geuome N SIOULIDATT 9OUIIMET]
uIp[ing pue 3xajuo_) DLIOISIE]

9} I0J SPUIWISSISSY

JUSWIUOIIAUY J[Ing AIojerogeT]

LILYETAL-TION

UCRL-TR-234717

Historic Context and
Building Assessments
for the

Lawrence Livermore
National Laboratory
Built Environment

Michael Anne Sullivan
g Rebecca Ann Ullrich

Corporate History Program
Sandia National Laboratories

September 2007

Lawrence Livermore National Laboratory



DISCLAIMER
This document was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States
Government nor the University of California nor any of their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its
use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of authors expressed herein do not necessarily state or reflect those
of the United States Government or the University of California, and shall not be used for advertising or product endorsement purposes.

This work was performed under the auspices of the U.S. Department of Energy by University of California, Lawrence Livermore National
Laboratory under Contract W-7405-Eng-48.



Historic Context and
Building Assessments
for the

Lawrence Livermore
National Laboratory
Built Environment

Prepared for Lawrence Livermore National Laboratory
By the Sandia National Laboratories Corporate History Program
Under ICO Agreement B514665

September 2007

Submitted by

308 . July 1, 2004

Rebecca Ann Ullrich, Principal Investigator Date

Historic CONTEXT AND BUILDING ASSESSMENTS FOR THE
LAWRENCE LIVERMORE NATIONAL LABORATORY BUILT ENVIRONMENT



LAWRENCE LIVERMORE NATIONAL LABORATORY
UCRL-TR-234717



Acknowledgments ................ ... ... vii 3.7 WWII Preservation Themes . .............. 29
Executive Summary . ..., ix 3.8 WWII Buildings and Integrity ............. 31
1. Introduction............cooiiiiiiiinn. 1 4. Cold WarContext : < s w5 musmanmasingsmasmis 35
1B OrganiZation, o v c e s wms s amsswss wsvmsve s 2 4.1 Beginnings of the Cold War............... 36
1.2 Methodology. . .....ooooinviiiiiiiiin.. 3 4.2 Truman and Containment ................ 39
1.3 NHPA Compliance ....................... 4 4.3 Eisenhower and the New Look ............ 43
1.4 Historical Context ........................ 6 4.4 Kennedy and Flexible Response ........... 46
1.5 Preservation Themes . . .................... 9 4.5 Johnson and Assured Destruction. ......... 47
l6Integrity ... .oooveiei e 10 4.6 Nixon and Flexible Targeting. ............. 48
2. Local Context. ........oovvieiiiininenannn.. 13 4.7 The Final Decade of the Cold War.......... 50
2.1 Early Livermore . .. ...................... 13 48Stand-Down ...t 50
2.2 Spanish'Colonization. . s : sssessspssmewmss 13 5. Post-Cold War Context ..................... 53
23 Mexican Period. ... 14 5.1 Criteria Consideration G.................. 54
2.4 The Mexican-American War .............. 15 6. LLNL Cold War Missions and
25MINING .. .ooi 15 Preservation Themes....................... 55
2.6 The Town of Livermore .................. 16 6.1 Theme: Nuclear Weapons Design.......... 56
2.7 Agriculture ... ool 17 6.2 Theme: Nuclear Weapons Testing. ......... 68
28INdUStTY . ..ot 17 6.3 Theme: Nuclear Research................. 77
29 LLNL Local Context « .« .amisesasssmssase 19 6.4 Theme: Non-Weapons Research ........... 98
B WWITContext ....ovvvee e 21 6.5 Thresholds for Cold War
5.1 NAS LIVEIINGEE - o - o v v oosos s soe e 21 Preservation Themes................... 113
3.2 Naval Air Support for WWIT .............. 23 7. Facilities . ........... ... .. i 117
3.3 Naval Air Training. ... ................... 25 7.1 Construction Patterns ................... 118
3.4 NAS Livermore: Flight School . . .. ......... 2 7.2 Cold War Building Architecture .......... 130
3.5 NAS Livermore: Operations and 7.3 Cold War Building Types................ 139
TESUIE: ¢« 45wt aves st s wis s wi e 3 9% 3 35 s sy o8 29 7.4 Thresholds for Integrity ................. 141
3.6 NAS Livermore: Naval Air Reserve
TrainingCenter ........................ 29
i

Historic CONTEXT AND BUILDING ASSESSMENTS FOR THE
LAWRENCE LIVERMORE NATIONAL LABORATORY BUILT ENVIRONMENT



8.Conclusion...........cooiiiiiiiiiian, 143
8.1 Initial Building Review Criteria........... 145
9. Building Assessments...................... 155
9.1Building 121 ............... ... oL 159
9.2Building 162 ............ ... ... .. L 164
9.3 Building 166 ................ ... ... ... 167
9.4 Building 169 ............ ... ... ... 171
9.5Building 174 . ...... ... ... ..o oo 175
9.6Building 194 ........... ... ... ... 182
9.7 Buildings 230and 231 ................... 193
9.8Building 241 ................ ... ... ... 198
99Building243 ........... ... ...l 203
9.10 Building 261 .............. ... ... ... 206
9.11 Buildings 280and 281 .................. 21
9.12Building 331 ......... ... ... 216
9.13Building 332 .......... ... .ol 221
9.14Building 381 ............... ... ... .. 226
9.15Building 391 ............ ... .ol 230

ii

9.16 Building 423
9.17Building 435 .............. ..o
9.18 Building 865 Complex. .................
9.19 Site 300, High Explosive Process Area:
Buildings 805, 806, 807, 809, 817, 825,
826,827, and 828........... .. ... ...,
9.20 Site 300, Hydrodynamic Test Facilities:

Buildings 802A, 812A, 8454, 850,
and 851A. ... ...

9.21 World War I Properties:
Buildings 212, 213, 216, 217, 218, 219,
314, 315, 316, 318, 319, 404, 405, 412,
415,419,511,514, 516, and 517........ ...

10. Acronyms. .. ..o

11. Bibliography

11.1 Archival Sources

11.2 Books, Reports, and Articles.............

LAWRENCE LIVERMORE NATIONAL LABORATORY
UCRL-TR-234717



Figure 1.
Figure 2.
Figure 3.

Figure 4.

Figure 5.
Figure 6.
Figure 7.

Figure 8.

Figure 9.

Figure 10.
Figure 11.
Figure 12.

Figure 13.
Figure 14.

Figure 15.
Figure 16.

Figure 17.

Figure 18.
Figure 19.

LLNL main site, aerial view, 2002 . . . ... .. 2

Site 300, aerial view, 2004 . . ............ 3
Livermore and Tesla coal mining districts,
IO CENtUTY s o sv wsssissmvswusssspsins 16
Carnegie Brick and Pottery Company
brickworks, 1890s. . .. ................ 18
NAS Livermore airfield, 1943 .......... 22
NAS Livermore building list, 1949 . . . ... 24
Naval air cadets drilling, NAS

Livermore; 1943 . visvsinssassvissisns 27
WAVES enlisted personnel training

naval officer on Link Trainer,

NAS Livermore, 1943 . .. :svovv s pws s 28
NAS Livermore, cadets flying

foriiation;, 1943, . « s v o v o s wm s piu s we s 28
U.S. nuclear weapons complex, 1949. . . .. 42
U.S. nuclear weapons complex, 1968. . . . . 48
Ruth test stand, first LLNL test

SHOE, 953« o.c. v s s sms o oo oo e mm 3 o 58
LLNL nuclear weapons, 1945-1989 . . . . .. 59
Polaris missile with LLNL-designed

W-47 nuclear warhead, 1960 . . ......... 64
LLNL's first computer, Univac, 1953. . . . . 67
Livermore Advanced Research

Computer; 1960 w s sz 5 5553 50 5 309 3 306 3 55w 8 68
XR2 machine, Site 300,

bunker 812,1955 .. .. .. ... ... ...... 72
Building 851A, Site 300, linac, 1960. . . . . 73
FXR accelerator, Building 801,

Site:300, 1982 : ssiviissimesmizaismes 73

1ii

Figure 20.
Figure 21.
Figure 22.
Figure 23.

Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.

Figure 29.
Figure 30.
Figure 31.
Figure 32.

Figure 33.
Figure 34.
Figure 35.

Figure 36.

Building 807, HE machining control

YOOM, TOB0S 0. s v 0 5 0 0 100 250 3 S 0 75
Dynamic Test Complex, Building 854,
control room, 1960 . . ... .. a2t o e B8 vl 3 Bt 76
Building 280, Livermore Pool Type

Rearlor,: 1958 s . s ccvi v smsnmsstessmomnimg 83
Cockcroft-Walton accelerator,

Building 212 . :cosciisvssmsnsnsnninis 85
90-inch cyclotron, Building 212. ... .. ... 86
Early Q Division laser research . ... ... .. 89
Janiiis 1aser, 1978 ... ; wacs i v 5o s wis s 30 s vt s 90
Scale model of Nova laser, 1985 . . ... . ... 91
Artist’s rendition, Nova Laser Fusion
Facility, Building391. ................ 91
AEC officials tour Building 151,
Radiochemistry Laboratory, 1967 . ... ... 94
Toy Top, magnetic mirror machine,

TGO o560 5 s s ms w s 5 i win & 00§ 5 & o 101
Astron, induction linear accelerator,

Building 431,1963. ................. 101
2X, magnetic mirror machine,

Building 435,1964. .. ............... 102
Artist’s conception, TMX, 1980 ... .... 103
MFTEF-B, yin-yang magnets, 1985 . . ... 103
Tory II-A (top) and Tory II-C (bottom),
ramjet engines for Project Pluto,

1961 and 1964 .. ................... 107
Sedan crater, largest Project Plowshare

test shot, 320-feet deep, 1,280-foot

diameter, 1961 s ciuvswssmsssssmases 110

Historic CONTEXT AND BUILDING ASSESSMENTS FOR THE
LAWRENCE LIVERMORE NATIONAL LABORATORY BUILT ENVIRONMENT



Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.

Figure 42.
Figure 43.

Figure 44.

Figure 45.
Figure 46.
Figure 47.

Figure 48.
Figure 49.
Figure 50.

Figure 51.

Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.

Figure 58.
Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.

Figure 66.
Figure 67.

Building 141, Storage and Handling

Facility, built 1954 ... ............... 119
Building 243, Pluto Assembly Building,
built 1959 ... ... oo 120

Building 435, Project Sherwood Laboratory,
built 1960 ... ... ... ... ... 120

Building 151, Radiochemistry Laboratory,

built 1968 . ... ... ... .. L. 121
Building 131, Engineering offices,

built 1959 .. ... 121
Trailer 2425, Chemistry offices, 1963. . .. 122
Building 311, Personnel and Plant
Engineering offices, 1966 .. ........... 122
Royston Plan 1968, artist’s drawing,
loop-road system. . .................. 123
Royston Plan 1968, program areas . . . .. 124
Building 3724, ICF offices, built 1975 . .. 125
Building 391, Nova Laser Facility,

built 1978 ... ... ...l 125
Building 4675, Cafeteria, built 1979 . ... 125
Building 482, DOE offices, built 1983. . . 126
Building 197, Physics laboratory,

built 1984 ... ... . il 126
Building 132, Physics Complex,

built 1994-1995 . .......... ... ... 127
Building 581, NIF, built 2002 . ... ..... 127
Building 812, Linac, built 1955 .. . .. ... 128
Building 805, HE Assembly, built 1957 . 129
Building 817, HE Press, built 1959. . . .. 129
Building 823, Radiography, built 1966 . . 129
Waurster Hall, University of California,
Berkeley, ¢. 1962-1964 ............... 131
Building 111, Director’s offices,

buillt 1969 .. .. ... ... il 131
San Francisco Trans America

Pyramid, 1972 . . ............ ... ... 132
Building 381, Laser Fusion Laboratory,

rock fagade, 2003. . ... ... ... ... ... 133
Building 482, DOE offices,

geometric doors, 2003. ............... 133
Building 551, Plant Engineering/TID

offices, wraparound windows, 2003 . . . .. 134
Building 481, NIF offices, glass office
building, 2003 ..................... 134
Building 691, Fabrication Facility,

geometric shaped glass windows,

decorative roof trim,2003............. 134
Map of LLNL main site.. ............. 157
Map of LLNL Site 300 .. ............. 158
Looking north at Building 121,

south elevation, 2003 . ............... 159

iv

Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.

Figure 73.
Figure 74.
Figure 75.

Figure 76.
Figure 77.

Figure 78.

Figure 79.
Figure 80.
Figure 81.
Figure 82.
Figure 83.
Figure 84.

Figure 85.

Figure 86.
Figure 87.
Figure 88.
Figure 89.
Figure 90.
Figure 91.
Figure 92.

Figure 93.

Looking west at Building 121, original

H-shape wing, east elevation, 2003 . . . .. 161
Looking west at Building 162,

east elevation, 2003 ................. 164
Looking southeast at Building 166,

north and west elevations, 2003. .. .. ... 167
Looking north at Building 169,

south elevation, 2003 ................ 171
Looking northeast at Building 174,

west and south elevations, 2003. .. .. ... 175

Building 174, original Janus laser, 1974 . 178

Building 174, Janus laser, 2003 ... ... .. 179
Building 174, Room 1103, Janus

control room, 2003 .................. 180
Looking west at Building 194,

east elevation, 2003 ................. 182

Looking north at Increment 1,
Building 194, south elevation, 2003 . ... 184

Looking northwest at Increment 2,
Building 194, south and east elevations,

2003 .. 185
Looking west at Building 194, central

wing, east elevation, 2003 ............ 186
Looking south at Building 194, north

wing, north elevation, 2003 . ....... ... 186
Building 194, neutron cell and

drift tube,2003. ... ... ... ... ... 187
Artist’s drawing of Building 194,

basement cave complex, 1967. .. .... ... 187
100-MeV Electron-Positron Accelerator,
retrofitted magnets, 2003 ............. 189
100-MeV Electron-Positron,

beamline, 2003 ..................... 189
Building 194, Room 117A, Electron-

Positron accelerator control

room,2003 . ...... . ... . e, 190
Looking north at Building 230, south
elevation, 2003 ..................... 193
Looking northeast at Building 231, west

and south elevations, 2003 ........... 194
Looking east at Building 241, west

elevation, 2003 ........... ... ... .... 198
Looking northeast at Building 243,

west and south elevations, 2003. .. ..... 203
Looking south at Building 261, north
elevation, 2003 ..................... 206
Looking west at Building 280,

east elevation, 2003 ................. 211
Looking northwest at Building 281,

south elevation, 2003.. ............... 212
Building 280, LPTR reactor vessel,

2003 .. 213

LAWRENCE LIVERMORE NATIONAL LABORATORY
UCRL-TR-234717



Figure 94.
Figure 95.
Figure 96.
Figure 97.
Figure 98.
Figure 99.
Figure 100.
Figure 101.
Figure 102.
Figure 103.
Figure 104.
Figure 105.

Figure 106.
Figure 107.

Figure 108.

Figure 109.
Figure 110.

Figure 111.
Figure 112.
Figure 113.

Figure 114.
Figure 115.
Figure 116.
Figure 117.

Figure 118.
Figure 119.

Figure 120.

Figure 121.

Looking northeast at west and south

elevations of Building 281,2003 . . ..... 214
Looking southeast at Building 331,

north and west elevations, 2003 .. .. ... 216
Building 331, Room 149, Cold War-era
gaseous chemistry laboratory, 2003 . . . .. 219
Looking west at Building 332, east

elevation, 2003 ..................... 221
Looking north at Building 381, west

and south wings, 2003 . .............. 226
Looking west at Building 391, east

elevation, 2003 .. ................... 230
Building 391, Nova target

chamber,2003. ... .................. 232
Building 391, Nova target chamber
door,2003 . ...... ... 233
Building 391, remains of Nova

laser,2003. . ... ......... ... . ... 233
Building 391, Nova petawatt

chamber,2003. . .................... 234
Building 391, Nova control room,

laser mural, 2003 . .................. 235
Looking northwest at Building 423,

south and east elevations, 2003 ... ... .. 237
Building 423, tile pool, 2003 .. ........ 240
Looking east at Building 435,

west elevation, 2003 .. ............... 241
Building 435, remains of concrete

shielding pit, 2003 . ................. 245
Building 865 Complex, 2002 .......... 246
Building 865A, north and east

elevations, 2001 .............. ... .. 247
Building 865A, ATA cells, 2001 . ... ... 249
Building 865A, ATA tunnel, 2001. . . ... 250
Building 805, HE Trim Building,

1957-1958. . oo 254
Building 806 Complex,

HE Machining, 1957 ................ 254
Building 825, Chemistry Laboratory,

under construction, 1957 .. ..... ... .. 255
Building 807, HE Preparation,

1957 oo 255
Buildings 817A and 817B, HE press
facilities, 1959. . .................... 256
Building 809, Radiography, 1959 .. .. .. 256
Building 825, HE Chemistry

Laboratory, 1959 . .................. 257
Building 826, HE Chemistry Laboratory,
1960 . ..o 257
Looking east at Building 805, west

elevation, 2002 .. ............. ... ... 259

v

Figure 122.

Figure 123.
Figure 124.
Figure 125.
Figure 126.

Figure 127.

Figure 128.

Figure 129.

Figure 130.

Figure 131.

Figure 132.

Figure 133.

Figure 134.
Figure 135.

Figure 136.

Figure 137.

Figure 138.

Figure 139.

Figure 140.

Figure 141.

Figure 142.

Figure 143.

Figure 144.
Figure 145.
Figure 146.

Figure 147.

Partial view of control panel for remote
machining equipment in

Building 805,2003.................. 260
Looking north at the 806 Complex,

south elevation, 2003 . ... ........... 261
Control panel for remote machining
equipment, Building 806B, 2003 . . . . . 262
Remote machining equipment,

Building 8068,2003 .. .......... 262
Looking north at Building 807,

south elevation, 2003 . . . .. .......... 263
Looking northwest at Building 809,

south and east elevations, 2003 . . . . .. 264
Looking west at Building 809C,

east elevation, 2003 . . .. ......... 264
Looking southwest at Building 817 A,

east elevation, 2003 ................. 265
Looking north at Building 817B,

south elevation, 2003 .. .............. 265
Looking northwest at Building 817F,

east elevation, 2003 ................. 266
Control panel for remote-controlled ovens
and presses, Building 817A,2003 . ... .. 266
Isostatic presses in Building 817B,

2003 ..o 267
Ovens in Building 817F, 2003 ... ... ... 268
Looking northwest at Building 825,

east elevation, 2003 ................. 269
Building 825, frangible exterior walls,

west elevation, 2003 .. ............... 269
Looking southwest at Building 826,

north and east elevations, 2003 ... ... .. 270
Looking southwest at Building 827A,

north and east elevations, 2003 . ... .. .. 271
Looking northwest at Building 827C,

south and east elevations, 2003 . ....... 271
Looking north at Building 827D,

south elevation, 2003 . ............... 271
Looking southeast at Building 827E,

west elevation, 2003 ................. 272
Partial view of control room in

Building 827A,2003 ................ 272
Horizontal and vertical mixers in

Building 827C,2003 ................ 273
Pilot reactor vessel in Building 827D,
Cell2,2003. ..., 273
Looking southwest at

Building 828A,2003 . ............... 274
Looking southwest at

Building 828B,2003 ................ 275
Looking west at Building 828C,

east elevation, 2003 ................. 275

HistoriC CONTEXT AND BUILDING ASSESSMENTS FOR THE
LAWRENCE LIVERMORE NATIONAL LABORATORY BUILT ENVIRONMENT



Figure 148.
Figure 149.
Figure 150.
Figure 151.
Figure 152.
Figure 153.
Figure 154.
Figure 155.

Figure 156.
Figure 157.

Figure 158.
Figure 159.
Figure 160.
Figure 161.
Figure 162.
Figure 163.
Figure 164.
Figure 165.
Figure 166.
Figure 167.

Figure 168.

Looking north at Building 802A,

south elevation, 2003 . ............... 283
Original Armco arch in Increment 1
of Building 802A,2003 .............. 284
Looking northeast at Building 8124,
south elevation, 2003 .. .............. 284

Building 812 A firing table looking toward

optics ports, north elevation, 2003. . . . .. 285
Looking south at Building 845A,

north elevation, 2003 . ............... 286
Looking west at Building 850,

east elevation, 2003 ................. 287
Looking west at Building 851A,

east elevation, 2003 ................. 288
Looking toward bull-nose of linac on
Building 851A firing table, 2003 . . . . . .. 288
Building 851A, linac,2003 ........... 289
Building 851A, linac control room,

2003 .. 289
Looking southwest at Building 216,

east and north elevations, 2003 ... ... .. 303
Looking southeast at Building 217,

west and north elevations, 2003. .. ... .. 304
Looking south at Building 218,

north elevation, 2003 ... ............. 304
Looking south at Building 314,

north elevation, 2003 ................ 304
Looking south at Building 315,

north elevation, 2003 ... ............. 305
WWII-era wainscoting, Building 217,

2003 ... 305
WWiII-era radiator, Building 218,

2003 ... 305
Looking south at Building 219,

north elevation, 2003 ................ 306
Looking south at Building 319,

north elevation, 2003 .. .............. 306
Looking north at Building 316,

south elevation, 2003 . ............. .. 307
WWII-era fireplace, Building 316,

2003 ..o 308

vi

Figure 169.
Figure 170.
Figure 171.
Figure 172.
Figure 173.

Figure 174.

Figure 175.
Figure 176.
Figure 177.
Figure 178.
Figure 179.
Figure 180.

Figure 181.
Figure 182.

Figure 183.
Figure 184.

Figure 185.

Looking southeast at Building 212,
west elevation, 2003

Looking south at Building 212,
north elevation, 2003

Freestanding wood laminated arches,
Building 212,2003. .. ...............

Cold War-era blockhouse, Building 212,
east elevation, 2003

Cold War-era blockhouse, Building 212,
west elevation, 2003

Renovation for 90-inch cyclotron and
Cockcroft-Walton accelerator,
Building 212,1954. . ................

Remnants of Van de Graaff accelerator,
Building 212,2003..................

Looking southeast at Building 404,
north and west elevations, 2003. . ... . ..

Looking west at Building 405,
east elevation, 2003

Looking west at Building 516,
east elevation, 2003

Looking east at Building 517,
west elevation, 2003

Looking north at Building 412,
south elevation, 2003

Building 419, exterior

Looking southwest at Building 511,
east and north elevations, 2003

Looking northeast at Building 514,

west and south elevations, 2003. .. ... ..
Looking south at Building 213,

north elevation, 2003
Looking east at Building 415,
west elevation, 2003

LAWRENCE LIVERMORE NATIONAL LABORATORY
UCRL-TR-234717



i

FOAARA A

s will be apparent by the number

of photographs used and docu-

ments referenced in the following
report, we are indebted to many individuals
for their assistance. Maxine Trost and Pat
Rhiner of the Lawrence Livermore National
Laboratory (LLNL) Archives provided
extensive help in locating documents in the
collections; they also found and scanned
dozens of photographs. Their goodwill and
professionalism are very much appreci-
ated. Carol Kielusiak conducted some of the
research in the Lawrence Berkeley National
Laboratory (LBNL) collections, locating and
copying documents. Trina Baker, LBNL Ar-
chivist, was consistently helpful and respon-
sive in the research in the well-organized
LBNL collections. Ellen McGehee, of Los
Alamos National Laboratory (LANL), pro-
vided comparative information on LANL’s
facilities. Several photographers were in-
volved in obtaining current photographs of

i ACKNOWLEDGMENTS

selected buildings and equipment at LLNL.
Building managers provided access to and
tours of the buildings we assessed, giving
as much time as we needed and answering
or finding answers to our questions. We ap-
preciate their time and patience. Jim Lane at
Site 300 allowed us access to the site and to
appropriate subject matter experts. Again,
the goodwill extended to us was impressive
and we are grateful.

LLNL technical editors Gloria Cannon,
Mara Niels, Kathy O’Connor, and Penny
Sanford provided painstaking review of
the report at different stages. Carol Gerich
and Bruce Tarter also reviewed and of-
fered input on an early draft. Paul McGuff
found photographs, directed us to potential
sources of documents, provided detailed
reviews, and generally supported the proj-
ect with enthusiasm and professionalism.
Thank you.

vil

HistorIC CONTEXT AND BUILDING ASSESSMENTS FOR THE
LAWRENCE LIVERMORE NATIONAL LABORATORY BUILT ENVIRONMENT



viii

LAWRENCE LIVERMORE NATIONAL LABORATORY
UCRL-TR-234717



his document was prepared to sup-

port U.S. Department of Energy/

National Nuclear Security Agency
(DOE/NNSA) compliance with Sections 106
and 110 of the National Historic Preserva-
tion Act (NHPA). Lawrence Livermore Na-
tional Laboratory (LLNL) is a DOE/NNSA
laboratory and is engaged in determining
the historic status of its properties at both
its main site in Livermore, California, and
Site 300, its test site located eleven miles
from the main site. LLNL contracted with
the authors via Sandia National Labora-
tories (SNL) to prepare a historic context
statement for properties at both sites and to
provide assessments of those properties of
potential historic interest.

The report contains an extensive historic
context statement and the assessments of
individual properties and groups of prop-
erties determined, via criteria established
in the context statement, to be of potential
interest. The historic context statement
addresses the four contexts within which
LLNL falls: Local History, World War II
History (WWII), Cold War History, and

X

Post-Cold War History. Appropriate historic
preservation themes relevant to LLNL's
history are delineated within each context.
In addition, thresholds are identified for his-
toric significance within each of the contexts
based on the explication and understanding
of the Secretary of the Interior’s Guidelines
for determining eligibility for the National
Register of Historic Places.

The report identifies specific research areas
and events in LLNL’s history that are of in-
terest and the portions of the built environ-
ment in which they occurred. Based on that
discussion, properties of potential interest
are identified and assessments of them are
provided. Twenty individual buildings and
three areas of potential historic interest were
assessed. The final recommendation is that,
of these, LLNL has five individual historic
buildings, two sets of historic objects, and
two historic districts eligible for the Na-
tional Register. All are eligible within the
Cold War History context. They are listed
in the table below, along with the Cold War
preservation theme, period of significance,
and criterion under which they are eligible.
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Name of Cold War Period(s)
Building or Properties Date Preservation of
Object Included Built Theme(s) Signifcance | Criterion
Building 194 100-MeV 1958 | Nuclear Research; 1967-1969 & |Aand C
Electron-Positron Nuclear Weapons Design | 1967—-1984
Linear Accelerator
Facility
Building 280 Livermore 1958 | Nuclear Weapons Design; | 1958-1980 A
Pool-Type Reactor Nuclear Weapons Testing
Building 332 Plutonium Facility | 1961 | Nuclear Weapons Design; | 1961-1989 & | Aand C
Nuclear Weapons Testing; | 1976—1989
Nuclear Research
Building 391 Nova Facility 1976 | Nuclear Research 1985-1999 Aand C
Building 865A Advanced Test 1980 | Nuclear Research 1983-1990 Aand C
Accelerator
Selected Objects | Janus laser and 1974 | Nuclear Research 1972-1974 Aand C
in Building 174 control panel
Selected Objects | Brew furnaces in 1960 | Nuclear Research; 1960-1964 A
in Building 241 Room 1600 of Non-Weapons Research
Building 241
Site 300 Process | High Explosive 1957 | Nuclear Weapons Design; | 1957—-1992 A
Area District Process Area: Nuclear Weapons Testing
Buildings 805,
806A, 806B, 807,
817A,817B,8I7F,
825, 826, 827A,
827C
Site 300 Hydrodynamic 1955 | Nuclear Weapons Design; | 1960—1992 A for district;
Hydrodynamic Test Facilities Area: Nuclear Weapons Testing A and C for
Test Facilities Buildings 850 and 851A
District 851A

X
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awrence Livermore National Labora-

tory (LLNL) is a U.S. Department of

Energy (DOE) national laboratory
operated by the University of California.!
LLNL’s primary mission is the design and
maintenance of nuclear weapons for the
U.S. stockpile. In addition to its function as a
nuclear weapons laboratory, LLNL conducts
cutting edge research in physics, chemis-
try, environmental studies, computation,
engineering, and biomedical science.?

! Lawrence Livermore National Laboratory was originally a
division of the University of California Radiation Laboratory
(UCRL). From its inception in 1952, it was identified as the
University of California Radiation Laboratory, Livermore.
In 1958, after the death of Ernest O. Lawrence, the name
was changed to Lawrence Radiation Laboratory. In 1971,

it became a separate entity from the Berkeley site and was
renamed the Lawrence Livermore Laboratory. In 1979,
Congress designated it a national laboratory and it became
Lawrence Livermore National Laboratory. See University
of California, Lawrence Livermore National Laboratory,
Lawrence Livermore National Laboratory: A Concise History,
1952-2000, UCRL-TB-133100 (Livermore: University of
California, Lawrence Livermore National Laboratory, 2000).
For clarity, it will hereafter be referred to as LLNL.

2 For an official description of LLNL's current mission and
organization, see LLNL website, www lInl.gov; and Charles
R. Loeber, Building the Bombs: A History of the Nuclear Weapons
Complex, SAND2002-0307P (Albuquerque: Sandia National
Laboratories, 2002), 173.

1. INTRODUCTION

LLNL is located forty-eight miles east of San
Francisco in Alameda County, California. The
main site is situated on 821 acres and includes
approximately 500 buildings and structures
totaling six million gross square feet. The LLNL
main site is depicted in figure 1.

LLNL also maintains a 7,000-acre high
explosives (HE) test area designated as Site
300. It is located fifteen miles southeast of the
city of Livermore, in Alameda and San Joaquin
counties. Site 300 includes approximately 200
buildings and structures totaling 400,000 gross
square feet.? Site 300 is depicted in figure 2.

This report supports the DOE’s efforts to
evaluate potential historic properties at LLNL
in compliance with the National Historic
Preservation Act (NHPA). It is designed to aid
DOE in consultation with the State Historic
Preservation Office (SHPO) in determining
whether future undertakings will affect historic
properties at LLNL.

% Paul McGuff, “Lawrence Livermore National Laboratory
World War Il and Later Historic Context and National Register
Assessment: Scope of Work” (Livermore: Lawrence Livermore
National Laboratory, 2002), 1.
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1. INTRODUCTION

This context statement is not a comprehen-
sive history of LLNL. Rather, it is an articu-
lation of the context within which LLNL’s
built environment should be understood
and evaluated. Specifically, it outlines the
Local, WWII, Cold War, and Post-Cold War
historic contexts for evaluating properties at
LLNL for eligibility for the National Reg-
ister. It includes a focused study of LLNL's
built environment and how it represents
larger historical trends at the local, national,
and international level.

1.1 Organization

The report is organized into nine sections.
The first section includes an introduction,
review of the NHPA criteria and process,
and a brief overview of the historic contexts
relevant to the assessment of LLNL proper-
ties. The next four sections (2-5) explicate the
four relevant historic contexts: Local His-
tory (Section 2), WWII History (Section 3),
Cold War History (Section 4), and Post-Cold
War History (Section 5). Section 6 delineates
LLNL history and establishes relevant historic

* LLNL aerial, LLNL Technical Information Department (TID), 2002.
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preservation themes. Section 7 discusses the  the report are listed in Section 10, and the
facilities at LLNL and defines building types bibliography is Section 11.

and thresholds for historic integrity. Section
8 is the conclusion of the context statement.
The assessments of buildings and objects

of potential interest are provided in Section
9, with recommendations of eligibility for
the National Register. Acronyms used in

1.2 Methodology

The following standard historical method-
ologies were used in compiling this context
statement.

Figure 2. Site 300, aerial view, 2004.

3 Site 300 aerial, TID, 2004.
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1.2.1 Building Tours

The authors of this report received an initial
four-day tour of LLNL, including the main
campus in Livermore and Site 300 near Tracy.
The tour focused on the external features of
LLNL buildings and identification of the vari-
ous building types used. Also apparent were
the different styles and periods of construc-
tion.

The authors also conducted four additional
week-long research trips and received
more extensive building tours of properties
identified as of potential historic interest.
More extensive building tours included an
examination of the interior, including any
significant equipment or objects.

1.2.2 Documentary Research

The authors conducted an extensive review
of both published and manuscript primary
sources pertaining to the construction his-
tory of buildings at LLNL and the more
general history of the institution. Published
scientific literature on the various programs
at LLNL proved particularly useful, as

did documentary collections in the LLNL
Archives, LLNL Reports Library, LLNL
Plant Engineering Library, and the Law-
rence Berkeley National Laboratory (LBNL)
Archives.

The architectural drawings and floor plans
of LLNL buildings provided important
information regarding construction history,
building materials, architects and engineers,
and the different activities that took place

in the buildings over the years. Original
research reports, photographs, facility
manuals, safety reviews, equipment manu-
als, incident reports, and design proposals
offered additional information regarding

the types of activities undertaken in LLNL
buildings.

The authors also used primary documents
to reconstruct the association between pro-
grams and individual buildings at LLNL.
Annual reports, development plans, memo-
randa from the Director’s Office Adminis-
trative Files, informal historical overviews
of LLNL, and articles from the various
LLNL in-house publications were particu-
larly useful for this purpose.

1.2.3 Secondary Literature Review

To supplement the primary research, the
authors conducted a search of the relevant
history of science, secondary literature on
nuclear weapons development, and nuclear
research. A literature review of the Local,
WWII, and Cold War historiography helped
determine the relevant historical contexts to
assist in the evaluation of LLNL buildings.

1.3 NHPA Compliance

The NHPA of 1966 (as amended) provides
for the protection and the preservation of
historic properties significant to the U.S.
national heritage.® As a federal agency, DOE
is obligated under the NHPA to consider the
effects of its activities on historic properties.
To comply with this requirement, the agen-
cy must determine if any of its properties
are eligible for the National Register and
document or manage them appropriately.

To fulfill its responsibilities under the
NHPA, a Programmatic Agreement was
developed among the DOE/NNSA, the

6 For more information on the NHPA, see National Historic
Preservation Act, U.S. Code, vol. 16, sec. 470 (1966), as amended;
and Advisory Council on Historic Preservation, Balancing
Historic Preservation Needs with the Operation of Highly Technical
or Scientific Facilities (Washington, D.C.: Government Printing
Office (GPO), 1991).
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Advisory Council on Historic Preservation
(ACHP), the California SHPO, and LLNL.
The Programmatic Agreement is designed
to work as a guideline for NNSA to achieve
compliance with Section 106 of the NHPA
for all present and future actions until
management plans are completed and this
interim Programmatic Agreement is super-
seded by an agreement to implement the
plans. The Programmatic Agreement was
fully signed on July 11, 2003. Provisions of
the Programmatic Agreement would serve
as components of mitigation measures,
should they be required.

I1.3.1 Section 106

Section 106 of the NHPA obligates any
agency licensing or using federal money for
any undertaking (renovations, new con-
struction, or demolition) to consider ways
to reduce or eliminate negative impact to

a historic property. If the property is deter-
mined to be eligible for the National Regis-
ter, the agency must take into account the
effects of the undertaking. Possible mitiga-
tion alternatives include but are not limited
to preservation of the structure in place

or documentation of the structure by the
standards of the Historic American Build-
ing Survey/Historic American Engineering
Record (HABS/HAER).

1.3.2 Section 110

Section 110 of the NHPA requires agencies
in possession of potential historic properties
to develop a preservation program for the
identification, evaluation, nomination, and
protection of historic properties. Section 110
emphasizes a comprehensive approach to
the preservation effort.

This report is part of DOE'’s efforts to estab-
lish a comprehensive historic preservation
program at LLNL to assist in the identifica-
tion, evaluation, and nomination of historic
properties for the National Register. The cre-
ation of a historic context statement for LLNL
is a first step in the identification process
required for NHPA compliance.

1.3.3 NHPA Criteria

Properties are considered eligible for the
National Register if they meet one or more

of the following criteria, meet any applicable
consideration, and retain integrity. Integrity is
the ability of a property to convey its historic
significance now.

» Criterion A: A property is associated
with events that have made a significant
contribution to the broad patterns of our
history.

¢ Criterion B: A property is associated with
the lives of persons significant in our
past.

» Criterion C: A property embodies the
distinctive characteristics of a type,
period, or method of construction, or
that represent the work of a master,
or that possess high artistic values,
or that represent a significant and
distinguishable entity whose components
may lack individual distinction.

¢ Criterion D: The property yields, or may
be likely to yield, important information
in prehistory or history.”

7US. Department of the Interior, National Park Service,
Interagency Resource Division, National Register Bulletin
15: How to Apply the National Register Criteria for Evaluation
(Washington, D.C.: GPO, 1991).
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1.3.4 Criteria Consideration G

The criteria for evaluation of potential
historic properties also include seven
characteristics that automatically disqualify
buildings and structures from eligibility to
the National Register.?

Among these disqualifying characteristics

is youth. Fifty years is generally considered
the least amount of time to gain perspective
on a building’s historical significance. Thus,
buildings and structures less than fifty years
of age are generally not considered eligible
for the National Register.

However, under Criteria Consideration G,
properties under fifty years of age can be
considered eligible for the National Regis-
ter if it can be demonstrated that they are

of exceptional significance. Thus, although
the majority of structures at LLNL would
normally be excluded from eligibility for the
National Register because they are less than
fifty years of age, they may be found eligible
if they demonstrate exceptional historical
significance.

1.3.5 Period of Historic Significance

A property is rarely found to be significant
for its entire history. The association of his-
toric events with the property is considered
finite. As part of the assessment and deter-
mination of eligibility, the period of historic
significance must be defined, identifying
the “span of time during which significant
events and activities occurred.”’

8 For a full list of the characteristics that automatically
disqualify buildings from eligibility to the National Register,
see ibid., 2.

U.S. Department of the Interior, National Park Service,
Interagency Resources Division, National Register Bulletin 39:
Researching a Historic Property (Washington, D.C.: GPO, 1995).

1.4 Historical Context

To determine if properties are eligible for
the National Register under any of the
above criteria, it is first necessary to identify
the local, state, national, and /or interna-
tional historic contexts that might give a
property significance.'” In other words, it

is necessary to determine which broader
historical events, themes, or trends give a
property meaning and importance.

LLNL has four potential contexts that may
be represented in its physical structures: Lo-
cal history, WWII history, Cold War history,
and Post-Cold War history. The first context
pertains to regional events and trends that
may be represented by LLNL properties.
The other three contexts frame both national
and international events and trends that
may be represented in the built environ-
ment of LLNL.

1.4.1 Local Context

Local context refers to the events or trends
of a town, state, or region in the United
States that may give a property historic
significance.

The land that LLNL is built upon, as well
as the structures and buildings at the site,
represent the events and history of both
the town of Livermore and the state of
California.

The Livermore-Amador Valley where LLNL
is situated has had a long and varied his-
tory, including Spanish exploration and
settlement, U.S. annexation and statehood,
mining, early industry, and ranching. How-
ever, most traces of these early events have

10U.S. Department of the Interior, National Register Bulletin
15,9.
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vanished from the area in general and there
are no apparent traces on land currently
occupied by LLNL. Any remnants of this
long-ago past are properly recorded by the
methods of archaeology."

As a physical entity, the LLNL main site had
its beginnings as a U.S. Naval Air Station
(NAS) during WWILI. In 1950, Ernest O.
Lawrence, the director of the University of
California Radiation Laboratory (UCRL),

in collaboration with California Research
and Development Corporation (CR&D),

a subsidiary of Standard Oil Company,
acquired buildings at NAS Livermore for a
research project sponsored by the Atomic
Energy Commission (AEC). CR&D estab-
lished Livermore Research Laboratory at
NAS Livermore and built an accelerator, the
Material Test Accelerator (MTA), designed
to produce fissionable materials.

In 1952, Lawrence and Edward Teller, a
physicist from the Manhattan Project, con-
vinced the AEC to establish a second nucle-
ar weapons laboratory at NAS Livermore
to assist Los Alamos National Laboratory
(LANL) with the development of thermo-
nuclear weapons.'? The AEC agreed, in part
because UCRL and CR&D already had an
established project located there. In 1954,

" For an archaeological assessment of LLNL property,

see Colin Busby, D. Garaventa, and L. Kobori, A Cultural
Resource Inventory of Lawrence Livermore National Laboratory’s
Site 300, Alameda and San Joaquin Counties, California (Turlock:
California Archeological Inventory, Central California
Information Center, Stanislaus State University, 1981); and
William Self Associates, Documentation and Assessment of the
History of Lawrence Livermore National Laboratory Livermore
Facility, and Site Ca—-5]O-173H, the Carnegie Town Site at
Lawrence Livermore National Laboratory Site 300, Alameda

and San Joaquin Counties, California (Livermore: Lawrence
Livermore National Laboratory, 1992).

12 Los Alamos National Laboratory (LANL) will be referred
to throughout this report by its current name. Like LLNL, it
went through several name changes. Originally LANL went
by the name Los Alamos Scientific Laboratory. It also became
a national laboratory in 1979.

the AEC cancelled its contract with CR&D.
The newly established LLNL took over
CR&D’s remaining equipment and facilities.

As LLNL grew, so too did the town of
Livermore. In 1952, when E. O. Lawrence
first established LLNL, Livermore was a
quiet agricultural town with a population
of only 4,000. The main economic activity in
the region for over 100 years had been the
production of “wine, flowers, and cattle.”"
By 1960, the staff of LLNL alone had in-
creased to 4,248 people and the population
of Livermore had grown to 16,058.1

Today, LLNL employs over 8,000 people
and has a budget of approximately $950
million.” The city of Livermore is home to
some 75,735 residents and has a diversified
economic base that includes agriculture,
science, and technology.'® LLNL has been
actively involved in the growth and de-
velopment of the Livermore economy and
community during the twentieth century.

In addition to its role in local history, LLNL
also reflects the post-WWII growth and
transformation of the western United States.
After WWII, many western states expanded
dramatically as a result of increased fed-
eral spending on defense-related activities.

13 Unpublished history of Livermore’s beginnings, 1967,
Lawrence Livermore National Laboratory Archives,
Livermore, California, 4 (hereafter cited as LLNL Archives).

! Figures on population and personnel are from University
of California, Lawrence Livermore Laboratory, Status Report:
Fiscal Years 1960 and 1961 (Berkeley: University of California,
1961), 113; and Rebecca Ullrich, Cold War Context Statement:
Sandia National Laboratories California Site, SAND2003-0112
(Albuquerque: Sandia National Laboratories, 2003), 11.

15 “Brief History of Lawrence Livermore National Laboratory:
The Beginnings,” LLNL website, www.lInl.gov, 1.

16 Marshall Kamena, “Greetings From the City of Livermore,”
Livermore California (Livermore: Livermore Chamber of
Commerce, 2002), 8.
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California received a substantial portion of
these federal, military, and space contracts.
In particular, LLNL reflects the post-war
growth and development of California as a
result of defense monies."”

LLNL as a whole is significant in the con-
text of the growth and development of both
Livermore and California. However, it is
unlikely that any individual building or set
of structures at LLNL represents the Labora-
tory’s impact on either local or state history.
Nevertheless, a more detailed review of
local history will be included in this report
as a guide for the assessment of local signifi-
cance in LLNL buildings.

1.4.2 WWII Context

WWII was both a national and international
historic event of epic proportions. It en-
gulfed all of Western and Eastern Europe
as well as much of Asia. The United States
joined the war on the side of the Allies in
1941 after the Japanese military attacked
the American naval base at Pear]l Harbor,
Hawaii, on December 7.

Both the U.S. Army and Navy increased

air patrols on the west coast to prevent any
further attacks by the Japanese. A series of
installations was constructed in the west to
support naval training and operations. In
1942, the U.S. Navy built NAS Livermore in
California to accommodate the high volume
of air traffic in the San Francisco area and
ease the crowded conditions at the Oak-
land airfield."® During WWII, the navy first
trained pilots at NAS Livermore and then

17 Gerald Nash, The American West Transformed: The Impact of
the Second World War (Lincoln: The University of Nebraska
Press, 1985); and Ullrich, Cold War Context Statement, 11.

18 Steve Wofford, “Livermore Naval Air Station History,”
unpublished manuscript, LLNL Archives, 1.

supported Pacific operations. At the war’s
end, the facility was decommissioned.

LLNL still retains several NAS Livermore
buildings, including: a hangar, barracks,
field house, training classrooms, and store-
rooms. These buildings require a historic
assessment.

The role that NAS Livermore played during
WWII was clearly limited to the training of
naval pilots and the support that naval air
stations, in particular NAS Livermore, gave
to the U.S. war effort. WWII buildings at
LLNL would be deemed historically signifi-
cant only to the extent they still represent
this specific WWII legacy.

1.4.3 Cold War Context

The primary historic context for assessing
the significance of LLNL buildings is the
Cold War. The Cold War, although still a
fairly recent event in U.S. history, has been
universally recognized both by professional
historians and cultural resource profession-
als as an event of exceptional significance
within the nation’s history."”

The Cold War spanned the forty-six years
from 1945 to 1991 and encompassed a series
of events, policy decisions, and conflicts
between the United States and the Soviet
Union over the economic and political
orientation of various countries in Europe,
Asia, and the Middle East. In essence, the
United States and the Soviet Union had

19 U.S. Department of Defense, Coming in from the Cold:
Military Heritage in the Cold War: Report on the Department

of Defense Legacy Cold War Project (Washington, D.C.:
Department of Defense, 1994); Rebecca Ulirich, Sandia

In the Cold War: A Statement of Historic Context for Sandia
National Laboratories/New Mexico, draft (Albuquerque: Sandia
National Laboratories, 2000); and Kris C. Mitchell, Rhetoric
to Reality: A Cold War Context Statement for the Pantex Plant,
1951-1991, draft (Amarillo: U.S. Department of Energy,
Pantex Plant, 2001).
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incompatible and conflicting visions for
the fate of the post-war world. The United
States was wedded to a world that closely
mirrored its capitalist and democratic
economic and political structure, while the
Soviet Union hoped for a world that resem-
bled its communist political and economic
structure.?

The Cold War dominated almost every
aspect of American life—diplomatic, mili-
tary, social, economic, scientific, and politi-
cal. Nevertheless, for the purposes of this
report, only two aspects of Cold War history
are relevant—the history of the arms race
and the more general history of nuclear
science.

LLNL was established as a direct response
to U.S. policy makers’ Cold War concern
over the 1949 Soviet detonation of its first
nuclear weapon. In 1952, the AEC desig-
nated LLNL as a second nuclear weapons
design laboratory. LLNL's original mission
was to develop a deliverable thermonuclear
weapon and to support LANL nuclear
weapons design and testing programs.

As LLNL’s mission evolved, it also incor-
porated more general scientific nuclear
research as part of the U.S. push to maintain
scientific, nuclear, and technological supe-
riority over the Soviet Union. Most of the
buildings at LLNL were built during this
time frame.

20 The literature on the Cold War is immense. Some good
general studies include Walter LaFeber, America, Russia, and
the Cold War, 1945-1985 (New York: Alfred A. Knopf, 1985);
Martin McCauley, Russia, America, and the Cold War (New
York: Longman, 1998); and Charles Morris, Iron Destinies,
Lost Opportunities: A History of the Arms Race Between the U.S.
and the USSR, 1945-1987 (New York: Harper and Row, 1988).
Studies exploring the relationship between Cold War policy
and the nuclear arms race include Gregg Herken, Counsels
of War (New York: Alfred A. Knopf, 1985); and Scott D.
Sagan, Moving Targets: Nuclear Strategy and National Security
(Princeton: Princeton University Press, 1989).

LLNL'’s origins and mission place it within
the context of the Cold War and, more spe-
cifically, within the context of the nuclear
arms race and the technological and scien-
tific advance of nuclear science.

Buildings at LLNL will be found historically
significant to the extent that they reflect
these specific Cold War legacies.

1.4.4 Post-Cold War Context

With the end of the Cold War and the cessa-
tion of nuclear testing, LLNL’s mission em-
phasis evolved, from weapons development
to nuclear science research, stockpile sur-
veillance and safety, non-proliferation, and
other scientific and technological aspects of
national security.

Assessing the historical significance of
LLNL'’s properties in the post-Cold War con-
text is difficult. The post-Cold War period,
from 1991 to the present, is very recent his-
tory. The events of recent years have barely
begun to form a coherent historical narra-
tive, and the significance of particular de-
velopments is difficult to discern. Neverthe-
less, an attempt to identify possible themes
of historic significance will be explored. It is
likely that LLNL’s current role in stockpile
surveillance and non-proliferation will be
seen as noteworthy in the future.

1.5 Preservation Themes

Within the broad patterns of historic context
are more narrow themes that specifically
apply to the LLNL district, building, or
structure that is being assessed.

Local (Livermore and California), WWII,
Cold War, and Post-Cold War history are the
most relevant historic contexts to frame the
historic assessment of LLNL’s properties.
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Within each broad historic context the

following themes represent LLNL’s potential

contribution and /or relationship to these
larger events:

Local History
e Ranching

e Viticulture
e Early industrial development
WWII History
e Naval pilot training
e NAS support of the U.S. war effort
Cold War History
* Nuclear Weapons Design
— Weapons Design
— Computing
¢ Nuclear Weapons Testing
— Nuclear Testing
— High Explosives Testing
¢ Nuclear Research
— Nuclear Physics Research
— Nuclear Chemistry Research
— Nuclear Materials Research
¢ Non-weapons Research
— Nuclear Energy Research
— Nuclear Propulsion Research
— Plowshare
— Biomedical Research
Post-Cold War Themes
¢ Nuclear Weapons Design
— Computing
¢ Nuclear Weapons Testing
— High Explosives Testing
¢ Nuclear Research
— Nuclear Physics Research
— Nuclear Chemistry Research
— Nuclear Materials Research

* Non-weapons Research
— Nuclear Energy Research
— Nuclear Propulsion Research
— Biomedical Research

1.6 Integrity

To be eligible for the National Register a
building or structure must possess not only
historic significance within a recognized
context and theme during an identified
period but also integrity from that period.”'
Integrity is the ability of a property to con-
vey its significance. The National Register
criteria recognize seven qualities or aspects
that, in various combinations, define in-
tegrity in a building. To retain its historic
integrity a property will possess the major-
ity of the following aspects: location, design,
setting, materials, workmanship, feeling,
and association from its period of historical
significance.

* Location—the place where a property
was constructed or an event occurred

* Design—the combination of elements
that create the form, plan, space,
structure, and style of a property. Design
reflects historic functions, technologies,
and aesthetics

* Setting—the physical environment of a
historic property

* Materials—the physical elements that
were combined or deposited during
a particular period of time and in a
particular pattern or configuration to
form a historic property

¢  Workmanship—the physical evidence
of the crafts of a particular culture or

21 The following discussion on integrity is taken from U.S.
Department of the Interior, National Register Bulletin 39, 46.
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people during a given period of history
or prehistory

Feeling—a property’s expression of the
aesthetic or historic sense of a particular
time period

Association—the direct link between an
important historic event or person and a
historic property

Determining which combination of these
aspects needs to be present for a building

to have integrity depends on the particular
criterion under which the building’s historic
significance was established.

1.6.1 Thresholds for Integrity under
Criterion Aor B

A property eligible for historic significance
under Criterion A or B—association with a
person or event—must possess some fea-
tures of all seven aspects of integrity. How-
ever, integrity of design and workmanship
is not as critical as the others. A good overall
test of integrity under Criterion A or B is
whether a historical contemporary from the
period of its significance would recognize
the building as it exists today.

11

1.6.2 Thresholds for Integrity under
Criterion C

A property eligible for consideration under
Criterion C—distinctive design or construc-
tion—must retain those physical features
that reflect its time period and method of
design and construction. The aspects of
integrity most important for Criterion C

are design, workmanship, and materials.
Location and setting will also be important
if the property’s design is a reflection of the
surrounding environment.

1.6.3 Thresholds for Integrity under
Criterion D

A property eligible for consideration under
Criterion D—information potential—must
possess the aspects of location, design,
materials, and workmanship from its period
of significance. The aspects of setting and
feeling will not be as important in assessing
integrity under this criterion.
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2. LocaL CONTEXT

ocal context refers to the specific
history of a city, town, state, or region
in relation to a potential historic
structure, building, or district. In the case
of LLNL, local context would include the
history of the town of Livermore, the history
of the state of California, and the history of
the western United States.

Because LLNL is a national laboratory

and most closely associated with the

events of the Cold War, the local historical
context plays a negligible role in assessing
individual structures. Nevertheless, the
following early history of Livermore is
provided as background information and in
the event that local trends, themes, or events
are evidenced in the built environment

of LLNL.

2.1 Early Livermore

Pre-historic evidence indicates that hunter-
gatherers from the Hokan language group
inhabited the Central Valley of California in
the earliest days. Scholars have speculated
that, between 3000 and 5000 B.C., people

of the Penutian language group usurped
these hunter-gatherers and established a
more specialized economy based on the rich
natural resources of the area.

In the 1770s, when the Spanish first traveled
through the Livermore-Amador Valley, the
descendants of the Penutian people, the
Costanos and the Yokut, inhabited the San
Francisco Bay/Monterey Bay areas and the
Central Valley.” Constarios was a native term
that meant coast dweller. The Spanish used
the term Costanoan.

2.2 Spanish Colonization
From 1769 to 1821, Spain worked to colonize
and settle California.** Spanish colonization

2 US. DOE and University of California, Final Environmental
Impact Statement/Environmental Impact Report for Continued
Operation, Including Near-Term Proposed Projects, of Lawrence
Livermore National Laboratory and Sandia National Laboratories,
Livermore, Vol. III, DOE/EIS-0157 (Livermore: Lawrence
Livermore National Laboratory and Sandia National
Laboratories, 1992), H-9.

2 Ibid.

2 The following information on Spanish colonization and
the establishment of the missions is from James J. Rawls and
Walton Bean, California: An Interpretive History, 7" ed. (New
York: McGraw-Hill, 1998), 26—42.
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efforts used three institutions: missions,
pueblos, and presidios.

The primary institution of colonization

was the mission. Missions, operated by
Franciscan priests, provided religious in-
struction in Catholicism to California Native
peoples and taught them how to raise crops
and cattle in the Spanish manner. Spanish
soldiers built presidios, or military outposts,
near the missions to provide protection to
the Franciscans and their converts. Spain
provided free land and farming supplies to
settlers willing to establish pueblos—small
towns—to provision the presidios.

Between 1769 and 1782, Junipero Serra, a
Franciscan priest, founded the first nine
missions along the California coastline.
From 1786 to 1798, Serra’s successor, Fermin
Francisco de Lasuén, continued that legacy,
building an additional nine missions.

The Livermore region held little appeal for
the Spanish. The nearby San José mission
used the Livermore Valley to graze livestock,
and travelers passed through using the route
along the present-day Corral Hollow Road
(near LLNL’s Site 300), which was known as
“El Camino Viejo.” However, the Livermore
area remained virtually uninhabited during
the Spanish period except for small villages
of Indians that worked the mission herds.

2.3 Mexican Period

In 1821, the Spanish colonies in America
won their independence from Spain. As

a result, California became a province of
Mexico. In 1834, the Mexican government
decreed the secularization of the missions.

% Merilyn Calhoun, Early Days in the Livermore-Amador Valley
(Hayward, Calif.: Alameda County School Department,
1973), 19-20; and Final Environmental Statement/Environmental
Impact Report, H-17.

In theory, secularization called for the replace-
ment of the Franciscans with a secular clergy
and the redistribution of mission land to the
converted Indians, or neophytes. In practice
the Mexican government sold much, if not all,
of the land to wealthy Californios—second-
and third-generation Spanish colonists, who
became Mexican citizens.”

Unlike Spain, Mexico welcomed foreign
traders and settlers. After 1821, U.S. citizens
began to establish trade relationships with
California merchants. They also purchased
large land grants (formerly mission land)
from the Mexican government and began to
settle in California in larger numbers. This
influx of U.S. and other foreign immigrants
eventually led to clashes with the Mexican
government and growing sentiment in the
United States for the annexation of California.

In the 1830s, shortly after Mexican indepen-
dence, people began to settle in the Livermore
area. In 1834, José Maria Amador bought a
large land grant, the San Ramon, from the
Mexican government and made his home
there. In 1835, two brothers, Juan Pablo and
Augustin Bernal, and their brothers-in-law,
Antonio Sunol and Antonio Pico, purchased
the Valle de San Jose land grant. That same
year Robert Livermore and José Noriego
acquired the Las Positas land grant, and
José Pacheco acquired the Santa Rita land
grant from Mexico. These four land grants
comprised the majority of the land in what
would be called the Livermore-Amador
Valley.

2% All information on California during the Mexican period is
from Rawls and Bean, California, 54—64.

¥ Calhoun, Early Days in the Livermore-Amador Valley, 18-20;
and G. B. Drummond, William Mendenhall: The Story of

the Founder of the Town of Livermore, California (Livermore:
Livermore Heritage Guild, 1996), 5.
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The Livermore rancheros, as the owners

of these Mexican land grants were called,
raised cattle for a living. Ranchos often had
1,000 head of cattle or more. The rancheros
used mission Indians as servants and
cowhands. Cattle provided meat, hides,
and tallow that Californios sold to the
foreign merchants plying the waters of the
Pacific coastline.

2.4 The Mexican-American War

In 1846, the United States declared war on
Mexico as the result of increasing tensions
between the two nations over territorial
issues. At the end of the two-year conflict,
the United States received huge tracts of
Mexican land, including the future states of
New Mexico, Arizona, Colorado, Nevada,
Utah, Wyoming, and California.”®

After the Mexican-American War, settlers
continued to arrive in the newly acquired
U.S. territory. In 1848, thousands of people
from all around the world joined the steady
trickle of migrants to California when

gold was discovered at Sutter’s Mill in the
northern part of the state. The Gold Rush,
which began in earnest in 1849, transformed
California, doubling and then tripling the
population almost overnight. California
became a state in 1850.%

The path to the goldfields led through

the Mission San José and the Livermore-
Amador Valley. Many potential prospec-
tors stopped to rest at the ranchos of
Robert Livermore and José Amador. Some
travelers decided to abandon the search for
gold and instead settle in the Livermore-

2 For more information on the Mexican War, see Rawls and
Bean, California, 85-89.

2 1bid., 91-98.

Amador Valley, where they could make a
living providing supplies and services to the
miners passing through. Other early pioneers
discovered the Livermore-Amador Valley to
be a rich area for raising crops and livestock.*

Many towns in the region date from this
period. In 1852, Michael Murray and
Jeremiah Fallon, two Irish immigrants on
their way to the goldfields, abandoned their
plans and purchased land from José Amador.
Originally called Amador, the settlement
was eventually renamed Dublin to reflect
the Irish heritage of many of its early in-
habitants.?! During the 1850s and 1860s,
settlers established many other small towns
in the Livermore-Amador Valley, including
Pleasanton, Sunol, and Laddsville.*

2.5 Mining

Although the Gold Rush bypassed the
Livermore area, in 1855, some intrepid
miners discovered coal in Corral Hollow,

an area just fourteen miles southeast of
Livermore. The first coal mine, the Pacific,
began operation the following year. In 1862,
miners discovered additional coal deposits in
the Arroyo Seco Canyon just west of Corral
Hollow. From 1862 to 1907, eight mining
companies worked the region and produced
over 8,500 tons of coal. *

% Calhoun, Early Days in the Livermore-Amador Valley, 26-27;
and Olive Townsend, Livermore Long Ago (Livermore:
Livermore School District, 1961), 15-19.

31 Virginia Bennett, Dublin Reflections and Bits of Valley History
(Dublin, Calif.: Dublin Friends of the Library, 1978); and
“History of Dublin,” website, www.ci.Dublin.ca.us.

32 Dorothy Davis, ed., A Pictorial History of Pleasanton
(Pleasanton, Calif.: Pleasanton Bicentennial Heritage
Committee, 1976), 6-8; and Calhoun, Early Days in the
Livermore-Amador Valley, 31-32.

33 For more detailed information on mining in the
Livermore-Amador Valley, see Dan L. Mosier, Harrisville and
the Livermore Coal Mines (San Leandro, Calif.: Mines Road
Books, 1978).
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During the height of the coal boom, two
company towns with thriving popula-

tions existed in the Livermore-Amador
Valley. Harrisville was established in 1875,
followed by Tesla in 1890. The mines of the
Corral Hollow and Arroyo Seco produced a
coal suitable for many industrial uses. The
Livermore mines, like many mines of the
era, were plagued by cycles of boom and
bust. Tesla, the last of the region’s mines,
closed in 1911.* The Livermore coal mining
districts are shown in figure 3.

2.6 The Town of Livermore

The arrival of the Central Pacific Railroad

to the Livermore Valley in 1869 prompted
William Mendenhall, a California rancher, to
found the present-day town of Livermore.

Mendenhall arrived in California in 1845. In
1846, he participated in the Bear Flag Revolt,

a rebellion of American settlers pushing

for U.S. annexation of California during

the Mexican-American War. After the war,
Mendenhall traveled throughout northern
California and Oregon, trying his hand at
mining and ranching. In 1862, he finally
settled in the hills near Livermore and began
raising livestock. He eventually purchased
part of the old Juan Pablo Bernal land grant
and a portion of the Rancho Santa Rita land
grant. In 1866, Mendenhall helped build the
first Livermore Valley schoolhouse.

In 1869, Mendenhall donated twenty acres of
his land to establish a depot for the Central
Pacific Railroad. The depot and the town of
Livermore quickly emerged as a shipping
port for the agricultural products of the
Livermore-Amador Valley.”
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Figure 3. Livermore and Tesla coal mining districts, 19th century.

Map used by permission of Mines Road Books.*

3 Dan L. Mosier and Earle E. Williams, History of Tesla: A
California Coal Mining Town (Fremont, Calif.: Mines Road
Books, 2002), 305

% Drummond, William M. Mendenhall, 1-7.

36 Mosier, Harrisville and the Livermore Coal
Mines, 9.
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2.7 Agriculture

Cattle ranching continued to be the prime
economic activity in the Livermore-Amador
Valley even after California became a U.S.
territory. The Gold Rush increased the
demand for beef. New settlers to the region,
like the rancheros before them, made their
living raising cattle. Fallon and Murray,

the Irish settlers of Dublin, introduced
sheep herding to the region. Other early
settlers began to raise horses for both riding
and drafting.

In 1856, Robert Livermore’s son Joseph
planted the first commercial wheat crop. The
next year other settlers followed suit; by the
1870s, wheat and other agricultural crops
had surpassed cattle as the primary products
of the Livermore-Amador Valley. The arrival
of the railroad in 1869 further facilitated
farming in the Livermore-Amador Valley.
Many agricultural products—including
fruit, vegetables, olives, nuts, hops, sugar
beets, and dairy products—could be shipped
to far-away markets. Farming remained a
central occupation in the Livermore area
until the 1950s.

2.7.1 Viticulture

Robert Livermore planted the first grape
vines in the Livermore-Amador Valley as
early as the 1840s. Nevertheless, viticulture
did not take hold in the area until French
settlers established the first commercial
vineyards in the 1870s. In 1880, Charles
Whetmore established the Cresta Blanca
Winery. In 1883, two immigrants, Carl
Wente from Germany and James Concannon

% Calhoun, Early Days in the Livermore- Amador Valley, 48-53.

from Ireland, came to the region and estab-
lished what would become world-famous
wineries. By 1885, over 4,000 acres of land in
the Livermore-Amador Valley were planted
in grapevines. Wine continues to be a pre-
dominant agricultural staple in the area to
this day.®

2.8 Industry

In the 1890s, an abundant supply of clay

in the region began to attract the ceramic
industry. Several towns developed around
these brick, pottery, and tile works. One

of the first company ceramic towns, aptly
named Pottery, was established in 1892

in the region known as Corral Hollow,
southwest of LLNL's Site 300. The success of
Pottery enticed other ceramics businesses to
open plants in Livermore.

In 1895, the Carnegie Brick and Pottery
Company joined the fledgling ceramics
industry in Corral Hollow. A small

town (located on present-day Site 300)
surrounded the brick works. The town,
known as Carnegie, consisted of the homes
for company supervisors, a schoolhouse,
stores, and a water supply. Most of the
workers at the Carnegie plant lived south
of Corral Hollow Road in hotels and board-
inghouses (outside LLNL property). The
Carnegie plant operated forty-five kilns and
supported a thriving community of approxi-
mately 3,500 people.” The Carnegie factory
and surrounding buildings are shown in
figure 4.

38 1bid., 50-51.

% William Self Associates, Documentation and Assessment
of the History of the Lawrence Livermore National Laboratory
Livermore Facility, 44.
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In 1916, the Gladding McBean Pottery
Company, a competing firm, bought and
demolished the Carnegie Brick and Pottery
Company. A year later, the buildings of
the Carnegie community lay abandoned
and ruined.*’

The residences of the Carnegie town that
existed within the boundaries of what is
now LLNL Site 300 no longer exist. It is
thought that when the Gladding McBean
Pottery Company demolished the Carnegie
factory they may also have destroyed all the
surrounding residences.*!

Despite the demise of Carnegie, Livermore
sustained continued modest industrial
growth. For example, in 1914, the Coast
Manufacturing & Supply Company moved
its safety fuse works from Oakland, where it
had been located since 1867, to Livermore in
order to obtain larger facilities.*

A 1927 Livermore Chamber of Commerce
brochure boasted the Kaiser Paving

Company, Livermore Cheese Company, W.
S. Dickey Clay Manufacturing Company,
Pacific Gas and Electric, and the Livermore
Oil Company.

- =

%0 Mosier and Williams, History of Tesla, 308.

1 A previous historical assessment of the Carnegie Town
Site within the boundaries of LLNL Site 300 has determined
that the archeological remnants of the buildings may be
eligible, along with the larger Carnegie Brick and Pottery
Company and surrounding community (outside of the
boundaries of LLNL), for National Register status. For more
information regarding this assessment, see William Self
Associates, Documentation and Assessment of the History of the
Lawrence Livermore National Laboratory Livermore Facility.

Figure 4. Carnegie Brick and Pottery Company brickworks, 1890s.*

# “L jvermore California: Between the Sea and the San
Joaquin,” replica Chamber of Commerce brochure, circa
1927, Livermore Heritage Guild, Livermore, California.

3 Carnegie factory, LLNL Archives.
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2.9 LLNL Local Context

The land that LLNL is situated on has a long
local history that includes early California
Indian habitation, Spanish exploration

and conquest, Mexican occupation,

U.S. annexation and statehood, mining,
agriculture, and early industry.

For a building, structure, or district to be
of historic interest within the local context
of either Livermore or California history,
it must specifically reflect the areas and
the time periods of local history discussed
above.

For the most part, buildings and structures
at LLNL were not built until WWII and
after. The exception is the remnants of the
Carnegie community that exist within the
boundaries of LLNL's Site 300. An earlier
historical assessment of this area suggested
that this site may be eligible for the National
Register under Criterion A, association with

19

an important event or pattern of events
and/or Criterion D, a property that has
yielded or has the potential to yield in the
future important information about history
or prehistory. The Carnegie community may
be of interest within the regional context

of the industrial boom in Corral Hollow
between the years 1890 and 1912.

The earlier historical assessment of the
remains of the Carnegie community that lie
within the boundaries of LLNL also noted
that any further assessment for National
Register eligibility should be conducted with
the California SHPO and also include those
parts of the Carnegie community outside
the LLNL property boundaries. Further
assessment of the Carnegie community
requires archaeological expertise and is,
therefore, outside the scope of this project.
DOE/NNSA and LLNL expect to do this
work in the near future.

HistoriC CONTEXT AND BUILDING ASSESSMENTS FOR THE
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II embroiled the nations of

Europe, Asia, and America in

one of the bloodiest conflicts in
history. The United States entered WWII on
December 8, 1941—the day after Japanese
bombers attacked the U.S. naval base at
Pearl Harbor, Hawaii, destroying much of
the Pacific fleet.

The United States committed ground troops,
naval ships, and air units to both the Atlantic
and Pacific theaters. LLNL was originally
built as one of many U.S. NAS sites in
support of the naval war effort.

Nevertheless, NAS Livermore’s contribu-
tion to WWII was a limited one, consisting
of training naval aviators and providing
limited support, in the form of respite for
naval carrier pilots, to the larger U.S. war
effort.

Many of LLNL's original buildings date
from WWII and are still in use as offices,
storage facilities, or shops. These structures

\o 3. WWII CONTEXT

will require an historical assessment. WWII
buildings at LLNL will be deemed histori-
cally significant within the WWII context
to the extent they still represent the specific
WWII legacy mentioned above.

3.1 NAS Livermore

On January 23, 1942, less than two months
after the attack at Pearl Harbor, the navy
informed W. Gatzmer Wagoner, a rancher in
Livermore, that it was appropriating 629.28
acres of his property for use as a U.S. Naval
Reserve Air Corps Training Field.* The
Wagoner land was located approximately
three miles from the town of Livermore,
with East Avenue as its southern boundary
and Greenville Road as its eastern boundary.
A picture of Wagoner field in use as the NAS
Livermore airfield is depicted in figure 5.

Federal law permitted the Secretary of
War to initiate condemnation proceedings

# This and subsequent information on NAS Livermore is
from Wofford, “Livermore Naval Air Station History,” 3.
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and occupy private property in a national the use of two 100-acre sites for additional
emergency. The U.S. Navy eventually landing fields from Wagoner and the Silva
negotiated and paid Wagoner $75,260 for his  brothers who owned a neighboring ranch.

land.
The Dinwiddie Construction Company

The navy appropriated an additional fifty broke ground for NAS Livermore on January

acres of land south of East Avenue for a 29, 1942. With the help of recruits from
gunnery range and additional barracks from the Oakland Naval Reserve Air Base, the
Louis Madsen, John and Dora Bargman, Dinwiddie Company completed construc-

and Charles and Sue Nissen.” In addition to  tion in less than four months. NAS Livermore
purchasing property, the navy also negotiated commenced operations in May 1942.

Figure 5. NAS Livermore airfield, 1943.4°

% The appropriation of the property owned by Louis Madsen,
the Bargmans, and the Nissens was contested in court. The court
ruled in favor of the U.S. Navy, and the plaintiffs were awarded
$4,325 as compensation for their land. Wofford, “Livermore
Naval Air Station History,” 7.

46 WWII airfield at NAS Livermore, 1943, LLNL Archives.
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Initial construction included three barracks,
an administration building, a dispensary,
bachelor officers quarters, a subsistence
building, an auditorium, a recreation
building, and an instruction center.

A second phase of construction added an
operations and command building, a stores
building, a garage and shop building, gas
storage building, and a building for heat and
water supply. Future plans allowed for an
aircraft inspections hangar, three additional
barracks, and an addition to the subsistence
building. A comprehensive list of NAS

Livermore buildings as they existed in 1949 is

presented in figure 6.

NAS Livermore had two primary missions
during WWII—training pilots and providing
respite for operational units. During its first
mission, from May 1942 until October 1944,
NAS Livermore operated as a training base
for naval aviators. As the need for trained
pilots decreased toward the end of the war,
naval training programs began to close. The
training program at NAS Livermore closed
in October of 1944. From October 1944 until
the end of the war, NAS Livermore provided
support and respite for operational units of
the Twelfth Naval District. To a lesser extent
during its second mission, NAS Livermore
also operated as a testing base for navy
equipment.

3.2 Naval Air Support for WWII

The U.S. Navy first successfully used air units

in bombing campaigns during World War
I (WWI).*” Nevertheless, at the beginning

47 For more information on naval aviators in WWI, see
William Armstrong, “U.S. Naval Aviation Training, 1911-
1922,” in Naval Aviation News staff, eds., Naval Aviation
Training (Washington, D.C.: GPO, 1985).

23

of WWII, the navy’s air force was still in

its infancy. The loss of naval air power in
the attack at Pearl Harbor exacerbated the
need for more aircraft carriers, airplanes,
and trained pilots. When the United States
entered WWII, the navy possessed only
eight aircraft carriers; five patrol wings; two
Marine aircraft wings; 5,233 aircraft; ten
dirigibles; 5,900 officers; and 21,678 enlisted
members. By war’s end, these forces had
grown to over 100 aircraft carriers; 40,900
aircraft; 168 airships; 60,095 pilots; and
370,760 support personnel.*®

To an unprecedented degree, naval air
power figured prominently in the military
strategies of both the Allies (the United
States, Great Britain, France, and the Soviet
Union) and the Axis (Germany, Italy, and
Japan) powers, during WWIL.

The battle for supremacy in the European
theater involved the protection of merchant
shipping and amphibious operations. In

the Atlantic and the Mediterranean the
Allies struggled to keep their shipping
lanes open against constant attack from
Axis submarines. The British and, increas-
ingly, the U.S navies used both land-based
aircraft and airplanes launched from aircraft
carriers to protect merchant vessels.*
Aircraft carriers also provided air cover for
amphibious landings in North Africa, Sicily,
Salerno, and Normandy. *

48 Sandy Russell ed., Naval Aviation 1911-1986: A Pictorial
Study (Washington, D.C.: GPO, 1986), 44.

¥ John M. Lindley, “Wings Over the Ocean: A History of Sea
Aviation, Part Twelve,” Naval Aviation News (July 1978).

% John M. Lindley, “Wings Over the Ocean: A History of Sea
Aviation, Part Thirteen,” Naval Aviation News (August 1978).
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Figure 6. NAS Livermore building list, 1949.%'

ms 1949 LLNL 1984
11 GPERAT IONS OEMOL 1 SHED
12 CHECK BULLOING (1] — MOL 1SHED
13 ADHINTSTRATION ) 415 ECURITY
4 POWER PLANT 401 TEAM PLANT
15 GARAGE )| 402 AUTOMOT IVE FLEET
16 BUS GARAGE 401 | GARAGE
17 PUBLIC WORKS DEMOL ISHED
21 CHECK BUILDING (2] 412 BIOMEDICAL LAB
22 LK TRAINERS £ Hi
23 FIREHOUSE § DEMOL [SHED
25 PAINT AND OOPE SHOP 419 | OECONTAMINATION
26 ASSEMBLY AND REPAIR BUILDING Si1 CRAFT SHOPS
2] EXGINE TEST BUILDING ~ S14 WASTE DISPOSAL
1 BARRACKS s | s - RE SOURCH
32 BARRACKS EALS ACCOUNT ING
33 SECREATION BUILDING 310 HEALTH SERVICE & SOUTH PASS O 3
34 AUDITORIUN SURNED OOWN AFTER 1944
15 SUBSISTANCE BUILDING OEMOL I SHED
26 W 0 N ENLISTED WAVES QUARTERS 316 SEAM RESEARCH - CLASSIFIED MAIL
37 ag 1€7) < . fwoTYy neswny 1uEn - SANDIA PROPESTY
18 SCRUB BUILDING DEMOL 1SHED :
39 OPERATIONS (L INE SHELTER) DEMOL SHED
11 BARRACKS 3 SHED
42 BARRACKS DEMOLISHED
43 INSTRUCTTON BUILOING 41 319 | cOMPO/QEQ/CREDIT UNION/HIMAN RESOURCES
©a | (NSTRUCTION BUILDING 32 219 PA0/PHYSICS
45 | SWIMMING POOL SWIMMING POOL
46 | CHIEF PETTY "FFICERS CLUB 213 PHYSICS
47 SCRUB BUILDING DEPOL[SHED
ST | BARRACKS 717 | 8UDGET/DPS
£2 BARRACLS 218 | COMPUTATION
£3 ORILL WALL N2l ag S
4 J0Q - EMpTY DEMOL [SHED
[ BARRACKS 261 ¢ TION -
(3] DISPENSARY QEMOL JSHED
82 <ENIOR OFFICERS QUARTERS DEMOL ISHED
63 “ELL ! rapoen
[X] wWilL 2 CAPPED
£5 SREENHQUSE QEM [ SHED
22 SYNTHETIC TRAINING DEVICES DEMOL 1SHED
281 SUPPLY AND STGRES <} OEMAL | SHED
242 SUPPLY AMD STORES #2 DEeOLISHED
243 1 SypPLY ANQ STURES -3 4 2Cwm 1SuED
244 | COLD STORAGE 3UILDING 104 SAREMOUSE
245 | SUPPLY AND STORES ¢4 ... <05 | HAREHOUSE _
246 | SUPPLY AND STORES oS . 216 | TEVP 148 8 SHOP
287 SUPPLY AND STORES «6 <17 WAREHOUSE
112 OPERATIONS AunEX Arwy 1<RED
112 | OPERATIONS AMEX EM0L 1SHED
<23 GUNNERY INSTRUCTION nEawy 1SHED
0 J2ONANCE DEWHL [ SHED - SANDIA FROPEOTY
1) AMMUNITION STORAGE ] DTN [SHED - SANDIA PROPEATY
2 ZADIQ TRANSMITTER OEMOLISHED - TANOIA FROPESTY
A MARRIED OFFICERS QUARTECS - MOT CHOWN DEMOL I SHED
8 | MARRIED OFFICERS QUARIEET - wOT <wony 1 ! opwurseed .

51 Wofford, “Livermore Naval Air Station History,” 67.
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The war in the Pacific, even more than in the
Atlantic, revolved around strategic control
of the air and sea. The use of large land
armies or land-based aircraft to attack Japan
proved impossible because of its geographi-
cal location. Therefore, naval air power
provided critical support in amphibious
landings to take possession of islands for
forward bases and in protecting merchant
shipping by detecting and eliminating
enemy submarines.>

3.3 Naval Air Training

As early as 1935, President Roosevelt began
a slow build-up of the military against the
eventuality that the United States might
enter the war. Several pieces of ensuing
legislation enhanced the capabilities of the
navy’s air forces in readiness for a possible
coming conflict. The 1935 Aviation Cadet
Act created a pilot training program for
college graduates. It also established the
position of aviation cadet within the U.S.
Navy and Marine Corps Reserves. In 1938,
Congress sanctioned the manufacture of
3,000 new airplanes as part of a larger naval
expansion.™

After the attack on Pearl Harbor in 1941
the expansion of the naval air force started
in earnest. Training pilots became a first
priority. The numbers of students being
trained jumped from 800 per month to
2,500.>

Many universities provided preparatory
training for pilots as part of the war effort.
These programs emphasized physical fitness

52 Ibid.

53 Matt Portz, “Aviation Training and Expansion, Part1,”
Naval Aviation News (July—August, 1990), 23-24.

54 1bid., 25.

training and military doctrine. After three
months at a preparatory school, potential
cadets went on to Civil Aeronautics
Authority War Training School (CAA-WTS)
for another eight to twelve weeks and forty
hours of flight training in light aircraft. By
1943, over ninety-two colleges participated
in the CAA-WTS program. After six months
of preliminary training, the recruit began
official flight school.

Navy training consisted of four command
phases: primary, intermediate, operational,
and technical. The first three were varying
levels of flight instruction and the last

was an aircraft technical and maintenance
program. All naval aviation cadets went
through the first three commands—a total of
nine months of flight training.

Naval aviation cadets spent eleven to
fourteen weeks, and ninety to one hundred
hours of flight time, at primary command,
learning precision flight techniques in a
Boeing N2S Stearman aircraft.”® Primary
command consisted of ten NASs located
at Bunker Hill, Indiana; Dallas, Texas;
Glenview Illinois; Grosse Ille, Michigan;
Minneapolis, Minnesota; New Orleans,
Louisiana (instructor’s school); Norman,
QOklahoma; Ottumwa, Iowa; St. Louis,
Missouri; and Livermore, California.”

After primary command, cadets spent
fourteen to sixteen weeks and 160 flight
hours in intermediate command, flying
more powerful aircraft. Cadets also learned
instrument flight and began specialization in

% 1bid., 24.

5% Matt Portz, “Aviation Training and Expansion, Part 2,”
Naval Aviation News (September-October, 1990).

57 1bid., 26.
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carrier, multi-engine sea or land, or observa-
tion-type aircraft.”® Intermediate command
options included two Naval Air Training
Centers (NATC) at Pensacola, Florida, and
Corpus Christi, Texas, and the instrument
instructor’s school at NAS Atlanta,
Georgia.”

Finally, aviator cadets spent two months
and 100 hours of training at operational
command learning to fly combat aircraft
equipped with weapons. Operational
command included seventeen NASs along
the Florida, Georgia, and Carolina coasts.*

After completing three to nine months of
preparatory and pre-flight school and nine
months of flight training, a cadet finally
received orders to report to a squadron.

3.4 NAS Livermore: Flight School
In May 1942, regular base operations
commenced at the new naval air station

in Livermore as part of NAS Oakland. On
June 1, 1943, NAS Livermore officially
separated from NAS Oakland and became a
Primary Flight Training Center. Over 4,000
aviation cadets began their training at NAS
Livermore during the years that it served as
a primary training command, from June 1,
1943, to October 15, 1944.°!

NAS Livermore usually required 225 officers
and 1,700 enlisted personnel to run the

base efficiently.®> Two hundred Women
Appointed for Voluntary Emergency Service

% Ibid., 24.

¥ 1bid., 26.

0 Ibid.

1 Wofford, “Livermore Naval Air Station History,” 35-37.

62 Matt Portz, “Memories of WWII Training” in Naval
Aviation News staff, eds., Naval Aviation Training
(Washington, D.C.: GPO, 1985).

(WAVES) also provided support. WAVES
served on most training bases during WWII
in non-combat and non-flying capacities.®*

Cadets at NAS Livermore endured a
rigorous and regimented training. Ten-hour
days, ten days in a row were a common
work schedule. Cadets drilling in front of
the Administration Building are depicted in
figure 7. Cadets trained both on the ground
and in the air.

Ground school included lectures and time
logged in a Link Trainer, a flight simulation
machine designed by Edwin A. Link in
1931.%* The Link Trainer consisted of a
cockpit mounted on a pedestal powered by
a motor and bellows to simulate pitches,
rolls, dives, and climbs. Initially, Link sold
most of his trainers to amusement parks. But
with the start of WWII, he sold 6,271 trainers
to the U.S. Army and 1,045 to the U.S. Navy.

At NAS Livermore, WAVES trained aviator
cadets on the Link Trainer. In addition to
simulating flying, the Link Trainers at NAS
Livermore also had static control, a device
that could mimic storm conditions. Link
Trainer operators at Livermore also set up
the flying machines to simulate specific navy
conditions, such as the rolling movement
pilots would encounter on a carrier.®®

63 Portz, “Aviation Training and Expansion, Part 2,” 26. For a
more thorough history of the WAVES, see Karen Anderson,
Wartime Women: Sex Roles, Family Relations, and the Status

of Women During WWII (Westport, Conn.: Greenwood,

1981); Olga Gruhzit-Hoyt, They Also Served: Women in

WWII (Secaucus, NJ: Carol Publishers, 1995); and Susan H.
Hartmann, The Home Front and Beyond: American Women in
the 1940s (New York: Twayne, 1995).

¢ Information on Link Trainers from the Maps Air Museum
at the Akron-Canton Airport, www.mapsairmuseum.

org; and the U.S. Air Force Museum, www.wpafb.af.mil/
museum.

5 Wofford, “Livermore Naval Air Station History,” 35-36.
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Figure 7. Naval air cadets drilling, NAS Livermore, 1943.%

WAVES operating the Link Trainers in NAS
Livermore Building 22 are depicted in figure
8. This building no longer exists.

Cadets spent their airtime hours learning
how to fly a precise course and altitude.
Cadets also practiced landings and takeoffs
from the NAS runway and touch-and-go
landings from “rectangular blacktop mats
3,000 by 2,700 feet square.”*” Cadets also
learned how to perform tight S-turn and slip
landings within a 200-foot circle to ready
those pilots destined for service on aircraft
carriers.®® Cadets flying in formation in

Boeing N2S Stearmans are shown in figure 9.

After completing the requisite fourteen
weeks of primary training, aviator cadets

% Naval air cadets drilling at NAS Livermore, 1943,
Box 025, LLNL Archives.

7 Portz, “Memories of WWII Training,” 10.
%8 Ibid., 10-12.

graduated from NAS Livermore and

went on to intermediate and operational
training. NAS Livermore had one of the best
production rates and safety records in the
primary command, seeing 4,000 aviators
through the first phase of training.®

As the war began to wind down in 1944 so
too did the need for large numbers of navy
pilots. On November 15, 1944, the navy
terminated the Primary Flight Training
School at NAS Livermore and designated it
a base for operational units from the Twelfth
Naval District.

% Portz, “Memories of WWII Training,” 10.
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Figure 9. NAS Livermore, cadets flying formation, 1943.”

70 Link Trainer at NAS Livermore, 1943, Box 843, LLNL
Archives.

"I NAS Livermore cadets flying Boeing N2S Stearmans, Box
496, Folder 14137, LLNL Archives.
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3.5 NAS Livermore: Operations
and Testing

From November 15, 1944, until December 1,
1945, NAS Livermore provided operational
support and respite for Pacific fleet carrier
pilots.”?

During NAS Livermore’s second mission as
an operational base, new flight techniques
and equipment were tested there. For
example, one of the new navy flight
procedures, the ground-controlled approach,
was tested there. A pilot would fly blind-
folded (with a co-pilot for safety) and land
via the instructions of the tower operator.

The U.S. Navy also tested Jet-Assisted-Take-
Off (JATO) bottles at NAS Livermore. A
JATO bottle blasted a fighter plane 200 feet
straight into the air in seconds from as little
as a fifty-foot airstrip. NAS Livermore also
had the honor of testing some of the first jet
engines. The Navy built a hangar with a test
pad, currently LLNL Building 514, specifi-
cally for this project.

As an operational base, NAS Livermore
performed a standard support activity

for the navy. Only the testing missions
during this period are of historic interest.

In particular, from November 15, 1944, to
December 1, 1945, the testing of JATO bottles
and jet engines that took place at NAS
Livermore may qualify for the National
Register under the WWII context and theme
of NAS support of the U.S. war effort.

3.6 NAS Livermore: Naval Air
Reserve Training Center

On December 1, 1945, NAS Livermore’s
mission changed again. NAS Livermore

72 Wotford, “Livermore Naval Air Station History,” 37.

became a training base again, but this time
for the post-war U.S. Naval Air Reserve.

A short six months later, the navy began
preparations for the eventual closing and
decommissioning of NAS Livermore. The
station finally closed on December 31, 1946.

3.7 WWII Preservation Themes
The U.S. Navy commissioned and built NAS
Livermore in January 1942, shortly after the
attack on Pearl Harbor, as part of its military
build-up to help prosecute the war in the
Pacific. NAS Livermore operated from May
1942 until December 1946.

During this time period, NAS Livermore’s
primary contribution to the war effort
involved the training of naval pilots and
providing support and respite for carrier
pilots. Buildings at NAS Livermore, now
LLNL, will be considered historic within the
WWII context to the extent that they reflect
these specific WWII endeavors. Preservation
themes for NAS Livermore/LLNL for WWII
are the following:

* Naval pilot training

® NAS support of the U.S. war effort

3.7.1 Preservation Theme: Naval
Pilot Training

NAS Livermore’s primary role in WWII was
to train naval pilots. From June 1, 1943 until
October 15, 1944, NAS Livermore operated
as a Primary Flight Training School for
naval aviator cadets. From December 1, 1945
until December 31, 1946, NAS Livermore
operated as a training school for the Naval
Air Reserve Training Center and trained
naval air reserve pilots.

HistorIC CONTEXT AND BUILDING ASSESSMENTS FOR THE
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At the beginning of WWII, the U.S. Navy
desperately needed trained pilots. Along
with many other naval air stations in the
United States, NAS Livermore provided
trained naval aviators for active duty. In

its role as a pilot training facility, NAS
Livermore provided a necessary but routine
military training function.

3.7.2 Preservation Theme: NAS
Support of the U.S. War Effort

The other priority mission of NAS
Livermore during WWII was to provide
support to the U.S. war effort in the Pacific,
primarily as a rest stop for operational

units of the Twelfth Naval District. NAS
Livermore also supported the U.S. war effort
by testing naval aviation equipment and
techniques.

From October 15, 1944, until December 1,
1945, NAS Livermore acted as an operation-
al base for carrier pilot crews. Operational
units would stay at Livermore to recuperate
and rest before returning to active duty in
the Pacific. NAS Livermore was one of many
U.S. operational bases during WWIL In its
role as an operational base, NAS Livermore
provided a needed but routine military
support function.

From October 15, 1944 until December 1,
1945, the navy also used NAS Livermore to
test new flight techniques and equipment.
The navy tested JATO bottles to enhance
the speed and distance of navy fighter
planes as they took off. NAS Livermore
also hosted some of the first jet engine tests.
These testing missions were not routine
naval operations; they are of historic interest
within the WWII context and the NAS
Support of the U.S. War Effort theme.

30

3.7.3 Thresholds for Historic Interest

For an LLNL building to be considered
historic within the WWII context it must
meet one of the previously discussed NHPA
criteria:

Criterion A—association with a historic
event

Criterion B—association with a historic
person

Criterion C—exceptional design or
construction

Criterion D—potential to yield
important information”

Additionally, LLNL WWII structures must
qualify within one of the established preser-
vation themes of naval pilot training or NAS
support of the U.S. war effort. The following
guidelines further define the threshold for
historic interest within the WWII context of
naval pilot training and NAS support of the
U.S. war effort:

® Has association with a historic moment

or event in WWII naval pilot training

or NAS support of the war effort. This
might involve a significant improvement
in training technique or equipment. It
might also involve a historic naval battle
or engagement in which NAS Livermore
provided direct support (Criterion A)

Has association with a person of historic
importance to WWIL This person should
be recognized by the historic profession
and be the subject of a body of scholarly
work. The building should also be the
primary place where the historic person

73 This is an abbreviated version of the NHPA criteria. For

a full discussion of the NHPA criteria, see Section 1.3.3 of
this report. See also U.S. Department of the Interior, National
Register Bulletin 15, 2.
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worked or made his/her contribution to
WWII (Criterion B)

¢ Represents an exceptional WWII naval
building type, style, or construction
(Criterion C)

¢ Has potential to provide important
historic information pertinent to WWII
naval history that could not be obtained
elsewhere. This criterion usually refers
to archaeological sites and is the least
relevant to WWII structures at LLNL
(Criterion D)

3.8 WWII Buildings and Integrity
For an LLNL building to be eligible for the
National Register under the above defined
historic context, themes, and periods of
significance, it must also possess integrity.
Integrity is the ability of a building to reflect
its historic context, theme, and period of
significance.” In other words, the building
must retain enough of its physical features
to look and feel as it did during the period of
its historic importance.

The following sections detail the kinds

of WWII structures present at LLNL,
their primary features, and thresholds for
assessing their historic integrity.

3.8.1 WWII Building Types

Prior to WWII the navy had only four
permanent training stations in the United
States—Newport, Rhode Island; Norfolk,
Virginia; Great Lakes, Illinois; and San
Diego, California. In 1939, the Chief of the
Navy Bureau of Yards and Docks received
authority to plan and build additional
facilities in preparation for the possibility

7 For an expanded discussion of integrity, see Sections 1.6~
1.6.3 of this report. See also U.S. Department of the Interior,
National Register Bulletin 39, 46.

of U.S. entry into the war in Europe. Naval
construction accelerated even faster after the
attack on Pearl Harbor.”

Naval construction before 1941 tended
toward permanent buildings designed to
reflect the high-style architecture of the
period. For instance, permanent buildings at
NAS Alameda, a new naval air station in the
San Francisco area, reflected art deco design
blended with military neo-classicism. After
1941, the navy primarily built temporary
buildings and cantonments designed to last
five to seven years.”

Temporary buildings were characterized
by wood-frame construction and wood
shiplap siding. Where wood was scarce, the
military substituted cement-asbestos panels.
The pre-fabrication of building components
such as ready-cut sections of wood and
steel was implemented on a limited basis.
More important for rapid construction were
the elimination of the competitive bidding
process, use of standardized building
drawings, platform framing, and the use of
stock items like doors and windows.”

NAS Livermore was one of dozens of
auxiliary airfields built during WWII to
supplement the two main naval air stations
at North Island near San Diego and at
Alameda in the San Francisco Bay Area.
NAS North Island and NAS Alameda, along
with Marine Corps Air Station El Toro in

75 John S. Garner, WWII Temporary Military Buildings: A
Brief History of the Architecture and Planning of Cantonments
and Training Stations in the United States, CRC-93/01
(Champaign, Ill: U.S. Army Construction Engineering
Research Laboratories, 1993),16-17.

76 Stephen Mikesell, California Historic Military Buildings and
Structures Inventory, Volume II: The History and Resources of
the Military in California 1769-1989 (Sacramento: U.S. Army
Corps. of Engineers, 2002), 7-2-7-4.

77 Garner, WWII Temporary Military Buildings, 14-18, 39.

Historic CONTEXT AND BUILDING ASSESSMENTS FOR THE
LAWRENCE LIVERMORE NATIONAL LABORATORY BUILT ENVIRONMENT



3. WWII CoNTExT

Orange County, trained the vast majority of
pilots who fought in the Pacific theater on
naval air carriers.”®

The WWII buildings of NAS Livermore were
typical of other navy temporary construc-
tion of the period. The Navy Bureau of Yards
and Docks provided standardized military
architectural plans to local architectural and
engineering firms, which altered them to fit
local building conditions. NAS Livermore
buildings were based for the most part on
WW]-era building designs. The barracks
were from the B-1 series, introduced

at Camp Lawrence in 1918.” Hangars,
storerooms, and other special structures
were also largely based on earlier WWI-

era building designs. A notable exception

to the standard WW1-era design was the
innovative use of laminated freestanding
wood arches in drill halls instead of hard-to-
obtain steel. The New York architectural firm
of Shreve, Lamb, and Harmon originally in-
corporated this design feature in its building
drawings for the navy.

There are seven loose groupings of WWII
building types still present at LLNL.*® These
buildings were all originally built as part of
NAS Livermore in 1942. The seven building
types are as follows:

¢ B-1 H-Type Barracks
e H-Plan Classroom

¢ WAVES Residence
e Drill Hall

78 Mikesell, California Historic Military Buildings and Structures
Inventory, 7-12-7-15.

78 Garner, WWII Temporary Military Buildings, 48.

8 The seven WWII building classifications are adapted from
William Self Associates, Documentation and Assessment of the
History of the Lawrence Livermore National Laboratory Livermore
Facility, 33-35.

e Warehouses
e Industrial
¢ Miscellaneous

Few of them appear to retain their external
or internal integrity—that is, they no longer
look as they did when NAS Livermore was
in operation during WWIL Furthermore,
NAS Livermore no longer exists as an intact
group of buildings. Many WWII structures
have been demolished and Cold War labo-
ratories built in their place. The effect is
that Cold War buildings exist in the midst
of a former and much transformed naval
air station. The assessment of the WWII
buildings will address the issue of integrity
in detail.

3.8.2 WWII Building Features

The following features characterize each of
the seven LLNL WWII building types:

B-1 H-Type Navy Barracks
* Two-story structure

* Wood frame

* Drop siding

¢ Double-hung wooden sash windows
* H-shaped floor plan

® Sleeping quarters

¢ Common area

H-Plan Classroom
* Two-story structure

* Wood frame
¢ Drop siding
¢ Double-hung wooden sash windows

e Classrooms

32
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WAVES Residence
¢ Two-story structure

e Wood frame

e U-shaped floor plan

® Drop siding

® Double-hung wooden sash windows
e Sleeping quarters

e Common area

Drill Hall
e Rectangular structure

¢ Wood frame

Glue-laminated arches

No interior columns

e Large central space

Double-hung wooden sash windows
¢ Drop siding
¢ Maple flooring

Warehouses
® One-story structure

e Flat roof

¢ Drop siding

e Capacity for storage
e Wood trusses

Industrial
e Concrete or wood frame

¢ Gabled, saw-toothed, or flat roof

¢ Composite or concrete roofing

¢ Drop siding

¢ Capacity for large equipment and /or
repair activities

e Wood trusses

Miscellaneous
¢ One- or two-story structures

* Wood frame
¢ Drop siding

¢ Capacity for offices or storage

3.8.3 WWII Thresholds for Integrity

If a WWII building is judged historically sig-
nificant under one or more of the four criteria,
then, in addition to possessing the representa-
tive characteristics of a building of its type,

it must also retain enough of its physical
features to reflect the period of its historical
importance.

The following characteristics form the
thresholds for integrity for Criteria A, B, C,
and D:

e The building must be in its original
location.

e The building must not have more than fifty
per cent of its original design and construc-
tion modified, including the increase or
decrease of gross square footage.

* The building must retain the equipment
used in historically interesting work.

e Equipment can be found historically
significant whether or not it remains in
its original location. If it has not been
modified for continued use (i.e., it has been
mothballed), this equipment should be at
least eighty percent intact (i.e., returning it
to its original state and operability would
require negligible effort). If the equipment
has been in use since the period of its
historic significance, it will be considered
to have integrity if it is still used for the
basic purpose for which it was deemed
historic and if the specific historically sig-
nificant aspects of its design are intact.

e The building must reflect, look, and feel as
it did during the time period when it was
historically significant.

e The building must be the actual place
where a historic event occurred or where
a historic person worked during his or her
productive life.

33
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he primary context for assessing

buildings at LLNL is the Cold War.

The AEC established LLNL in 1952
as a second nuclear weapons laboratory in
direct response to Cold War concerns.

Because the majority of buildings at LLNL
were either used or built during the period
of the Cold War, this report focuses in
some depth on this historic context and
the themes it includes. The Cold War en-
compassed a variety of political, cultural,
technological, and economic issues in U.S.
history.*

81 The literature on the Cold War and the nuclear arms race is
vast. In addition to works previously cited in footnote 20, the
discussion in this section is taken largely from the following
sources: Bernard Brodie, Michael D. Intriligator, and Roman
Kolkowicz, eds., National Security and International Stability
(Cambridge, Mass.: Oelgeschlager, Gunn & Hain, 1983);
McGeorge Bundy, Danger and Survival: Choices about the
Bomb in the First Fifty Years (New York: Random House,
1988); Ashton B. Carter, John Steinbruner, and Charles A.
Zraket, eds., Managing Nuclear Operations (Washington, D.C.:
Brookings Institution, 1987); John Lewis Gaddis, Strategies of
Containment: A Critical Appraisal of Postwar American National
Security Policy (New York: Oxford University Press, 1982);
Gregg Herken, The Winning Weapon: The Atomic Bomb in

the Cold War 1945-1950 (New York: Alfred A. Knopf, 1980);

Clearly, all facets of the Cold War do not
apply to LLNL's built environment. The
nuclear arms race is the primary aspect of
the Cold War in which LLNL’s role must be
understood. In addition, LLNL contributed
to related Cold War efforts, most notably,
peaceful uses of nuclear energy and the space
race. These efforts are more limited than

the broader nuclear weapons work LLNL
performed within the Cold War context, but
they must be considered.

In this section, nuclear strategy and nuclear
stockpile development will be outlined, as
will the development of the nuclear weapons

Richard G. Hewlett and Francis Duncan, Atomic Shield, 1947—
1952, Vol. 2 of A History of the United States Atomic Energy
Commission (University Park and London: The Pennsylvania
State University Press, 1969); Richard G. Hewlett and Jack M.
Holl, Atoms for Peace and War, 1953-1961, Vol. 3 of A History
of the United States Atomic Energy Commission (Berkeley:
University of California Press, 1989); David Holloway, Stalin
and the Bomb: The Soviet Union and Atomic Energy, 1939-1956
(New Haven and London: Yale University Press, 1994); Fred
M. Kaplan, The Wizards of Armageddon (New York: Simon &
Schuster, 1983); John Newhouse, War and Peace in the Nuclear
Age (New York: Alfred A. Knopf, 1989); and Richard Rhodes,
Dark Sun: The Making of the Hydrogen Bomb (New York: Simon
& Schuster, 1995).
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complex and LLNL'’s role within it. Section 6
will outline the preservation themes relevant
to LLNL properties in the Cold War context,
providing summary information relevant to
the histories of the particular activities under
consideration.

In examining nuclear strategy and the
development of the nuclear stockpile, it is
important to note that no simple causal rela-
tionship exists between the two. Each presi-
dential administration developed a nuclear
strategy or policy to accommodate potential
nuclear conflicts with the Soviet Union and,
later, China. The nuclear weapons complex
developed weapons and technology within
these larger policies and with the specific
mission needs of particular branches of

the armed forces in mind. However, the
complex also explored weapon concepts and
developed technologies that in turn affected
policy options and political thinking about
nuclear arms.

Distinct periods of Cold War policy are
identifiable by presidential administra-
tion, although there is some overlap in
each transition. The periods are defined as
follows:

* Early efforts at international control
(1945-1948)

* Truman’s containment efforts and early
stockpile growth (1949-1952)

* Eisenhower’s New Look, with a
dependence on Massive Retaliation

(1953-1960)

* Kennedy’s Flexible Response
(1961-1964)

* Johnson’s emphasis on deterrence with
Assured Destruction (1965-1969)

36

* Nixon's détente and emphasis on a war-
fighting capability, with first-strike as
well as tactical weapons and increased
conventional forces (1970-1980)

* Reagan’s increases in war-fighting

capability (1981-1988)
e End of the Cold War (1991)

Policy and weapons design/production
proved integrally linked. For example, the
complex produced a large number and
variety of weapons in a relatively short time
in response to administration and defense
perceptions of a communist threat in the late
1940s. A decade later, when the stockpile
was swollen with weapons produced under
the policy of massive retaliation, President
Kennedy’s administration was able to revisit
the matter and introduce a policy of flexible
response precisely because there were so
many weapons available, including tactical
devices with lower yields.

4.1 Beginnings of the Cold War

The roots of the Cold War lie in the essential
philosophical differences between the
United States and the Soviet Union that
were apparent beginning with the Bolshevik
Revolution of 1917. The very different world
outlooks of the enthusiastically capitalist
nation with a growing trade capacity and
the communist, anti-capitalist nation with a
call to export its revolution lay at the base of
ongoing suspicions. The United States did
not recognize the new Soviet state until 1933,
largely in an effort to convey moral disdain.
In turn, the Soviet Union maintained a
consistent paranoia about alleged Western
states’ ongoing efforts at internal subversion.

The basic differences did not disappear
when the United States entered WWII on the

LAwRENCE LIVERMORE NATIONAL LABORATORY
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side of the Allies, who included the Soviet
Union. The basic philosophical differences
between the Soviet Union and the Western
powers exacerbated the apprehension
among all parties over each other’s self-
interested behaviors.*

4.1.1 Yalta and Potsdam

On January 20, 1945, shortly after his
election to a fourth term as U.S. President,
Franklin Roosevelt met at Yalta with Soviet
Premier Joseph Stalin and British Prime
Minister Winston Churchill to discuss the
post-war world. Tensions surfaced imme-
diately over the fate of Poland. Subsequent
events made clear Stalin’s intentions to
disregard his promises at Yalta.

In April 1945, Roosevelt died in office

and Harry Truman became President

of the United States. In July 1945, after

the surrender of Germany, Truman met
with Stalin and Churchill at Potsdam, a
city outside Berlin, to continue post-war
negotiations. Germany was divided into
four zones to be occupied and managed by
the four winning powers: the United States,
the Soviet Union, Britain, and France. The
Allies also agreed to prosecute German
Nazi leaders and sanction Germany with
reparations.

Tension still remained over Poland and
Eastern Europe. Stalin ignored his promise
to hold free elections in Poland and installed

82 For a more detailed account of the suspicion with which
the United States regarded the Soviet Union, see Morris,

Iron Destinies, Lost Opportunities, 3-22. For brief accounts

of the beginnings of WWII in Europe and the relationship
between Russia and Germany, see Mark C. Carnes and John
A. Garraty, The American Nation: A History of the United States,
11* ed. (New York: Longman, 2003), 727-730; and Palmira
Brummet et al., Civilization Past and Present, 9" ed. (New
York: Longman, 2000}, 904-931.

a Soviet puppet government. Truman
wanted to hold Stalin to his agreement, but
he still needed the Soviets to agree to join
the United States in the Pacific against Japan.
This was the primary diplomatic aim for the
United States at Potsdam.

In the midst of negotiations, Truman learned
of the successful detonation of the first
atomic bomb at Trinity in New Mexico.
This hardened his resolve and changed
his manner in dealing with Stalin. Truman
no longer needed Stalin’s help with Japan.
The United States and the Soviet Union no
longer held any common goals. Nuclear
weapons remained inextricably linked to
Cold War actions and policies throughout
the succeeding decades.

4.1.2 Hiroshima and Nagasaki

On August 6, 1945, the United States
dropped an atomic bomb on the Japanese
city of Hiroshima. Two days later, it
dropped another atomic bomb on the city of
Nagasaki. Japan surrendered on August 14,
1945, ending the war in the Pacific.

The Manhattan Project was the U.S. program
to develop atomic bombs during WWIL A
large, secret, well-funded program located
administratively under the Manhattan
Engineer District, the project oversaw the
design, production, manufacture, and
delivery of two different nuclear weapons
designs during the war.®®

% For more detailed information on the Manhattan Engineer
District, see Richard Rhodes, The Making of the Atomic

Bomb (New York: Simon & Schuster, 1986); F. G. Gosling,
The Manhattan Project: Making the Bomb, DOE/MA-0001
(Washington, D.C.: U.S. Department of Energy, 1999); and
Leslie R. Groves, Now It Can Be Told (New York: Harper &
Brothers, 1962).
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During WWII, the United States deliberately
kept all knowledge of the development of
the atomic bomb from the Soviet Union.
Nevertheless, a thriving Soviet espionage
network gained considerable information on
the project during and after the war.*

The U.S. decision to withhold this infor-
mation during the war coupled with the
temptation to use the atomic bomb as a
bargaining tool (or implied threat) in post-
war negotiations with the Soviet Union,
also furthered the discord between the two
former allies.®®

4.1.3 Final Straws

The actual beginnings of the Cold War date
to a series of events that occurred in a tense
period in the spring of 1946.

On February 9, during his election speech,
Stalin criticized the United States and
Western Europe, drawing stark lines
between Soviet communism and corrupt
western capitalism. Three days later the
Soviets announced they had established a
communist government in North Korea.

Also in February 1946, the media announced
the existence of a far-flung network of Soviet
espionage and the Joint Chiefs of Staff
issued a statement to the President that the
Soviet Union posed a serious military threat
to U.S. interests.

On February 22, the U.S. ambassador to the
Soviet Union, George Kennan, sent an 8,000-

8 For more information on Russian knowledge of atomic
science and WWII espionage, see Rhodes, Dark Sun.

% For a more thorough discussion of how the atomic bomb
featured in post-war negotiations, see J. Samuel Walker,
Prompt and Utter Destruction: Truman and the Use of Atomic
Bombs (Chapel Hill: University of North Carolina Press,
1997).

word telegram to the U.S. State Department
confirming the military’s fears. Kennan noted
that the Soviet Union, due to a long-standing
sense of insecurity, was bent on world
domination and that it was necessary for the
United States to contain it. Kennan argued
that consistent diplomatic and political efforts
needed to be made by the Western powers to
contain the Soviet Union and that it would,
eventually, lose its aggressive ambitions.

4.1.4 The Atomic Energy Commission

The U.S. Congress, the military, and civilian
scientists and engineers struggled with the
issue of military versus civilian control of
atomic energy immediately after the war. The
debate was heated and occasionally acrimo-
nious. It resulted in the Atomic Energy Act
of 1946, which left atomic energy in civilian
hands but required close cooperation and
interaction with the military. The debate over
the custody of actual weapons continued
throughout the Cold War period and persists
today.

The Act created an Atomic Energy
Commission (AEC) to oversee all elements
of atomic energy technology in the United
States. On January 1, 1947, all property and
personnel of the Manhattan Engineer District
were transferred to the AEC. However, to
make sure the technology pursued would
meet military needs, the AEC had a liaison
committee of military officials, known as

the Military Liaison Committee (MLC). This
arrangement created what is referred to as
“dual-agency responsibility” for the weapons
and their uses: the AEC controlled atomic
energy, and the AEC and the military were
jointly responsible for nuclear weapons.

In addition, the Act established a General
Advisory Committee (GAC) within the
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AEC, made up of prominent scientists and
engineers. The GAC provided technical
advice to the AEC and helped evaluate
research and development programs and
proposals.

The Act also created an oversight body
within Congress. The Joint Committee on
Atomic Energy (JCAE) was composed of
members of both the House and the Senate,
with equal membership from each of the
political parties. Chairmanship alternated
between the House and the Senate. The
JCAE served as a powerful and indepen-
dent oversight entity for the AEC, to the
occasional but heated resentment of other
members of Congress.

In the optimism of the war’s end, there

were some hopes of sharing nuclear power
with the international community or even

to completely step away from the newly
unleashed force. In the immediate post-war
period, only the United States had atomic
weapons, and it only had a handful. No

new advances in design or production were
apparent in the two years immediately
following the war. The first post-war nuclear
test, Operation Crossroads, took place in
July 1946. The two test events—Able and
Bravo—were meant to test the effects of a
nuclear weapon against a naval fleet and

not to prove out a new weapons design.
Nevertheless, it was a potent and obvious
reminder of the presence of the new weapon
and its power. It also ended any hope among
other nations that the new power would be
shared or demilitarized.

The management of atomic energy and
weapons featured in all post-war negotia-
tions between former combatants and came
to overshadow all post-war diplomacy. The

fact of sole U.S. possession of the new type of
weapon influenced the actions of all players
in international diplomacy.

The AEC inherited, nurtured, and expanded
a set of national laboratories, that is, large,
multiprogram laboratories engaged in a
range of research programs. With regard

to the Cold War, the weapons laborato-
ries—LANL and, later, LLNL—are of obvious
interest. However, the AEC’s set of national
laboratories, not all of which were called

that originally, defined themselves as a
cohesive set consisting of Argonne, Berkeley,
Brookhaven, LANL, and Oak Ridge. LLNL
was added when it was created, although

it was part of Berkeley until 1971. Not all of
the laboratories pursued research directly
related to defense, but they are all part of one
another’s context. The Cold War research
that LLNL pursued, for example, was not

all centrally tied to nuclear weapons design.
However, much of the non-weapons research
retained a Cold War focus. This will become
clearer later in this section.

4.2 Truman and Containment

In 1947, arguing that the United States needed
to step in and assist the Greek government

in fending off pro-Communist insurgents,
President Truman insisted that “it must be
the policy of the United States to support free
peoples who are resisting attempted sub-
jugation by armed minorities or by outside
pressure.”® This is the first statement of

the commitment that came to be known

as the Truman Doctrine. It would end up
being combined with the policy of contain-

8 As cited in multiple U.S. history textbooks, including Alan
Brinkley, American History: A Survey, vol. 11, Since 1865, 10* ed.
(Boston: McGraw-Hill, 1999), 971; and Pauline Maier, Merritt
Roe Smith, Alexander Keyssar, and Daniel ]. Kevles, Inventing
America: A History of the United States, vol. 2, From 1865 (New
York and London: W. W. Norton & Company, 2003), 863.
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ment first articulated by Kennan. Together
they formed the basic framework for U.S.
attitudes and policies toward the Soviet
Union for the next forty years.

Several crises in 1948 and 1949 served to
accelerate the chilling of relations between
the United States and the Soviet Union. The
Soviet Union’s attempt to blockade the city
of Berlin in 1948 was the first major Cold
War crisis. It had direct effects on American
nuclear strategy. The tensions stemming
from the crisis resulted in a revised
production system that aimed to quadruple
the U.S. nuclear stockpile. In addition, a
review of U.S. military nuclear readiness
during the Berlin crisis found a discourag-
ingly low level of preparedness; strategic
bombing and nuclear weapons proponent
General Curtis LeMay was consequently put
in charge of the Strategic Air Command.

Early in 1949, in response to the growing
Soviet influence in Eastern Europe, the
United States initiated formation of the

North Atlantic Treaty Organization (NATO).

NATO was a collective security alliance
between the United States and most of the
nations of Western Europe, and served as
a guarantee of American military support,
including the use of nuclear weapons,

in the event of Soviet military expansion
westward. In response, the Soviet Union
and its Eastern European allies formed the
Warsaw Pact shortly thereafter.

Also in 1949, the Soviets detonated their first
atomic device. Although predicted by politi-
cians, defense analysts, and scientists as a
likely, perhaps even inevitable, eventuality,
the timeline leading to the Soviet shot was
not clearly understood, and it shook U.S.
policymakers.

Late in 1949, Chinese Communists, led by
Mao Zedong, succeeded in toppling the na-
tionalist government in that country, estab-
lishing the Peoples’ Republic of China. U.S.
policy analysts had predicted the communist
triumph in China, just as they had the Soviet
acquisition of nuclear weapons. Neverthe-
less, the American public was unprepared
for both events, let alone their rapid
succession, and there were strident demands
for a dramatic response. In January 1950,
Truman authorized the AEC to pursue
development of a thermonuclear weapon,
referred to as the Super.

The Super was a fusion device designed

to fuse nuclei of hydrogen and promising
much larger yields than the existing fission
weapons. The decision to pursue the Super
was based on the convincing argument
that it represented a significant advance
beyond the fission weapons created by the
Manhattan Project and therefore a leap
beyond what the Soviets had just tested.
As a decision to stay ahead of Soviet
technical advances, Truman’s authoriza-
tion of the Super marks the moment of U.S.
commitment to the arms race.

Simultaneous with the authorization for
thermonuclear weapons design efforts

was the creation of a new U.S. national
defense policy. As articulated by the State
Department under Dean Acheson in early
1950, the doctrine of containment was mili-
tarized. Known as NSC-68, the document
containing this new policy statement essen-
tially merged the doctrine of containment
with the Truman Doctrine, arguing for a
massive build-up of U.S. military power to
stop, and even overthrow, the Soviet threat.
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4.2.1 Creating the Nuclear
Weapons Complex

To support and enable its Cold War policies,
the United States established a large complex
of weapons design, testing, production, and
assembly facilities. The initial and greatest
push to create the complex came in the
1948-1952 time frame, when the Cold War
was accelerating. Facility construction and
expansion continued throughout the 1950s
as the initial stockpile of nuclear weapons
expanded into a massive arsenal.

The complex is an unusual set of facilities,
containing both advanced research and de-
velopment capabilities (as represented by the
national laboratories) and disparate, immense
industrial capacity (as represented in the vast
array of entities involved in manufacturing
and production across the United States).

Building on the arrangements and sites
created during WWII for the Manhattan
Project and conventional ordnance
production, the AEC established a large
and varied set of facilities. Some of these—
primarily those involved in manufacturing
activities—were privately owned. Others,
including the national laboratories and
material production sites, were owned by
the AEC and operated by contractor entities.
These are known as GOCO facilities—
government-owned, contractor-operated
installations. LLNL is a GOCO facility.

The production and design facilities put in
place quickly and at great cost during WWII
remained intact after the war. However, the
expansion in purpose—from single, hand-
crafted weapons produced under war-time
duress to a significant stockpile of weapons
created by an ongoing, peacetime defense
production system—drove the demand for
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expanded facilities and production capabili-
ties. Despite a post-war emphasis on returning
the military to peacetime status, evolving
Cold War policy drove the expansion of the
nuclear weapons complex.

The essential outlines of the U.S. nuclear
weapons complex were put in place in the
early years of the Cold War. By 1949, the
nuclear weapons complex was coming

into focus, fed by early Cold War fears and
budding nuclear policy. In the immediate
post-war period, LANL expanded its plans
and efforts to design and test new physics
packages for new weapons designs. Its branch
enterprise, now Sandia National Laboratories
(SNL), was engaged in ordnance engineer-
ing activities aimed at turning the nuclear
physics package into a deliverable weapons
design.¥” Production facilities at Hanford

and Oak Ridge were still supplying nuclear
material, and explosive lenses were poured at
the Naval Ordnance Test Station at Inyokern
in California. The component production
portion of the complex was growing, with a
variety of parts produced at a former Pratt

& Whitney airplane-engine plant in Kansas
City, as well as at the Mound Laboratory in
Miamisburg, Ohio, and the Picatinny Arsenal
in New Jersey. The Rock Island Arsenal in
Illinois supplied steel bomb casings. The
Burlington Plant of Iowa also opened to begin
taking over weapon assembly activities. In
1949, the first of a series of sites designed to
store the burgeoning nuclear arsenal opened
at the Killeen base in Fort Hood, Texas. Figure
10 lists the facilities in the nuclear weapons
complex in 1949.

87 Formed in July 1945 as Z-Division of Los Alamos, the
ordnance engineering group moved to a site near Albuquerque
New Mexico, to work more closely with the military and be
near an airfield. In 1949, Sandia separated from Los Alamos.
Like LANL and LLNL, Sandia has been through several name
changes; it is now Sandia National Laboratories.
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Figure 10. U.S. nuclear weapons complex, 1949.%

4.2.2 Korean War

The largest and most important crisis in
the early Cold War era was the outbreak of
a hot war in Korea. After several years of
diplomatic conflict over whether or how
North and South Korea, partitioned by the
Allies at the end of World War II, should
be re-unified, pro-Communist North Korea
attempted to re-unite the country by force
of arms in June 1950. It is now known that
the North Korean government took this
action without authorization or coordina-
tion from Moscow or Beijing, but at the
time it appeared to be a clear example of
communist expansion in Asia.

The Truman administration quickly
committed the United States to containing
this apparent case of Soviet expansion.
Eventually, a United Nations (U.N.) force,
comprised overwhelmingly of American

8 This figure is adapted from Loeber, Building the Bomb, 85.
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military personnel, would fight in Korea
against both North Korean and Chinese
forces.

The Korean War brought nuclear weapons to
the forefront of Cold War policy. The policy of
deterrence was fully articulated in the consid-
eration of using nuclear weapons in Korea.
This caused a further push for additional
nuclear weapons and a further expansion of
the complex.

In the spring of 1951, concerned with the
tenuous military situation in Korea, President
Truman authorized, for the first time in

the AEC’s history, the transfer of nuclear
weapons to the U.S. Air Force for deployment
to Asia.

Nuclear weapons were not used in Korea
for several reasons. The most important was
probably the conclusion that conventional
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military means could be employed as
successfully. In addition, the Truman ad-
ministration was determined not to draw
the Soviets directly into the war and was
concerned that an ineffective use of nuclear
weapons would undercut their deterrence
value. This last proved critical numerous
times in discussions of potential uses for
nuclear weapons. However, the Truman ad-
ministration continued preparations to use
nuclear weapons in the future, if necessary.

The war in Korea also accelerated the push
for tactical nuclear weapons, which were
tested at the Nevada Test Site (NTS) in 1951.
Tactical nuclear weapons had a smaller yield
and could be used much like conventional
artillery in limited engagements. The nuclear
stockpile grew rapidly during the Korean
War. By 1953, the U.S. arsenal contained over
1,100 weapons, up from approximately fifty
just five years earlier.¥

4.3 Eisenhower and the New Look
Over the course of his two terms as
President, Dwight Eisenhower re-shaped
American nuclear policy. As Supreme
NATO Commander in Europe from 1950

to 1951, Eisenhower paved the way for the
forward deployment of American nuclear
weapons in Europe. As President, he
oversaw the growth of the nuclear stockpile
to over 18,000 weapons by 1960. During
Eisenhower’s eight years in the White
House, programs were undertaken to bring
Intercontinental Ballistic Missiles (ICBMs)
and Submarine Launched Ballistic Missiles
(SLBMs) into the arsenal. ICBMs and SLBMs
represented a significant advance in nuclear
technology. Warheads mounted on ballistic

% “Declassification of Selected Nuclear Weapon Stockpile
Information,” Sandia Classification Bulletin, no. 94-8,
November 1, 1994, 9.

missiles now could be launched from consid-
erable distances, by land or sea.

Most importantly, however, Eisenhower,
concerned about the growing cost of a large,
conventional military, became increas-
ingly attracted to the nuclear option. The
Eisenhower administration’s “New Look”
was a new military posture for the United
States. The New Look was heavily dependent
on the threat of massive retaliation with
nuclear weapons in response to Soviet
aggression. To add teeth to the language

of deterrence, Eisenhower diversified the
stockpile to include more tactical nuclear
weapons, and also adopted the policy that,
in the event of war, the United States would
consider nuclear weapons available for use
like any other munitions.

In the 1950s, the world witnessed a massive
growth in both numbers and types of nuclear
weapons at the disposal of the United States
and the Soviet Union. NTS was established
in 1950. By 1953, the nuclear weapons
complex had expanded to several additional
sites, including LLNL in California, and
additional production facilities at Salt Wells
in California, Portsmouth in Ohio, Paducah
in Kentucky, and Savannah River in South
Carolina. America’s build-up in numbers

of nuclear weapons was a deliberate part of
the Eisenhower administration’s New Look.
While President Eisenhower himself pursued
the possibility of nuclear disarmament, the
nuclear weapons complex began work on at
least forty new weapon programs between
1953 and 1961, some of which did not make it
to the stockpile.
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The variety of weapons under develop-
ment resulted from the introduction of new
delivery systems—namely, missiles—and
the new weapons design possibilities
growing out of the research conducted at
LANL and, eventually, LLNL.

Truman'’s authorization of the pursuit

of a thermonuclear weapon resulted in
promising early tests of the design. The
Mike shot of Operation Ivy in 1952 was the
first successful test of a large thermonuclear
device. The Soviets were not far behind in
this leg of the race, testing their own thermo-
nuclear design in August 1953.

During the build-up in the nuclear arsenal,
Eisenhower also developed and pursued
an “Atoms for Peace” program. Announced
in December 1953, Atoms for Peace was a
program to explore non-weapons uses for
nuclear energy and the power of fission.
Although it never completely fulfilled
Eisenhower’s vision of shared energy for
the world, the program did advance reactor
technology and deliberately export it to
other nations. The most significant result,
from the point of view of an assessment of
LLNL properties, was Project Plowshare,
an effort to develop nuclear explosives for
industrial purposes. Project Plowshare grew
out of the Atoms for Peace perspective of
pursuing peaceful uses; it was created and
fostered at LLNL in the late 1950s.

4.3.1 Establishing LLNL

In 1942, the U.S. government acquired 629
acres of land east of the town of Livermore
from rancher W. Gatzmer Wagoner and es-
tablished a naval air station on the property.
NAS Livermore served as a flight training
facility for approximately 4,000 pilots during
WWIL Late in 1944, training activities were

curtailed, and the facility was converted to
a stopover base for pilots operating from
aircraft carriers. The station was deactivated
in 1946.

After the detonation of the first Soviet
atomic device and the increased attention
to weapons design and production, E.

O. Lawrence, head of the University of
California Radiation Laboratory (UCRL)

at Berkeley, proposed a new accelerator to
produce fissile material. The linear accelera-
tor design he put forward would produce
neutrons from deuterons; the neutrons
could then be used to produce plutonium,
uranium, and tritium. The Materials Testing
Accelerator (MTA) would ensure sufficient
material for expected increases in the
nuclear stockpile. As with most large ac-
celerator efforts, the proposal was to build
a prototype first. The Mark I prototype
Lawrence envisioned was too big to build
at the Berkeley lab, so he selected a site

in Livermore at the former NAS. Built by
CR&D, the Mark I successfully fired its

first beam in May 1952. Unfortunately for
the project, by that time cheaper sources

of uranium ore had been discovered in the
United States and there was no need for the
MTA.®

In July 1952, the AEC agreed to create an
additional design laboratory. The immediate
purpose of the new facility was to pursue

a thermonuclear weapons development
program. Edward Teller had strongly

and persistently argued the need for such

a facility. Teller thought LANL was not
proceeding quickly enough with a thermo-
nuclear design, particularly in light of the

9 Peter ]. Westwick, The National Labs: Science in an American
System, 1947-1974 (Cambridge and London: Harvard
University Press, 2003).
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1949 Soviet atomic bomb test. Lawrence
agreed with Teller and succeeded in
convincing the AEC of the need for the new
facility, as well as his ability to provide it at
the site in Livermore.

LLNL was established as a branch of the
UCRL in September 1952 at the MTA site on
the former NAS Livermore. Just over 600
acres of former naval air station land were
transferred to the AEC. The site was north of
East Avenue (then County Road 1518), about
three miles east of the center of Livermore
and forty-eight miles east of San Francisco.

Herbert F. York was put in charge of the new
laboratory. The initial activities planned for
LLNL were diagnostic experiments during
nuclear weapons tests. After Mike, the first
large thermonuclear device, was detonated
in November 1952 in a LANL test, LLNL
began work on thermonuclear weapons
designs.”

LLNL is somewhat unusual in the nuclear
weapons complex in that its mission
included non-weapons research from the
beginning. York was deliberate and adamant
about attracting and maintaining scientific
talent at the Laboratory to encourage an
atmosphere of high-quality achievement in
research.

During the 1950s, in addition to pursuing
thermonuclear designs, U.S. scientists
faced the challenge of designing smaller
and lighter warheads for missiles—a new
delivery system. By the end of the decade,
the goal was met. Of particular interest
with regard to LLNL was the development

91 Herbert F. York, “Making Weapons, Talking Peace,”
Physics Today (April 1988): 44-45; and Westwick, The National
Labs.

of the first nuclear weapons for the U.S.
Navy. Polaris, the first Submarine-Launched
Ballistic Missile (SLBM), was begun in 1957
and fielded with a warhead designed by
LLNL.

Also in 1957, LLNL launched Project
Plowshare at Teller’s suggestion and the
AEC'’s authorization. Part of the effort to
develop peaceful uses for nuclear energy,
Project Plowshare explored nuclear
excavation and cratering, as well as coal gas-
ification and natural gas stimulation in later
years. The Laboratory remained central in
Project Plowshare work until the project’s last
nuclear experiment in 1973.

1957 was a key year for LLNL. In addition

to receiving the Polaris and Plowshare as-
signments, the Laboratory also received an
assignment for the Air Force’s Project Pluto.
Pluto was a dedicated effort to develop
nuclear ramjets to launch unmanned aircraft.

The latter years of Eisenhower’s presidency
and the first years of Kennedy’s saw further
transformations in U.S. nuclear policy. By the
end of the 1950s, the policy of massive retali-
ation was beginning to look overly rigid and
clumsy. The United States was not willing

to engage in full-scale nuclear war over
relatively small international crises like the
periodic shelling of the islands of Quemoy
and Matsu by the Peoples” Republic of China.
In addition, the successful Soviet launch

of Sputnik in 1957 led many Americans to
believe that U.S. nuclear superiority was at
risk.

Sputnik also added to U.S. Cold War
concerns a blatant discussion of the need for
scientific superiority over the Soviet Union to
remain secure. The scientific community and
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policy analysts already tended to compare
progress in big science projects—e.g., accel-
erators and reactors—as part of the calcula-
tion of whether the Soviets were outpacing
the U.S. The national laboratories compared
their own technical capabilities, particu-
larly in high-energy research and reactor
work, to the Soviet efforts. With Sputnik,
the brainpower behind U.S. military might
was brought to the forefront in the public’s
mind and educational initiatives received
widespread support in an effort to beat the
Soviets.

In terms of specific interpretations of
Sputnik’s meaning within the nuclear arms
race, the satellite illustrated the Soviet’s
success in rocket research. The leap from
launching a satellite into space to launching
a missile into space was not great in the
imaginations of public and weapons
designers alike.

The doctrine of massive retaliation was
gradually yielding to the reality of mutual
assured destruction, which essentially meant
both sides had enough firepower to destroy
one another completely should a nuclear
war begin. This was the key thinking behind
the idea of deterrence for most of the Cold
War—that is, that both sides knew that
initiating nuclear war would mean an-
nihilation for both. Such annihilation was
promised not only through the numbers

of weapons, but also via the deployment
options and variety of capabilities within
each nation’s stockpile. Thus, mutual
assured destruction as a deterrent justified
the pursuit of varieties of weapons as well as
great numbers.

In the last years of his administration,
Eisenhower hoped to end the Cold War and

the arms build-up through negotiation with
the Soviet Union. He did succeed in negotiat-
ing a moratorium on nuclear testing between
the United States and the Soviet Union. In
place from 1958 through 1961, the hiatus

in testing redirected some research efforts
within the nuclear weapons complex, but did
not deter nuclear weapons design efforts and
build-up. LLNL continued to grow during
this period, adding about 1,000 employees to
its staff.”

Eisenhower’s final hopes for bringing an end
to the Cold War in his presidency died when
the U.S. U-2 surveillance aircraft carrying
Francis Gary Powers was shot down by the
Soviets in 1960.

4.4 Kennedy and Flexible Response
John Kennedy campaigned for the presidency
on the pledge to close the supposed “missile
gap” with the Soviet Union and willingly
assumed the Cold Warrior mantle when he
became President in 1961. He was undeterred
when he discovered after becoming President
that the United States actually enjoyed a large
missile superiority over the Soviets.

Robert McNamara, U.S. Secretary of Defense
under both Kennedy and Johnson, developed
a new policy for the use of nuclear weapons.
Known as “Flexible Response,” the policy
de-emphasized deterrence via massive
retaliation and replaced it with a scaled plan
of response in which the threat of nuclear
weapons targeted at an enemy’s population
centers provided leverage for ending conflict.
The policy embraced the notion of fighting
and winning a limited nuclear war. Tactical

92 Bart Hacker, “A Short History of the Laboratory at
Livermore,” Science and Technology Review (September 1998),
16.
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weapons were clearly emphasized, and the
administration supported further stockpile
growth.

Among the weapon options that entered the
stockpile during Kennedy’s presidency was
the navy’s Polaris missile, equipped with

an LLNL-designed warhead. Also during
this period, LLNL began working with the
newly invented laser technology, applying
its power to a variety of weapons and other
research areas.

The most dangerous moment of the Cold
War occurred during Kennedy’s presidency.
During the summer months of 1962, U.S.
intelligence agencies observed and identified
construction of nuclear missile sites in Cuba.
Soviet-supplied equipment and technicians
were creating the sites. Kennedy authorized
a naval and air blockade around Cuba;
Soviet ships stopped before arriving at the
blockade. With the U.S. preparing to attack
Cuba, Soviet Premier Nikita Khrushchev
offered to remove the missile bases.
Kennedy agreed not to invade Cuba and

to remove U.S. missiles from Turkey. The
next year, the two leaders finalized negotia-
tions on the Limited Test Ban Treaty (LTBT),
banning nuclear testing in the atmosphere,
in the oceans, and in space.

In response to the military humiliation of
the Cuban Missile Crisis, the Soviet Union
embarked on a significant increase in its
nuclear stockpile that would continue for
the next two decades, providing justification
for further U.S. increases in the 1980s.

4.5 Johnson and Assured
Destruction

As President, Lyndon Johnson was much
more concerned with issues of domestic

policy (e.g., civil rights, the Great Society,
and the War on Poverty) than with foreign
policy. In addition to contributing to the drift
into the quagmire of Vietnam, this focus

also resulted in shifts in nuclear strategy

and policy. The increasing size of the Soviet
arsenal resulted in (1) a gradual move back
to the doctrine of assured destruction in

the event of nuclear war, and (2) growing
political pressure for arms control.

The war in Vietnam only reinforced these
trends, and the 1960s began a series of
nuclear arms control agreements between
the United States and the Soviet Union. The
first was the LTBT, concluded by Kennedy in
1963. In 1965, Johnson committed the United
States to a Nuclear Non-Proliferation Treaty,
which he signed in 1968 but which was not
ratified until 1970.

Simultaneously, McNamara began to push
to redefine U.S. policy again. Given the com-
petition in the defense budget, and with his
own experiences of the Berlin Crisis and the
Cuban Missile Crisis in mind, McNamara
articulated a change in the U.S. nuclear
weapon policy under Johnson. He focused
again on deterrence and, admitting the U.S.
stockpile was already more than adequate,
rebuffed proposals for additional weapon
production. Johnson agreed, and the first
reduction in the U.S. nuclear weapon
program began.

With fewer weapon systems in design,
some sites within the nuclear weapons
complex were closed as early as 1964. By
the end of the 1960s, growth in the size

of the U.S. nuclear stockpile was clearly
slowing. Even with the shift toward larger
numbers of tactical weapons, the size of
the arsenal, both in megatonnage and the
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number of weapons, was on the decline

by 1968. The consolidation of the complex
continued, slowly, over the next three
decades. The weapons design laboratories
did not feel the contraction as early as the
rest of the complex. LANL, already a mature
institution, remained relatively stable in

size throughout the 1960s, while LLNL
continued to grow significantly during this
period. They and the other national labora-
tories would begin to feel the effects of fewer
weapon programs, growing criticism of U.S.
scientific programs during the Vietnam War,
and budget cuts in the face of post-1968 U.S.
inflation in the 1960s. Figure 11 indicates the
facilities in the nuclear weapons complex

in 1968.

4.6 Nixon and Flexible Targeting
Richard Nixon’s foreign policy triumphs with
Moscow and Beijing resulted in a temporary
thaw in Cold War relations known as détente.
The most important consequences of détente
for nuclear policy were the Anti-Ballistic
Missile Treaty (1972) and the Strategic Arms
Limitation Treaty (1972). By the early 1970s,
treaties on these issues had become particu-
larly important for both foreign and domestic
policy. The development of anti-ballistic
missiles had, by then, begun to threaten

the stability of nuclear deterrence, and the
development of Multiple, Independently
Targetable Re-entry Vehicles (MIRVs), which
permitted both sides to put many warheads
on a single missile, threatened to cause an
enormous acceleration of the arms race.

1968
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Figure 11. U.S. nuclear weapons complex, 1968.%

%3 This figure is adapted from Loeber, Building the Bombs, 146.
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MIRVs also offered possibilities to Cold
War policymakers. If McNamara and
Johnson saw MIRVs as a cheaper alter-
native to building additional weapon
systems, Nixon’'s advisers saw them as
another opportunity to pursue flexibility
in war planning. The idea of the multiple
warheads, aimed at different targets, was
incorporated into a policy referred to as
“Flexible Targeting,” which was reminis-
cent of Kennedy’s Flexible Response. Both
emphasized controlled escalation during
a war, introducing nuclear weapons as

an option at various points in planning.
MIRYV technology appeared desirable, and
stockpile numbers increased again.

LLNL’s warhead design teams explored the
possibilities and challenges offered by MIRV.
The Laboratory’s warheads for Minuteman
II, Poseidon, and the second generation of
Polaris were all MIRV designs.

Shortly after taking office, Nixon and his
staff began an investigation of options for
reorganization of the executive branch. One
of the eventual results of this activity was
the end of the AEC and JCAE, a significant
transformation in the basic organization
and outlook of the bureaucratic side of the
nuclear weaons complex.

Over the next few years, several possible
scenarios were explored for reconfiguring
the different activities contained within the
purview of the AEC, but the basic concern
surrounded the fact that the AEC both
promoted and regulated nuclear energy. The
JCAE, a powerful and effective body within
the Congress, had often been at odds with
both the executive and other members of
the legislative branch, as it was perceived to
operate independently.

Finally, late in 1974, President Gerald

Ford signed the Energy Reorganization

Act, which separated the promotion and
regulatory functions of the AEC. In January
1974, two new agencies replaced the

AEC, which was abolished. The Nuclear
Regulatory Commission (NRC) took over
regulation of the nuclear energy industry.
The Energy Research and Development
Administration (ERDA) absorbed the rest of
the AEC’s functions, but was also charged to
pursue non-nuclear energy options and to
address environmental protection.

Shortages of natural gas and oil dominated
the 1976 election campaigns of President
Gerald Ford and Jimmy Carter. Carter
implemented their mutual campaign
promises of a centralized, comprehensive
national energy policy by introducing
legislation and signing the resulting bill to
establish a cabinet-level department. DOE
took over everything ERDA had operated,
as well as the various power activities
formerly included in the Department of the
Interior, several power commissions, and
other related energy functions from other
agencies. DOE began operations on October
1,1977. Also in 1977, the JCAE finally was
abolished by amendment of the Atomic
Energy Act.*

During the mid-1970s, LLNL experienced a
slow-down in growth as well as a redirection
of some of its efforts into energy programs.
In particular, the Laboratory pursued the
large and expensive dream of fusion energy
with its assignments in magnetic fusion
research.

94 Glenn T. Seaborg and Benjamin S. Loeb, The Atomic Energy
Commission under Nixon: Adjusting to Troubled Times (New
York: St. Martin’s Press, 1993).
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4.7 The Final Decade of the

Cold War

In his single term as President, Jimmy Carter
stressed the importance of international
human rights. As for nuclear matters, his
administration focused on securing further
arms control agreements with the Soviet
Union. These negotiations led to the signing
of SALTII, a treaty that was shelved after
the 1979 Soviet invasion of Afghanistan and
never ratified by the U.S. Senate.

Ronald Reagan’s reinvigoration of Cold War
tension entailed a striking departure from
earlier Cold War presidents: open discussion
of how the United States could plan to fight,
survive, and even win a nuclear war with
the Soviet Union.

The hard-line language was accompanied
by the largest peacetime military build-up
in the nation’s history. While most of the

$2 trillion defense program was aimed at
non-nuclear weaponry, the budget included
multiple new nuclear weapons systems, as
well as the Strategic Defense Initiative (SDI).
Serving the dual purpose of further intimi-
dating Soviet leaders and quelling domestic
pressure for a nuclear freeze, SDI proposed
to build an anti-ballistic missile shield that
would protect the entire nation against
nuclear missile attack.

Popularly known as “Star Wars,” SDI
research focused on developing laser
weapons and satellites to serve as a shield
against incoming missiles. LLNL was a
large recipient—the largest in California—of
funding for SDI research. The Laboratory’s
work in laser research up to this point made
it an obvious participant in the effort. LLNL

embarked on research to develop a free
electron laser (FEL) and build a prototype of
the laser weapon proposed to target enemy
missiles via a large mirror in space off of
which the laser’s beam could be redirected.
The Laboratory proposed building the
prototype at Site 300, the test site it operates
outside of Livermore, in Alameda and

San Joaquin counties. Building it required
more land than was available at Site 300

and a small land war ensued between local
ranchers and DOE over acquiring additional
property. SDI was cancelled in 1987 before
the land was appropriated, and the issue
was dropped.

4.8 Stand-Down

George H. W. Bush entered the White House
in 1989 and oversaw the U.S. stand-down
and demobilization from the Cold War.

The Soviet Union experienced radical reform
under Mikhail Gorbachev in the late 1980s.
The Communist regimes of Central Europe
began to crumble as the citizenry took
advantage of Gorbachev’s reforms and their
own demands for free elections to drive out
hard-line leaders. In November 1989, East
Germans forced the gates of the Berlin Wall
open and began to tear it down.

In the summer of 1991, Bush and Gorbachev
signed the Strategic Arms Reduction

Treaty (START), agreeing to a 30—40% cut

in strategic nuclear weapons. He then
announced that the United States would uni-
laterally reduce its stockpile. He cancelled
weapon programs in development.
Congress later legislated a moratorium on
nuclear testing.
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Gorbachev withstood a coup in August
1991, but the Soviet Union itself dissolved
in December. With the demise of the Soviet
Union, the Cold War came to an end. The
weapons laboratories underwent a period
of transition as weapons design programs
and testing options were cancelled. LLNL’s
efforts were redirected into large non-
weapons programs such as inertial confine-
ment fusion and the atomic vapor laser
isotope separation effort.

51

In the end, the nuclear arms race portion of
the Cold War is estimated to have cost the
United States $5.8 trillion. The Cold War’s
end brought a concern about and adjustment
to the changing role of nuclear weapons in
international diplomacy and events.
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s the Cold War ended and nuclear

testing ceased, LLNL's mission

emphasis evolved, focusing more
on nuclear science research interests,
stockpile surveillance and maintenance,
non-proliferation, and other scientific and
technological aspects of national security.

In assessing the significance of LLNL, the
Post-Cold War context poses difficulties.
The Post-Cold War period, from 1991 to the
present, is very recent history. The historical
events of these recent years have barely
begun to form into a coherent narrative.
Only the most rudimentary suggestions may
be formed for historical significance and
preservation themes.

The U.S. decisions to halt all nuclear testing
and the development of any new nuclear
weapons in the foreseeable future mean
that Nuclear Weapons Design and Nuclear

53

5. PosT-CoLD WAR
CONTEXT

Weapons Testing have less importance in
the Post-Cold War period as preservation
themes. The divisions at LLNL that continue
to do weapons research and development
have shifted their focus to safety, mainte-
nance, and modifications of the stockpile
and away from the design and testing of
new nuclear weapons.

However, Nuclear Research and Non-
weapons Research appear to be of greater
importance as preservation themes in the
Post-Cold War context. In recent years,
fusion, biomedical, environmental, and
energy research have joined weapons
research and development as primary
missions at LLNL.

There do not appear to be any new themes
introduced thus far into the Post-Cold War
period. Therefore, the identifiable themes are
as follows:
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Nuclear Weapons Design
¢ Computing

Nuclear Weapons Testing
¢ High Explosives Testing

Nuclear Research
* Nuclear Physics Research

¢ Nuclear Chemistry Research
¢ Nuclear Materials Research

Non-weapons Research
* Nuclear Energy Research

* Nuclear Propulsion Research

* Biomedical Research

5.1 Criteria Consideration G

Most properties under fifty years of age

are disqualified from National Register
consideration automatically. However,
Criteria Consideration G allows for National
Register consideration of properties less
than fifty years old if it can be demonstrated
that they are of exceptional importance.

Although most buildings at LLNL are

less than fifty years of age, they can be
assessed under Criteria Consideration G.
For example, themes within the Cold War
context have thresholds establishing events
of exceptional historic significance, as
identified in section 6, below.

An LLNL facility may qualify for National
Register consideration under the Post-
Cold War context if it is associated with a

Post-Cold War event or a trend, person, or
building style recognized to be of excep-
tional historic significance. At this juncture,
a building built at LLNL since the Cold
War’s end would not be likely to meet such
a threshold.

The themes most likely to produce
properties of exceptional significance would
be Nuclear Research and Non-Weapons
Research. If, for instance, the ICF program
at LLNL successfully achieves its goal of
creating energy from fusion, then properties
associated with that scientific achieve-

ment would need to be assessed. Likewise,
the theme of Non-Weapons Research, and
subtheme of Biomedical Research might also
produce properties of exceptional signifi-
cance if a breakthrough discovery in DNA
should occur at LLNL.

Nuclear Weapons Design and Nuclear
Weapons Testing are not likely to produce
properties of significance in the Post-Cold
War context. LLNL has not designed or
tested new weapons since the late 1980s.
However, should the U.S. resume design or
testing of nuclear weapons and subsequent-
ly make new scientific breakthroughs in
nuclear weapons technology, then buildings
associated with these activities would also
need to be assessed.

LAWRENCE LIVERMORE NATIONAL LABORATORY
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n 1952, the AEC established LLNL

as a second nuclear weapons design

facility. Herbert York, the first director
of LLNL, articulated four missions for the
new laboratory: designing thermonuclear
weapons, providing diagnostic measure-
ments for weapons tests for Los Alamos and
Livermore, developing controlled thermonu-
clear reactions for power sources, and basic
physics research.”

As LLNL grew and the Cold War
progressed, other missions were added.
In the mid- and late-1950s, Rover and
Pluto, programs to develop nuclear-
propelled vehicles and missiles, and
Project Plowshare, a nuclear engineer-
ing project, became major programs at
the Laboratory. In the early 1960s, LLNL
added a biomedical research program to its
repertoire. In the 1970s and 1980s, energy
research, stockpile safety, and stockpile

% University of California, Lawrence Livermore National
Laboratory, 30 Years of Technical Excellence (Livermore:
Lawrence Livermore National Laboratory, 1982), 4; Herbert
York, oral interview, 1981, LLNL Archives, 5-6; and York,
“Making Weapons, Talking Peace,” 44—45.

- MISSIONS AND
PRESERVATION THEMES

surveillance were added to the Laboratory’s
areas of research.

These missions form the basis for establish-
ing the Cold War preservation themes for
the assessment of structures and buildings
at LLNL. The LLNL Cold War preservation
themes and subthemes are:

Nuclear Weapons Design
e Weapons Design

¢ Computing
Nuclear Weapons Testing
e Nuclear Testing

¢ High Explosives Testing

Nuclear Research
¢ Nuclear Physics Research

¢ Nuclear Chemistry Research
e Nuclear Materials Research

Non-weapons Research
¢ Nuclear Energy Research

¢ Nuclear Propulsion Research
¢ Plowshare

e Biomedical Research
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The following discussion of preservation
themes is based on the historical activities
of LLNL. Accordingly, the historical desig-
nations of LLNL research organizations are
used. LLNL has undergone many re-orga-
nizations and research has occurred under
many different organizations with many
different titles over time. The following
discussion does not represent the current
organization of the Laboratory. Today, the
smallest organizational unit is called a
Group, then in ascending order, a Division,
Department, Directorate or Program.
However, in the past the Laboratory was
organized much more informally and orga-
nizational titles did not adhere to present-
day delineations or logic.

6.1 Theme: Nuclear Weapons
Design

LLNL is one of only two laboratories re-
sponsible for designing the nuclear physics
packages for weapons for the U.S. nuclear
stockpile. The proposal to create the new
laboratory and the AEC’s support of it
hinged largely on perceptions of stockpile
needs and the thought that an additional
facility to support and ultimately compete
with LANL would improve the overall
nuclear posture of the United States.

As a result, the Nuclear Weapons Design
preservation theme clearly ties LLNL to the
Cold War arms race. This theme is organized
into two subthemes, Weapons Design and
Computing, in order to fully delineate the
type of work that nuclear weapons design
entails and the potential for historically sig-
nificant moments within it.

6.1.1 Subtheme: Weapons Design

In 1953, the AEC and the Department of
Defense (DoD) reached an agreement that

detailed the process entailed in the design
and production of nuclear weapons. The
document listed six phases in the life of a
weapon. A seventh phase was added in later
years. The seven phases of the life cycle of a
nuclear weapon are listed below.

Phase 1: Weapon Conception
¢ This phase involves the exchange of

preliminary information that may lead to
a feasibility study of a weapon program.
This phase may involve studies done by
LANL, LLNL, SNL, and/or the DoD,
either independently or in cooperation
with one another.

Phase 2: Feasibility
¢ In this phase, the AEC, DoD, and the

contractor investigate the weapon
concept and decide whether it can
be applied and manufactured. If the
weapon appears feasible, the AEC will
issue a Phase 3 authorization for the
development of the weapon.

Phase 3: Development
¢ During this phase, the weapon concept
is given further design definition. A
development program is launched based
on the required military characteristics.
Prototypes are produced and evaluated
by both the AEC and the DoD.

Phase 4: Production Engineering
¢ In this phase, designs are translated into
production terms. Tool-made samples
are fabricated. Product specifications are
released to the DoD.

Phase 5: Initial Production
¢ In this phase the first units are manufac-
tured and delivered. Final evaluations
are conducted and weapon models are
approved for standardization.

LAWRENCE LIVERMORE NATIONAL LABORATORY
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Phase 6: Quantity Production/
Stockpile

® Weapons are produced in quantity and
checked for quality as they enter the
stockpile, and checked again during
their stockpile life.

Phase 7: Retirement
* The weapon is removed from the
stockpile and disassembled.”

LLNL’s primary mission during the Cold
War was to design nuclear weapons. The
weapons design process involved the first
three phases of the weapon life cycle.

The primary responsibility for weapons
design at LLNL fell to scientists in the
Experimental Physics Division. Their
interest lay in nuclear explosive technology
and included designing nuclear experiments
and devices, weapons for particular military
applications, and nuclear explosives.
Weapons design was largely theoretical in
nature. This process proceeded through

a complex series of thought experiments,
which they described using the German
word gedanken.”’

LLNL physicists first calculated by hand
and used other “approximate analytical
methods” to explore a new weapons

% The phases of the weapon life cycle are adapted from

“An Agreement between the AEC and the DOD for the
Development, Production, and Standardization of Atomic
Weapons,” 21 March 1953, AEC 485/24, Box 1264, Folder
MRA9-1 Design and Development, Department of Energy,
Headquarters, Historical Archives, Germantown, Maryland,
3-5 (hereafter cited as DOE Archives); and Leland Johnson,
Sandia National Laboratories: A History of Exceptional Service

in the National Interest, SAND97-1029 (Albuquerque: Sandia
National Laboratories, 1997), 52-53.

% LLNL weapons design information is from University

of California, Status Report: Fiscal Year 1958 (Berkeley:
University of California Lawrence Radiation Laboratory,
1958), 81-83; and University of California Lawrence
Radiation Laboratory, Status Report: Fiscal Year 1959 (Berkeley
and Livermore: University of California Lawrence Radiation
Laboratory, 1959), 17-18.

concept.” When the design began to take
shape, its performance was calculated on
high-speed computers. The computer then
revealed any design flaws that required
correction and recalculation. This stage of
the design process could take any where
from several months to a year. If the design
continued to perform well on a theoretical
basis, then a prototype device was construct-
ed and tested to see if its actual physical
performance met theoretical expectations.

The Experimental Physics Division pursued
interesting nuclear technology independent
of any specific weapons design assignment
in order to advance the understanding

of the properties and possibilities of the
technology. The division also designed
weapons to meet the military requirements
of particular armed services as specified in
the Phase 3 activities.

LLNL’s initial attempts to design weapons
ended in bitter disappointment. On March
31,1953, six months after LLNL opened,
Ruth, its first device, was tested at the
Nevada Test Site (NTS). The explosion left
the test tower partially intact—indicating
that the test’s yield was far below expec-
tations. The test stand for the Ruth shot
appears in figure 12. LLNL fired a second
device, Ray, the next month. It too was
considered a failure—a fizzle in weapons
parlance.

Undaunted, LLNL physicists designed two
more devices for the Castle test series in
1954, at the Pacific Proving Grounds (PPG).
These shots also proved disappointing.
LANL fired first during the Castle series.
The LANL shot, Bravo, exceeded all

% Status Report: Fiscal Year 1958, 81.
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Figure 12. Ruth test stand, first LLNL test shot, 1953.%°

expectations with a yield of fifteen megatons.

LLNL scientists designed the Koon device.
The shot fizzled. In disappointment, LLNL
scientists canceled the second shot.

LLNL returned to its design efforts and soon
began to produce successful test shots and

earn weapons assignments. On March 1, 1955,

LLNL fired its first successful thermonuclear

test shot in the Teapot test series at NTS. That

summer, the Laboratory received its first
nuclear weapons development assignment.

LLNL contracted to produce a small warhead,

% The Ruth Test Stand, Negative GLC-11, Box 145, Folder
10975, LLNL Archives.

——

i3

designated the W27, for the Regulus II navy
missile.'®

Other weapons assignments followed.

In 1956, LLNL began the design and
development of the W45 for the army’s
Little John and Terrier tactical missile
systems, and the W48 for the 155-millimeter
howitzer atomic projectile.'” In 1957, LLNL
received what would become one of its
most successful weapons assignments—the
design of a small warhead to fit the Polaris,

100 “Lawrence Livermore National Laboratory,” unpublished
history, n.d., 6.

101 Serving the Nation for Fifty Years.
8 1
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a submarine-launched ballistic missile.
LLNL received the Navy Certificate of

Merit in 1961 for its design.'” The Polaris
was a solid-propellant intermediate-range
ballistic missile armed with the W47, a

small high-yield warhead, which could be
launched from a submerged submarine. This
represented a significant strategic capability
for the navy.

Since 1945, a total of sixty-nine different
weapons have been placed in the nuclear
stockpile. LLNL designed its first warhead,
the W27, in 1958. Thereafter, of the total
number of weapons deployed (forty-three),
LLNL designed seventeen and LANL
designed twenty-seven. Figure 13 lists the
LLNL nuclear weapons deployed in the
stockpile from 1945 to 1989.

This report does not review all of the
individual nuclear weapons designs
developed by LLNL. Instead, the discussion
will focus on major breakthroughs in nuclear
weaponry and how LLNL contributed to
their development. These breakthroughs in
weapon technology will be used to assess
the historic significance of LLNL facilities
involved in the design of nuclear weapons.
However, the overall impact of LLNL
nuclear weapons designs on the develop-
ment of the U.S. nuclear stockpile also is
significant; facilities and objects also will be
evalulated regarding their contribution to all
or a majority of the LLNL weapons designs.

Nuclear Bombs

LANL scientists designed the first atomic
bombs—Fat Man and Little Boy. Fat Man,
an implosion device, detonated a sphere of
conventional HE that compressed a sphere

102 “Nemorandum to Editors,” press release, 3 March 1961,
31045, Box 213, Folder 2045, LLNL Archives.

of nuclear material into a supercritical mass.
The introduction of neutrons to the core
initiated the nuclear fission chain reaction—
and the resulting nuclear explosion. Little
Boy, a gun-type device, accelerated two
sub-critical pieces of nuclear material into
each other within an elongated gun-shaped
cylinder to create a supercritical mass, which
then resulted in a nuclear explosion. Of
these two methods, the implosion device
used less nuclear material and was the
more efficient. These early weapons each
had a yield equivalent to approximately
20,000 tons of TNT.

Post-WWII improvements in weapons
design included advances in HE, pit design,
tampers, and initiators. LANL, as the only
design laboratory at the time, made all the

WEAPON | ENTERED DELIVERY SYSTEM
DESIGN | STOCKPILE (FORWARHEADS)
B27 1958
W27 1958 Regulus |, Rascal
W38 1961 Atlas E/FTitan |
B41 1960
W45 1962 Little John, Terrier,
Bullpup, MADM
W47 1960 Polaris A1/2
W48 1963 155-mm Artillery
W55 1964 SUBROC
W56 1963 Minuteman I
W58 1964 Polaris A3
Weé2 1970 Minuteman Il
W68 1970 Poseidon C3
W70 1974 Lance
W71 1975 Spartan
W79 1986 8-inch Artillery
B83 1983
W84 1983 Ground-launched
Cruise Missile
w87 1986 Peacekeeper

Figure 13. LLNL nuclear weapons, 1945-1989.
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early technological advances in nuclear
bomb design.

Thermonuclear Weapons

The most significant technological break-
through in nuclear weapons design in the
post-WWII period was the development

of the hydrogen or thermonuclear bomb.

A thermonuclear bomb used an explosive
fission reaction to create fusion—the joining
of the isotopes of hydrogen with a heavier
element like helium. The result was a greater
yield than fission alone could produce.

This kind of reaction was thought to occur
naturally only in the stars and sun.!®

In 1942, LANL first pursued thermonuclear
research as an alternative route to atomic
weaponry. In 1944, Edward Teller, then at
LANL, headed up a special group devoted
entirely to research on the hydrogen bomb.
By 1946, LANL scientists concluded that

a hydrogen bomb, although theoretically
feasible, still required too much work to

be ready for wartime use. Research on the
thermonuclear took a backseat to fission
weapons design at LANL both during and
after the war.'%

In 1949, the Soviet Union detonated its first
nuclear weapon, reawakening interest in
the development of the hydrogen bomb. In
1950, Truman tasked the AEC to develop a
thermonuclear weapon. LANL renewed its
efforts in thermonuclear research.

In 1951, Teller and Stanislaw Ulam, a LANL
mathematician, came up with a break-

103 Loeber, Building the Bomb, 230; and Richard Rhodes, Dark
Sun, 247.

104 For an in-depth history of the development of
thermonuclear weapons see Rhodes, Dark Sun.

through in thermonuclear design—radiation
implosion—the use of radiation from

a fission explosion to create the fusion
reaction. Despite this important advance

in thermonuclear research, Teller became
impatient with LANL director Norris
Bradbury’s support of the project and began
to push for another AEC sponsor.

Teller approached E. O. Lawrence, director
of the University of California Radiation
Laboratory (UCRL), and together, in 1952,
they persuaded the AEC to establish a
second nuclear weapons design laboratory
in Livermore, California.

In the meantime, LANL scientists continued
their work on thermonuclear weapons. In
1952, they detonated the first successful full-
scale thermonuclear device, the Mike shot,
during Operation Ivy. The device used in
Mike weighed approximately 65 tons. The
task of inventing a deliverable thermonucle-
ar weapon still remained.

In 1954, production began of LANL’s B14,
the first thermonuclear weapon in the U.S.
stockpile.

In 1955, LLNL detonated its first successful
thermonuclear device during the Teapot test
series. Soon after, the Laboratory received
the assignment to develop a thermonuclear
weapon for the navy Regulus II missile.

LLNL’s B27 and W27 began production
in 1958. The B27 was one of the first small
two-stage thermonuclear weapons. LLNL
weapons physicists designed the B27 to
be dropped or lofted from a navy bomber.
Only a few navy aircraft had bomb bays
big enough for the B27. It was retired in
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1960. The W27 weighed 2,800 pounds and
fit the navy Regulus II and the air force

Rascal missiles. It remained in the stockpile
until 1962.

Tactical Nuclear Weapons/Atomic
Artillery

Early nuclear strategy relied on large, high-
yield weapons delivered by the air force.
However, the army and navy also wanted
access to nuclear technology. In 1950,
physicists at LANL began designing tactical
nuclear weapons or atomic artillery for

the army.

Tactical nuclear weapons were short- range
and smaller in size and yield than weapons
used by the air force. They consisted of a
nuclear artillery shell that could be loaded
into a cannon or a warhead that could be
launched from a tactical missile.'® The
advantage in atomic artillery was that it
could be used much like conventional
weaponry in limited engagements. The dis-
advantage was the close-range detonation of
a nuclear device to those who deployed it.

LANL designed the first nuclear artillery
warhead, the W9, for the army’s 280mm
howitzer. Production began in 1952. The
shell weighed 900 Ibs. The cannon designed
to deliver it weighed ninety-three tons with
a gun carriage made of two separate tractor
units, each with its own driving and steering
equipment. The 280mm howitzer had a
range of fourteen miles.

The air force and navy opposed the use of
precious nuclear material on atomic artillery
and opposed the W9 project. Their critique

105 oeber, Building the Bombs, 87-90.

was not unjustified—the W9 was very
inefficient even for a gun-type weapon.
Although LANL went on to improve
subsequent models, scientists found
the work uninteresting and secondary
to the development of large high-

yield implosion devices. Nevertheless,
Eisenhower’s New Look emphasized
reliance on a diversified nuclear
arsenal with tactical as well as strategic
weapons.

LLNL's interest in thermonuclear
weapons with a smaller yield led to an
interest in developing atomic artillery
and tactical nuclear weapons for the
army. In 1953, the army approached the
AEC with a request for an even smaller
warhead for their eight-inch howitzer.
Shortly afterwards, Teller let the AEC
know that LLNL had been doing some
research in small fission weapons. Herb
York, director of LLNL began to let key
staff know that the Laboratory might
soon become involved in the “small
weapons business.” %

In 1955, the AEC officially made LLNL
the lead laboratory for the develop-
ment of atomic artillery. In 1957, LLNL
received the assignment to develop a
nuclear artillery shell for the army’s
155mm howitzer. The W48 entered the
stockpile in 1962. LLNL retained the
responsibility for atomic artillery over
the years. In 1981, LLNL designed the

106 ¢ L. Blue to W. B. Reynolds, 8 June 1953, Ernest Orlando
Lawrence Berkeley National Laboratory Declassified
Records, 434-95, Box 4, File 19-10-364, Lawrence Berkeley
National Laboratory Archives, 1 (hereafter cited as LBNL
Archives).
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W79, an eight-inch artillery shell, which
replaced LANL’s long-lived W33. The
W33 went into the stockpile in 1956,
shortly before LANL abdicated respon-
sibility for atomic artillery to LLNL.

In addition to atomic artillery, LLNL also
designed other tactical nuclear weapons for
the army and navy. These tactical weapons
were short-range, low-yield missiles and
atomic munitions. In 1962, production
began of LLNL’s W45 warhead, which fit a
variety of different delivery systems—the
air force air-to-surface missile, Bullpup; the
navy surface-to-air missile, Terrier; and the
army surface-to-surface missile, Little John.
The W45 was also adapted to fit the army
Medium Atomic Demolition Munition. The
W45 was designed to deliver different yields
depending on the delivery system.

Intermediate-Range Ballistic Missiles
(IRBM)/Inter-Continental Ballistic
Missiles (ICBM)/Submarine-Launched
Ballistic Missiles (SLBM)

IRBMs, ICBMs, and SLBMs were signifi-
cant advances in nuclear delivery systems.
Ballistic missiles—capable of leaving the
earth’s atmosphere and re-entering to reach
a target—changed the stockpile almost as
radically as the development of thermo-
nuclear weapons. Thermonuclear warheads
could be attached to ballistic missiles and
launched by land or sea at considerable
distances from a target.

An IRBM had a rocket-propelled vehicle
with a range of 1500 to 3000 nautical miles.
An ICBM was a rocket-propelled vehicle
capable of delivering warheads between
continents. An ICBM had a booster, re-entry
vehicle, and penetration aids. An SLBM was
a rocket-propelled vehicle launched from

a navy submarine. Warheads for IRBMs,
ICBMs, and SLBMs needed to be extremely
small and compact.

In 1954, the AEC successfully tested light-
weight nuclear warheads during the Castle
test series. In 1955, Eisenhower approved the
development of four ballistic missiles: two
air force ICBMs, the Atlas and Titan; and
two IRBMs, one for the air force (Thor) and
one for the army (Jupiter). Eisenhower
placed top priority on the ballistic

missile program.'”

In 1956, the AEC charged both LANL

and LLNL with designing a warhead that
could be used in all four of the proposed
missiles. In 1959, the first Atlas ICBM was
equipped with a LANL W49, and stationed
at Vandenburg Air Force Base in California.
In 1959, the Thor IRBM equipped with the
LANL W49 also entered the stockpile.

Fewer than 100 ICBMs were deployed
between 1959 and 1962. The LLNL-designed
W38, a larger yield warhead for the Atlas
ICBM, began entering the stockpile in 1961.
In 1962, the Titan ICBMs were deployed, all
equipped with the LLNL W38 warhead.

The second generation ICBMs, the
Minuteman I and Minuteman II were
deployed between 1962 and 1969. The
majority of these missiles were equipped
with the LLNL-developed W56 warhead.

The navy also insisted on a ballistic missile
and plans were made to convert the Jupiter
missile for submarine use.

107 Ronald E. Powaski, March to Armageddon: The United
States and the Nuclear Arms Race, 1939 to the Present (New
York: Oxford University Press, 1987), 63.
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In 1956, Teller attended a navy study
group at Woods Hole, Massachusetts, and
boldly promised that LLNL could deliver
in three years a warhead small enough to
be launched from a submarine. In 1957, the
navy abandoned the Jupiter program and
awarded LLNL the Polaris contract to develop a
warhead for an SLBM.

LLNL physicists faced a real challenge. Jack
Rosengren, a Polaris physicist, noted that
existing warheads were “simply too large
and heavy to be thrown any real distance”
by current missile technology. Nevertheless,
in 1958, the Experimental Physics Division
made important breakthroughs on Polaris,
which were confirmed during Operation
Hardtack at Bikini just months before the
nuclear testing moratorium began.'®®

Despite the three-year moratorium, LLNL
completed work on the W47 warhead for
Polaris on schedule. In 1960, the Navy
launched the U.S.S. George Washington, the
first submarine equipped with the Polaris
SLBM.'” Figure 14 depicts the launch of the
Polaris missile equipped with the W47.

The navy also proposed the development of a
submarine-launched rocket (SUBROC) at the

1956 Nobska summer conference. A SUBROC
posed many difficult technical challenges for
weaponeers. The SUBROC would launch from a
submerged submarine torpedo tube, rise to the
ocean surface, fire its rocket, fly several miles, and
submerge again to a pre-set depth and detonate its
target. These were very sophisticated procedures
for 1950s signal and sonar technology.

108 Chet Fankhauser to F. C. Gilbert, text of proposed Polaris
article, 29 August 1972, 31045, Box 213, Folder 2045, LLNL
Archives, 2-4.

109 “Nyclear Weapons Research,” Newslite (August—
September 1977), 1-2.

In 1959, the navy formally requested the
development of a warhead for the SUBROC
rocket. In 1964, LLNL's W55 warhead for the
SUBROC began production.

Multiple Independently Targeted
Re-entry Vehicle (MIRV)

In the 1970s, scientists developed MIRVs,
the next breakthrough in nuclear technology
with a significant impact on U. S. strategic
nuclear capability. By placing multiple
warheads on a single missile, MIRVs
allowed each missile launched to hit several
targets. This technology increased targeting
flexibility and maximized the potential
damage from each missile. MIRVs required
much smaller warheads than any previous
delivery system. The technology required
for MIRV warheads “pushed the envelope
of yield to weight ratio.”""” MIRVs also were
the first ballistic missiles with radiation-
hardened re-entry vehicles and components
to protect the weapon from a nearby nuclear
detonation—whether from another warhead
or an anti-ballistic- missile weapon.

In 1964, LLNL introduced the first
multiple re-entry vehicle technology, the
W58 for the Polaris submarine. The W58
replaced the single W47 warhead with a
cluster of warheads that dispersed like
shotgun pellets.

In 1970, LLNL deployed the first MIRVed

warheads—clusters that could actually be
independently targeted. Between 1970 and
1975, new Minutemen III ballistic missiles
entered the stockpile equipped with LLNL
designed W62 warheads. Each W62 featured

119 Serving the Nation for Fifty Years, 45.
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three separate warheads, increasing the
stockpile significantly. Between 1970 and
1975, the navy also MIRVed its submarine
fleet, replacing all Polaris missiles with
Poseidons. Each Poseidon missile carried the
LLNL-designed W68 with anywhere from
six to fourteen separate warheads.

In 1986, LLNL introduced the W87 for

the MX Peacekeeper ICBM, one of the last
MIRVed weapons to enter the stockpile. The
W87 had several innovative features. It held
ten to twelve warheads in a semi-tapered
cone within the re-entry vehicle, could be
fuzed for five different attack modes, and
the primary used insensitive high explosive
(IHE), an HE impervious to shock, heat, or
explosions.'"

11 polaris launch, Negative 1051516, Box 583, LLNL
Archives.

Figure 14. Polaris missile with LLNL-designed W-47 nuclear warhead, 1960.""!

Enhanced Neutron Radiation
Warhead/Neutron Bomb

The neutron bomb was designed to kill
enemy personnel with great quantities of
neutrons but with negligible blast and heat
effects to an area. Essentially, a neutron
bomb would kill people and preserve
buildings and equipment. This weapon’s
design reduced radiation and confined
collateral damage to a smaller area than
conventional nuclear weapons.'"

In 1961, Teller first advocated the devel-
opment of a neutron bomb. Although the
Eisenhower administration rejected such
research, LLNL continued to work on

112 “Peacekeeper Warhead,” Energy and Technology Review
(July 1984), 33; “TATB Detonators,” Energy and Technology
Review (July 1985), 26-27; and “Defense Systems,” Energy and
Technology Review (July 1987), 12-13.

3 Loeber, Building the Bombs, 89.
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enhanced neutron radiation warheads.

In the mid-1960s, both LANL and LLNL
began development of enhanced radiation
warheads for the army Sprint, an anti-
ballistic missile designed to knock Soviet
ICBMs from the sky. In 1968, LLNL’s W65
warhead was canceled in favor of the LANL-
designed W66, which finally entered the
stockpile in 1974.

LLNL developed two enhanced radiation
warheads for the army—the W70 mod 3 for
the Lance missile in 1973, and the W79 for
the eight-inch artillery shell in 1981.

HNAN

Of the seventeen weapons designed and
introduced to the stockpile by LLNL, the
W38, W47, W56, W62, W68, and W87
warheads represent either significant break-
throughs in nuclear weapons design or
important strategic advancements in the
U.S. stockpile. The bulk of the early ICBM
missiles—the Atlas, Titan, Minuteman

I, and Minuteman II—were armed with
LLNL-designed warheads (the W38 and
W56). The U.S. ICBM stockpile growth
from 1959 to 1969 represented a significant
increase in strategic capability and can be
directly linked to Cold War policy in both
the Kennedy and Johnson administrations.
The W47 warhead used in the navy Polaris
SLBM represented a brand new capability
for the military—a fleet of ballistic missiles
armed with nuclear warheads. The W62,
W68, and W87 warheads on the Minuteman
III, Poseidon, and MX Peacekeeper missiles,
respectively, represent both technological
breakthroughs and strategic advancements
in the stockpile. MIRV weapons increased
both precision in targeting and numbers of
weapons in the stockpile.

65

Because LLNL was involved in the design

of nuclear capabilities recognized by the
military as strategically important within the
larger context of Cold War policy, buildings
where this work occurred may be eligible for
National Register consideration.

However, until a design reached the testing
phase, scientists performed the majority of
the work in their minds, in conversation with
their colleagues, and on paper, blackboards,
and computers. Because nuclear weapons
design work is primarily cognitive, it is not
likely to be reflected in the buildings and
structures at LLNL.

For an LLNL building to be considered histor-
ically interesting within the theme of nuclear
weapons design, it must be associated with
multiple weapons of strategic importance,

or a major scientific breakthrough in nuclear
weapons design must have occurred there.

A scientific breakthrough or innovation in
nuclear weapons design is defined as “the de-
velopment of a new military technology that
leads to significant changes...in the realm of
strategy, in the organization of military forces,
or in the distribution of resources among
services.” 1

In addition to its association with multiple
weapons or breakthrough technology, the
building must also possess integrity. That is,
the building must clearly reflect the design
work that occurred there during the period of
historical significance.

114 This definition of innovation in weapons design is from
Matthew Evangelista, Innovation and the Arms Race: How
the United States and the Soviet Union Develop New Military
Technologies (Ithaca: Cornell University Press, 1988), 51.
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6.1.2 Subtheme: Computing

Computing represents a distinct subtheme
within the larger preservation theme

of nuclear weapons design. LLNL has
consistently maintained a cutting-edge
computer capability to assist physicists in
the design of nuclear weapons.

LLNL physicists computed the behavior

and internal interactions of each new
weapons design on large, high-speed, digital
computers as much as possible. By using
such computers, scientists reduced the
number of field tests needed to confirm a
weapon’s feasibility. Computers reliably and
efficiently calculated many different kinds of
complex differential equations in field—such
as neutronics, radiation, and hydrodynam-
ics—that shed light on a weapon'’s design.'”
Computers simulated “the processes and the
physics of nuclear weapons.”!'

As early as 1945, LANL scientists used

one of the first computers ever developed,
the Electronic Numerical Integrator and
Computer (ENIAC), to perform the increas-
ingly complex calculations needed to design
a nuclear weapon.'” Herman Goldstein and
a group of engineers from the University of
Pennsylvania designed the ENIAC to run
on vacuum tubes rather than gears. In 1948,
LANL followed the ENIAC with a computer
of its own, the MANIAC, designed by
Nicholas Metropolis from the University of
Chicago."®

LLNL purchased its first computer, the
UNIVAC, in 1953, shortly after the site

115 Gtatus Report: Fiscal Year 1958, 117-121.

16 Ann Parker, “From Kilobytes to Petabytes in 50 Years,”
Science and Technology Review (March 2002), 20.

17 Rhodes, Dark Sun, 249.

opened.'® The UNIVAC was followed
almost immediately by a string of ever faster
and more complex computers. In 1954,
LLNL purchased the IBM 701, a computer

a dozen times faster than the UNIVAC. In
1956, an additional four computers joined
the UNIVAC and the 701. When these six
computers quickly became insufficient to
meet the growing needs of LLNL physicists,
the Computation Department began looking
for a contractor that could build a really
superior machine.” The Univac is pictured
in figure 15.

In 1960, the Sperry Rand Company of Phila-
delphia delivered the Livermore Advanced
Research Computer (LARC) to LLNL.
LARC represented a significant advance

in computing capability for LLNL. It was
completely transistorized and ten times
faster than all previous computers at the
Laboratory.'” Figure 16 shows computer
programmers at the LARC.

In 1961, LLNL purchased the IBM Stretch, a
machine capable of performing 100 billion
calculations a day—four times faster than
LARC.'2 LLNL purchased the second
Stretch machine; the AEC purchased the
original IBM Stretch for LANL earlier in the
year.'?

118 The MANIAC was not an actual acronym, although
words would be assigned to it over time. Rather, it was an
amusing name created by the machine’s inventors, Nicholas
Metropolis and John von Neumann.

119 Remington Rand, “Contract No. AT(30-1)-1393 Purchase
of Univac Fac-Tronic Computing System No. 4 and
Operation, Testing, and Delivery Thereof,” 4 November
1952, Administrative Files Donald Cooksey, Lawrence
Berkeley Laboratory, 1952, Folder Project Whitney,
Computers, Univac, General Correspondence, LBNL
Archives.

120 420 Years in Livermore,” Newsline (September 1972), 8-10.

121 490 Years in Livermore,”9.
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Over the years, LLNL continued to upgrade
its computers to keep pace with the rapid
advance of computer technology. Beginning
in 1963, Control Data Company (CDC)
furnished the Laboratory with the latest in
large computers for fifteen years. In 1976,
LLNL moved into parallel computing when
it acquired the CDC Star-100s, followed

by the Cray 1. The Cray could simulate
complex physical processes, such as the
“intensity and path of a wave of pressure
within a detonated explosive,” as either a
three-dimensional image or an equation.

In the 1990s, the use of massive parallel
machines, like the Meiko, paved the way
for LLNL's entry in 1996, into the Advanced
Simulation and Computing Initiative
(ASCI). ASCl is a joint LLNL, LANL, and
SNL program to use parallel supercomput-
ers to simulate the performance of nuclear
weapons in the stockpile.'**

bt

Most computers at LLNL are not of historic
interest. Although LLNL worked closely
with computer companies to establish

. .
Figure 15. LLNL's first computer, Univac, 1953. '%

122490 Years in Livermore,”9; and Parker, “From Kilobytes to
Petabytes in 50 Years,” 21.

123 Arnold Lerner, IBM Data Division, to Walter Brummet,
AEC Contracts Division, telegram, 1961, Administrative
Files Donald Cooksey, Lawrence Berkeley Laboratory,
1961, Folder Major Instruments, Computers, Stretch, LBNL
Archives.

124 Parker, “From Kilobytes to Petabytes in 50 Years,” 21-22.

125 Univac Computer, Negative 3828, Box 077, Folder 10563,
LLNL Archives.
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Figure 16. Livermore Advanced Research Computer, 1960."

design specifications, companies like
Rand, IBM, and CDC made the actual
design and breakthroughs in computer
technology. LLNL and LANL tended to
drive the computer industry—companies
designed ever more powerful computers
to suit laboratory computing needs—but
LLNL and LANL did not make or design
the computers themselves. Therefore,
most computers at LLNL will not be of
historic interest.

The exception is the LARC, which was the
largest and most powerful computer of its
day. LARC was designed especially for
LLNL and no other laboratory or facility
had one. Therefore, any building associated
with LARC will be considered eligible for
National Register eligibility, under the
subtheme of computing if LARC is still
extant within it and intact. However, as

the computer buildings at LLNL have been
constantly upgraded, it is unlikely that
LARC still remains in its original location,

126 LARC, Negative C-2287, Box 077, Folder 10563, LLNL
Archives.

68

and the building without its historically in-
teresting equipment would not be of historic
interest by itself. If LARC does exist at LLNL
in any form, it should be assessed as an object
of historic interest, regardless of its location.

6.2 Theme: Nuclear Weapons
Testing

In large part, the AEC created LLNL as

a second nuclear weapons laboratory to
conduct diagnostic measurements of nuclear
weapons in nuclear tests. Nuclear weapons
testing involved conducting weapons tests,
measuring the performance and effects of
nuclear devices, and analyzing the data
retrieved from test shots. Most of this testing
was done as part of weapons development;
however, a few U.S. nuclear tests were
conducted to study weapon effects.

Initially, the AEC expected that LLNL would
perform diagnostics for LANL. However,
LLNL's mission also included weapon
development, and the diagnostic work was
primarily focused on its own tests. LLNL and
LANL often compared and shared diagnostic
test results.

LAWRENCE LIVERMORE NATIONAL LABORATORY
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When a weapons design reached the final
phases of development it required testing

at one of the testing grounds available to
LLNL: the PPG, NTS, or Site 300. Site 300, an
HE test facility fifteen miles east of LLNL,
primarily provided pre-testing of devices
without their nuclear components. Experi-
mental devices exploded at one of these test
sites yielded information critical to making a
weapons design even more efficient.'”

6.2.1 Subtheme: Nuclear Weapons
Testing

The Testing Division was largely responsible
for conducting nuclear tests and measuring
the performance of nuclear devices.
However, other departments, e.g., the Radio-
chemistry Division, also performed analyses
on experimental nuclear weapons.

A nuclear test shot at PPG or NTS involved
several hundred employees and months of
preparation. The Test Division would first
put together the test assembly at LLNL, then
break it down and reassemble it at PPG or
NTS. Most test assemblies were large—as
big as a railroad engine—and weighed as
much as forty-five tons.'®

Test diagnostics recovered important aspects
of nuclear design performance, including
yield, cratering, fallout, and radiation. Test
Division scientists and engineers used a
variety of techniques to gather this informa-
tion. For instance, bomb-fraction tracer sets
attached to the device could determine the
fission and fusion yield of a weapons design;
nuclear emulsions and threshold detectors
measured neutron yield and spectra; optical
and electronic transmission and recording

127 LLNL history, unpublished manuscript, 1966-1967, LLNL
Archives, 3; and Status Report: Fiscal Year 1958, 101.

128 “Twenty Years in Livermore,” 26-31.

methods recorded the time variations

of prompt radiations; and streaking and
framing cameras could capture images of
the detonation at incredibly fast speeds—
e.g., three-billionths of a second.'®

The evolution of diagnostic testing methods
at LLNL featured the development of ever
more precise optical, electronic, seismic, and
X-ray recording equipment. In 1957, during
the Whitney shot, LLNL test scientists first
experimented with the optical transmis-
sion of data rather than with the extensive
network of buried cables used previously.
Rather than cables, field testers developed
an elaborate optical telescope system that
could be viewed from an underground
bunker 1,000 feet away from ground zero.™
In 1961, the Test Division designed new
camera equipment with greater high-speed
and time-dependent spectroscopy capa-
bilities." More recent improvements in
diagnostics include the development of a
gas-sampling technique in 1979, the use of
fiber-optic cable for data collection in 1982,
and improvements in gamma ray spectros-
copy in 1984.1%2

Most nuclear testing occurred at PPG or
NTS. LLNL conducted its first nuclear
testing experiment during Operation
Upshot-Knothole at NTS in the spring of

129 George Barton, Guide to Radiochemical Diagnostics (U),
UCRL-5191, SRD (Livermore: University of California
Radiation Laboratory, 1958); W. Singlevich and E. M.
Douthett, Operation Buster and Jangle Radiochemical Analysis
of Bomb Debris (U), SRD (Oak Ridge, Tenn.: Technical
Information Service AEC, 1952); and Status Report: Fiscal Year
1958,101.

130 «. wenty Years in Livermore,” 29.
131 Status Report: Fiscal Years 1960 and 1961, 91.

132 “Highlights of Laboratory Achievements During 1979,”
Energy and Technology Review (August 1980), 19-21; “National
Defense,” Energy and Technology Review (July 1982), 11; and
“New Gamma-Ray Diagnostics,” Energy and Technology
Review (July 1984), 11.
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1953. The following year, LLNL fired its first
test shot at PPG during the Castle test series.
LLNL participated in all succeeding nuclear
test events until the end of the nuclear
testing program in 1992.

Specific nuclear tests may be of historic
interest either because they are associated
with a weapon system of particular signifi-
cance, or because of technical breakthroughs
that occurred during them. The buildings
associated with nuclear tests include staging
areas, test structures, and test buildings. The
most likely buildings to be associated with
historically significant nuclear tests would
be those at PPG and NTS.

The assessment of structures at PPG and
NTS is outside the scope of this project. It

is unlikely that many buildings at LLNL
will be of historic interest on the basis of
association with an important nuclear test
simply because no full-scale nuclear testing
took place there. The exception would be a
staging area or an assembly building where
test devices were assembled or staged prior
to their use at NTS or PPG in a histori-

cally significant nuclear test series. Such a
building would also need to possess historic
integrity. That is, it would have to clearly
reflect nuclear staging or assembly activities
and be clearly associated with an important
nuclear test.

Buildings and structures at LLNL may

also be of historic interest within the

context of the Cold War and the theme

of nuclear testing if they demonstrate a

clear connection to the development of
breakthrough nuclear testing diagnostic
techniques or equipment. This breakthrough
in technology must have significantly

altered or changed the way that the

science of nuclear testing was conducted.
Furthermore, the building must also have
historic integrity. It must clearly reflect that
breakthrough moment in nuclear testing
diagnostics.

6.2.2 Subtheme: High Explosives
Testing

Before LLNL field testers conducted a large-
scale nuclear event at PPG or NTS, they pre-
tested as many as ten to fifty devices at Site
300, an HE test facility fifteen miles from the
main LLNL site.

HE is critical to the performance of nuclear
weapons and a variety of components. It is
key to achieving the critical mass necessary
for detonation.”®

The devices tested at Site 300 ranged

from “small simple hydrodynamic
assemblies to full-scale devices less nuclear
components.”'* Diagnostic information
gained from these tests included informa-
tion about theoretical values, ballistic per-
formances of HE components, transit times,
and simultaneity. This information allowed
weapons designers to establish ultimate
design criteria.’®

In 1955, LLNL purchased 3,400 acres of
ranch land from William J. Kelley, F. B.
Kelley, and Bert Ranta to conduct these

HE experiments.'* As program needs
expanded, LLNL purchased additional
acreage over the years, bringing the total to
7,000 acres.

133 “Inside Site 300,” Newsline (Fall 1981), 5.
134 Status Report: Fiscal Year 1958, 176.
135 Ibid.
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The three main activities conducted at Site
300 were and are: hydrodynamic testing, HE
processing, and environmental testing.

Most of the buildings at Site 300 were con-
structed between 1955 and 1960. In 1976,
new developments in nuclear weapons
design and testing necessitated the upgrade
of Site 300 facilities.

Hydrodynamic Testing

Hydrodynamic testing involved the
simulation of nuclear explosions at
extremely high temperatures—so high that
solids become liquid. Site 300 scientists
then observed the flow of matter under
these extreme conditions.'” Ultimately,
the purpose of these experiments was to
observe the behavior of a nuclear device at
the precise moment it exploded. The infor-
mation gained allowed weapons designers
to verify that their designs would work

as expected.

Hydrodynamic testing occurred in the east
and west firing areas at Site 300. The main

firing facilities included five underground

reinforced concrete bunkers with diagnos-

tic equipment.'®

The diagnostic equipment used to capture
images of an exploding device included
electrical pins and raster oscilloscopes, linear

136 “proposed Weapons Research Remote Site,” Site 300
Memorandum, 18 October 1954, Administrative Files
Donald Cooksey, Lawrence Berkeley Laboratory, 1960,
Folder Reactors, Plant, Livermore Site 300, LBNL Archives;
and “Preliminary Proposal for Site 300,” 1 July 1953, Ernest
Orlando Berkeley National Laboratory Declassified Records,
43-95, Box 4, File 19-10-364, LBNL Archives.

137 Status Report: Fiscal Year 1958, 81.

138 “Gite 300 Organization and Activities,” unpublished

report, 28 July 1980, Site 300 Manager’s Administrative Files.

accelerators using flash X-ray, and high-
speed framing and smear cameras.'®

In 1955, LLNL built the first three hydrody-
namic testing buildings at Site 300. Bunker
801 recorded test explosions with high-
speed cameras that viewed the event from
a mirror system. Bunker 802 was equipped
with pins or electrical contacts connected to
electronic equipment. When a device was
exploded in the bunker, the motion of the
parts could be measured by recording the
instant of contact between a pin and the
portion of the device that hit it. Bunker 812
housed a linear accelerator (linac), the XR2,
which could X-ray the inner motions of test
assemblies during firing.'

In 1960, two additional bunkers were added
to the hydrodynamic test facilities at Site
300. Bunker 850 had additional pin and
optics capabilities. Bunker 851 was built to
house an even more powerful linac.'!

Site 300 scientists increasingly refined
their diagnostic techniques over the years
so that they could see more and more of
the internal workings of a device at the
moment that the conventional explosives
imploded the nuclear material. In 1951, the
XR2 machine provided a primitive X-ray
capability for Site 300. In 1960, a high-
energy linac replaced the XR2 machine. It

139 Status Report: Fiscal Year 1959, 55; Status Report: Fiscal Year
1960 and 1961, 11-12; and University of California Lawrence
Radiation Laboratory, Status Report: Fiscal Year 1962 (Berkeley:
University of California Lawrence Radiation Laboratory,
1962), 55.

Y0 Status Report: Fiscal Year 1958, 176.

141 1bid., 176-177; and R. Mullins to J. Carothers, “Site
300 Yearly Summary,” memo, 5 December 1960, Site 300
Manager’'s Administrative Files.
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could produce even greater X-ray flashes to
image mock nuclear weapon primaries as
they imploded.'* In 1982, Site 300 installed
an even more powerful linac in the Flash
X-Ray (FXR) Radiography facility, an up-
to-date hydrodynamic testing facility. The
evolution of Site 300’s X-ray capabilities are
depicted in figures 17, 18, and 19.

The FXR accelerator could photograph mock
nuclear weapons components as conven-
tional HE triggered a simulated nuclear
explosion. The FXR made it possible to
conduct fewer actual nuclear tests."*® Bunker
801, the first hydrodynamic facility built at
Site 300, housed the new FXR Radiography
Facility. Constantly upgraded since 1982, the
FXR Radiography Facility is currently used
to assist in stockpile stewardship.'*

Figure 17. XR2 machine, Site 300, bunker 812,1955.1%

12 Serving the Nation for Fifty Years, 23.

143 Serving the Nation for Fifty Years, 23; and John Miller,
“Costly X-Ray Machine to Aid Atom Experts,” The Oakland
Tribune, 25 October 1979, C-11.

144 Serving the Nation for Fifty Years, 77.

High Explosive Processing

Site 300 scientists also processed and
fabricated their own HE components for test
devices.

Prior to 1955, LLNL weapons designers
used facilities belonging to outside vendors
to provide explosives and hydrodynamic
analysis. However, with the acquisition of
land for hydrodynamic facilities, LLNL also
planned an HE processing area to produce
“a prototype HE of any device envisioned
by the ... [LLNL] program.”'*

HE processing involved mixing and
blending molding powders and melting,
casting, and pressing them into shapes. The
fabrication process involved machining and
assembly of the processed shapes.

15 A.J. Hulse, “Site 300 Facilities,” memo, 1957, Site 300
Manager’s Administrative Files.

146 XR-2 machine at Site 300, Negative GTB 553-4587, Box
003, LLNL Archives.
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147 Building 851A linac, LLNL photographer, 2003.
148 Flash X-ray linac at Site 300, Box 386, LLNL Archives.
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Another integral part of developing HE for
test devices was the development of new
materials and processing technology. The
Chemistry Department had responsibility
for materials research at Site 300, and the
Chemical Engineering and the Mechanical
Engineering Departments conducted
research into processing technology. HE
process development included isostatic
pressing, elastomer-container develop-
ment, adhesives development, mix-and-
blend technologies development, and
tooling development.'* HE processing also
involved the analysis and storage of the
finished product.

In 1955, LLNL built its first HE processing
facilities, the Trim and Assembly Building,
and the HE Machining Building. In 1959,

an HE Press Building, HE Blending and
Mixing Building, Radiography Laboratory,
Chemistry Laboratory, and an HE Assembly
Building were added." In 1959, a larger

HE Press complex of buildings was added
to accommodate the preparation and
isostatic pressing of bulk explosives and
inert compounds.’! A steam plant, waste
treatment facility, and storage buildings
were added in the 1960s. HE processing, like
machining and pressing were conducted
with remote equipment. The control room
of Building 807, HE Machining, is shown in
figure 20.

In 1976, LLNL researchers made a design
breakthrough on the IHE triamino-
trinitrobenzene (TATB), which led to

49 Spatus Report: Fiscal Year 1958, 177.
150 A 1. Hulse, “Site 300 Facilities,” 4.

151 | awrence Livermore National Laboratory, Site-Wide
Remedial Investigation, UCRL-AR-108131 (Livermore:
Lawrence Livermore National Laboratory, 1994), 13-4-53.

its widespread use in nuclear weapons.
TATB is highly insensitive to external
shocks caused by explosion, fire, or crash.
The W87, designed by LLNL, was the

first nuclear weapon to employ TATB in
both the detonator and main explosive
charge. IHE significantly improved nuclear
weapons safety. In the 1990s, LLNL chemists
determined a process for the inexpensive
manufacture of TATB."?

Environmental Testing

HE testing at Site 300 also maintained a small
capability in environmental testing. These
tests determined the behavior of assemblies
under different kinds of environmental
conditions. Static tests exposed assemblies

to varying temperatures, pressures, and
humidities. Dynamic tests subjected
assemblies to shaking, dropping, acceleration,
and deceleration.

Environmental test equipment included
drop towers, shake tables, and underground
assembly and firing facilities.

The Environmental Testing Area at Site 300
was built primarily between 1958 and 1962.
In the 1980s, LLNL upgraded its environ-
mental testing capabilities to accommodate
increasing sophistication in weapons design.

The Thermo/Mechanical Test Complex was
one of the first environmental testing facilities
built at Site 300. Building 830 provided
facilities for long-term accelerated aging and
compatibility tests. Building 832 conducted
mechanical testing in tension, compression,
thermal expansion, and creep. Building 833
expanded the mechanical and thermal testing

152 Serving the Nation for Fifty Years, 56-57.
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capability for HE. Building 834 provided
nineteen thermal chambers in six test cells,
including a combined temperature and
humidity chamber.'

In 1960, LLNL added the Dynamic Test
Complex to its environmental test capabili-
ties. The Dynamic Test Complex consisted
of two areas separated by a one kilometer.
Building 854 provided shock, vibration,
acceleration, and deceleration machines
for components and devices containing HE
and hazardous materials. The control room
for the Dynamic Test Complex is shown in
figure 21. Building 858 was a thirty-meter
drop tower for guided free-fall impact
testing. Components tested could contain
HE or inert materials.'>

1% Building 807 remote control machining room, 1960s,
LLNL Archives.

154 K, W. Volkman, D. K. Fisher, and ]. G. Katz, Environmental
Test Facilities and Testing at Lawrence Livermore Laboratory,
UCRL-80837 (Livermore: Lawrence Livermore Laboratory,
1978), 6-8.

Figure 20. Building 807, HE machining controlrm,_19605.153 —

BV e
e

Between 1960 and 1962, Building 855, the
Disassembly Complex, was added to the
environmental test area for the examina-
tion of damaged components and devices
in environmental or dynamic testing. The
Disassembly Complex provided remote
control features to protect workers against
the possible detonation of damaged HE
components.'*

In 1970, Building 836, the Multiple-Actuator
Hydraulic Shaker Facility was built. This
provided a high-force, high-amplitude, low-
frequency shock and vibration test capability
for the environmental test area of Site 300.'

In 1978, LLNL developed a plan to re-vamp
Site 300 environmental facilities. Improve-
ments in weapons design had exceeded the

155 Ibid., 8-12.

156 “Site 300 Organization and Activities,” unpublished
report, 28 July 1980, Site 300 Manager’'s Administrative
Files, 3.

157 Volkman et al., Environmental Test Facilities and Testing at
Lawrence Livermore Laboratory, 2-5.
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environmental test capabilities at Site 300.
The plan proposed ten new or renovated
facilities that would include the following
improvements: new computer systems,
X-ray film processor, thermal chambers,
hydraulic actuator slip table, twenty-four-
inch pneumatic actuator, mobile data acqui-
sition van, signal conditioning system, and
air-handling and filter hoods for machine
tools.””® In 1979, a modified plan requested
five of the upgraded facilities.

In 1983, LLNL dedicated two new environ-
mental test facilities at Site 300—the Thermal
Test Facility and the Hydraulic Shaker
Facility. The Thermal Test facility had solar
ovens capable of reaching temperatures of
230 degrees Fahrenheit. One of the ovens
could hold assemblies the size of a three-
quarter ton truck. The Hydraulic Shaker

Facility replaced a twenty-five year old
system. It housed a new indoor shaker table
which could vibrate a weapons test assembly
5 to 20,000 times a second with up to 40,000
pounds of force.™

*AHF

The HE testing of weapons components and
test assemblies at Site 300 allowed scientists to
preview and alter weapons designs without
the expense of full-scale nuclear testing at
NTS or PPG. Most HE testing at Site 300 was
a support function for the nuclear weapons
program. However, hydrodynamic testing
and HE processing led to breakthroughs in
nuclear weapons design—like the IHE safety
features incorporated in the W87. Therefore,
the hydrodynamic and HE process areas at
Site 300 require a historical assessment.

Figure 21. Dynamic Test Complex, Building 854, control room, 1960.'®

158 David F. Hillyer, Weaponization Facilities Project, UCRL-
89141 (Livermore: Lawrence Livermore National Laboratory,
1983), 4-5.

1% Mike Ciraolo, “Nuclear Test Facility Dedicated,” The
Daily Californian, 24 March 1983.

160 Building 854, control room, 1960, LLNL Archives
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Environmental testing, in contrast, was

a more routine type of testing within the
nuclear weapons complex designed to
determine how weapons survived in the
stockpile and in the harsh environments of
their use. Environmental testing produced
more incremental knowledge about per-
formance at a later stage in the weapons
design process. Therefore, the environmen-
tal test facilities at LLNL’s Site 300 are not of
historic interest.

To be considered of historic interest within
the subtheme of high explosives testing,

a building must be associated with a

major scientific discovery that advanced

the science of nuclear weapons design or
nuclear testing. A building may also be of
historic interest within this subtheme if

it is clearly associated with the develop-
ment of a breakthrough technology in
hydrodynamic testing or HE processing.
Alternatively, due to the importance of HE
processing and hydrodynamic testing to the
LLNL weapons design program, a building
or set of buildings that is illustrative of this
practice over time may also be eligible to the
National Register.

Whatever its associations, however, a
building must still possess integrity to be
considered eligible to the National Register.
It must be intact and still reflect the historic
technological breakthrough, weapon system,
or development in technique or equipment.

6.3 Theme: Nuclear Research
Herbert York, the first director of LLNL,
included basic research as one of the original
missions of the Laboratory. York thought

it would benefit the overall climate and
standard of technical excellence of the new
laboratory to provide work opportunities

for young scientists and engineers interested
in doing advanced research in science and
technology but who might not be “keen on
weapons.”'®! Since those early years, LLNL
has continued its basic research programs

in physics, chemistry, and materials
research. In turn, these research areas have
contributed to and shaped the field of
nuclear science.

The theme of nuclear research at LLNL
pertains to both weapons and non-weapons
knowledge and practical applications in the
field of nuclear science

The theme of nuclear research at LLNL
pertains to both weapons and non-weapons
knowledge and practical applications in the
field of nuclear science

6.3.1 Subtheme: Nuclear Physics
Research

Nuclear physics research at LLNL evolved
and changed over the years. Initially focused
on weapons-related research problems,
nuclear physics research expanded to
include more academically oriented projects.
In the 1950s, research in nuclear physics
occurred in several different groups or
divisions. These original groups were the
Theoretical Physics Division, the Computa-
tion Division, the Nuclear Physics Group,
and the Neutronics Division.'®?

In 1962, LLNL director John Foster ac-
knowledged the importance of basic
physics research to the Laboratory’s applied
programs in weapons, fusion research,

and reactors. He consolidated all groups
doing basic physics research under a newly

161 30 Years of Technical Excellence, 4-5.

162 Status Report: Fiscal Year 1958, 35-46.
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formed Physics Department and called for
stronger ties between basic physics research
and LLNL’s applied programs.'®® The newly
formed Physics Department incorporated
the original four divisions—Neutronics,
Nuclear Physics, Theoretical Physics, and
Computation—under one department.'**

Subsequent reorganizations in LLNL’s
organizational structure resulted in name
changes for these divisions. Sometimes
divisions were consolidated or new ones
added to reflect expanding research
programs within divisions.

In the 1960s, divisions in lasers, atmospheric
research, equation of state, hydrodynamics,
and astrophysics became research areas in
their own right.'®®

This report does not detail every nuclear
physics project that LLNL was engaged

in; instead it outlines the basic research
objectives in the nuclear physics program.
The following descriptions of LLNL nuclear
physics research objectives are aids in estab-
lishing thresholds of historic interest within
the context of the Cold War, the theme

of nuclear research, and the subtheme of
nuclear physics research.

This report will define the original four
physics divisions, discussing new divisions
within the division in which they originated.

163 John Foster to W. Reynolds, memorandum, 25 May 1962,
Administrative Files Donald Cooksey, Lawrence Berkeley
Laboratory, 1962, Folder Administration and General Service
Department, LBNL Archives.

164 D, M. Wilkes, press release, 18 June 1962, Administrative
Memorandum, LLNL Archives; and “Merkle Named Boss

of New Department for Physics Research,” The Magnet (June
1962), 1.

165 30 Years of Technical Excellence, 63.

The Laser Division will be discussed
separately, as it becomes a major program-
matic mission in the 1970s.

Theoretical Physics

In the 1950s, physicists in the Theoreti-

cal Division devoted most of their time

to supporting the weapons program. As
described in section 6.1.2, above, physicists
first worked out weapons designs on paper
or computers as mathematical equations.'®

In addition to warhead design, theoretical
physicists also supported weapons research
by working complex differential equations
on problems related to neutronics, hy-
drodynamics, and radiation. Neutronics
focused on fission reactions, hydrodynamics
explored the actual explosion of a nuclear
device, and radiation focused on the waste
products of a nuclear explosion.

Theoretical physicists used computers to
explore the nature of particle physics and
the phenomena of nuclear scattering.'®’
Research on nuclear scattering revealed
important information on the nucleus and
led to the increased understanding of the
reactions that took place in fission and
fusion devices.'®®

Physicists in the Theoretical Division also
supported the research of other programs.
They provided much of the preliminary

166 Status Report: Fiscal Year 1958, 35-46.
167 Thid.

168 “We Explore the Atom,” The Magnet (November
1957), 5.
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work and calculations for projects in con-
trolled thermonuclear fusion, nuclear power,
and nuclear propulsion.'®

In 1961, physicists J. Anderson and C. Wong
demonstrated the relationship between
proton and neutron in medium-weight
nuclei.'”

Theoretical physicists continued through-
out the 1960s to pursue research questions

in elementary particle discovery, nuclear
physics, and atomic physics. Experimental
research explored the nucleon-nucleon prob-
lem, electron and positron collisions with
atomic hydrogen, and the existence of the B
meson.'”!
In 1977, the President’s Science Advisory
Committee (SAC) recognized LLNL’s work
in two areas of nuclear physics as having
made important contributions to science.
SAC noted that LLNL physicists discovered
“the importance of using positron beams

to initiate photonuclear processes.”'”? They
also noted LLNL'’s discovery of “funda-
mental...regularities in nuclear energy level
structure.” This work on analog states led to
later insights about nuclear structure.

In the 1970s and 1980s, T-Division, a com-
bined Theoretical Physics and Computation

169 1bid.
170 “Twenty Years in Livermore,” 15.

17! University of California Lawrence Radiation Laboratory,
Status Report: Fiscal Year 1963 (Berkeley: University of
California Lawrence Radiation Laboratory, 1963), 9-10.

172 University of California (System). Report of the Committee
to Examine the University's Relationship with the Los Alamos
and Livermore Laboratories. Report on the Scientific Advisory
Committee on the Lawrence Livermore Laboratory and Los
Alamos Scientific Laboratory (Berkeley, Calif.: The Committee,
1978), 9.

Division, continued to support the weapons
program and fusion research. In addition, the
group supported LLNL’s new efforts in laser
fusion.'”

A

In 1963, a separate Atmospheric Research
group emerged from the Theoretical Physics
Division, eventually becoming today’s
Atmospheric and Geophysical Sciences
Division. Atmospheric research at LLNL
stemmed from attempts to model fallout
from nuclear weapons testing with comput-
ers in the late 1950s and 1960s.

In the 1970s, LLNL atmospheric research-
ers began to model accidental releases of
radiation. This led to the development of the
Atmospheric Release Advisory Capability
(ARACQ), an emergency response function
serving the government. In 1979, ARAC
opened ahead of schedule to respond to
the Three Mile Island nuclear power plant
accident. LLNL has also been involved

in research on global warming and its
causes. In 1989, LLNL established the
Program for Climate Model Diagnosis and
Intercomparison (PCMD]) to assist in the
evaluation of the many different global
climate models in existence worldwide.'

Computation

In the 1950s, the Computation Division
provided mathematical support for the
Weapons Division and the Theoretical

173 | awrence Livermore Laboratory, Directors Program
Review Physics Department: Summary Information (Livermore:
Lawrence Livermore Laboratory, 1978).

174 “Energy and Environment: Understanding Our World,”
Science and Technology Review (October 2002), 18-20.
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Division. Computational physicists primar-
ily designed numerical codes that would
simulate the physical problems involved in
nuclear weapons design and testing.

Like the theoretical physicists, computation
physicists also supported work in fusion
research and reactors.

Non-weapons-related physics research that
made use of computers included programs
that could predict atmospheric flow patterns
and plot the life-cycle of stars.'”

Called upon by a variety of groups within
the Laboratory to provide computational
support, the division addressed a succession
of disparate problems. In the 1960s, some of
the most significant and interesting projects
included: thermodynamic properties of
matter, a more satisfactory model of the sun,
theoretical studies of melting, theoretical
studies of freezing, weather prediction, and
modeling time-dependent, wind-driven
ocean currents.'” The 1964 computation of
the first accurate orbit of Mars is an example
of the type of detailed results these efforts
generated."”

In 1975, Computation became involved

in a project sponsored by the Department
of Transportation. The Climatic Impact
Assessment Program (CIAP) was a com-
prehensive program to study the impact of

175 Status Report: Fiscal Year 1958, 117-119; and Status Report:
Fiscal Year 1959, 35-39.

176 University of California Lawrence Radiation Laboratory,
Status Report: Fiscal Year1965 (Berkeley: University of
California Lawrence Radiation Laboratory, 1965), 10-19.

177 “Twenty Years in Livermore,” 17.

transportation systems on climate and atmo-
sphere. In 1977, the President’s SAC reported
that computational physics research at LLNL
had been influential in industry development
of new computational abilities. The SAC high-
lighted LLNL'’s participation in CIAP and,

in particular, the development of a pollution
model of the stratosphere.'”

In the 1980s, computation physicists at LLNL
continued to support the weapons program,
fusion research, and basic physics research.
They developed computer-generated models
of nuclear ion scattering, electron-ion collision
cross-sections, nuclear shapes, combustion
chemistry, vibrating molecules, interacting
periodic systems, different states of matter,
and the birth of the galaxy.'”

In 1982, LLNL developed dynamics in three
dimensions (DYNA3D), a computer code

that simulated the environmental testing of
the B83. Private industry soon began using
DYNAS3D to test everything from cars to com-
mercial airplanes. Industrial users included
General Motors, Daimler-Chrysler, Alcoa,
General Electric, Lockheed Missiles and
Space, General Dynamics, Boeing Commercial
Airplane Group, Adolph Coors Co., Rockwell
International, and FMC Corp.

Computation research remains integral to
the mission at LLNL today. In 2002, the

178 | awrence Livermore Laboratory, Theoretical Physics
Division Annual Report: 1975, UCRL-500035-75 (Livermore:
Lawrence Livermore Laboratory, 1975), 81; and Report of the
Committee to Examine the University’s Relationship with the Los
Alamos and Livermore Laboratories, 9-10.

17 University of California Lawrence Livermore National
Laboratory, 30 Years of Technical Excellence: T-Division
(Livermore: Lawrence Livermore Laboratory, 1982), 2.
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latest LLNL super computer, the ASCI
White, modeled the first full-system
three-dimensional simulation of a nuclear
weapons detonation.'®

ook

Astrophysical research was another area

to emerge in the 1960s within the Physics
Group. LLNL’s computer capabilities
enabled it to do increasingly sophisti-

cated astrophysical research. In the 1960s,
LLNL astrophysicists discovered the basic
mechanism of supernova explosions. They
also calculated the collapse involved in

the creation of a black hole. In the 1970s,
LLNL astrophysicists developed the first
stellar evolution models and predicted the
existence of quark stars. In the 1980s, LLNL
formulated an equation of state and opacity
code, which subsequently became the model
in stellar physics. In the 1990s, LLNL astro-
physicists joined the Massive Compact Halo
Objects (MACHO) project, a joint collabora-
tion with many universities to search for
dark matter.’!

The history of LLNL’s broader computing
capability is outlined above in Section 7.1.1,
“Subtheme: Computing.”

Neutronics

The Neutronics Division at LLNL performed
experiments in neutron physics to sup-

port the nuclear weapons program and to
advance the science of nuclear physics. The
four main areas of work in the Neutronics

180 Serving the Nation for Fifty Years, 111.
18! Theoretical Physics Division Annual Report: 1975, 66.

81

Division were operation of research reactors,
reactor neutron-physics research, criti-

cal assembly studies for the weapons and
nuclear propulsion programs, and general
nuclear safety.'®?

The Neutronics Division operated research
reactors for the physics, chemistry, and
biochemistry programs at LLNL and LBNL.
The research reactors at LLNL included

the Water-Boiling Neutron Source Reactor
(WBNS), Livermore Pool-Type Reactor
(LPTR), and later the Fran, Kukla, and
Super-Kukla nuclear burst machines.

The very first reactor at LLNL was the
WBNS inherited from CR&D. In 1953,
CR&D built the WBNS, a small thermal
reactor, to produce neutrons for exponential
studies. Exponential studies explored the
“neutron spectra and distribution in fast
breeder reactor cores of various composi-
tion.” These studies produced information
on plutonium metal systems.'®?

The water-boiler type reactor was primarily
intended for student training programs or
for very limited research programs. In 1944,
LANL built the first water-boiler reactor.
LANL’s Low Power Reactor (LOPO) was
dismantled and rebuilt several times from
1944 to 1950. In 1952, Atomics International,
a division of North American Aviation built
a water boiler reactor for the AEC.

182 Status Report: Fiscal Year 1958, 129-131; Status Report: Fiscal
Year 1959, 43-45; and Status Report: Fiscal Year 1960-1961,12~-
14.

183 | jvermore Research Laboratory, Hazards Attendant to
Operation of Water Boiler Neutron Source With Exponential
Studies, LWS-29066 (Livermore: Livermore Research
Laboratory, 1953), 5-6.
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Atomic International then built the WBNS
for CR&D. The WBNS was a 100-watt water-
boiler style reactor similar to those in opera-
tion at North American Aviation and LANL.
The WBNS consisted of “a central core tank
filled with fuel solution, surrounded by a
graphite moderator, and equipped with the
instrumentation and controls necessary for
operation and safety.”®

In 1954, shortly after acquiring all CR&D
facilities and equipment, LLNL proposed
building a more flexible research reactor.
The proposal called for a high thermal neu-
tron flux swimming pool type reactor. The
Chemistry Group of LLNL required a more
powerful reactor to conduct radiochemi-

cal analysis of nuclear test samples for the
weapons program. Without a larger reactor,
scientists at LLNL would be dependent on
LANL or the Applied Radiation Corporation
(ARCO) to process test samples.'®

The swimming pool type reactor, or
Livermore Pool Type Reactor (LPTR), was a
“one megawatt solid fuel, light water mod-
erated and cooled reactor.” 1%

The reactor core resided in a tank approxi-
mately six feet in diameter and three-eights
of an inch thick surrounded by biological
shielding. The fuel elements of the reac-

tor core were modeled after those in the

18 Livermore Research Laboratory, Hazards Attendant to
Operation of Water Boiler Neutron Source, 5.

185 Arthur T. Biehl to Herbert York, memorandum, 23 April
1953, “Proposed UCRL, Livermore Research Reactor,”
Administrative Files Donald Cooksey, Lawrence Berkeley
Laboratory, 1953, Folder Project Whitney, Reactors, LBNL
Archives.

186 Robert Detterman, Safeguard Report Livermore Pool Type
Reactor (New York, NY: Foster Wheeler Corporation,
1956), 16.

Materials Test Reactor (MTR) located at the
National Reactor Testing Station in Idaho.'’

The design of a swimming pool type reactor
was considered superior to a water boiler
because it overcame the problems with
escaping gases or loose fission products
experienced by water-boiler reactors. In the
event of an accidental explosion, the water
surrounding the swimming pool type reac-
tor would contain radiation.'®®

In 1955, the Foster Wheeler Corporation
began construction on the LPTR. Although
primarily constructed for use in the weap-
ons program, the LPTR also incorporated
features that made it useful for research in
many other programs, including physics
and biomedicine. The LPTR is depicted in
figure 22.

The LPTR was completed and first oper-
ated in 1958." It was the largest research
reactor on the West Coast at the time. After
1959, the WBNS was primarily used only

a few hours a week for graduate seminars
in nuclear engineering.'”® A workhorse for
the weapons program and other research at
LLNL, the LPTR ran for over twenty years.
It was finally decommissioned in 1980.™

The reactor neutron-research program of the
LPTR had three general experimental pro-
grams: precision gamma studies, solid-state

187 Ibid.
188 Ibid.

189 Albert Kirschbaum, memorandum, “Open House,” 2
May 1958, Administrative Files Donald Cooksey, Lawrence
Berkeley Laboratory, 1958, Folder Major Instruments,
Livermore Pool Type Reactor, LBNL Archives.

190 Syatys Report: Fiscal Year 1959, 45.
19 Serving the Nation for Fifty Years, 11.
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studies with neutron diffraction spectrome-
ters and radiation damage experiments, and
precision measurements of neutron interac-
tions with matter.'”

Expertise gained in reactor operation and
research led to the prompt-burst neutron
reactors—Kukla, Fran, and Super Kukla—
used to conduct contained fission reactions.
The Kukla was first developed in 1961. The

192 PTR, Negative GLB-585-12421, Box 495, Folder 14136,
LLNL Archives.

193 Status Report: Fiscal Year 1958, 129.; and Status Report:
Fiscal Year 1963, 14.

Figure 22. Building 280, Livermore Pool Type Reactor, 1958.12

83

Fran and Super Kukla were installed at NTS
in 1963 and 1964 respectively.

In 1961, Kukla, the first critical neutron-
burst facility at LLNL, was constructed and
installed in one of the vaults used for critical
experiments. Physicists used Kukla to inves-
tigate neutron-burst initiation and radiation
damage."

In 1963, the Neutronics Division built another
neutron-burst machine, Fran, and installed it
at NTS. In 1964, they designed an even larger

194 Status Report: Fiscal Year 1960-1961, 12-14; and Status
Report: Fiscal Year 1962, 7.
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machine, Super Kukla, for NTS. The Super
Kukla machine consisted of an assembly of
fissionable material that could be remotely
manipulated to produce short neutron
bursts.!®

From 1955 to 1968, LLNL also participated
in AEC reactor research for various nuclear
propulsion projects. By 1963, Livermore

was approaching Argonne in its level of
reactor work. A more detailed analysis of
LLNL’s nuclear propulsion work is provided
below in section 6.4.2 “Subtheme: Nuclear
Propulsion Program.”

The Kukla, Fran, and Super Kukla prompt
neutron burst reactors were part of the
Neutronic Division'’s critical assembly
studies, which measured the amount of
fissionable material necessary for a chain
reaction to occur in a device or assembly.'
Assemblies for weapons systems were
tested on fast neutron systems. Enriched
uranium assemblies also provided data on
“critical mass, flux and power distributions,
the effects of structural materials and voids,
and the effectiveness of control and safety
rod designs” for the nuclear propulsion
program.'”

In 1964, with the demise of the nuclear
propulsion program, the weapons program
subsumed critical assembly studies.

The Nuclear Safety group reviewed and
designed facilities for the fabrication of
fuel elements. It also established safety

195 Status Report: Fiscal Year 1963, 14; and “Twenty Years in
Livermore,” 17.

1% Status Report: Fiscal Year 1958, 129.
197 Status Report: Fiscal Year 1959, 43.

guidelines for storing and handling
fissionable materials.'*®

Experimental Nuclear Physics

The Experimental Nuclear Physics group
conducted basic and applied research in
medium-energy nuclear physics. In the
1950s, the two major instruments it ini-
tially used for this work were the 0.5-MeV
Cockcroft-Walton accelerator and the 90-
inch cyclotron. The Cockcroft-Walton was
used as an intense source of 14-MeV neu-
trons and the cyclotron was a flexible source
of protons, deuterons, alpha particles, and
monoenergetic neutrons.” The Cockcroft-
Walton accelerator and the 90-inch cyclotron
primarily provided nuclear research for the
weapons program . Figures 23 and 24 depict
the first LLNL accelerators for the weapons
program.

In 1962, the Experimental Nuclear Physics
group added atomic physics and nuclear
instrumentation to its research agenda.
Atomic physics applied experimental
methods learned in nuclear physics to other
questions, such as, atomic cross sections.
Nuclear instrumentation involved adapting
nuclear equipment for use in space physics
and satellite instrumentation.?®

An outgrowth of the Experimental Nuclear
Physics group’s research was accelerator
development. Accelerators at LLNL had a
research life of approximately five years.
Therefore, LLNL physicists constantly
designed and replaced accelerators with
new up-to-date models.?”

1%8 Status Report: Fiscal Year 1960-1961, 12-14.
19 Status Report: Fiscal Year 1958, 125.

20 Status Report: Fiscal Year 1962, 9-10.

200 Seatus Report: Fiscal Year 1963, 13.
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Figure 23. Cockcroft-Walton accelerator, Building 2122

In 1950, CR&D built the Mark I, the very
first accelerator, located in Building 431, at
the LLNL site. The Mark I was a prototype
machine for the Material Test Accelerator
(MTA) project, an AEC-sponsored program
to develop fissionable material—uranium,

plutonium, and tritium—in a linear accelera-

tor. In 1953, with the discovery of uranium
deposits in the western United States, the
MTA project waned in importance. CR&D
began dismantling the Mark I in 1953 and
the AEC canceled its contract in 1954.

In 1954, CR&D transferred all its facilities
and equipment to LLNL. Both CR&D and
LLNL established offices and laboratories
at the former NAS Livermore. Among the

202 Cockcroft-Walton accelerator, Negative 3-1, LLNL
Archives.

equipment LLNL received was the A-48
accelerator, also part of the MTA project.
Physicists used the A-48 accelerator until
1958 for spectrometer exposures of the rare
earth elements.””

When it first opened, LLNL operated,

the Cockcroft-Walton accelerator and

the 90-inch cyclotron, both located in
Building 212, the former WWII drill hall.
The Experimental Nuclear Physics group
used these machines for testing theoretical
predictions, weapons design, calibration of
equipment used in nuclear test diagnostics,
and for basic nuclear physics research.?”* In
1964, the Physics Department replaced the
Cockcroft-Walton accelerator with a new

203 Status Report: Fiscal Year 1958, 75-77.
24 1bid., 126.
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Figure 24. 90-inch cyclétron, Building 212,25

model.** The 90-inch cyclotron operated for
sixteen years. In 1968, it was dismantled and
remodeled into a fifteen MeV cyclotron with
a Van De Graff generator.?”

205 9()-inch cyclotron, 1952, LLNL Archives.

206 W. J. Johnston to P. M. Goodbread, letter, 30 January
1964, Administrative Files Donald Cooksey, Lawrence
Berkeley Laboratory, 1964, LBNL Archives.

207 R. P. Connell to P. M. Goodbread, letter, 22 July 1968,
Administrative Files Donald Cooksey, Lawrence Berkeley
Laboratory, 1968, LBNL Archives.
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In 1957, LLNL built a new facility, Building
194, to house a 16-MeV linear accelerator
(linac) built by ARCO.?* From 1960 to 1967,
scientists conducted pioneering research
on the linac, using monoenergetic photons
to study the electromagnetic field. In 1969,
a new 100-MeV electron-positron linear
accelerator replaced the original linac. The

208 “Building 194, Increment 2—High-Flux Building,” The
Magnet (May 1959), 7.
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new electron-positron linac was used for
experiments in neutron physics, studies of
electromagnetic interactions, and applied
reactor technology.*”

In 1960, Site 300 installed a linear accelera-
tor in the hydrodynamic test area to study
weapon initiators as they imploded. In

1982, Site 300 upgraded its hydrodynamic
capabilities and installed the flash X-ray
machine. The flash X-Ray takes highly
detailed photographs of the insides of stock-
piled weapons.?

In 1964, Nicolas Christofilos, a physicist

in the magnetic fusion research program,
successfully tested a new linear induction
magnetic accelerator, Astron, which he
designed to heat plasma.?'! Astron was
located in Building 431. Ultimately, the
magnetic fusion research program aban-
doned Astron as a viable approach to
achieving power from fusion. However, the
induction linac, which Christofilos invented,
led to a series of ever more powerful induc-
tion linacs at LLNL that proved important in
flash radiography and stockpile assessment.

In 1979, building on Christofilos’s induc-
tion linac technology, LLNL built the
Experimental Test Accelerator (ETA),
located in Building 431. The ETA was a
prototype accelerator designed as a directed
energy weapon.?'? In 1983, LLNL built a

209 «Flectron-Positron’ Linac to be Built at Livermore Lab,”
The Magnet (July 1967), 1, 6.

20 Sering the Nation for Fifty Years.

211 “The Astron Facility is Ready to Face its Crucial Test,”
The Magnet (July 1964), 3.

212 Lawrence Livermore Laboratory, Experimental Test
Accelerator (ETA): Generation of High-Intensity Electron Beams,
Technical Summary (Livermore: Lawrence Livermore
Laboratory, 1981).

larger and more energetic accelerator, the
Advanced Test Accelerator (ATA) at Site
300. The beam of the ATA was used as a
driver for a free electron laser (FEL). In 1987,
LLNL installed a new induction linear accel-
erator, the ETA 1II, to conduct further FEL
studies and to power a free-electron laser

to heat plasma in the Microwave Tokamak
Experiment (MTX).?"® ETA II was located

in Building 431. In 1992, the ETA I was
dismantled. In 1997, scientists re-furbished
the ETA II for use in advanced radiographic
experiments for stockpile stewardship.?*

With the exception of Astron, most LLNL
accelerator research and development
furthered the nuclear weapons program.
The large majority of accelerator research in
the United States over the last fifty years has
been focused on high-energy physics—the
study of matter and its properties. The
largest centers of high-energy physics accel-
erator research are Brookhaven National
Laboratory, the Stanford Linear Accelerator
(SLAC) Facility, and Fermi National
Accelerator Laboratory.?”

In 1952, Brookhaven built the Cosmotron,
one of the first particle accelerators. In 1955,
LBNL followed with the Bevatron, a more
powerful accelerator. Stanford built a series

213 “New Linear Induction Accelerator,” Energy and
Technology Review (July 1987), 58-59; and “Microwave
Tokamak Experiment,” Energy and Technology Review (July
1987), 48-49.

214 J. T. Weir, G. ]. Caporaso, J. C. Clark, H. C. Kirbie, Y.-J.
Chen, S. M. Lund, G. A. Westenskow, and A. C. Paul, ETA Il
Experiments for Determining Advanced Radiographic Capabilities
of Induction Linacs, UCRL-JC-126072 (Livermore: Lawrence
Livermore National Laboratory, 1997), 1.

A5y, Department of Energy, The Ultimate Structure

of Matter: The U.S. High Energy Physics Program from the
1950s through the 1980s, DOE/ER-0412 (Springfield, VA:
National Technical Information Service, U.S. Department of
Commerce, 1989), 1.
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of accelerators in the 1950s culminating with
the Mark II1.2 In 1961, Brookhaven built the
Alternating Gradient Synchrotron (AGS),
the first accelerator with strong focusing.?'”
In 1966, Stanford built SLAC, a new gen-
eration of particle accelerators based on
microwave technology.?'® In 1972, the Fermi
National Accelerator Laboratory built a
four-mile-long proton synchrotron—one of
the largest particle accelerators in the world
at the time.

The particle accelerators mentioned above
have enabled most of the important sci-
entific discoveries regarding high-energy
physics and the nature of matter. Likewise,
most technological advances in accelerator
technology have occurred at Brookhaven
National Laboratory, SLAC, or Fermi
National Accelerator Laboratory.

Nevertheless, LLNL has contributed several
important breakthroughs in accelerator tech-
nology with special applications to weapons
development. Notable LLNL breakthroughs
in accelerator research and development
include: the invention of the induction linear
accelerator, Astron (1964); the use of the
positron beam to create the photonuclear
process, 100-MeV electron-positron linear
accelerator (1969); and the development of
an accelerator as a directed weapon, ATA
(1983).

Lasers

In 1962, shortly after lasers (devices that
could produce short pulses of intense light)
were invented, LLNL physicists began

216 1id., 5.
217 Ibid., 8.
218 1hid., 19.
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exploring the possible energy and defense
applications of this new technology. LLNL
director, John Foster, appointed Ray Kidder
to head Q Division, a new group dedi-
cated to the study of lasers. Kidder wrote

to the AEC describing the objectives of Q
Division. “The principal objective of the
laser research program is to ignite and burn
a small amount of DT (deuterium-tritium)
under controlled and reproducible labora-
tory conditions.”*" Q Division hoped to use
lasers to create a thermonuclear reaction
that could be studied in a controlled envi-
ronment. Early research efforts focused on
the development of a high-powered pulsed
laser oscillator.? Early laser work at LLNL
is depicted in figure 25.

In 1966, Q Division constructed a laser that
would be the forerunner of the giant lasers
of the 1970s and 1980s. Other firsts in laser
research achieved by Q Division in the
1960s included: development of a computer
program that calculated laser implosions,
production of a multi-beam laser irradiation
system, invention of a CO2 laser, discovery
of a special X-ray from laser-produced plas-
mas, and work on ultra-short laser pulses.”!

By 1969, the laser research effort at LLNL
had become fragmented as other divisions
entered the field. The weapons program
hoped to use lasers to carry informa-

tion, “relaying data from ground zero

of a nuclear test shot.”?? The Electronics
Engineering Department also had a laser

MN%Mastery of Fusion Starts with Toy,” Newsline (November
1973), 5.

20 Status Report: Fiscal Year 1963, 15; and 30 Years of Technical
Excellence, 37.

221 “Mastery of Fusion Starts With Toy,” 5.

222 «yersatile Lasers Shed Light on Plasma Studies,” The
Magnet (March 1966), 2.
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program directed toward adapting the laser
for use in the communications field. LLNL
director Michael May asked physicist Carl
Haussmann to reorganize and streamline
the laser research program.

Haussmann focused LLNL laser research
into two primary areas—Ilaser fusion and the
separation of isotopes.?*

In 1971, LLNL physicists began experiment-
ing with the possibility of using lasers to
cause fusion reactions, a process know as
Inertial Confinement Fusion (ICF). The

ICF program goals were twofold: to pro-
duce thermonuclear micro-explosions for
weapons studies and to develop civilian
power applications. ICF research selected
the neodymium-doped glass laser for its
fusion experiments.””

223 Early Q-Division laser research, Box 089, Folder 10603,
LLNL Archives.

224 Arnie Heller, Katie Walter, and Gloria Wilt, “Leading
the Best and the Brightest,” Science and Technology Review
(January /February 1999), 6-7.

225 1bid., 38.

(L

Figure 25. Early Q-Division laser research.
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223

Beginning in 1974, LLNL designed Janus,

its first laser for ICF experiments. Janus is
shown in figure 26. Janus was the first in a
series of lasers, each more powerful than the
last, that culminated in the National Ignition
Facility (NIF), on which construction began
in 1999 and is slated for completion in 2008.
The LLNL series of lasers included Janus
(1974), Cyclops (1975), Argus (1976), Shiva
(1977), Novette (1982), and Nova (1985).72¢
Nova and the Nova Laser Fusion Facility are
depicted in figures 27 and 28.

ICF research produced some important mile-
stones. In 1974, the Janus laser produced the
first ICF direct-drive implosions and fusion
neutrons. In 1975, the Cyclops laser produced
the first ICF radiation driven implosions
fusion neutrons. In 1977, the Shiva laser

226 #1_aser Fusion: What Is 1t?” October 1982, slide
presentation, Box 527, Folder F6071, LLNL Archives, 13.
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demonstrated the 100 times liquid density
compression of DT fuel. The twenty-beam
Shiva laser was the most powerful laser in
the world at the time. In the 1980s the Argus
laser demonstrated improved coupling—a
necessary requirement for the success of the
Nova target physics program. The Novette
and Nova laser experiments of the 1980s
demonstrated characteristics necessary for
ICF ignition.””” The Nova laser was ten times
more powerful than the Shiva laser.

In 1973, LLNL physicists also developed
the Laser Isotope Separation (LIS) program,
a project that endeavored to use lasers to

enrich uranium fuel for the nuclear industry.

Figure 26. Janus laser, 1974.%%

227 Lawrence Livermore National Laboratory, Physics and
Advanced Technologies: 2001 Annual Report, UCRL-ID-1480881
(Livermore: Lawrence Livermore National Laboratory,
2001), 65.

LIS technology was proposed to replace the
gaseous diffusion process used to separate
uranium isotopes to produce enriched
uranium for reactor fuel. LIS technology was
thought to be more cost effective and envi-
ronmentally friendly than gaseous diffusion.
LLNL researchers first pursued “the atomic
vapor method—using a dye laser pumped
by a copper vapor laser to selectively excite,
photoionize, and separate isotopes of
choice.” *® The LIS process initially devel-
oped was the Atomic Vapor Laser Isotope
Separation (AVLIS). In later years, a more
efficient solid-state laser replaced the vapor
laser.

228 Heller et al., “Leading the Best and the Brightest,” 8.
*** Janus laser, 1974, LLNL Archives.
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Figure 27. Scale model ofVNova laser,

Figure 28. Artist’s rendition, Nova Laser Fusion Facility, Building 391.%!

230 Nova laser model, 1985, LLNL Archives.

21 Nova Laser Fusion Facility, artist’s drawing, LLNL
Archives.
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In 1974, scientists succeeded in enriching

a small quantity of uranium during the
Morehouse experiment. Since then, the

LIS has progressed through successive
generations of separators. These separa-
tors included Regulis (1980), the Mars
Facility (1984), and the Laser Demonstration
Facility (1997).%2

In 1992, Congress created the United States
Enrichment Corporation (USEC) to make
LIS technology available to private indus-
try. In 1997, LLNL completed construc-
tion on a pilot enrichment plant, the Laser
Demonstration Facility. However, changing
demand for uranium led Congress to sus-
pend USEC in 1999.%

Laser research in the United States

virtually exploded in the 1960s. By far the
largest research and development effort

lay in industry. Industry applied laser
technology to a wide variety of research
and development projects. For instance, Bell
Laboratories pursued lasers as the next step
in optical communication.? Other laser
applications included medical therapies and
computer components.

The military also pursued laser research for
a variety of defense applications. The Air
Force investigated lasers for space com-
munication, lasers that could track space
objects, and lasers powered by the sun. The
Army studied lasers beams for guided mis-
siles and beam weapons.?®

22 Benjamin B. Snavely to James 1. Davis, “Isotope
Separation Program Overview,” 7 November 1974, Laser
Program Annual Report, John L. Emmett Papers, 1973-1975,
Box 419, Folder 4017, LLNL Archives; 30 Years of Technical
Excellence, 39; and Serving the Nation for Fifty Years.

3 Serving the Nation for Fifty Years, 51.

LLNL embarked on laser research in the
formative years of the field. LLNL pioneered
research in the area of laser fusion. In the
early 1970s, world demand for alternative
sources of natural energy led Congress

to dramatically increase funding for laser
fusion research. In 1972, LLNL's laser fusion
program expanded fourfold.? In 1977,

The President’s SAC recognized LLNL's
laser fusion research as both important and
promising. SAC members saw LLNL’s glass
laser as a better approach to laser fusion
than LANL's gas laser.”” In 1985, the Nova
laser system confirmed the SAC assess-
ment. Although the promise of laser fusion
has yet to be realized, LLNL pioneered

in this field and made several significant
advances in laser fusion technology includ-
ing the development of the first ICF laser,
Janus; the development of Shiva, the most
powerful ICF laser in the world; and the
demonstration of the feasibility of fusion
ignition, Nova.

The scientific community began research on
laser isotope separation as early as 1963. In
1971, AVCO Everett Research Laboratories
(AERL) demonstrated the first laboratory-
scale uranium enrichment using a laser.

In 1976, AERL subsequently developed

an industrial scale separation process in
partnership with Exxon. In 1973, LLNL also
began research on uranium isotope separa-
tion using a laser. In 1980, Exxon terminated
its project with AERL to build a pilot plant.
In 1985, DOE selected Livermore as the

24 Joan Lisa Bromberg, The Laser in America, 1950-1970
(Cambridge, Mass: MIT Press, 1991), 98-99.

235 Ibid., 103.
236 Ibid., 214-218.

27 Report of the Committee to Examine the University’s
Relationship with the Los Alamos and Livermore Laboratories,
14-17.
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dominant leader in laser uranium isotope
separation technology.”® Nevertheless, in
1999, Congress cancelled its support of laser
isotope separation research—effectively
terminating plans for the transfer of this
technology to industry.

Although LLNL contributed to the advance-
ment of LIS technology from 1973 to 1999,

it did not pioneer research in this field. In
addition, LIS technology was never success-
fully transferred to industry or used in the
making of reactor fuel. At this time, it does
not appear that LIS technology at LLNL is
of historic interest and the properties associ-
ated with this research would not be histori-
cally significant for this activity. However, if
LIS technology is ever successfully applied
by industry, LLNL’s LIS buildings will
require consideration for their contributions.

ok kA

Most physics research, like weapons design,
is an activity hard to discern in the built
environment. Physicists conducted theoreti-
cal and computational physics research in
standard office buildings and with little vis-
ible equipment. Computers that calculated
physics research were updated frequently
and no longer exist in the buildings that
originally housed them. Nevertheless, the
following scientific discoveries, technol-
ogy, and equipment are of historic interest
within the context of the Cold War, theme of
Nuclear Research, and subtheme of Nuclear
Physics—the LPTR, Kukla, 100-MeV
Electron-Positron Accelerator, Astron, ATA,
Janus, Shiva, and Nova.

If a building is clearly associated with one

238 Bromberg, The Laser in America, 241-243.

of the above discovery moments, technologi-
cal breakthroughs, or equipment then it may
qualify for National Register consideration.

The building also must have integrity. It
must clearly reflect the historically significant
discovery moment or technological
breakthrough.

6.3.2 Subtheme: Nuclear
Chemistry Research

In the 1950s, the Chemistry Division at
LLNL was composed of three depart-
ments—Radiochemistry, General Chemistry,
and Chemical Engineering. Like the Physics
Department, the Chemistry Division also
went through many organizational and
name changes throughout the years. In

1959, the Chemical Engineering section
changed its name to Process and Materials
Development.” By 1982, the entire
Chemistry Division had changed its name to
Chemistry and Materials Science.**® However,
the work that the Chemistry Division per-
formed remained essentially the same over
the years.

Most of the chemists at LLNL supported

the weapons program in various capacities.
However, many also worked at least part
time on pure research problems in nuclear
chemistry that did not necessarily relate
directly to research issues in nuclear weapons
design or testing.

Radiochemistry

Most radiochemists provided support for
the nuclear testing program by analyzing
test samples to determine the efficiency of
weapons designs. However, scientists in the

29 “Ljvermore Chemistry Designates Section Names,” The
Magnet (August 1959), 7.

240 30 Years of Technical Excellence, 84.
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Radiochemistry group also conducted basic
research in nuclear chemistry.

In the 1950s, research projects included the
study of the fission process, observation of
the chemical exchange reactions in isotopic
tracers, and the search for new isotopes.**!
In 1961, the Radiochemistry Section
measured the neutron-capture cross sections
of uranium, thorium, hafnium, and gold
during the Project Plowshare Gnome
nuclear test in Carlsbad, New Mexico. This
was one of the most ambitious nuclear
reaction cross-section measurements

undertaken at the time.?*

241 Status Report: Fiscal Year 1958, 112.
22 Status Report: Fiscal Year 1962, 25-26.

In 1967, Building 151, the Radiochemistry
Laboratory was built as a state-of-the-art
facility. Figure 29 depicts AEC officials tour-
ing the new facility.

In 1971, LLNL radiochemists Ron Lougheed
and Ken Hulet along with physicists Jerry
Wesolowski and Walter John discovered a
new type of fission—symmetric fission—in
a sample of fermium 257 and fermium 258,
obtained from an underground nuclear test.
All other spontaneous fission occurs asym-
metrically. LLNL scientists thought that
symmetrical fission might be the clue that
finally unraveled the theory of fission.**’

243 “This is the First Time Symmetric Fission of Fermium-257
has been Observed,” Newsline (January 1971), 1-2; and “20
Years in Livermore,” 17.

24 Gas laboratory in Building 151, 1967, LLNL Archives.
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In 1974, radiochemists Lougheed and Hulet
participated in a joint LBNL/LLNL team

of scientists that discovered Element 106,
since named seaborgium.** In 1978, LLNL
radiochemists discovered a new isotope,
mendelevium-259, by watching the decay of
nobelium-259.24

General Chemistry

The General Chemistry group focused on
research that furthered general knowledge
in the field of nuclear chemistry and had
direct application to the weapons program.

The primary sections in the General
Chemistry group were Explosives
Chemistry, Plutonium Metallurgy, Physical
Chemistry, Theoretical Chemistry, and
High-Temperature Chemistry.

In the 1950s, their work featured theo-
retical studies in quantum and statistical
mechanics; high-temperature chemistry;
chemistry of explosives; physical chemistry
of metals; studies on hydrides; ceramics;
X-ray diffraction; electron-spin and nuclear
magnetic resonance; emission, infrared, and
Raman spectroscopy; electron microscopy;
inorganic and organic syntheses of new
compounds; ionic, micro, and gas analyses;
solid-state chemistry; electrochemistry; low-
temperature calorimetry; physical chemistry
of intermetallics; irreversible thermodynam-
ics; and chemical thermodynamics.?¥

245 Ronald J. Dupzyk, Charles M. Henderson, William
Buckley, Gordon L. Struble, Robert G. Lanier, and Lloyd

G. Mann, Production of Radioactive Targets for Use in High-
Resolution, Charged-Particle Reaction Spectroscopy, UCRL 79837
(Livermore: University of California Lawrence Livermore
Laboratory, 1977).

24 « | L Achievements During 1978,” Energy and Technology
Review (July 1979), 19-20.

247 1bid., 113; and Status Report: Fiscal Year 1959, 31.

In 1955, LLNL proposed the addition of a
Plutonium Facility, to advance “fundamental
metallurgical information on Plutonium.”##
At the time, only a few chemists at LANL,
Hanford, and Argonne worked in the field,
and the focus was mainly on reactors. In
1960, LLNL'’s facility opened and work began
on alloying, impurities, tensile strength,
chemical compounds, corrosion inhibition,
and fabrication techniques.?

In 1962, chemists in the Explosives Chemistry
group began work on safety or sensitivity in
explosives. In 1976, this work culminated in
a design breakthrough in the IHE triamino-
trinitrobenzene (TATB), which led to its
widespread use in nuclear weapons.

In 1965, the Physical Chemistry group
studied the heat formation of the rare gas
compound XeO, observed the first atomic
emission spectrum of berkelium, and devel-
oped a new X-ray pole figure to measure the
microcyrstallites that compose the surface
of metals.

In 1978, the General Chemistry Division
developed two computer-based gamma ray
spectrometer systems for the DOE safeguards
program.®” In 1988, the division installed an
even more powerful spectrometer as part of a
two-year experiment to measure the mass of
neutrinos—the subatomic particles that make
up the mass of the universe.?!

248 Wallace B. Reynolds to H. A. Fidler, letter, 10 September
1955, Ernest Orlando Lawrence Berkeley National
Laboratory Declassified Records, 434-95, Box 4, File 19-10-
364, Livermore Metallurgical Laboratory, LBNL Archives.

9 Ibid.; and Status Report: Fiscal Year 19601961, 28.
250 “ LI, Achievements During 1978,” 19-20.

251 “Neutrino Mass Experiment Unveiled,” Newsline (June
1988), 3.
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Chemical Engineering

Chemical Engineering, subsequently called
Materials Science, was engaged in the
development of plastics, metals, and ceram-
ics used in both weapons applications and
energy research.”> Materials Science will be
explored as a separate subtheme of Nuclear
Materials Research within Nuclear Research
in section 6.3.3 below.

HAXN

For the most part, the Nuclear Chemistry
Division acted as support for large programs
like Weapons or worked on smaller research
projects that added to the fundamental
knowledge of nuclear processes and
materials. It provided “pools of well-
trained professionals capable of lending
their expertise to the new and constantly
changing technical problems faced in the
major research programs.”?* Most nuclear
research was of an incremental nature

and did not represent either momentous
scientific breakthroughs in nuclear science
or in weapons development.

Nevertheless, the following achievements
in nuclear chemistry research are of historic
interest: the discovery of the element sea-
borgium in 1974, the design breakthrough
in TATB that led to the enhanced safety of
nuclear weapons, and the discovery of the
isotope mendelevium in 1979. Furthermore,
the Plutonium Research Facility is also of
historical interest because of its direct impor-
tance to nuclear weapons design and its
role within the nuclear weapons complex in

B2 Status Report: Fiscal Year 1958, 113.

23 usupport Projects,” Energy and Technology Review (July
1981), 35.
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plutonium metallurgic research for weapons
applications.

To qualify for National Register consider-
ation within the context of the Cold War,
theme of nuclear research, and subtheme
of nuclear chemistry, a building needs to be
associated with the achievements described
above. The association with a discovery
moment in the field of nuclear chemistry
that is recognized to be of major historic
interest to the international scientific com-
munity (e.g., the discovery of seaborgium
or mendelevium) or the connection with

a breakthrough in nuclear chemistry that
led to a major improvement in weapons
design (e.g., the discovery of TATB and the
Plutonium Research Facility) make a build-
ing historically interesting.

In addition, the building must also retain
historic integrity. It must clearly reflect the
discovery moment in nuclear chemistry
or technological breakthrough in weapons
design.

6.3.3 Subtheme: Nuclear
Materials Research

Closely tied to nuclear chemistry research is
the subtheme of nuclear materials research.
The province of the Chemical Engineering
Division, materials research involved the
development of materials, plastics, ceramics,
and metals that could be used in the design
of nuclear weapons.”*

A retired materials specialist summarized
the problem driving LLNL’s materials

254 Status Report: Fiscal Year 1958, 112-113.
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research. “Nuclear weapons are made

out of the world’s worst combination of
materials, organics, and metals.”?> Scientists
developed ways to stabilize the highly
volatile combination of materials that made
up a weapon and might possibly emit
radiation, corrode, or create dangerous gases
or chemicals.

Beyond weapons, materials research also
provided support to other LLNL programs,
including Project Pluto, Magnetic Fusion
Research, and Project Plowshare.

Some of the notable projects undertaken in
materials research included the develop-
ment of ceramic fuel elements for reactor
research; the selection, forming, welding,
and brazing of materials such as beryllium,
uranium, and thorium; development of
thermoplastics, thermosetting resins, lami-
nates, foams, and elastomers for weapons;
and the study of radioactive gases, solids,
and liquids.®®

In the 1950s, Materials Science developed an
economical and simple method for making
parabolic mirrors.>” This group also studied
beryllium intermetallics, practiced brazing
beryllium into special shapes, developed
plastics with filler materials, and prepared
ceramic bodies of beryllium oxide and
uranium-fueled beryllium oxide for Project
Pluto.”®

In the 1960s, Materials Science solved several
difficult welding and brazing problems for
the weapons program, including “a metal-

25 30 Years of Technical Excellence, 84.
26 Status Report: Fiscal Year 1962, 29.
57 Status Report: Fiscal Year 1958, 113.
28 Status Report: Fiscal Year 1959, 32.

inert gas and tungsten-inert gas welding of
uranium to thorium and diffusion bonding
of beryllium.”*’ They also developed

an injection-molding technique to shape
complex plastic components. Research

in ceramics focused on the fabrication of
urania-fueled beryllia reactor fuel elements
for Project Pluto.?® Materials Science also
conducted basic nuclear chemistry research,
such as, the development of techniques to
separate and purify heavy elements released
in underground nuclear tests.*"

In the 1970s and 1980s, Materials Science
projects included producing and char-
acterizing metallic glasses, investigating
the structure of Kevlar fibers for use in
structural components, and researching the
gasless combustion of condensed solids to
synthesize refractory materials.?**

Materials Science primarily studied the char-
acteristics and determined the best methods
for working with metals, ceramics, and plas-
tics involved in the design and fabrication
of nuclear weapons, reactor components,
and other materials used in various research
projects. For the most part, Materials Science
provided support to the weapons program
and other large research projects at LLNL.
However, the ceramic fuel elements devel-
oped from 1957 to 1964 for the Project Pluto
reactor are of historic interest.

29 Status Report: Fiscal Year 1962, 24.
260 Status Report: Fiscal Year 1963, 22.
%1 Status Report: Fiscal Year 1965, 27-28.

262 « Achievements and Developments at LLL During 1977~
1978,” Energy and Technology Review (1978), 14; “Support
Projects,” 35; and “Engineering and Science,” Energy and
Technology Review (July 1983), 47-48.
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The technical challenge LLNL faced in
Project Pluto was to develop fuel elements
with efficient neutron properties and the
ability to withstand extreme temperature
and moisture. LLNL successfully pioneered
unique ceramic fuel elements—out of a
homogenous mixture of highly enriched
uranium dioxide and beryllium oxide.?®
In 1959, LLNL developed a pilot plant for
the fabrication of beryllia fuel elements

in Building 167, which no longer exists.
However, other buildings associated with
fuel element research for Project Pluto are
still in active use at LLNL.

To be considered of historic interest under
the theme of Nuclear Research, and sub-
theme of Materials Research, a building
must be associated with a major technologi-
cal breakthrough in materials development
that led directly to the design of a histori-
cally important weapons system or reactor
component. In addition, the building must
also maintain its integrity. That is, it must
reflect the major technological breakthrough
in materials research and/or development at
the time it occurred.

6.4 Theme: Non-Weapons
Research

Non-weapons-related research has always
been an important aspect of the work at
LLNL. As noted previously, Herbert York
insisted on pursuing some projects not
directly tied to weapons work in order

to attract as many talented scientists

as possible.

%63 University of California Ernest O. Lawrence Radiation

Laboratory, Interim Status Report: Fiscal Year1964 (Berkeley
and Livermore: Ernest O. Lawrence Radiation Laboratory,
1964), vii.

In 1952, York defined non-weapons research
as one of four original missions of the
Laboratory. Project Sherwood, the devel-
opment of controlled thermonuclear reac-
tions for power, became a primary area of
research and programmatic commitment for
LLNL for years to come.

In 1955, Project Rover, a program to develop
nuclear-powered space vehicles, was
awarded to LLNL. In 1957, Project Pluto,

a similar program aimed at developing a
nuclear reactor to power low-altitude mis-
siles, followed this project. By 1966, a space
power program was firmly established at
the Laboratory.

In 1957, LLNL also embarked on a program
of research intended to convert nuclear
devices for industrial use. For nearly
twenty years, Project Plowshare explored

a variety of practical applications for
nuclear explosives.

In 1963, LLNL initiated a biomedical
research program to study the long-term
effects of radiation in human and animal
populations. This research has continued
at LLNL, leading most recently to the
Laboratory’s participation in the Human
Genome Project.

Although York established non-weapons
research at LLNL as separate from the
nuclear weapons program, it is largely
interwoven with weapons research.
Undoubtedly, some of the subthemes of
non-weapons research are peripheral stories
within the larger context of the Cold War.
For instance, important discoveries in bio-
medicine, although involved with nuclear
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weapons testing, did not significantly
influence Cold War policy or the develop-
ment of the nuclear stockpile. However,
many of the non-weapons-related research
programs at LLNL spun off from weapons
research or resulted in knowledge that
directly benefited the weapons programs.

A building may be eligible for National
Register consideration under the theme

of non-weapons research if it is clearly
associated with a technological break-
through or scientific discovery that directly
influenced the Cold War. A building may
also be eligible under this theme if it led to
a breakthrough in weapons development or
nuclear research, even if the original work
had not been part of weapons research.

6.4.1 Subtheme: Nuclear
Energy Research

The main thrust of LLNL’s energy research
stems from Project Sherwood, a program
to develop controlled thermonuclear fusion
for power. York included this as one of the
Laboratory’s original missions. As early

as the 1950s, scientists worried about the
inevitable exhaustion of the world’s supply
of fossil fuel. One avenue scientists pursued
was to replace costly sources of energy
with fusion, which would rely on one of
the world’s cheapest elements—deuterium,
a heavy hydrogen found in abundance in
the ocean.”*

In 1951, the AEC established Project
Sherwood, a multifaceted research effort.
In addition to LLNL, LBNL, LANL, Qak

264 30 Years of Technical Excellence, 32.

Ridge National Laboratory (ORNL), the
Naval Research Laboratory (NRL), New
York University, Massachusetts Institute
of Technology, and Princeton University
all participated in the search for controlled
nuclear fusion.?®

The basic requirements needed to sustain
controlled thermonuclear fusion are
fourfold:

® To heat a small amount of fusion fuel
until it combusts—at hundreds of
millions of degrees

* To confine the super-heated fuel in a
chamber (without touching the walls)
long enough for the fusion energy
released to exceed its combustion
temperature

¢ To convert the energy released into elec-
tricity or heat

* To replace the combusted fuel and

remove the waste product.?

To meet these requirements, AEC scientists
tried to develop a special magnetic field
produced by the magnetic coils that
surround a fusion combustion chamber.

The magnetic field prevented the super-
heated fuel, or plasma, from contacting the
chamber. Several promising concepts were
pursued, including the pinch, the stellerator,
and the magnetic mirror.?®’

The pinch concept attempted to create the
magnetic field from the internal currents of

%5 Amasa S. Bishop, Project Sherwood: The U.S. Program
in Controlled Fusion (Reading, Mass: Addison-Wesley
Publishing Inc., 1958).

268 30 Years of Technical Excellence, 32.

267 Ibid.
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the plasma. LLNL, LBNL, and LANL all had
pinch programs.?®

The stellerator concept confined plasma in
an endless tube and employed an external
magnetic field along the tube’s axis.
Princeton primarily pioneered this effort.?’

The magnetic mirror concept confined
plasma in a straight tube with an external
axis magnetic field. Mirrors were used to
prevent the loss of particles from the ends
of the tube. LLNL pioneered this method,
although LANL, ORNL, and the NRL also
eventually pursued this type of fusion
research.?””

LLNL's early controlled fusion research
experimented with several ways to confine
plasma. A method using “radiation
pressure from intense microwave fields”
was abandoned as technically unfeasible
after only a few trials.”! The pinch and the
magnetic mirror concepts proved more
promising, and LLNL physicists designed a
series of fusion research devices to solve the
plasma problem. These devices included the
Cucumber I, Table Top, Toy Top, Toy Top
11, Levitron, Astron, Felix, Adiabatic Low-
Energy Injection and Capture Experiment
(ALICE), Baseball I, Baseball 11, 2X, 2XII,
2X1IB, Tandem Mirror Experiment (TMX),
Mirror Fusion Test Facility (MFTF), and the
Mirror Fusion Test Facility Modification

B (MFTF-B).?? Several of these machines
represent breakthroughs in fusion research.

268 Bishop, Project Sherwood.

26 Ibid.

0 1bid.

Y130 Years of Technical Excellence, 35.

22 1bid.; Status Report: Fiscal Year 1963, 55-56.

LLNL scientists pioneered the magnetic
mirror approach to the problem of heating
and containing plasma long enough for
fusion to occur. In 1952, they constructed the
first magnetic mirror machine, Cucumber

I, to demonstrate the feasibility of the
magnetic mirror concept. The Cucumber I
experiment is considered to be one of the
first breakthroughs in fusion research.””

In 1960, the Toy Top machine succeeded

in both heating and containing plasma in a
mirror system. The Toy Top model was then
chosen for further development.”* Toy Top
is depicted in figure 30.

In 1957, Nicolas Christofilos began work

on Astron, a revolutionary magnetic mirror
device that employed “a cylindrical sheet
of high-energy electrons” to confine and
super-heat the plasma.””” Work on Astron
ended with Christofilos’s death in 1972.
Astron never met its technical goals for

the creation of a fusion reaction. Neverthe-
less, Astron research laid the groundwork
for many current accelerator research ap-
plications. Astron is pictured in figure 31.
Christofilos” Astron accelerator research was
a breakthrough in induction linear accelera-
tor technology leading to the Experimental
Test Accelerator (ETA), the Advanced Test
Accelerator (ATA), and the ETA 11776

273 Richard Post, telephone interview with Michael Anne
Sullivan, 3 April 2003; and Edwin Hooper, telephone
interview with Michael Anne Sullivan, 3 April 2003.

274 “Sherwood Program Development,” R. F. Post Collection,
Box 260, Folder 2628, LLNL Archives, 1.

275 Status Report: Fiscal Year 1958, 142.

276 30 Years of Technical Excellence, 35.
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Figure 31. Astron, induction linear accelerator, Building 431, 1963.78

77 Toy Top, 1961, Box 21, Folder 10111, LLNL Archives.
278 Astron accelerator, 1963, LLNL Archives.
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In 1968, the 2X machine, the lineal
descendent of the Toy Top, made the next
significant breakthrough in fusion research.
The 2X overcame plasma instabilities by
“evaporatively coating the vacuum chamber
walls with a thin, clean, titanium metal
surface that removed impurity atoms by
surface absorption.”?” The 2X is depicted in
figure 32.

In 1975, the 2XIIB machine finally succeeded
in confining and heating plasma to the
required temperature, density, and duration
necessary for fusion to occur.?®” The 2XIIB
accomplished this through the addition of
cold plasma toward the ends of the device.?!

- i o

Figure 32. 2X, magnetic mirror machine, Building 435, 1964.2%

279 Richard Post, “LLL Magnetic Fusion Research: The First
25 Years,” Energy and Technology Review (May 1978), 7; and
“A New Stability for ‘Bottled” Plasmas,” The Magnet (May
1968), 5.

20 30 Years of Technical Excellence, 34.

21 pogt, phone interview, 3 April 2003; and Hooper, phone
interview, 3 April 2003.

In 1977, the success with the 2XIIB led to the
TMX. In 1980, the TMX succeeded in creating
a thermal barrier at the ends of the machine
by heating electrons to retain the plasma—a
major breakthrough in magnetic mirror
technology.?®? The TMX is shown in figure 33.

The breakthrough in the TMX led to two
more fusion experiments, the MFTF in

1980, and the MFTF-B in 1985. The magnets
for the MFTF and the MFTF-B were the
largest super-conducting systems ever built.
The yin-yang magnets of the MFTF-B are
depicted in figure 34. In 1986, DOE cancelled
the MFTF-B program due to budget restric-
tions.?®® With the cancellation of the MFTE-B,

282 Ibid.

283 30 Years of Technical Excellence, 34; and Serving the Nation
for Fifty Years.

284 2X machine, Building 435, 1964, LLNL Archives.
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Figure 33. Artist’s conception, TMX, 1980.%

Figure 34. MFTF-B, yin-yang magnets, 1985.%%¢

25 TMX drawing, 1980, LLNL Archives.
6 MFTF-B yin-yang magnets, 1985, LLNL Archives.
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DOE decided to pursue other fusion
research avenues. MFTF-B was the last of
the magnetic fusion projects at LLNL.

In 1987, after DOE mothballed the MFTF-B,
LLNL redirected its Magnetic Fusion Energy
program toward the tokamak concept.®”
Originally pioneered by the USSR, the
tokamak confined plasma in a toroidal-
shaped reactor by the use of external coils.

In 1987, LLNL purchased the Alcator-C
tokamak from the Massachusetts Institute

of Technology. The Alcator-C tokamak

was part of the MTX. The MTX used
microwaves generated by a free-electron
laser in the ETA II to heat the plasma in

the Alcator-C tokamak to produce thermo-
nuclear fusion.?®® In 1992, the MTX scientists
completed the tokamak plasma heating ex-
periments, and the machine was dismantled.

Although the international physics
community believed that the tokamak
concept was still the most viable road to
fusion, LLNL began to revisit an older
fusion technology, called the spheromak,
explored by LANL a decade earlier. The
spheromak concept relies on a much smaller
reactor with only a few external coils.

The magnetic field is created internally
through the movements of the plasma itself.
Spheromak reactors are considered to be
simpler in design and less costly to develop
and maintain. In 1999, LLNL dedicated the
Spheromak Physics Experiment (S5PX),
which is currently still in operation.?

27 “Magnetic Fusion Energy,” Energy and Technology Review
(July 1987), 46—47.

288 “Microwave Tokamak Experiment,” 48.

29 Arnie Heller, “Experiment Mimics Nature’s Way with
Plasmas,” Science and Technology Review (December 1999),
18-19.

In the 1970s, LLNL established another
fusion research program, which used a
completely different route to the production
of fusion. The Laser Fusion Program grew
out of LLNL'’s early experiments with

the new technology of lasers. This project
explored the heating and combustion
aspects of controlled fusion from a different
angle than the magnetic mirror approach.
The Laser Fusion Program tried to use
high-powered lasers to super-heat fusion
fuel and achieve combustion, a process
known as Inertial Confinement Fusion (ICF).
In 1974, LLNL completed Janus, the first

in long series of lasers developed for ICF
experiments that culminated in the National
Ignition Facility (NIF).*

The lineage and accomplishments of LLNL's
laser research place it more appropriately
within the discussion of nuclear physics in
section 6.3.1 “Subtheme: Nuclear Physics
Research,” and a fuller analysis is con-
tained there.

Although fusion research was the major
thrust of energy research at LLNL, other
research programs have also addressed
the problem of scarce natural resources.
The Arab oil embargo of 1973-1974 lent a
temporary impetus to LLNL’s Energy and
Resource Programs.

In 1975, research proceeded on two
promising energy technologies—under-
ground coal gasification and oil recovery
from shale—that stemmed from another
non-weapons related program, Project
Plowshare. Project Plowshare will be
more fully explored in section 6.4.3,
“Subtheme: Plowshare.”

290 30 Years of Technical Excellence, 37-40; and Serving the
Nation for Fifty Years.
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Coal gasification produced gas from thick
coal beds without mining. To accomplish
this goal several holes connected by a
channel were drilled in a coal seam. Then
the coal in the bottom of these wells

was ignited. The ignition of the coal
created gas, which escaped through the
channel to production wells and then on
to the surface. This technology had few
environmental impacts.

Oil shale recovery from shale crushes

the shale, then heats it to 450° C, forming
shale oil, a petroleum-like product.
LLNL primarily modeled this technology
mathematically.

Some of the other projects explored included
solar, geothermal, advanced battery
research, and nuclear waste disposal. With
the end of the Cold War and the decline in
weapons research LLNL has again turned to
energy research problems.”!

Of these LLNL energy research programs,
thermonuclear fusion programs are of
historic interest. LLNL pioneered the
magnetic mirror approach to fusion. The
following experiments are considered
breakthroughs in this technology: Cucumber
(1954), Toy Top (1960), 2XII (1968), 2XIIB
(1975), and the TMX (1980).

For a building to qualify for National
Register consideration within the context

of the Cold War, theme of Non-Weapons
Research, and subtheme of Energy Research,
it must be clearly associated with a tech-
nological breakthrough in nuclear energy
research of recognized importance. That

is, the building must have housed and in

21 30 Years of Technical Excellence, 47.

its construction and/or equipment reflect
one or more of the specific breakthrough
technologies noted above. The experimental
machines identified above are themselves
also historically significant as they are
physical embodiments of the technological
achievements.

In addition, the building or equipment must
maintain its historical integrity. It must
possess the equipment used in the energy
breakthrough or otherwise still clearly reflect
the breakthrough in energy research during
the time that the breakthrough occurred.

6.4.2 Subtheme: Nuclear
Propulsion Program

LLNL’s nuclear propulsion program is part
of the larger story of the U.S. Space Program.
At first glance it does not seem to be directly
related to LLNL’s core mission—designing
nuclear weapons. However, the U.S. Space
Program also falls within the context of

the Cold War. The U.S. regarded its space
program and the race for mastery of space
travel and exploration as an indicator of

its scientific and technological superiority
over the Soviet Union. In addition to space
travel, the nuclear propulsion programs at
LLNL also had clear ties to nuclear weapons
strategy and stockpile development. Because
LLNL’s core mission and efforts in nuclear
propulsion are more directly related to the
nuclear weapons aspects of the Cold War,

it is in this context that this work must be
evaluated.

In 1955, LLNL instituted a nuclear
propulsion program. The goal of this
project was to develop nuclear reactors to
power space vehicles or missiles. Nuclear
propulsion research at LLNL lasted from
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1955 to 1968. The three main research
efforts were Project Rover, a program to
develop power for space travel; Project
Pluto, a program to develop reactors to
power low-altitude missiles; and the Space
Reactor program, a project to develop
nuclear generators for space vehicles.
Although a relatively short-lived program,
nuclear propulsion research added to
LLNL's expertise in reactor design and

led to other projects, including the Super
Kukla, a prompt-burst neutron-pulse reactor
designed to diagnose reliability in weapons
in the stockpile.

Project Rover

In 1955, LLNL began work on the Nuclear
Rocket Propulsion program, code-named
Rover.?? Scientists posited that nuclear
energy would be superior to chemical fuel
for the long-range propulsion of vehicles
through the atmosphere and space.””

Initially, both LLNL and LANL developed
reactor concepts for the Rover program.
LLNL approached the problem by
proposing a “10,000 megawatt single

stage, graphite heat-exchanger rocket.”*
The rocket would use LH, as a propellant

in tanks that would fall away once they
powered the vehicle into space. LANL
proposed an “air-breathing ramjet carrying
a nuclear rocket in its innards.”?*® The ramjet

*2 James D. Fahey to Plant Engineering, memo, 3 August
1956, Box 476, Folder 4739, Rover Budget Review 1955-1956,
LLNL Archives.

8 “Background Information on Los Alamos and Livermore
Nuclear Propulsion Projects, and the Static Test Areas Being
Developed at the Commission’s Nevada Test Site,” report,
27 September 1958, Bart Hacker’s Records, Box 324, Folder
21286, LLNL Archives.

294 James A. Dewar, unpublished manuscript, 30 June 1995,
Box 559, Folder 95690, LLNL Archives, 27.

2% bid.

would carry the rocket to a specific altitude
and then drop off. The AEC funded both
laboratories to pursue Rover research

and development.

LLNL researchers bypassed the prototype
stage and proposed building a small reactor.
The Rover reactor would be fifty-two inches
high with a six-inch beryllium reflector and a
graphite core. In 1956, they began with a series
of blowpipe tests—heating a graphite tube
electrically to simulate one of the passages

of the reactor core.”® The reactor was to
follow the next year. In addition, LLNL also
built a critical assembly called Puppy.”” In
early 1957, the AEC decided to scale back the
Rover research effort and assigned the project
to LANL. LLNL’s involvement in Project
Rover lasted from 1955 to 1957, when LANL
assumed full responsibility for the project.

Project Pluto

In 1957, LLNL'’s nuclear propulsion efforts
shifted to Project Pluto, a program to design a
low-flying nuclear reactor—a ramjet engine—
to power a supersonic cruise missile. The Pluto
reactor used air as a reactor coolant, whereas
Rover had relied on hydrogen. This required
that the Rover facilities be modified for Pluto
research. During the first six months of the
new project LLNL re-equipped its materials
laboratory and built glove box facilities.

2% Hayden Gordon and T. C. Merkle, Nuclear Rocket
Symposium, 12 and 13 June 1956, University of California,
Radiation Laboratory, Livermore Site, Bart Hacker’s
Records, Box 324, Folder 21286, LLNL Archives, 21-22.

7 E.C. Shute to W. B. Reynolds, letter, 18 October 1956,
Administrative Files Donald Cooksey, Lawrence Berkeley
Laboratory, 1956, File Rover Program, Correspondence,
LBNL Archives.
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The primary technical challenge facing
LLNL scientists in Project Pluto was the
development of fuel elements with efficient
neutron properties capable of withstanding
extreme temperatures and moisture.*”®

LLNL met this technical challenge; research-
ers developed ceramic fuel elements out of
a homogenous mixture of highly enriched
uranium dioxide and beryllium.?”” Because
no expertise existed at the time in the manu-
facture of these specialized fuel elements, a
pilot plant for the fabrication of beryllia fuel
elements was established on site. LLNL also
developed a simulated flying environment
at NTS to test its ramjet engines, the Tory II-
A and the Tory II-C.

In 1961, the Tory II-A demonstrated the
technical feasibility of a reactor-powered
ramjet engine.*® In 1964, shortly after the
successful testing of the Tory II-C, a full-
scale reactor, the AEC cancelled Project
Pluto because no firm military commitment
materialized to pursue this technology.*"!
Figure 35 depicts the Tory II-A and

Tory II-C reactors.

Space Reactor Program

In 1966, LLNL once again returned to space
power research. This time the goal was

to develop a reactor that could produce
between one and ten mega-watts of
electrical power for space vehicle generators.
The proposed space reactor also needed to

Figure 35. Tory 1I-A (top) and Tory II-C (bottom), ramjet engines for Project Pluto,

1961 and 19643

2% News Release, May 1964, Administrative Files Donald
Cooksey, Lawrence Berkeley Laboratory, 1964, Folder Pluto
Program, LBNL Archives.

2% Ibid.
30 1hid

301 pregs Release, 1 July 1964, Administrative Files Donald
Cooksey, Lawrence Berkeley Laboratory, 1964, Folder Pluto
Program, LBNL Archives.

%2 Tory II-A and Tory II-C ramjet engines, 1961 and 1964,
Box 570, Folder 10986, LLNL Archives.
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work for 10,000 hours and be of the lowest
possible weight. The reactor would be used
for cosmological probes, manned planetary
landings, and manned space stations.*

The Space Reactor program was a follow
up to the SNAP-50/SPUR project, a project
to develop reactors that could produce up
to one megawatt of power. The AEC trans-
ferred the project from Pratt & Whitney
Aircraft to LLNL following a budget
reduction by Congress and a reorganiza-
tion of the program. The AEC changed the
program’s emphasis from reactor construc-
tion and testing to basic reactor research.’*

The Space Reactor program at LLNL
planned experiments that would eventually
lead to the development of a small liquid-
metal-cooled reactor. Studies involved the
development of unique metals that could
withstand extremes in temperature yet still
demonstrate chemical compatibility. LLNL
space power scientists experimented with
tungsten, uranium nitride fuel, and alkali-
metal heat transport fluids.*®

The AEC cancelled this program in 1968
before it was completed.

%3k

LLNL's research into nuclear propulsion
and space power added to the Laboratory’s
growing expertise in reactor design and
research. This expertise led to other
applications in stockpile maintenance

and diagnostics.

303 “New Livermore ‘Space Reactor’ Program,” The Magnet
(January 1966), 1.

304 1bid.

305 L LNL history, unpublished manuscript, 1966-1967, 25;
and “20 years in Livermore,” 16-17.

For the most part, nuclear propulsion and
space power programs at LLNL were too
brief and inconclusive to have made any
clear technological breakthroughs. However,
Project Pluto does meet the threshold

for historic interest. LLNL successfully
designed, developed, and tested a reactor
that could power a ramjet engine. It also
designed and developed unique uranium
and beryllium-enriched fuel elements.

A building may qualify for National Register
consideration within the context of the Cold
War, theme of non-weapons research, and
subtheme of nuclear propulsion if it demon-
strates a clear association with technologi-
cal breakthroughs or scientific discoveries
associated with Project Pluto. That is, the
building must have housed and in its con-
struction and/or equipment reflect one or
more of the specific breakthroughs identified
for Project Pluto. Likewise, equipment or
objects that contained or are manifestations
of technological or scientific breakthroughs
in nuclear propulsion qualify for National
Register consideration.

Additionally, the building, equipment, or
object must also possess integrity. It must
clearly still reflect the scientific discovery
moment or the technological breakthrough
during the period of its historic signifi-
cance. That is, a contemporary from the
period of significance would be able to
recognize the building, equipment, or

object as having housed or represented

the discovery moment or technological
breakthrough. Equipment or objects, if at
least 80 percent intact, maintain integrity
regardless of whether or not they are in their
original location, unless their operation was
integrally connected to the building location
(that is, they could not operate unless in a
specific location).
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6.4.3 Subtheme: Plowshare

Even before the first atomic test at Trinity
in New Mexico, scientists touted the future
benefits of this awesome new power.

Both scientists and social commentators
predicted such wonders of modern science
as nuclear-powered submarines and planes,
atomic sources of energy to heat and light
homes, and nuclear explosives that could
move mountains or dig canals. Suggestions
ranged from practical solutions for industry
to fantastic creations from the realm of
science fiction.3%

In 1945, shortly after the United States
dropped atomic weapons on Hiroshima
and Nagasaki, the potential positive

uses of atomic power received renewed
attention in the media and within the
scientific community. Many of the proposed
beneficial byproducts of atomic energy
received government sanction and funding.
In 1946, the air force and the navy initiated
research projects in nuclear-powered
airplanes and ships, respectively.*” In 1947,
the AEC established policies for nuclear
research in medicine, biology, and power.>®
In the early 1950s, several scientists and
engineers, working independently at
various AEC laboratories, began to explore
the possibility of using nuclear devices for
industrial applications.

In 1957, Edward Teller and Herbert York
held a symposium at LLNL to discuss the
feasibility of adapting nuclear weapons

for industrial use. The following year, the

06 paul Boyer, By the Bomb’s Early Light: American Thought
and Culture at the Dawn of the Atomic Age (Chapel Hill:
University of North Carolina Press, 1985).

307 Hewlett and Duncan, Afomic Shield.

308 1hid.

AEC assigned LLNL the lead in Project
Plowshare, a multi-laboratory program to
develop nuclear explosives for industrial
projects such as nuclear engineering and
mining. Dual benefits were imagined for

the research, as Project Plowshare included
proposals for using nuclear devices to gain
important information about cratering, blast,
radiation, and seismology that would be
useful for the weapons program.*®

Between 1958 and 1975, the AEC conducted
thirty-five Project Plowshare nuclear tests,
as well as numerous HE experiments
simulating nuclear excavation.

The initial thrust of Project Plowshare
research was the development of nuclear
explosives for excavation purposes—

earth moving and canal construction. In
1958, LLNL planned Project Chariot, an
experiment to excavate a deep-water harbor
at Cape Thompson, Alaska, with nuclear
devices. Project Chariot was to be the initial
project in a much larger program that would
eventually lead to the excavation of a sea-
level canal across the Isthmus of Panama.
Neither Project Chariot nor a new Panama
Canal was ever realized, although many pre-
liminary nuclear tests to simulate excavation
techniques were carried out.

On December 10, 1961, LLNL conducted
the first of the Project Plowshare nuclear
tests. The Gnome test detonated a three-
kiloton device 1,200 feet below ground near
Carlsbad, New Mexico. The goal of the test

3% For information on Project Plowshare and its beginnings,
see Dan O'Neil, The Firecracker Boys (New York: St. Martin’s
Press, 1994), 9-30; Harlan Zodtner, ed., Industrial Uses

of Nuclear Explosives, Plowshare, UCRL-5252 (Livermore:
University of California Radiation Laboratory, 1958);

and Edward Teller, Wilson K. Talley, Gary H. Higgins,

and Gerald W. Johnson, The Constructive Uses of Nuclear
Explosives (New York: McGraw-Hill Book Company, 1968).
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was to produce nuclear energy for research

purposes. Project Sedan followed Gnome,
on July 6, 1962, at NTS. Project Sedan, the
largest of the Project Plowshare experi-
ments, a 100-kiloton cratering experiment,

displaced twelve million tons of rock and

left a crater 320 feet deep and 1,280 feet in
diameter.’'’ The crater of the Sedan shot is
shown in figure 36.

[} el §
s &

i

1,280-foot diameter, 1961.3"

310 Carl R. Gerber, Richard Hamburger, and E. W. Seabrook

Hull, Plowshare (Oak Ridge: Atomic Energy Commission,

Division of Technical Information, 1968); and LLNL history,

unpublished manuscript, 1966-1967, 7.

31 Digital image courtesy of Sandia National Laboratories,

CQuest Image No. 1965, 1961.

Figure 36. Sedan crater, largest Project Plowshare test shot, 320-feet deep,

In 1968, the focus of the Project Plowshare
experiments shifted to the possibilities of
nuclear mining. Many kinds of mining
applications were explored, including gas
well stimulation, the creation of under-
ground gas storage facilities, oil recovery
from shale, and leaching of copper ore.
LLNL developed preliminary feasibility
studies and proposals on all of these mining
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applications. However, LLNL only tested
the nuclear devices for gas well stimulation.
Project Gasbuggy (1967), Project Rulison
(1969), and Project Rio Blanco (1973) were
joint AEC- and industry-sponsored nuclear
tests designed to stimulate the production
of natural gas. Although all three tests
succeeded in terms of technical achievement,
the cost of using nuclear devices for mining
proved to be prohibitive. The AEC cancelled
Project Plowshare in 1975 due to budgetary
and environmental concerns.*'?

However, the expertise that LLNL gained
in mining applications of nuclear devices
led to more collaboration with industry to
enhance energy production. LLNL pursued
techniques for converting coal beds to gas
without mining and recovering oil from
shale. These types of industry/laboratory
collaborations began in 1974 and ran
through 1988. They are described in more
detail above in section 6.4.1 “Subtheme:
Nuclear Energy Research.”?"

Project Plowshare testing occurred at NTS or
at other off-site locations within the United
States. LLNL conducted its first Project
Plowshare test, Project Gnome, in 1961 in
Carlsbad, New Mexico. Thirty-four other
test shots were fired before the program
ended in 1975.

Specific Project Plowshare nuclear tests may
be of historic interest either because they
represented technological breakthroughs in
nuclear engineering or mining methods, or
because they were associated with a signifi-
cant technological breakthrough in nuclear
testing in general. For example, the 1962

312 Gerber et al., 9-12.
313 1bid.

Sedan shot demonstrated the feasibility of
using nuclear devices for excavation and
resulted in the world’s largest crater.

The kinds of buildings associated with an
actual Project Plowshare nuclear test would
include staging areas, test structures, and
test buildings. The most likely buildings to
be associated with historically significant
Project Plowshare tests would be those

at NTS.

The assessment of structures at NTS is
outside the scope of this project. It is
unlikely that buildings at LLNL will be of
historic interest on the basis of association
with an important Project Plowshare nuclear
test. The exception would be a staging area
or an assembly building where test devices
were assembled or staged prior to their

use at NTS or other nuclear test sites in a
historically significant Project Plowshare
nuclear test series. Such a building would
also need to possess historic integrity. That
is, it would have to clearly reflect nuclear
staging or assembly activities and be
clearly associated with an important Project
Plowshare nuclear test.

6.4.4 Subtheme: Biomedical Research

In 1947, the newly established AEC created
an Advisory Committee on Biology and
Medicine to oversee and support research

in radiation biology and health physics

at all AEC laboratories. Areas of research
included studies to determine the effects

of radiation on living matter, radioisotope
distribution programs, and projects to
establish safety procedures for working with
fissionable materials. The AEC consistently
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promoted biomedical research. This research
effort was expanded in 1974, when the AEC
was reorganized into the Energy Research
and Development Administration (ERDA),
to include environmental and energy
research as well. DOE has continued this
research program.®*

In 1963, LLNL initiated a Biomedical
Research Program to study the effects

of radiation on humans and other living
things. Dr. John Gofman, a noted medical
researcher at UCRL, Berkeley, was recruited
to head the new department.?> Gofman
initially focused on the study of internal
emitters, radioactive particles taken into

the body. Many AEC laboratories and
university medical programs partici-

pated in the internal emitter studies. This
program used animals to study the effects of
inhaled and ingested radiation from fallout
associated with weapons tests or nuclear
power generation.>'®

In the 1970s, the focus of the Biomedical
Research Program shifted to the biological
measurement of radiation doses received by
a person subjected to radiation. Work in this
area increasingly focused on DNA, inves-
tigating how it was damaged and how it
repaired itself. LLNL developed several key
tests and technologies to detect cell damage.
The two different types of equipment
developed to analyze cells included a flow

314 Eor more information on the AEC and biomedical
research, see Douglas Vaughan, ed., A Vital Legacy: Biological
and Environmental Research in the Atomic Age (Berkeley: Ernest
Orlando Lawrence Berkeley National Laboratory, 1997).

315 “Biomed Group Established at Livermore,” The Magnet
(June 1963), 1, 5.

318 LLNL history, unpublished manuscript, 1967-1968,
22; and Vaughan, ed., A Vital Legacy, 11. In the 1970s the
Environmental Sciences Division was within the overall
Biomedical Research Program.

cytometer, which identified and sorted
cells, and an image-analysis system, which
made computer images of the cells seen
through microscopes.®”

In 1987, technological breakthroughs in cell
analysis at LLNL and LANL led to the DOE
decision to launch the Human Genome
Initiative, which eventually evolved into the
Human Genome Project.

The Biomedical Research Program at LLNL
evolved to include environmental research
as well. Environmental research initially
focused on how radiation from fallout
affected air, land, sea, and fresh water. In the
1970s, the focus of the program expanded

to include the assessment of damage that
other energy technologies might cause the
environment. Some of the projects that the
Environmental Sciences Division undertook
included long-term assessments of radio-
active fallout from weapons tests in the
Marshall Islands; the study of smog damage
in Southern California; ecological impact
studies of nuclear reactors in Eureka and
Morro Bay, California; and an environmen-
tal study of the impact of geothermal devel-
opment in California’s Imperial Valley.>!®

Biomedical research is included as a
preservation subtheme within the Cold War
context because of its close association with
weapons testing. The biomedical program
at LLNL originated due to concerns with
radioactive fallout from nuclear testing

and potential radioactive fallout from
future Project Plowshare technologies.

317 30 Years of Technical Excellence, 44-45.

318 30 Years of Technical Excellence, 44-45; “LLL Biomedical and
Environmental Research: Program Overview,” Energy and
Technology Review (May 1976), 13-15; and “Imperial Valley
Environmental Project,” Energy and Technology Review (May
1976), 21-25.
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Nevertheless, biomedical research was

a ubiquitous Cold War activity within

both the nuclear weapons complex and

the medical community. Much of the
research conducted at LLNL was similar to
biomedical research at other AEC facilities.
In fact, the 1977 President’s SAC committee
identified biomedical research at both LLNL
and LANL as overly preoccupied with
sophisticated instrumentation and engaged
in “more or less routine health physics and
environmental studies.”®'"” In addition, the
types of buildings most likely associated
with biomedical research at LLNL are
generic medical laboratories and animal
facilities.

Although biomedical and environmen-

tal research at LLNL was largely routine,
the cytometer and the image-analysis
system developed in the 1970s are of
historic interest. A building may qualify

for National Register consideration within
the context of the Cold War theme of
non-weapons research, and subtheme of
biomedical research if it is associated with
the equipment mentioned above or scientific
breakthroughs or discovery moments

in biomedical research made on them.
Likewise, the equipment itself, regardless of
its location would also be of historic interest.
A building must also retain its historic
integrity. It must reflect the breakthrough,
technique, technology or discovery moment
in biomedical research at the time of its
historic significance. The original cytometers
and image systems must also retain obvious
integrity and be preserved intact. If still in
use, they must retain the primary purpose
for which they were designed. However,

319 Report of the Committee to Examine the University's
Relationship with the Los Alamos and Livermore Laboratories,
11-12.

biomedical research laboratories at LLNL,
like computer facilities, have been constantly
maintained and upgraded over the years.

It is unlikely that historic biomedical
equipment is extant and intact.

6.5 Thresholds for Cold War
Preservation Themes

For a building or object at LLNL to qualify
for National Register consideration within
the context of the Cold War, it must fall
within one of the themes and subthemes
discussed above. It is possible for a building
to qualify under more than one of the
themes and subthemes. The Cold War pres-
ervation themes and subthemes for LLNL
are summarized below.

Nuclear Weapons Design
* Weapons Design

¢ Computing

Nuclear Weapons Testing
¢ Nuclear Testing
¢ High Explosives Testing

Nuclear Research
* Nuclear Physics Research

* Nuclear Chemistry Research
e Nuclear Materials Research

Non-weapons Research
* Nuclear Energy Research
¢ Nuclear Propulsion Research
¢ Plowshare
¢ Biomedical Research

The preservation themes outlined above
detail the specific ways in which LLNL con-
tributed to the Cold War. These themes form
the basis for assessing whether a building

at LLNL might be found historic within the
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context of the Cold War. Within the descrip-
tion of each theme or subtheme are also

the general thresholds for historic interest
within that particular theme or subtheme.
The discussion below defines appropri-

ate thresholds for determining the historic
significance of LLNL buildings and objects
within each of the four criteria for eligibility
for the National Register.

6.5.1 Criterion A

For a building or object to be considered
historic under Criterion A, it must be
associated with an event or a pattern of
events considered historically important
within a defined historic context and
theme.*” The Cold War is the series of
events with which LLNL buildings must
be associated to be significant under
Criterion A.

As defined above, LLNL’s links to the Cold
War are found within the scientific discovery
moments or the technological breakthroughs
in the preservation themes.

Initial scientific discovery moments or
breakthroughs are generally recognized as
historic. However, after the initial discovery
or breakthrough similar types of scientific
research become routine.

For a scientific activity conducted at LLNL
to be considered of importance, it must

be more than a routine research activity.

In addition, the building, equipment, or
object must clearly reflect the historic break-
through or the scientific discovery moment.
That is, there must be something visible

in the property that clearly illustrates or
represents the historic breakthrough or the

320 National Register Bulletin 15, 12.

discovery moment. For instance, a building
might possess the equipment on which the
significant breakthrough research occurred.
Or the building might reflect the process or
scientific discovery for which it was built.
An object would be considered important if
it was used for or provided direct research
support for the technological breakthrough
or scientific discovery. It would also be
considered important if it was the direct and
immediate product of the historic scientific
discovery or event.

The exception to the individual break-
through or discovery moment in LLNL’s
Cold War contributions is the overall impact
of the Laboratory’s research and develop-
ment efforts on the U.S. nuclear weapons
stockpile. The creation and growth of the
nuclear stockpile clearly were of excep-
tional significance in U.S. history. A building
or object that housed and reflects nuclear
weapons design work, research directly
related to weapons design, or weapons
design testing and production may be
eligible under Criterion A if it is associated
with a particular weapons design identified
earlier and/or is associated with at least
half of the LLNL nuclear weapons designs
placed in the U.S. stockpile.

6.5.2 Criterion B

For a building or object to be considered
historic under Criterion B it must be
associated with a person whose contribu-
tions to history are considered important
within a defined context and theme.
These contributions must also be well
documented. For buildings or objects at
LLNL to be considered historic under this

114

LAWRENCE LIVERMORE NATIONAL LABORATORY
UCRL-TR-234717



6. LLNL CoLp WAR MISSIONS
AND PRESERVATION THEMES

criterion, they must be clearly associated in
a primary manner with a person considered
historic within the context of the Cold

War in one of the established preservation
themes: nuclear weapons design, nuclear
weapons testing, nuclear research, or non-
weapons research.”!

The threshold used to establish the
historic importance of an individual is the
recognition of that person by historians
through a body of work in the form of
papers, articles, and books. The historic
person also must be associated with a
particular building or object during the
productive time period of his/her life, or
during the time he/she made a significant
discovery or breakthrough in nuclear
weapons design, nuclear weapons testing,
nuclear research, or non-weapons research.

6.5.3 Criterion C

For a building or object to be considered
historic under Criterion C, it must represent
a distinctive method of design or construc-
tion within an established historical period.
It may also be eligible if it represents the
work of a master or possesses high artistic
value. A resource also may be eligible
under Criterion C if it represents an iden-
tifiable entity whose components may lack
individual distinction. This last requirement
applies to groups of buildings or structures
that may be classified as a district.>?

For buildings at LLNL to qualify under this
criterion, they must represent a distinc-
tive type of building or architectural style,
have all the common features of a building
of this type, and be an important example

321 hid., 14.
32 Ibid., 17.

of this type of building design or construc-
tion. If the building design or construction
materials represent a major breakthrough or
innovation in this particular kind of facility,
it will be considered of historic importance.
However, if it merely represents a typical
kind of construction or design for this type
of facility, it will not be found historically
significant. Nor does uniqueness or one-of-
a-kind construction automatically qualify
as exceptional. Objects will be found to be
of historic interest under this criterion if
they represent significant design features or
breakthrough technologies inherent to that
type of object.

LLNL buildings will meet the aesthetic
aspect of Criterion C if they were designed
or built by a noted architect or engineer and
are a superior example of his/her work. Al-
ternatively, the building will be eligible if it
expresses high artistic values and possesses
superior aesthetic qualities. Objects will
meet the aesthetic aspect of Criterion C if
they were designed or built by notable engi-
neering firms in their field.

LLNL buildings will also be found to be
historic under Criterion C, even if they do
not possess individual distinction, if they
are part of a district that is eligible for the
National Register. Thus, they would be of
historic interest if they are part of a group of
laboratories that did similar work or were
part of a project determined to be of historic
importance in the context of the Cold War.
They must be clearly associated with the
other structures in the district and clearly
contribute to the understanding of the
district as a whole.
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It is not likely that any LLNL buildings will
be found eligible for the National Register
under Criterion C.

6.5.4 Criterion D

For a building or object to be considered
historic under Criterion D, it must yield,

or be likely to yield in the future, informa-
tion important to history or prehistory. This
criterion most commonly applies to archeo-
logical sites rather than historic properties.
In the case of buildings or equipment at
LLNL, they will be eligible under this
criterion only if there is important informa-
tion about nuclear design, nuclear testing,
nuclear research, or non-weapons research
within the context of the Cold War that can
be gleaned only from the building itself. In
the case of the relatively young structures
at this active facility, this is a very difficult
criterion to meet due to the vast amount

of information—written and oral—that is
usually available. It is unlikely that LLNL
will have properties that qualify as historic
under Criterion D.*?

6.5.5 Criteria Consideration G

Buildings and objects under fifty years of
age are generally not considered eligible for
the National Register.

However, under Criteria Consideration

G, properties and objects under fifty years
of age can be considered eligible to the
National Register if it can be demonstrated

323 Ibid., 21.

that they are of exceptional significance.
Thus, although the majority of structures
and objects at LLNL would normally be
excluded from eligibility to the National
Register because they are under fifty
years of age, they may be found eligible
if they demonstrate exceptional historical
significance.

The Cold War has been recognized as a
period of exceptional significance within
U.S. and world history. The thresholds
established within each of the Cold War
themes or subthemes above were defined
narrowly to represent only the exceptional
contributions LLNL made to U.S. Cold War
history. Therefore, if the activities that took
place in an LLNL building are found to
meet the threshol for historic significance
within one of the established Cold War
preservation themes, that building will
meet the requirements for exceptional
significance. Similarly, objects that meet the
threshold for historic significance within one
of the established Cold War preservation
themes will also meet the requirements for
exceptional significance.

If a building or object appears to be historic
based on the thresholds for any of the
criteria outlined above, and it is of historic
interest within one of the established
LLNL Cold War preservation themes, it
will be considered to meet the eligibility
requirements.
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LNL main site facilities are located

on DOE-owned land in the eastern

portion of the Livermore Valley,
forty-eight miles east of San Francisco in
Alameda County, California. The main site
is situated on 821 acres and includes ap-
proximately 500 buildings and structures
totaling six million gross square feet. LLNL
also maintains a 7,000-acre HE test area
designated Site 300, which is located fifteen
miles southeast of Livermore, in Alameda
and San Joaquin counties. Site 300 includes
approximately 200 buildings and structures
totaling 400,000 gross square feet.?**

The Laboratory’s main site is bounded on
the east by agricultural land used primarily
for grazing and vineyards. To the north, the
land is used by light and heavy industry,
including electronics, optics, and trucking
companies. Land to the west is primarily
residential and has seen a rapid growth in

324 McGuff, “Lawrence Livermore National Laboratory
World War Il and Later Historic Context and National
Register Assessment: Scope of Work,” 1.

7. FACILITIES

land sales, subdivisions, and annexations in
recent years. LLNL is bounded on the south
by SNL'’s California site. The two labora-
tories share several facilities, including a
cafeteria, parking lots, utilities, and a fire

department.’®

LLNL classes its buildings into three
categories—permanent, interim, and
temporary. Permanent structures have
long-term utility potential (usually fifty
years) and are primarily constructed of steel,
concrete, or masonry. A few permanent
buildings have been made from wood.
Interim buildings are modular prefabri-
cated structures. They often have removable
undercarriages and rest on sleeper systems,
which provide foundational stability. Many
also have plumbing, flexible interiors,
finished exteriors, and landscaping. Interim
buildings are considered short-term in

life although of a longer duration than

325 Lawrence Livermore National Laboratory, LLNL
Site Development and Facility Utilization Plan (Livermore:
Lawrence Livermore National Laboratory, 1987), 1-1.
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temporary due to their semipermanent
features. Temporary buildings include all
trailers and WWII structures. Temporary
structures are intended for use while more
permanent facilities are under construc-
tion. Because they are intended for brief
habitation many do not have plumbing or
toilet facilities. However, due to a constant
space shortage, the WWII structures and
trailers have been in use for more than fifty
years and thirty years, respectively.?

Of the 500 LLNL buildings at the main

site, approximately 250 are either interim
or temporary. Of the 200 buildings at Site
300, only about twenty-five are interim or
temporary. As most temporary or interim
buildings were and are used primarily for
office space, they will fall outside the estab-
lished preservation themes and are unlikely
to be of historic interest. The exception may
prove to be the WWII structures. These are
assessed because of their age and possible
historic interest to the state of California.

Most of the facilities at LLNL fall within the
design category of Industrial Vernacular
and do not represent high-style archi-
tecture. Most buildings are unadorned

and functional. There are a few buildings
that display aspects of high-style archi-
tecture. LLNL also retains some original
navy buildings from the WWII era. These
represent standard designs for military
construction of the period. Despite these few
exceptions, LLNL mainly reflects its time
and function—an active research and devel-
opment laboratory originating in the decade
of the 1950s.

3% Ibid., 2-11, 2-12.

LLNL is part of the DOE—formerly AEC
and ERDA—nuclear weapons complex.
However, there is no functional master
design plan or construction guideline

for the complex as a whole. Each facility
developed buildings and structures suited
to its respective mission. Most sites do rely
on the Industrial Vernacular design. Form
follows function at most sites, although
function tends to differ between sites and
local building materials and styles give them
each a unique character.

7.1 Construction Patterns

The oldest facilities at LLNL date to WWIL
The U.S. Navy purchased a portion of

the Wagoner Ranch and built a naval air
training station. First, they paved a square
near the center of the site for a runway with
several taxiways and a parking apron just to
the south. Then, on the southern perimeter
of the property, the navy built a drill hall,
barracks, classrooms, and storage facilities
along a north-south/east-west grid > After
WWII, the navy brought operations at the
site to a close. It ceased to be a naval air
station in November 1945.

In 1950, the AEC took over NAS Livermore
and CR&D began constructing a Materials
Test Accelerator (MTA), under the
direction of E. O. Lawrence of UCRL, for
the production of nuclear materials such as
plutonium and tritium. In 1951, UCRL also
used the site for nuclear test diagnostics for
LANL. In 1952, the AEC formally estab-
lished LLNL as a second nuclear weapons
design laboratory. LLNL operated as the
Livermore branch of UCRL until 1971 when

%2 Ibid., 14.
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it became a separate entity.*® In 1955, LLNL
acquired additional land for Site 300, an
explosives test area southeast of the main
site.

Originally, LLNL used the navy buildings
for its offices and laboratories. Gradually,
LLNL expanded, building additional
facilities to the north and east in unoccupied
areas. The first additions to the site included
a cafeteria, storehouse, warehouses,
chemistry laboratory, physics laboratory,
fabrication and assembly facility, shop, and
several special-purpose research laborato-
ries.?”

The WWII structures of NAS Livermore
provided primarily office and storage space
but few adequate laboratory facilities.
Therefore, during the 1950s and 1960s,
LLNL concentrated on building labora-
tories for both light and heavy research.

The number of light laboratories—those
with smaller equipment and apparatus—
quadrupled during this period. Heavy
laboratories—those with high bays and
radioactive shielding—doubled. The
majority of the buildings built during these
early decades were permanent structures
designed to house the Laboratory’s
primary programs—weapons design and
magnetic fusion research. Construction

of the 1950s and 1960s stressed utilitarian
features. Buildings were usually concrete
structures with multiple laboratories or
large corrugated metal structures that could
house big equipment. Examples of typical
kinds of 1950s and 1960s construction are
Building 141, the Storage and Handling
Facility; Building 243, the Pluto Assembly
Building; Building 435, the Project Sherwood
Laboratory; and Building 151, the Radio-
chemistry Laboratory, illustrated in figures
37,38, 39, and 40.

Figure 37. Building 141, Storage and Handling Facility, built 1954.3%

328 Ipid.

329 University of California Radiation Laboratory, Long
Range Development Plan (Berkeley: University of California
Radiation Laboratory, 1957), 53; and Lawrence Livermore
Laboratory, Land Use (Livermore: Lawrence Livermore
Laboratory, 1972), 3.

30 Building 141, exterior, LLNL photographer, 2003.
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Figure 38. Building 243, Pluto Assembly Building, built 1959.%

Figure 39. Building 435, Project Sherwood Laboratory, built 1960.%%

In contrast to laboratory construction during accommodate the growing work force, the
this time period, new office facilities barely =~ Laboratory began using trailers for additional
doubled in number. Many offices continued  office space. Examples of the different kinds

to be housed in the WWII barracks and of offices built during the 1950s and 1960s are
classrooms. From 1950 to 1960, some shown in figures 41, 42, and 43: Building 131,
additional new office buildings, both large Engineering offices; Trailer 2425, Chemistry
and small, were built to supplement the offices; and Building 311, Personnel and Plant
WWII structures. In the 1960s, to further Engineering offices.

331 Building 243, exterior, LLNL photographer, 2003.
332 Building 435, exterior, LLNL photographer, 2003.
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Figure 41. Building 131, Engineering offices, built 1959.%*

Two factors influenced the physical layout
of the Laboratory during these early
decades. E. O. Lawrence organized the
Laboratory according to the matrix system—
programs and their technical support
personnel were to be housed together. When
a program required additional facilities, new
buildings were built as closely as possible to

333 Building 151, exterior, LLNL photographer Marcia
Johnson, 2003.

334 Building 131, exterior, LLNL photographer Marcia
Johnson, 2003.

the existing facilities.* The other factor that
influenced the look of LLNL was the grid
street pattern that the Laboratory inherited
from the navy. New facilities were built in
blocks along this grid system according to
programmatic requirements.** These factors
led to groupings of programmatically related
buildings laid out in a m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>