oircuits on the pier, the Flag Office on
the AV-5 waps made a party line to the Admiralts oabin phone. Arrangements were
made with the Fiscal Beotion JTF 7, to bave all AEC long digtanoce oalls charged
to a special Navy appropriation number. The yard considered this system wn-
workable mo the few calls not made ocollect were oharged to the yard telephome
allotment .
3. Telelype Bystem
a. General Plan

Coinoident with the decision to employ shipboard AN/TRC-1
radio sets and telephone carrier equipment for rediotelephone circuits between
ships and between ships snd shore, was the formulation of & plan to use tele-
type terminal equipment to provide VHF radioteletype communication between
ships and between the AGC-7 and Eniwetok Jjoint relay statlom. Normal ship-
board HF radioteletype equipment was to be employed between ships when out of
VHF range. During movement to and from the forward area, the AGC-T was to
meintain contact with Pearl Harbor by BF radicteletype and relay messages to
the AV-4 and AV-5 by VEF or HF radioctelstype.

On 7 November it ‘'was deocided that all ABC traffic to and
from the ships would pass through Los Alamos. This was prescribed to simplify
the pessing of classified messages from militery chemnels to AEC ohannels and

to provide a central polnt of control. On 20 November 1947, a request was

-10-
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submitted to the AEC for a leaped line from Los Alamos to the Army Command and
Adminigtrative Net (ACAN) major teletype relay station at Sixth Army Headquar-
ters, Presidio of San Franoisco. This circuit was required to provide a oon-
tinuous outlet for traffic to and from the forward area with a minimum of
relay points. The activation date was set for 1 March 1948,

b. Teletype Routing Indicators

To provide for proper routing of messages in the ACAN
system, Los Alamos, as a tributary of Presidio (UWP), was asesigned the routing
indicator UWPJ.

The routing indicators assigned the three primery ships
were to change a8 they changed their locatiomn. While at Terminal Ialand Nawal
Shipyard the local relay station (BWDK) wes to be oonnected to the USS Mt.
McKinley (BWDKA) by tie line, and messages for the USS Curtise (BWDEV) and
UBS Albemarle (BWDKY) would be relayed by hand from the USS Mt. MoKinley.

During the movement to the forward aree messages were to
be relayed by Pearl Harbor (BEP), lith Naval Digtrict, to USS Mt. McKinley
(BHPDA) who would in turn relay to the USS Curtiss (BHPDD) and USS Albemarle
(BHPDE). Mesenges were to be trensferred from the ACAN system to Navy system
or vice versa, either over tie line between Pearl Harbor (BEF) and Fort
Shafter (UHP) or over tie line between Presidio (UWP) and 12th Naval Distriot
(BWP) San Francieco.

While in the forward area, Joint Relay Station, Eniwstok
(UHPJ) would serve the UBS Mt. MoKinley (UHPJA) who would reley to and froa
the USS Curtiss (UHPJD) and USS Albemarle (UHPJE).

The 13e Alames teletype ocenter was to be furnished with a

ist of names of all AEC personnel on the ..V-% and AV.5 80 messages addreesed

-11-
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to Individuals in the forward area oould be properly addressed for routing.
Los Alamos was to be notified in aedwvance of emct time to ohange ships’' routing
indicators.
¢. Cryptographic Systems
(1) 8IGTOT (one-time-tape system)

On 3 November 1947 after a discussion with Mr.
W. Moran, ABC Seourity, and Mr. W. R. Williams, ABC Commmnicaticms, it was
decided to employ the one-time-tape (SIGTOT) oryptographio system for olassi-
Tled moessage traffic between AEC activities in the Thited States and the
three primary ships. This dscision was based on the fmot that ARC approved
of and had been using SIGIOT for confidential and peoret messages; conge-
quently, some trained personnel and nscessary equipment were already avail-
able. Also SIGTOT is one of the most rapid end secure oryptographio systems.

On 4 November 1947, during a conference with Com-
mander R. J. Sohmidt of JIF 7 Commnication Beoticn, Commander James Har-
graves, Lieutenant J. M. Jonee and Mr. John Kelly of the Department of the
Nevy, it wes deocided that three (3) SIGIOT equipments would be required on
each AV and five (5) SIGIOT equipments on the AGC-7. This would provide
necessary coding facilitlies for a three-way SIGIOY conference between ships.
One (1) SIGTOT unit would be used for on-line transmitting to the other two
ships eimultaneously and the other two (2) SIGIPOT units used to receive on-
line from each of the other ships. The two (2) remaining units on the AGC-7
oould simultaneously be used for off-line enorypting and deorypting other
messeges while the conference was in progress.

The SIGPOT tapes required for message enoryption
and oonferenoe were ordered an 20 November 1947. This request is summarized
in the following table:

-12-
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Rumber Holder of Holder of
of Tapes Transmitting Tape Receiving Tape
(1) 600 AGC-T AV-}4 and AV-5
(2) 600 AV-b AGC-T and AV-5
(3) 600 AV-5 AGC-T and AV-h
() 200 Los Alamos AGC-T
(5) 200 AGC-T Los Alamos
(6) %00 Los Alamos AV-4
(1) koo AV-}4 Los Alauos
(8) %00 Los Alamos AV-5
(9) 400 AV-5 Los Alamos

Systems (1) through (3) were to be used for both three-way conference and
olagsified messages between ships. BSystems (&) through (9) were for use in
enorypting messages olapsified SECRET, CONFIDENTIAL or RESITRICTED, both
Military end Restricted Data, originating on these ships and addressed to
AEC activities in the Thited States or vice versa. All guoh messages would
be decrypted at Los Alamos and reenorypted in proper system for relay to the
addresesce. The number of tapes reguired was bﬁeed an an estimate of the
amount of traffio plus & large safety mergin. Half of the tapes in each
system were ordered to arrive by 15 February 1948 and the remaining half to
be delivered by 1 March 1948.
(2) SIGPIB (one-time-pad system)

S8IGPIE system was requested for use betwsen Edgerton,
Germesbausen, and Grier, Ino., (EGG), 202 Hood Building, Oambridge, Massachusetts,
and Los Alamos and between EGG and AEC Washington, since BEGG had no way of
receiving or sending oclassified informtion exoept by oourier.

BIGPIE systems wers slso requested for use between Los
Alamo.and NOL, Washington, D.C., and between Los Alamog and NRL, Washington, D.O.

~13-
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They were to be used for high precedencs messages which had to be sent during
hours when AEC Wrehington teletype center wae olosed..
4. Teletype Comminication Centers
(1) Hours of Operation

On 2 December 1947, Dr. Froman submitted a request to
Mr. Carroll Tyler, Santa Fe Direoted Operations, that the Los Alamos teletype
oenter be plamoced on a continuous operation basis effective 1 March 1948 until
completion of Operation Sandatone,

On 15 January 1948 a request was submitted to AEC
Washington, D.C. (Mr Meloolm E. Pitts, Director, O0ffice of Administrative
Operetions) for the Washington teletype cemter to remain open from 0600 to
1800 local time, Monday through Friday. This request was later changed to
operation from 0700 to normal afterncon closing hour since the working-day time
overlap between Eniwetok and AEC Washington, D.C., amounted to cnly two hours.
Mosmmge transmission time was estimated to be & minimum of two hours, thus all
messeges originated at Eniwetok during hours 0800 to 1700 local time would be
relayed to AEC Washington by Los Alamos at 0700 Washington, D.C. time and would
be delivered to addreamsee by 'ths time hisg offioe opened. Messages from AEC
Washington to the forward area would be relayed immediately by each relay point
since they would be operating comtinuously.

S8andie Base teletype oenter was asked to maintain
operating hours 0600 - 1700 local time, Monday through Friday and 0600 - 1200
on Saturday. Also, it was requested that the practice of having an operator
on 2h-hour cell be continued so Los Alamos could deliver urgent messages during

off-duty hours.

~14-
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(2) Message Hasmdling Procedure

Amex C to Test Director's Operetion Order 1-48
presoribed the meassage handling procedure for TG 7.1l olassified messages on
the AV-l and AV-5. The Staff Office an each of these ships was to be the
acoountable office. It would be resgponsible for preparing necessary type-
written oopies of outgoing meseages from the originator's rough draft, for
maintaining a receipt record of all suoch mepsages delivered, and for deliver-
ing messages 10 the ship SIGIOT Officer for enoryption after authority for
release had been ovtained from the Test Director or Scientific Director on
the AV-5, or the First Assistant SBoientific Director on the AV-4. The SIGTOT
Offioer was to encrypt the message and then deorypt his enoryptiun to insure
that the message was ocorrectly enorypted before sending the sorambled tape to
the Ship's Communication Watoh Officer (CWO) for transmission. Incoming mes-
sages were to be delivered direotly to the 8taff Office by the SIGIOT Officer
as soon a8 the meesage wvas deorypted. The Staff Office would account for the
meseage and deliver the necessary copies to the addressees. The SIGTOT Officer
was to maintain a code room file of military classified meseages oniy. All
copies of Restricted Data messages were to be delivered to the Staff Office
Regtricted Data.cuntrol Officer's representative for accounting, distribution,
and filing.

Transmlssion of TOP SECRET messages by teletype had
been requested but not yet approved by the Commission by the end of the plan-
ning stege. Thus, only RESTRICTED, OONFIDENTIAL, and SECRET messages oould
be tranemitted. To distinguish between AEA Restricted Data messages and non-
AEA Restricted Data (Military Claseified) messages, it was prescribed that AEA
Restrioted Data meseages include in the text the statement "This is AEA Re-

gtricted Data".
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(3) Ooardination with Teletype Relay Centers

Starting early in Dscember 1947, several visita wers
made to Los Alamos to disouss details of the message relay plan with Mr.
Riohard L. Kemnedy, Chief of Communications, and Mr. James A. Bugden, Traffio
Manager. Additionmal persomnel for 2h-hour operation had been hired and were
being cleared. During initial operations wany errors were antlolpated because
the new personnel had to be trained on-the-job by supervisors. It was decided
that until the ships reached Fniwetok, all messages for Eniwetok or Sandpiper
(Fort Shafter) would be sent to AEC Washington and passed by hand to the War
Department for relay.

On 26 February 1948, Sixth Army teletype relay cemter
at Presidio of San Francisco was visited. Coordinmation was effected with
Colonel L. C, Parsons, 8igoal Officer, S8ixth Army and his Relay Center Officer,
Captain Robert E. Mills. It was deocided that in the event the leased line from
Los Alamos failed, Presidio would deliver SIGTOT meseages by oommeroial TWX to
Los Alamos. However, sinoe Presidio did not have facilities for receiving taye
on TWX, all outgoing messages from Los Alamos would be routed through Terminal
Island Naval Shipyard teletype center where TWX fmoilities were awailable for
receiving tape treansmissione. Mr. Sugden, Traffio Manager at lLos Alamos, was
informed of this decision by telephone.

On 1 and 2 March 1948, Mr. L. A. Hopkins, en route to
Eniwetok, visited lhth Naval Distrioct teletype ocenter at Pearl Harbor and dis-
ocussed the teletype message routing with Lieutenant Commender J. L. Bishop.

k. Techniocal Net
The so-oalled Teohniocal Net, oomeisting of SCR-608

(10 ohamnel voice) radic sets installed at the important stations within the
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Tapk Force was, until 28 October 1947, considered to be the primary intrae-
Tagk Force voice communication system. On this date, the decigion to install
AN/TRC-1 ra.diotelei:hone equipment on the three main ships reduced the Technioal
Net to & "back-up" status. However, & conference with Golonel (later Brigadier
General) P. T Cullen on 5 November 1947 concerning the communicetion require-
ments of the Photographio Group (IAJ-7) indiosted that this group oould best be
served by inclusion of the photo towers in this net. The Technical Net wes
then plammed as a primary photo oomr nication network and as a back-up for the
radiotelephone system. The final plan2 called for the following stations:

AV-L 23‘1&3 Office)

AV-5 (Flag Office)

AGC-7 (J-3 and Radiologioal Offices)

CVE-115 (Raediological Office)

LSM-250 and 1eM-378 (Caeble Ships)

1sD-19 (Boat Pool Base)

LCM (6) (Tank Control Boat)

Eniwetok

Parry ‘

Zero Islands éEngebi, Aomon, and Runit)

Photo Towers (Aomon, Runit, Aniyeanii, and the
Coral Head)

Fe e i HOAAODTD

Each SCR-608 radio set has ten (10) pushbutton-controlled transmitting frequen-
oies and twenty (20) pushbut ton-controlled receiving frequencies (two receivers,
each having ten channels). It wae planned that each of the above etations be
aspligned to one of eleven (11) receiving frequencies. This frequency would be
set up on both receivers and thereafter not changed. The transmitter would be
get up on the remaining ten (lO) frequencies. If, for example, Station A
(assigned frequency No. 1) desired to communiocate with Station B (assigned
frequency No. 2), Station A would push the button on his transmitter corres-

ponding to frequency No. 2 and call Station B. Station B, hearing Station A

2500 footnote, page 7.
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oalling, would push the button on his transmitter corresponding to frequenocy
No. 1, answer Station A and communication would be established. Other stations
in the Tech Net oould simultaneocusly carry on oonversations on their assigned
frequencieg. Since eleven (ll) frequenoies were to be used for meventeen (17)
stations, some limitations were inherent in the net. These were reduced to a
minimus by assigning all photo towers, the two I&8Ms, and ICM (6) and Engebi,
and Aomon and Runit to common freguencies. The photo towers and L8Ms "rere to
be able to tranemit on their own receiving frequencies plus nine (9) other
obamnels, thus providing communiocation between photo towers and between LiMs,
but not between photo towers and LSMs. The LOM (6) and Engebi could not com-
municate directly, nor could Aomon and Runit. With these exceptions, all
stations were to be able to communicate with all other stations in the Technical
Net.
5. Radiologioal Net

The initial requirements for the Badiological Net were deter-
mined in a conference with Colonel J. P. Cooney of the JTF 7 Staff and Commander
¥. I. Winant of TG 7.6 on 6 November 1947. It was plammed to employ twelve (12)
Rediological Safety (Rad-Safe) parties after the shot to determine the radio-
logiocal conditions on the Zero and nearby islands. These parties would also
work in conjunotiom with the scientific parties returming to the Zero Island
to collect data. It was decided to equip each Rad-Safe party with an SCR-300
walkkie-talkie to maintein commmnioation with their landing boats. The memsages
would be relayed from the boats by Navy-type TCS radio sets to the radiological
centers on the AGG-7 and CVE-115. Two (2) speocial SCR-608 circuite were to be
providsd between the radiological oenters, and Tech Net SCR-608s were to be

inetallied 1n each center. In addition, commmicaticn was to be provided
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Petween the radiologiocal ocenters, helicopters, and a C-47 to be used for the
initial radiological survey immediately following the shot.
6. Blast Net

On 4 November 1947, Dr. G. K. Hartmann of RUL stated a require-
ment for a olear frequency asaignment of 150 to 160 megaoycles to be used by
six (6) blast telemetering equipments. On 1% November 1947, there was & dis-
oussion concerning the possibility of employing six (6) chamels in the vioin-
ity of 80 megaoycles for the same purpose. This was discouraged because of
possible mutual interference with the AN/TRC-1 radiotelephone equipment. On
20 November, after talking with Mr. P. E. S8hafter of NOL, 1t was decided to
allocate the band from 156 to 180 megacyoles for blast telemstering with the
understanding that the concentration would be effeocted in the high end of the
band to avoid possible interfersnce from the 100 to 156 megnoyole VHF airocraft
band. Due to an overasight, no consideration was glven at this time to possible
interference from vhe Mark IIT IFF eguipment opsrating throughout the range of
157 to .187 megaoycles.

On 16 December 1947, Dr. Hartmann requested two (2) SCR-300
walkie-talkie nets to aid in the installation and testing of his blagt meas~
uring equipment. One net was to bave eight (8) SCR-300s and the other was to
bave thirteen (13).

7. Radiochemistry Net

The communioation requirement of the Radiochemistry Group,
IAJ-2, was worked out at several conferenoces with Dr. R. W. Spence and Dr.

M. G. Bowman of Log Alamos and Colonel R. G. Butler of the Military Applica-

tion Division of the Atomic Energy Commission. The first of thege was held

-19-

—_—

APPROVED FOR_PUBLI| C_RELEASE



APPROVED FOR PUBLI C RELEASE

witi Colonel Butler on 1k November 19%7. Briefly, this group planned to cperate
a radio-controlled tank on the shot ipgland after the test. The tank was to be
directed from a helicopter. A spare tank was to be carried in a specially
fitted ICM (6). In oase the helicopter failed, a second helicopter would be
oalled into gervice from the CVE-115. If the control equipment also failed in
the seoond helioopter, the tank oéuld. be controlled from the ICM where the
operator could be voice directed from the helicopter. SCR-300 walkie-talkle
oommunication was planned between the LCM and the party required to start the
tank which was located on the Zero Island and protected by & revetment from the
blast effects. VHF rmdio was t0 be used between the ICM, helicopters, and the
CVE-115, The IOM wes also to be equipped with an SCR-608 radio set in the
teochnical net for general communication. .

8. Neutron Net

The communications requiroé. by the Measurement of Neutrons

Group, IAJ-3, to aid in the installation and collection of sampleg from their
water and lsnd ocables were determined from discussions with Mr. G. A, Linen-
berger and DPr. W. E. Ogle commencing on 5 January 1948. At this time they
plamed to employ air-pee rescue boats (AVRs), helicopters, and one of the
LM cable ships during the collection operation. VHF radio oommunication
was to be uped between the AVRs, four (4) helicopters, LSM, CVE-115, and AV-5.
Twelve (12) SOR-300s were to be peridJed for miscellaneous use.

9. Time Signal and Ewaocuation Net

The requegt for a wvoice tims gignal broadocast was received

from Dr. Froman on 1 November 1947. The purpose of this broadcast was to in-
form ell land stations, ships and aircraft of the exact time of the test. The

original plan wae to transmii the voice algnals from the AGC-7 after they had
-~20-
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bean relsyed from the control station on Parry Island over the radiotelephone
system. This was later changed to a direct HF broadoast from the comtrol
station for reliability oonsiderations.

When it was learned on 15 January 1948 from Captain
O. H. Duerfeldt, UEN, of the Task Faroe J-3 Becticm, that two AVR air-gea rescue
boats would be employed to evaouate the final pereommel from the Zero Island, a
communiocation oirouit was requested hetween the two AVRs, the oomntrol statiom,
andl the AGC-T. This cirouit was to use Navy-type TCS radlo sets and would share
one of the frequencvies of the radiological net sinoe the Rad-Safe personr.. iu-
tended to0 use the AVRs in conjunotion with their survey parties only after the
test.

It was plamned to provide communication to the final persomnel
on the Zero Island by ocanneoting telephones at the top of the tower, base of
the tower, and the timing station in parallel to an unattended AN/TRC-1 system
wvorking into the Eniwetok telephone switchboard. The communication egquipment
left on the island was to be expended at the time of the tegt.

B. Operatlon Stege

1. General

The communications supplied by Joint Task Foroe Beven for Opera-
tion Bandstone were, in gensral, oonsidered excellent. Most of the requirements
uissed dwring the plamning stage were provided as the need aroge.

Many of these additional requirements ocould have been antioipated
if more time had been awvailable for plamning. For example, the amount of radio-
telephone traffic was underegtimated by a factor of about two. The radictele-
type AEC meseage traffic was overestimeted by & favtor of approximately ten. The

following two sections desoribe in detail the radiotelephone and teletype systems
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including statistios and analysie to ensble the deaigners of some future,
sinilar system to form & reasonable estimatie of the volume of telephone and
toeletype traffic. Two major obatacles were overcome during the initial phase
of the operation gtage. Imok of provious experience by .opezatore and main-
tenance men wag eventually corrected by on-the-job training and spesoial schools
on AN/TRC-1 meintenmence and teletype meseage procedure, Technical diffioulties,
primerily radlo interference, were overcome by comnsidersble additional planmning
e.'nd "out-and-try". The Radio-Intercom (MBF) system, not ocovered in the follow-
ing sections, provided gnod service to the Test and the Scientifioc Directors,
their staffs, and the JTF 7 General and Fleg O0fficers. One additiopal statiom
for Commnder Winant of the Radiological Tagk Group on the CVE-115 wag added
t0 the net.
2. Telephome System
a. General

The telephone system provided excellemt communiocation be-
tween the thyee main ships and the five main islands. It was conasidered the
primary feature of the commnioations syestem. Dus to underestimating the amount
of traffio and some teohnical diffioulties, oircuits were many times busy or out
of service. All perscunel, oiviliam, Army, Navy, and Air Force, howaver, agreed
that the operation was oomsiderably expedited by the radiotelephons system. It
is egtimated that this system reduced the teletype traffioc to and from the USS
Albemarle alone by soms two million words during the sixteen weeks of the opers.-
tion. In future operations of thias type, it is stvongly reocmmended that redjo-
telephone servieoe be provided between important ships and betwesn shipa and
shore. Bhore mstations should be intercomnected by telephone cables to reduce

the interference whioh im prectically inevitable in such a iarge installation.

-22-
SECRET

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

One of the important arguments for inoreasing the length of the plamming stage
18 t0 allow time for operator and maintenanoce man training cn the new types of
equipment that are to be used before the operation starts.
b. AN/TRC-1 Installation
(1) Cirouits

Upon arrival of the ships at Eniwetok on 16 Maroh 1948
the radiotelephone aystems between the AGC-7 and Eniwetok were activated. It
was immediately disccvered that, although the ship and share systems worked
mtisfactorily separately, the marriage of the two systems was hampered by fre-
quenocy ooordination and interference problems. The AV-5 proceeded immediately
%0 anohorage off Engebi Island and was tied in to that island on ome of the two
eystems previously used between Engsbi and Eniwetok, when it was found that the
184-mile range was too great for the normal AGC-T to AV-5 oircuit. When the
AGO-T and AV-4 moved to kngebi on 18 March 1948, the AGC-7 to AV-5 gystem was
reegtablished, but the AGC~7 to Eniwetok aystems failled. These cirouits were
reestablished when the AGC-7 and Eniwetok installed vertically polarized beam
antemnag and used frequenoies providing a minimm of interference. The atten-
tion of the Communications SBeotion was soon directed to the large amount of
telephone traffio between the AV's and Engebi (the first test island). Many
of the calls were not getting through the AGC-7 (Washington exchange) and the
Bniwetok (Garfield exchange) switchboards due to oircuit congesticm and techni-
oal difficulties. Therefore, direct cirouits were requested from the AV-& and
the AV-5 to Engebi. One of the two systems between the two AV's was deacti-
vated and, with an additiomal CF-1 Carrier Bay prooured from the Army, an
AN/'ERO-J. systen was establipghed between the AV-5 and Engebi which provided two

direct telephone chamnels between the ewitohboards. The AV-k oircuit was patohed
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around the AGO-T and Eniystok switohboards, thus mroviding one private AV-k to
Engebi oirouit through three rmdio-relay systems. The fimal over-all radio-
telephone system is shown on Figure Xo. 1. Ths AV-5 to Engebl gystem wes dias-
oontimed at about 1300 om X minus 1 day. After the X-ray shot a system was
established between the AV-5 and Aomon-Biijiri. The second set of AN/TRO-1
and CF-1 carrier equipment required at Aomon-Biijiri was ane of those previous-
1y used at Eniwetok for the asystem to Engebi. The pame procedure was followsd
for the Yoke and Zebra, AV-5 t0 Zerco Island gystems. After Zebra day, during
the roll-up period, two channels were patohed from the AV-5 through the AGC-7
to Eniwetok, One of these was patohed through Eniwetok to Parry Island while
the mecond terminated at the Eniwwtok switohboard. One chammel from the AV-4
was patohed through the AGO-T to Eniwstok. As the ships departed the lagoon
on 21 May 1948, the AGC-T to Eniwetok systems were deactivated and two oironits
activated between each of the three ships. This gystem, similar to that used
on the voyage to Eniwetak, continued in effect until earriwml at Cakland,
Oalifornia. The speoial radiotelephone network used during the three oritiocal
periods is desoribed in Paragmph 9, "X, Y, and Z-Dey Commnications".
(2) fTechnioal Changes

Two important technioal changes were made in *t;he radio-
telephone system after arrivel at Eniwetok. One of these was the use of direo-
tiooal antenmas between the AGC-7 and Eniwetok. Since the ship was oanstantly
swinging at Anohbr, it was necessary to maintain a ocontinuous watoh to keep the
ship's anteunas pointing at Eniwestok some eighteen miles to the south. The
seoond ohange wam the substitution of CP-L carrier equipment for the CPF-T
equipment nsed om the aystem between the AV-L and the AGO-7. In addition to

the advantage of providing four charmels as compared to the ome chermel provided
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by the CF-7, the CF-1 1s oonsidersbly more adaptable to “line-up" when tele-
phone and teletype are tc be used on the same radio aystem. For future opera-
tions, all AN/TRC-1 systems should be installed with CF-1 oarrier equipments.
Either TH-1 or CF-2 teletype carrier systems may be employed in oanjunction
vith the AN/TRC-1/CP-1 combination depending on whether cne or fowr duplex
teletype cirouits are required. DPue to the extensive use of the radictelephone
aystem on this operation, it is recommended that the Navy immedistely undertake
the development of equipment to provide radictelephone servioe between major
ships and with similar equipment now used or under develcpment by the Army and
Alr Farce, The ability, especlally during joint operations, to piok up an
office telephone and talk to the desired party, whether he is on eanother ehip
or e.i; his offiocs on shore, oannot be overemphagired.

o. Island Telephone Installation )

An extensive field telephone installstion was used by the

Engineers on the Zero Islands during the construction phase. As soon ag the
ditohes were dug for the instrumentation ocables and general grading ccmpleted,
the installation of the AEC telephome network was begun. Nearly all telephones
were otmmected to the ialand switohboard by means of underground cable. It is
believed that most of these underground telephone cables on the three Zero
Islande will be useable for a future test. The only mew requirements were two
lines from the top to the base of the Zero tower to aid in operetion of the
hoists and the addition of a phome st the 600-ft. station. This phone wes oon-
nected on a party line with the L0O-ft. station. The final "Zero Island Oom-
mnications” are shown on Figure No. k. Four phones were provided at the
timing staticn go that one or more could be set up on a patched-through oirouit

to Parry Island or to the other Zero Islande to provide ccmmmnioation for
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oheoking the underwater oables used for the time signale. This system wes not
used since Mr. Grier's group found that one of the submarine cable pairs could
be used as a party line connecting the control station at Parry Island with the
timing stations on all three Zero Islands, thue providing a private eystem for
IAJ-12., If pericdic tests are vo ‘be conducted at Eniwetok Atoll. it %s recom-
mended that underwater telephone cables be laid between the important lslands.
Radiotelephone equipment would then be used to provide commmicatlion between
ships, betwsen ships and share, and to "vack-up" the underwater cable systenm.
A high-powered publio address system would have been very useful on the test
ialands to page persons receiving outside telephone calls.
4. ghip Telephone Installation

The automatic dlal systems on the three primary ships gave
very satisfactory service during this operation. The primary bottleneck for
the entire telephone system wes the manual switchboards on the AV-4, AV-3, and
the AGC-7. The number of telephonse ohammels between ships and betwesn ships
and shore was limited by the number of outside line drops on these switohboards.
As was mentioned previously, the AV's had four drops and the AGC-T ten. Nor-
mally the Navy uses the manual switchboards only when the ships are alongside
& pler, tying the switohboard to the shore station telephone system by means
of a cable ooxmeotion to the nearest available telephone Junction box on shore.
The AGC-7 system oonsisted of three separate switohboards, the original four-
drop board, plus eix-drop and two-drop boards instzlled at Terminal Island.
Each line from the sutomatic exchange to the marmal board had a separate number;
ten numbers were ligbted for the switchboard on the AGC-7 and four numbers on
the two AV's. Thus, if ons number was busy, s second number was dialed, etc.

On the AGO-7 different numbers were reguired to be dialed to place a ocall to
-26-
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the island exchanges end to the AV exchanges sorresponding to the mtohbca.zﬂ
to which the exchanges were ocomected. In order to relay a call from ome of
the AV's to Eniwetok, 1t wes necessary for the operator to receive the call
on one switchboard, dial one of the numberes commected through the automatic
exchange to the switohboard ocorresponding to the Eniwetok radio chamnels, and
finally place the call to the desired location. In additlon, considerable
trouble was encountered with the ringing system since the EE-101 ringers used
in conjunction with the AN/TRC-1 system were not designed to be employed with
the ships' switchboards. This meant that the operators at times had oconsider-
able difficulty contacting the desired exchange even though the radio systems
were functioning perfeotly. The AGC-T7 and AV-5 switchboarde used a compli-
cated toggle-switoh system rather than the normal cord circuits found on most
telephone switchboerds. This method 1s not considered satisfactory when a
large amount of traffic 1s to be handled as on this operation. If the AV-k
and the AV-5 are to be used on future tests of this sort or on tactical mis-
sions l1nvolving good communications with a shore installation, it is strongly
recommended that the present switchboards be replaced with modern manual
boards having approximately twelve cord circults, twelve outside lines capable
of being connected to the radiotelephone system, and at leagt thirteen lines
(one more than the number of outseide lines) to the ship's automatic exchange.
These lines should terminate on & "line-finder" system in the automatic ex-
change so that only one number must be dialed for a ship's phone to be con-
nected to any of the lines to the menual switohboard. The exact number of
lines t0 be installed #hould be determined by the neture of the operation and

the characteristics of avalleble equipment. With trained operators, the extra
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line to the ship's exchange could be used to accept requests for ocalls to be

placed as soon as an outside line to the desired location becomes available.

e. Telephone Traffic Analysis

Throughout the entire operation the telephone ewitohboard
operators on the three shipa were required to keep a traffic log. This log
listed each call by hour with the origin and destination exchanges and whether
the call was completed, line busy or out, or no answer. The data werse analyzed
for the two AVs for the period 20 April through 3 May 1948. Figure No. 2 shows
the "Radiotelephone Calls Per Day" for the two ships. The number indicated is
the sum of the incoming and outgoing calls which were divided almost equally.
During the two weeks, the AV-5 handled 1,850 calls and the AV-4 1,418. This |
averages 132 calla per day for the AV-5 and 101 calls per day for the AV-4. If
it ocan be assumed that sach call corresponds to two messages and each message con-
tains approximately 100 words, the radiotelephone system reduced the amount of
message traffic handled by the AV-5 by 26,400 words per day or an estimated two

million words for the sixteen weeks of the operation. Proportionally, the tele-

phone system reduced the AV-4 traffic by approximately one million five hundred
thousand words. The ratios of peak ocalls per day to average and minimum to
average for the AV-5 were reaspectively 1.2% and 0.67. Corresponding figures for
the AV-4 were 1.42 and 0.43. Figure No. 3 indicates the relation between the
"Average Radiotelephone Calls Per Hour", and local time for the two shipa. A4s
would be expected, the traffic peaks ococur from 0800 to 1100 in the morning end
at about 1300 to 1400 in the afternoon. The peaks rise to approximately 11% of
the total calls per day or to about 15 calls per hour for the AV-5 and 1l for
the AV-4. It was during these peak periods that most of the outside lines were

reported as busy to persons attempting to place calls off the ship. During the
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two weeks studied, the AV-5 had 81 outgoing line busy reports or 8.3% of the

totael of outgoing calls. The worst condition ocourred between 1000 and 1100 on

2 May 1948, when 12 calls were placed during the hour and 1l calls were turned
down hecause the desired lines were busy. This was the exception rather than the |
rule, sinoe the largest number of "line-busys" during any other hourly period was
two. In one case, 1k outgoing calls were handled during the hour with no reports
of "line-busy". Correapondingly, the AV-U operators reported only 2.5% of the
outgoing calls as "line-busy". From these data, during the two-week period, it
appears that the AV-4 had satisfactory radiotelephone service. During peak traf-
fic hours on the AV-5, extra outgoing circuits would have been valuable. In an
operation of this sort some oompromise must be made between designing the system
for the peak or for the average load. Extremely well-trained operators could have
alleviated the situation by taking orders for ocalls to be placed when a line was
available, similar to the system used by the telephone company. Also, a control
system could have been instituted where authority was required from some designated
official vefore the ope.ator would be allowed to place the call. This latter system
would have reduced the number of unnecessary calls but it is not recommended except
when more severe circult congestion exists than ococurred on this operation.

A study was mede during the week of 20-26 April 1948 to deter-
mine the destination and origin of calls handled by the AV-4., This study is

sunmerized below:

Per Cent To From Per Cent
36.9 122 USS Albemarle 118 34,7
b1.3 137 USS Mt. McKinley 1h6 42.8

9.7 32 Eniwetok 21 6.3
0.9 3 Runit 0 0.0
10.9 36 Aomon-Biijiri* 55 16.2
0.3 1 Parry 0 0.0

*Noxt test island.
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Similar date should have been analyzed early in the operation to determine the
need for special oircuits.
3. Teletype System
a. OCirocults and Instellations

Teletype communication by commercial TWX from Los Alamos
to the AGC-7 at Terminal Islani was quite satisfactory. This circuit was
entirely land-line.

On 29 February 1948, the AGC-T and AV-4 sailed for Pearl
Harbor; the AV-5 and Balroko (CVE-ll5) followed on 1 March. Radioteletype com-
mnication with Pearl Barbor (BHP) was established by the AGC-7 according to
plan; VHF radioteletype communicaticn was established between AGC-T7 and AV-4 and
HF radioteletype ocommunication between AGC-7 and AV-5. Los Alamos was notified
in advance the exaoct time to change routing indicators.

On 1 March the leased line from Los Alamos to Presidio of
San Franclisco was asotivated.

Messagos were eatisfactorily routed to the ships at sea in
accordance with the teletype routing plan. However, SIGIOT sorambled tapes were
received so badly garbled they could not be deorypted. A "round-robin" test
meseage sent from the AGC-7 to Pearl Harbor to Fort Shafter to Presidio via
ACAR to 12th Nawval District San Franoieco, to Pearl Harbor via Navy circuit and
baok to AGC-7 indicated that garbles were apperently ocourring in the Navy or
Army "long haul" oircuit from Hawail to S8an Francisoco. Since the Army has used
BIGIOT over its ACAN oircuit for some time and since the Navy does not use
SIGTOT, it was puspeoted that the diffioulty lay in the Navy oircuit. Presidio
reolay oenter was, therefore, requested to route all Los Alamos traffic over

ACAN to Fort Shafter for relay. This immediately oleared up much of the garbling.
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It was later learned at a conference with the Communication Office of 1lith Naval
District at Pearl Harbor that the Navy circuit, Hawaii-San Francisco, was a
miltiplex circuit and 4id not transmit spaces. For this reason all SIGILOT
scrambled tepes were garbled.

On arrival at Eniwetok the AV-5 anchored off Engebi and the
AGC-7 and AV-k anchored off Eniwetok, about 18% miles from the AV-5 (see Figure
No. 6). At thie distance the AN/TRC-l VHF circuits went out.-and HF had to be
used to maintain contact between the AGC-7 and AV-5. Also, when the AGC-7 and
AV-}% moved to a position off Engebi, AN/TRC-l VHF communication between the
AL -7 and Eniwvetok went out. VHF communication was re-established when &
vertically polarized directional antemna arrey was installed on the AGC-7 and
beamed at Eniwetok.

Due to the constantly changing position of ships at sea
relative to each other, 1t was necessary that AN/‘I'RC-l antennas be nondirec-
tional. For this reason vertical single element antemnas were installed on the
three ships. On the AGC-7 and AV-4, in particular, the A.N/TRC-l transmitting
end receiving antennas did not have sufficient separation to prevent consider-
able.interference. This made it necessary to keep gain levels quite low. When
the ships were within three or four miles of each other, signal strength was
great enough for satisfactory communication at low gain levels; however, when
the ships were separated by greater distances, the signal-to-nolse ratio de-
creased to the point where teletype reception failed completely. Only by in-
stallation of directional arrays, when ships were at anchor, and by peparating
receiving and transmitting antemnas, was it poseible to maintain satisfactory

AN/TRC-l communication over distances as gr2at as 18 miles.
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To provide for soms flexibility in use of SIGTOT equipment
and asgociated teletype equipment, the Bureau of Ships had comnected the various
equipments into patch panel looated in the SIGTOT code room and Radio I on all
three ships. This installation permitted either on-line or off-line operation
and some flexibility in the use of equipment. However, the patoh panels proved
to be poorly constructed and caused & great deal of trouble. In several in-
stances mistakes in wiring were encountered such as reversed polarity on patoh
panel Jacke, etc. Also the wiring was so complicated that muoch unnecessary
delay was experienced in setting up circuits. This was especially true on the
AGC~T. The experiences of this operation indicated that SIGTOT code rooms
should operate off-line for all message traffio and on-line anly for teletype
oconferences.

b. COryptographio Systems

(1) sIGror (one-time~tape system)
(a) Procedure
Navy officers who were to function as SIGTOT

ooding offiecers on the three ships had not received previous training in SIGTOT
procedures before reporting for duty. Furthermore, olearances were not received
for many until after the sailing date. This made it necessary for properly
cleared officers of JTF 7 Commnicaticn Btaff on the AGC-7 and the Commnication
Officers on the AV-4 and AV-5 to do the work of the SIGTOT Officers until their
clearances were received. It also delayed on-the-job training of these officers.
Many of the early diffioculties experienced with SIGTOT would not have ocourred
if all SIGrOT officers could have been sent through a Joint schocol to learn the

detaile of message encryptiom, proper message procedure, and msthods of break-

ing garbles.
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(b) BSIOGTOT Confsrences

Several test and two acturl SIGTOT oconferences
were oconducted between ships en route. None of these oonferences oould be con-
sidered oompletely successful because of oircuit diffioulties and garbling.
The AEC SIGTOT instruction boak contained no procedure for conferences, and
since no perscnnel abcard had hed previous SIGIOT training or experience, & non-
standard procedure had to be deviged. Later the Army SIGIOT Instruction Book,
SIGSAP-3, which oontained the proocedure for two-way conferences, was obtained
from JTF 7 Army Seourity Agent Representative. But the two-way conference pro-
cedure was not entirely adaptable to a three-way conference. After arrival at
Eniwetok no further SIGTOT conferences were conducted between ships since it
wag quite simple to assemble persomnel for conferences on one of the ships.

(c) Garbles

The SIGTOT oryptographic system is an electrical
(teletype) system of random substitution. In enorypting a message, impulses
from a trensmitting key tape are mixed with impulses from the olear text char-
acters to produce a scrambled tape. In deorypting the scrambled tape, impulses
from its characters are mixed with impulses from an identical receiving key tape
to produce the origins.i clear text letters or oharacters. If, in the process of
relaying the scrambled tage from originator's teletype center to addressee's
teletype center, charactasre are lost or gained or individumal characters are
changed, the message becomss garbled; that is, it camnot be decrypted auto-
matically so that it exactly reproduces the original clear text.

During the early stages of the operation phase,
circuit oonditions and equipment adjustment were not sufficiently reliable to

prevent exceseive garbling. Over 50% of both outgoing and incoming AEC SIGTQT
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messages were garbled seriously. Single-letter garbles usually resulted anly
in misspelled words and seldom required a meseage rerun. Messages ocontaining
garbles caused by the lose or gain of ten or less characters oould usually be
broken in an hour or two. Messages s0 badly garbled they oould not be decrypted
required that a service message be sent, requesting retransmission of the
scrambled tape (rerun) by ome or more relay points, or re-encryption of the
originating station. Thils caused delays of from several hours to two or three
days. H

In an effort to determine the source of garbling,

Los Alamos Traffic Manager sent test sorambled tape messeges to the relay

gtations and AV-l and AV-5, with instructions to return the sorambled tape. The
results of these tests were rather inconclusive but indicated that fewer garbles
were ooccurring between Fort Shafter and Los Alamos than in the forward area oir-
cults and teletype centers.

For a period of ome week 6-13 April, ecrambled
tapes transmitited by the AV-5 to lLos Alsmos and received by AV-5 from Los Alamos
wore collected and compared with the tapes as recelved by AGC-7 and the Joint
Relay Station at Eniwetok. This comparison indicated that about 20% of the out-
going SIGTOT messages from the AV-5 to Los Alamos were garbled when received by
Eniwetok; however, anly 5% were garbled beyond decryption. About an equal per-
centage of incoming messages were garbled betweem Eniwetok and the AV-5 but
only 3% beyond decryption. This informetion was submitted to Communication
Officer JTF 7 with a request that greater efforts be made to improve reliability
of looal radicteletype circuits.

During the week 2-8 May, of the 61 messages

received by AV-4, AV-5, and AGC-T from Los Alamos, only one was garbled beyond
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decryption. Improved oircuits and experience of SIGIOT officers had greatly
dedreaeed the difficulty with grrbles in coumparison with the difficulties at the
beginning of the operation phase.

AEC SIQTOT tape segment usage (see Figures 8, 10,
and 11) was considerably less than anticipated. The USS Albemerle (AV-5) was
the greatest consumer but used only slightly more than 10% of the tapes ordered
for use with Los Alamos.

(2) sSIGABA (Navy ECM)

SIGABA is an electrical cryptographic wachine used by
the Army, Navy, and Air Forces for encryption of messages classified as high as
TOP SECRET. On 24 March 1948, a request was submitted to Communication Officer
JI¥ 7 to provide Los Alamos with SIGABA and Joint systems. Since Los Alamos
held no joint oryptographic system, it had to send all classified messages
addressed to Sandpipe.: \JTF 7 Headquarters at Fort Shafter, Hawaii) or Eniwetok
(when ships were not there) back to AEC Wapshington to be passed by hand to the
War Department for encryption and relay. This caused considersble delay in
delivery of such messages aud could have been avoided if Los Alamos had been
equipped with SIGABA and joint systems. SIGABA was %o be used only for encryp-
tion of non-AEA Restricted Data mesenges. At the time of writing this report
no answer had been received to this request.

Since SIGABA messages are encrypted into five letter
groups, it 1s much simpler for a teletypewriter operator to determine when wnd
where & garble ocours than in a SBIGTOT sorambled tape. Consequently, he can
agk for the necessary correction (Rerun) immediately, whereas, with SIGTOT
scrambled tape, garbles often carmot be detected until an effort is ‘made to

decrypt the message. Also, SIGABA messages are less easily garbled to the
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extent that the message cannot be decrypted. For these reasons it 1s recom-
mended that in any future operation SIGABA end Joint systems be furnished Los
Alamos for uee ag mentioned above and as a back-up for SIGIOT.
(3) SIGPIE (one-time-pad system)

On 31 March, AEC issued GM T4 whioh approved the use
of SIGPIE for the enoryption of TOP SECRET Restrlocted Data messages to be trans-
mitted by teletype to and from the forward area. In accordance with this
authority SIGPIE systems were furnished to the Test Director (CTG 7.1) on the
AV.5 for use in ser}d.ing guch messages to lLos Alamos and AEC, Washington.
Systems were also furnfshed the AGC-T and AV-4 but no requirement for their
uge was seen since all such messages had to be authenticated by CIG T7.l. These
systoms were returned.

c. Teletype Procedure
(1) Message Heading Procedure

Loe Alamos teletype center experienced oonsiderable
difficulty with teletype procedure because it was required to use both the Joint
Army-Navy-Alr Force Procedure (Joint Tape Relay Procedure, JANP 127) and AEC
procedure. The AEC procedure is designed for TWX use where direct oonnection 1s
mede betwoen the originating station and addressee station; comsequently, no
external heading in clear text other than the oryptographic heading is used.
Only an internal heading (enorypted) 18 used by AEC. On the other hand JANP 127
presoribes the use of an external headlng employing routing indicators. No
internal headlng procedure is prescribed in JANP 127 since all the necessary
routing inétructiona are ocontained in the external heading. This made it neoes-
gsary for Los Alamos SIGTOT code room persommel to change all message headings in

relaying messages from AEC ohannels to militery ochamels and vice verea.
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An attempt wae made to deorease the work of Los Alamos
by baving the ships use both an external and internal heading. This also was
confusing sinoce it required the ships to use one heading procedure for messages
to Los Alamos and another for messages to military addressees. No completely
satisfactory solution to this problem was found during the period of Operation
Sandstone. However, in any operation such as this where different procedurss
are used, it is apparent that a transition point, such as Los Alamos, must exist
and must have personnel trained in both procedures so they oan easily and effi-
clently make the necessary changes from one procedure to the other.

(2) a7k

When GM T4 became effeotive on 31 March, it was apparent
that its provisions pertaining to CONFIDENTIAL and SECRET messages obther than Re-
strioted Data messages (Parts I and II) oould not be applied to JTF 7, and the
instructions regarding TOP SECRET military non-AEA Restricted Data messages
(Part III) oould be followed by only TG 7.l. Authority was obtained from AEC
{(Mr. Del Genio) by Mr. W. Moran (AEC weocurity Representative on JTF 7 Staff) for
JIF 7 to ignore those provisions of GM T4 which were in conflict with the mili-
tary procedures for handling military classified messages. Restrioted Data mes-
eages and TOP SECRET military messages addressed tv AEC addressees were handled
by TG 7.1 in accordance with GM Tk.

GM T4 makes no distinction between AEA Restricted Data
measages and non-AEA Restricted Date messages except in the olassification of
TCP SECRET. The Security Amex to JTF 7 Field Order No. 1 specifies, in effeot,
that all Restricted Data meesages will contain the statement "This is AEA Re-
stricted Data" in the text of the message. For Jolnt operations suoch as Opera-
tion Sandstone it is importent that GM Th specify that all Regtricted Data mes-

enges be designated as such 8o the military oan handle such messages in acocord-
ance with AEC Seourity instruotioms.
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d. Teletype Traffic Analysis (see Figures 7 to 1k incl.)
(1) Megemge Traffio

Figuree 7 and 9 show the number of words per week (of
SIGTOT meseages) sent between the ships and Los Alamos during the period 15 Feb~
ruary to 15 May 1948. This does not include clear text messages which were
egtimated to be less than 10 to 15% of the total traffic. The incoming and out-
going word count was very closely balanced with 58,937 words sent from Los Alamos
to the ships and 59,059 words originated on the ships for Los Alamos during this
period. The peak of the incoming traffic load was about 7,600 words per week and
ocourred in the week of 18-24 April 1948. The outgoing peak was approximately
7,500 words per week during the period 25 April to 1 May 1948. The AV-5 handled
about twice the AEC traffic of the AV-4 and AGC-7 together. The latter two
ghips' AEC traffic load was approximately equal.

Figures 8 and 10 show the weekly oconsumption of SIGEOT
‘tape segments corresponding to the word count statistios of Figures T and 9.
Fach roll of SIGIOT tape comtains 10,000 Baudot (teletype) characters and is

divided into 30 segments, thus each tape segment contains about 333 characters.

A summary of the SIQTOT tape segment usage is shown below:

TAPE SEGMENT USAGE WITH LOS ALAMOS

Ordered
Tapes Segments Segments Uged* Per Cent Used
AV-4 Transmitting koo 12,000 23k 1.95
AV-4 Receiving 400 12,000 282 2.35
AV-5 Transmitting koo 12,000 1,172 9.78
AV-5 Receiving 400 12,000 1,180 9.83
AGC-7 Tranemitting 200 6,000 296 4.93
AGC-7 Receiving 200 6,000 210 3.50

#15 February through 15 May 1948.
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This information can be used in oonjunotion with the word count data to deter-
mine the average manber of text words per tape segment. The AV-5 statistios
indioate thet approximately 33 text words per SIGTOT tape segment oep be used
&8 a basls for ordering SIGTOT tapes when plamming future operations of this
type. Thig figure inocludes coded addresses and tape segments acoidently de-
gtroyed as well as the unused portions of the individual segments.

Figure No. 1l illustrates the SIGTOT tape segment usage
between ships. Most of these segments were used during the week of 7-13 March
1948, for the teletype test gnd actual oconferences while the ships were en route
to Eniwetok. Since no such conferences were oonducted thereafter, only a very
small fraotion of the tapes on hand were used. The small amount of traffic
between ships was due to the extensive use of the radiotelephone system, the
Guard Mail system, and the readily available boat transportation.

Figure No. 12 shows the word count per week of incoming
and outgoing traffic handled by Los Alamos. During the period 29 February to 15
May 1948, 885 messages with 94,853 words of outgoing and 817 messages with 93,105 .
words of incoming trarfioc passed through the Los Alamos teletype center. Each
messa.ge averaged about 110 words. From 21 April to 17 May 1948, Los Alamos
handled 11 incoming and 9 outgoing messages to Mr. Griert's home office in Cam-
bridge, Massachusetts. During the period 1 March to 15 May 1948, 252 meseages
were sent to and 235 messages were received from AEC, Weshington. Also, 40 mes-

sages were sent to Sandia Base and 27 messages reoceilved from Sandia Bage during
this period.

(2) Relay Time
Figures 13 and 14 show the distribution of the time

required to relay meessages between the ships and Los Alamos. The reolay time
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plotted is the difference between the message Date Time Group (D1G) and the time
tk;e coded message was recelved by the teletype operator at the addressee station.
Figure No. 13, based on 295 messages gent from Los Alamos t0 the shlps during
the period 17 March to 2 May 1948, shows that balf of the Routine SIGTOT msse-
sages were received in less than 3-% hours. Half of the Priority messages and
balf of the Operational Priority messages arrived in less than 3 hours and 2%
hours respectively. Figure No. 14, based on 127 messages sent from the ships
to Los Alamos during the period 2L April to 17 May 1948, shows that the relay
tims mode for Routine messages ocourred between 23 and 3 hours, while the mode
for Priority meseages ocourred betwesn 2 and 24 hours. The three Operatiomal
Priority messages sent during this period arrived at Los Alamos between 1 and
1% hours after the Dete Time Group was assigned to the messages on the sghips.
The date indicate that messages were relayed to Los Alamos in approximately
one-half hour less time than that required for msssages sent t0 the forward asrea.
The only projeoted explanation for this is that the date for the relay tims to
Los Alamos was analyzed only during the laght four weeks of the operation and may
represent an improvement in the over-all operation of the teletype message relay
system.
(3) Leased Line Traffic

The ieased line from the Presidio of San Franoisco to
Los Alamos was in service from 1 March 1948 until the ships re’c’urned to the
United States at Oakland, California on 4 Jume 1948, The cost of this facility
was quoted as $1,601.13 per month with a $30.00 nonrecurring installation obarge.
There was no termination oherge. Thus, the total cost of this gervice waa
approximately $5,100. During the period 1 March to 15 May 1948, approximately

120,000 words were relayed over this line. The cost per word is estimated at
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about three cente (3¢) as compared to an estimated TWK cost of cne cent (1¢)
per word. The line was out of eervice a total of about 24 hours or lees than
1% of the time. The employment of this leased line is believed to be Justified
by the reliability as well ap time-paving advantages over normal TWX servioe.
4. Teobnical Net

The stations in the so-called Technioal Net are indicated om
Figure No. 15. The equipment installations on the ships were completed and
tested before the convoy departed for Eniwetok. Upon arrival of the Tagk Foroe,
the shore and LCM (6) Tank Control Boat stations were installed with SCR-608
radio sets provided by the Navy, The original 11 chammel plan soon proved to
be unworkable due to mutual interference with the 10 meter amateur band and

other services. A four chammel system was instituted as follows:

Channel No. Frequency Stations
1 27.6 AGC-T, AV-h4, AV-5, CVE-115
2 271.9 Engebi, Aomon, Runit, LCM (6)
3 30.1 LM 250 & 378, Eniwetok, LSD-19
b 30.4 All photo towers, Parry

The Tech Net was extensively used, primarily by the Photographic Group, but algo
by persommel in the AVe' Staff Offices. In many ocases when the radiotelephone
eystem was busy or out of service, communication was successful over this
facility. Conseiderable interference resulted from the operation of this net.

It was most noticeable as third harmonic radiation into the 70 to 100 Mos
radiotelephone band. It is recommended that on future operations & similar

net be planned but using different equipment, preferably on higher frequencies
than those used for this operation. Forty to fifty Mos is worthy of oonsidera-

tion since it was found that SCR-300 walkie-talkies, with about one-half watt
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transmitters with the employment of high antemnas Opersting im this range would
provide fairly reliable communication throughout the lagoon.
5. Rediologloal Net

The Radiological Net i1llustrated an Figurs No. 16 gave very
reliadble service during the operation. Extensive communication was carried out
between the radiological centers on the AGC-7 and CVE-1ll5 sinoe the OVE-115 wes
not inocluded in the radictelephons net. Additional TOS radio sets weres in-
stalled in landing boats whioch preceded the ships returning towards the Test
Island after the shot and also in a protected enclosure near the tank dugout
to provide direot communication between the radiologioal persomnel returning
to the Test Island and the two radiologloal centers.

6. Blagt Net

The SCR-300 walkis-talkie radio gets allocated to the Blast Group
were primerily used to provide communication between the Zero Island and the
blast telemetering station on Parry Island to aid in lining up the telemetering
transmitters and receiveras. As was briefly m.entidnod under the plaming stage,
na oongideration was given to possible interferemnce from the Armed Foroes' IFF
equipment with the 156 to 180 Mos telemetering band. Arrangements were made
for all unused IFY equipment and all Jamming transuitters to be sealed for the
duration of the operation. All IFF equipment in use was twrmed off from minus
30 minutes to plus 5 minntes. No known interfsrence was received from this
source. On the night of X minue 1, the telemeotering station reported strang
interference cn ons of the six frequencies. The interfering transaitter was
identified as an AN/TRC-1 on the AV-5 operating on 84 Mog. This transmitter,
which provided radictelephone ocommmnication with the AV-4 was silenoced on
X minues 1, X, Y minus 1, 7, & minus 4, and Z days, and no further interference

wee reported.
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T. Radiochemistry Net
The commnications used by the Radiochemistry Group, 1LAJ-2,
differed enly slightly from the original plan described in S8ection III, Para-
graph 7, in that a amall boat was not required to ferry persomnel ashore from
the ICM (6) eince the landing oraft could beach directly on the Zero Island.
The system as used 1s illustrated on Figure No. 17. -
8. Neutron Net
The Measurement of Neutroms Group, IAJ-3, used essentially the
system discussed previously in Section III, Paragraph 8, and shown on Figure
No. 18. The use of the LM cable ships was eliminated from the operation sinoe
collection of the water cable samples could be made by smll boats. Direct
walkie-talkie communication was provided between the small boats used during
the sample inetallation operation and the AV-5.
9. X, ¥, and 2-Pay Commumnications
The special communiocations set up for the oritical timeg are
illustrated on Figure No. 19. The facilities may be divided into five
categories:
1) Three-way radiotelephone
2) Time signals broadcast
3) AVR communicatians
k) SCR-300 net
5) Normel commnication system
&. Three-Way Radictelephone
Thip system was aotivated at about 1330 on D minus 1 and
continued in use until about 0900 on D day. It consisted essentially of
AN/TRC-1 syctems st the Zero Isiand, AGC-7, and Parry Island all commected to

e patch or control board at the VHF building on Eniwetok. When the AV-5 geocured

ite Zerc Island radiotelephone system at about 1300 on D mipus 1, the Zero Island
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AN/TRG~1 with assooiated CF-1 carrier equipment was set up in a system with
Eniwetok, thus making a total of two Zero Island to Eniwetok systems. KRormal
telephcone service wes maintained on the Zero Ieland until the lagt persomnel
left the island at 0200 on D day. At Eniwetok, one chamnel from each of these
systems was oonnected to drops on & BD-T2 switchboard. Also comeoted to this
control board were one channel from each of the two Eniwetok to AGC-T7 systems,
one ohamel from each of the two Eniwetok to Parry Island aystems, one of the
two Eniwetok to Parry Island control station submarine oables, and cme line to
the main Eniwetak switchboard. The control board operator was responsible for
patohing in any desired two- or three-way circuits end for teesting all circuits
every half hour. On the flag bridge of the AGC-T (headquarters of the Test and
Scientifio Directors cn D minus 1 and D days) were located two EE-8A telephones
connected directly to the two special cirouite to the Emiwetok oontrol board.
Thege channels were, of course, discomected from the AGC-7 ship switchboard.
At the Parry Island control station, three lines were provided to the Parry
Island telephone switohboard, and two submarine ocables to Eniwetok. One of
thess went direotly to the Fniwetok control board for use if the two AN/TRC-1
oircuits should beocome nolsy or fail. The second cable ciroult was used to
provide timing signals for the Fitawilliam Project persomnel operating speoial
CW transmitters at Eniwetok. Normal telephone service was maintained con-
tinuously on Parry Islend except that the two special channels 10 the Eniwetok
control board were reserved exclusively for the use of the control station per-
sonnel. The duplication of thess and the othexr facilities was required to Iin-
gure relieble communications during the oritical perlods sinoe the Scilentifilo
Director stated that the test would be postponed if vital communications sheuld

fall. At about H hour minus 30 minutes, the best AGO-T7 to Enlwetok and Eniwetok

b
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to Parry cirouits were chosen and the corresponding EE-8A telephone on the flag
bridge was moved to the location ohosen by the Test and Scientific Directors
for their viewing point. From thie time until adbout H plus 15 minutes & oon-
tinuous ciroult was meintained to the Parry Island control station. Ringing
waB not necessary since both phones were gusrded ocontinuocusly during this
period. At the time of the shot, the communiocations equipment which was left
on the Zero Igland was expended. All equipment on the X.ray teet was destroyed.
Some of the sguipment was salvaged on the Yoke test where the communications
bullding was more distant from the Zero tower, and was used on Runit for the
Zebra test.
b, Time Signels Broadoast

Voioce Time Signals were broadcasted from the Parry Island
control station on JTF 7 Channel No. 707 (3,000 ko). They were transmitted at
minus one hour, at minus thirty, ten, and one minutes, and at minus thirty,
twenty, and ten seconds. A test bromdoast was made preceding the minus one
hour signal to allow time for finsl adjustment of all receivers. This test
was acknowledged from the AGC-7 flag bridge on Chammel No. 718D. Two SCR-543
radio sets were installed on the roof of the control station. One antenna was
usged with a double throw switoh to allow rapid tranefer to the second trens-
mitter if the primary transmitter had faniled. The signals were voice relayed
by VHF at the combat informetion center on the AGO-T7. The broadcasts were
monitored on all ships and airoraft. Armangements were made so that if either
the AGO-T or the Fitzwilliam psrsommel on Eniwetok observed any attempt to jam
the gignals, the oontrol station would be immediately notified and would make

simultaneocus broadoasts on Ohannels No. 707 and 718D (3,000 and 5,545 ke).

5.
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0. AVR Oommunications

Three radic ohannels were provided from the flag bridge of
the AGO-7 t0 the two air-gea rescus boata (AVRe) used to evacuate the final
persomnel from the Zero Island. Two of these, Channels No. T18C and 718D on
5,205 and 5,545 kc, were oontrolled from remote position units (RPUs) with
monitoring speakers on the AGO-7. Two Navy type TCS radios were used on these
channels on each of the AVRs. The third chammel was provided by SCR-300
walkie-talkie radio sets operating on Chamnel No. 415F (47.0 mo). During the
final high epeed night AVR run from the Zero Island to Parry Island along a
course marked by lighted buoys, position reports were made to the flag bridge
simltaneocusly on 5,545 ke and 47.0 mo. These duplicate faocilities were in-
stalled after communications failed on PX day morning when the TC8 reoceiver
on one of the AVRs was acoidently detuned when one of the party was thrown
against the set during the high speed run. All commniocations equipment aboard
the AVRs was thoroughly oheoked under cperating ocunditione two or three days
before each test. This final AVR run was the most oritical time for the oom-
miniocations gystem during the entire operation. Two TCS gets were installed
inside the oontrol station to provide emergency oocmmnioation with the AGC-T
flag bridge on 5,545 and 5,205 ke in case the radictelephane system failed.

With the single exception of the AVR inoident on PX day, all D minue 1 and D
day ocommunications were excellent.

d. 8CR-300 Net
In addition to the SCR-300s used between the AVRs and the
AQC~T flag bridge, these sets were almso employsd between the AVRs and the LCVPs
used before and after the test to transport persomel betwssn the AVRs and the

Zero Ieland. During the final preparation for the Engebi and Aomon tests the
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AVRg could not doock at the ipland. Comeequently, one of the SCR-300s was
employed to communicate with the AVRe from the beach. Flaghlight signals were
uged Yo indicate that communication was desired. This walkie-talkie systenm
alsgo provided emergency eommunications between the Zero Island and the AGC-T
by relaying messages through the AVRe in the event that the radiotelephone
gystem failed. 8ince, when not actually undsr way, the AVR radics were
gecured to save battery power, it was possible to re-establish ocommunications
to the AGC-7, as was required in one cage, by calling by radiotelephone from
the AGC-7 to the Zero Islard beach, attrecting the attention of the AVR by
flashlight, and them directing the AVR by SCR-300 from the beach 10 guard the
5,545 ko chamel to the AGC-T
o, Normal Communiocation System

Insofar as was pogsible, normal communications were main-
tained on D minus 1 and D days between all manned locations. Communications
to the photo towers and the unused Zero Ielands were secured as the last per-
gonnel were evacuated. The SCR-608 teohnical net radio set on the Test Island
was maintained in opemtign for emergency use and was expended at the time of
the ghot. However, use of the technical net during the critioal periods was
reduced to a minimm to avoid umnecessary interference with other systems,
pertionlarly with the radiotelephone. Ae was menticned previously, the AV-k
to AV- radictelephane aystem was seoured t¢ prevent interferemce with the
blagt telemetering equipment. Telephone service between the two ships was
provided by relay tarough the AGC-7. The ship's telephone on the AGC-T flag
bridgs was extenaivedy used by the Test and Soientific Directors to receive
final status reports on the various experiments and to report the progress of

the final preparations, in ¢ode, to persommel on the AVs.
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f. Comments

A considersble quantity of communications equipment wes
destroyed on the Test Island et the time of the shot. Two complete A.N/TRC-l
gystems with CF-1 carrier bays, & SCR-608, several BD-72 telephone switch-
boerds, end many EE-8A telephones were expended. Although this equipment had
been In constent use for several months under severe tropliocel conditions, it
oould have been reconditioned. The only Justification for this expenditure
wap the requirement for extremely reliasble flexible communications during the
critiocal period. It 1s recommended that far future tests consideratiom be
given to the installation of submarine telephone cables to provide communica-
tion between the islands during oritical as well as normal periofls. Some care
in the location and proteotion of the ceables and terminals should be taken so
that the caebles could be reused on later tests. This method would eliminate
the use of radio equipment on the Test Island, except possibly walkie-talkies
to the evacuation boats. More detailed plamming by both scientific and com-
munications personnel could reduce to & minimum the amount of communications

equipment expended.

IV. CONCLUSIONS

A. Pertaining to the Planning Stage

l. The four-month perilod allowed for plamning is not suffiolent for
operations of thie magnitude when the time required for olearanoce of personnel
a8 woll as operation and maintenance training is inocluded.

2. The quantity of radiotelephome traffic was underestimated by a

faotor of about two and the amount of teletype traffic was overestimated by a

factor of about ten.
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3. The plan for routing of ARC teletype messages via military tape
reley centers and over the leased line between Los Alamos and the Presidio
proved to be satisfactory. The principle of a common relay point (Los Alamos)
for AEC mepsages in the United States was most important.

4, The oryptographic plan should have inoluded SIGABA and joint
eyetems for Los Alamos to be used for handling non-AEA Restricted Data mes-
gages. Algo, SIGIOT gystems should have been provided between Los Alamos and
Eniwetok and Los Almmoe and Fort Shafter.

5. A defﬁnite plan for overcoming the differences between Army,
Nevy, and AEC message handling procedures should have been formmlated during
this stage.

6. In general, the over-all communication fecility plamning wae
excellent.

B. Pertaining to the Operation Btage

1. The radiotelephore systsm uesed cn this operation provided good
service between the three main ships and the island installations. Although
techniocal difficulties were encountered and the cirouits were congested many
times by the large amount of traffic, the use of thie system tended to aild and
expedite the operation more than any other communiocation faoility.

2. The telephone switchboards employed on the AV-4&, AV-5 end the
AGC-T were uneatisfactory from both operational and capacity standpoints.

3. The radictelephone system reduced the amount of message traffio
randled by the AV.- 4 and the AV-S by en estimatad 1.5 and 2.0 million words
reapactively during the ccurss of the operation.

4. The island telephune installetions and the automatic excbanges

cv. the shipe gave satisfactory service.
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5. The volume of teletype message traffio over the leased line
between 1.os Alamos end the Presidio was about one tenth of that expected and
amounted to about 20 messages totaling 2,200 words per day. However, the cost
of this service was justified by reliability and time-saving considerations.

6., Gerbles ocourring during the transmission of AEC mesgsages
encrypted in the SIGIOT system caused considerable delay in the delivery of
messages in the early stages of this operation. The decrease in the nunmber
of garbles as the operation progressed indicates that SIQIOT can be used over
well engineered, short range VHF and HF ghip-shore and ship-ship systems and
over long range shore-based systems if well trained SIGTOT personnel are
employed. The use of this enoryption system over long range HF ship-sghore
circuits was not considered entirely satisfactory.

7. The procedures speoified in GM T4 for maintaining the security
of AEC mesgsages could not be complied with on thie operation except in the case
of AFA Resgtricted Data and TOP SECRET messages.

8. The special communication facllities provided for several of the
scientifio Measurement Groups gave satisfactory service.

9. The dupliocation of the facilities used for X, Y, and Z-day com-
minioations and the expenditure of a large quantity of communications equip-
ment on the Zero Island at the time of the test was Jjustified only by the re-
quirement for extremely reliable oommunioatipne during the oritiocal perioads.

No communlocation fallures were experienced on test days.

V. RBEQOMMENDATIONS

A. Bix to eight months should be allowed for communication pianning in
pimiler operations. The additional time should result in better system engi -

neering and allow for clearance and training of personnel.
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B. Conpideration should be given to inoreasing the radiotelephone facili-
ties employed on future operatiome of thie type.

C. The Department of the Navy should immediately undertake the develop-
ment of equipment to provide radiotelephome service between major ships and
with simllar equipments now in use or being developed by the Army and Air Force.

D. The telephone switchboards, especially on the AV-4 and AV-5, sghould be
replaced with larger capacity, more easily operated equipment. The number of
outside line oclrcuits to be installed should be comsidered from the tactical
gtandpoint as well as for use in gimilar operations.

E. Telephone communication between the main island locations should be
provided by a submarine telephone oasble system to decrease interference with
the radiotelephone system and to reduce the quantity of communications equip-
ment expended on the Test Island.

F. In future operations, all AEC messages should be passed to & central
oontrol and relay center such as Los Alamos for encryption, processing and
relay to the Joint Task Force or to AEC installations. A military liaison
representative end possibly militery coding personnel should be piacew on duty
at the AEC relay center to aid in coordination of military and AEC procedure.

G. In addition to the AEC SIGTOT cryptographic sysbems furnished between
log Alemos and thke ships and between ships, systems should be provided for use
with the advance base (Eniwetok) and ths JIF Forward Headquarters. Los Alamos
should also hold SIGABA and Joint systems for transmission of non-AEA Restricted
Date meesages to military installations.

H. Intensive training should be given to all message handling and coding
pareounnel, both ocivilian and military, before commencement of the operation
phese. Partiouniar attention should be glven to obtaining and clearing these

porgonnel very eerly in the planning stage.
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I. Unless a specific requirement exists, no provisions for three-way
SIGroT teietype conferences should be made. KHowever, the two-way SIGIOT tape
systems obtained should be authorizred for oconference as well as off-line mes-
mge enoryptian.

J. The SIGPOT and teletype patohing installations on the ships should be
simplified and improved patch panels installed. Also, the location of equip-
ment in the SIAGTOT code rooms should be revised to increase operating efficiency.

K. 1In view of the high power radio installations being made at Los Alamos,
strong oonsideration should be given to the establishment of & direct radiotele-
type system with the forward area of the operation.

L. GM Th should be revised to provide that Restricted Data messages of all
classifications be s0 designated in the text of the message. Also, the classi-
fication of all messages should be inserted et the beginning of the mese=ge
text. Military olassified (non-AEA Restricted Data) messages should be handled
in accordence with military security procedures, especially on & joint operation.

M. Colonel Carl H. Hatch, Sigmal Corps, and Commender Russell J. Schmidt,
USN, are to be commended for planning and directing the excellent Army and Navy
communication facilities provided for the Atomic Bnergy Commission during Opera-~
tion Sandstone. These two officers gave unremittingly of thelr time, energy,

and experience toward the success of this operationm.
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Secret, Annex ¥ to Fieid Order No. 1, 14 November 1947, JTF 7,
subj.: "Commumications and Electronics Plen", dated 6 February
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Secret, Test Director Operation Order 1-48, Annex C, "Communi-
cation Plan". Also, Change No. 1, dated 27 March 1948.
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FIGURES

A list of the figure numbers and titles for the drawings inoluded in

Titles

. Radiotelephone

Radiotelephone Calls per Day
Radiotelephone Calls per Hour

Zero Islend Communications

Redioteletype

AEC Communication Channels

Group Count per Week Incoming to Ships
SIGTOT Tape Usage Incoming to Ships

Group Count per Week Outgoing to Los Alamos
SIGIOT Tape Usage Outgoing to Los Alamos
SIGTOT Tape Usage Between Ships

Los Alamos Traffio

Relay Time for Incoming Messages to Ships
Relay Time for Outgoing Messages to Los Alamos
Technical Net

Radiological Net

Radiochemistry Tank Net

Neutron Net

X, ¥, and %4-Day Communications
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