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UK Nuclear tests and the first moratorium

= Atmospheric testing (Australia, Christmas Island)
= 1st British test 3/10/52
= Fission device performance and safety
= Thermonuclear demonstration at MT class in Nov 1957

= Initial move to UGTs (NTS) enabled by 1958 MDA
= 1st UK under ground test 1/3/62
= 4 further tests by 10/9/65
= Underpinning tactical & strategic warheads and R&D objectives
= WE177 and Polaris in service — job done?
= 9 year moratorium — confidence increased as competence
decreased!

= Explicit plans and measures needed to maintain capability
= Independent assessment and peer review are essential
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Modern era and transition to CTBT
= “Modern era” UGTs 1974-1991

Warhead development imperative to maintain deterrent effectiveness
UGTs supported Chevaline, Trident, FTNW and R&D U

Tests heavily instrumented aimed at improving understanding, validating
models and developing designer experience

= Transitionto CTBT

Last test fired 26/11/91

Early 90s a period of uncertainty - aspirations maintained to fire a small
number of further tests

Trident enters service in 1994

Increasingly clear that the UK would not resume testing.
Tactical system withdrawn from service in 1998

CTBT ratified in 1998
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Early foundations of a CTBT methodology

= 1955 J C Martin - internal paper on gamma radiography of imploding systems
= Diversion to assess the feasibility of achieving fusion without a fission trigger. ¥
*  From the early 1960s focus moved to the development of machines for two
purposes
= Radiography of explosively driven experiments
= Nuclear weapon effects simulation

= Towards the end of the decade the possibility of creating even higher energy
densities using focused laser beams was recognised

= Perceived threat of a CTBT ever present

= 1975 Penney review - Laboratory dense plasma (fusion) facility required for
validation under a CTBT

= |CF programme in US and Russia - lasers look like the most promising route

= Programme well established by 1976 — decision to procure an upgrade AFL1 later
christened HELEN
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Partial List of Pulsed Power machines

= 1963 SMOG = 1968 EROS

= 1966 WEWOBL = 1971 SPLATLLET
= 1966 PLATO = 19721T

= 1967 MINI A = 1974 GRIMM

= 1967 MOGUL = 1975 ACE

= 1968 MINI B ...MINI C = 1983 PEBBLE

= 1980 MOGUL D
= st Full Scale Core Punch

= 1995 MOGUL E
= 1st Dual Axis Core Punch
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AWE  Radiographic machines at AWE
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AWE Mogul-D (1980) and Mogul-E (1995
Dual axis radiographic facility.
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AWE "HELEN laser development

Specification in 1979

= 2 beams output diameter 200mm
= 100J in 100psec (1TW) at 1064nm

Specification in 2005
= 2 beams output diameter 300mm
= 1000J in 1ns (1TW) at 527nm
= Plus 1 beam output diameter 200mm
= 50J in 0.5ps (100TW) at 1054nm




»@m A new approach

%@.@&@» # sl wuhpuons antil ey
ggg% theem, Sritain sigrasd :
b Conmvepmesd o Phscless ‘Tost Ban Rg gf&w 5&3 % .
maw i um y %

B .t '™ wnclear weapon stockpide
im&% farpieey w ﬁggﬁﬁg tadn

SO LR E.gg CRETE wall
&%g%iﬁi%x&i

2 shslc-ofaert superonvaysetig emed égﬁs s
L wmew Becibitkes. Thas wrvicds  desceibes Tha
whaliengs sud Brimins seponsyro i, g

w& & g & A
igw Temaiee sanayioad g%%
g&. %§ «ﬁg sl gg § E&.

= NATURE | VOL 415 | 21 FEBRUARY 2002




Science-based approach for CTBT era

Multi-physics Hydrocodes

Plasma U:v\mmom HPC Hydrodynamics
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- vin HPC development at AWE
Machine Year Peak Ops/s Jump
Ferranti Mark 1* 1954 400] 1D
English Electric Deuce 1955 500 1.3
IBM 704 1957 5,900] 11.8
IBM 7090 1960 42,000 7.1
IBM 7039 Stretch 1962 150,000 3.6
IBM 60/75 1971 600,000] 4.0|
IBM 370/165 1972 1,500,000] 2.5|
IBM 370/168 1975| 1,800,000] 1.2 D
Cray 1A 1979| 80,000,000 44.4
Cray X-MP-22 1984 444,444 444 5.6
Cray Y-MP 8/864 1990 2,666,666,666] 6.0
Cray C98D 1995 8,000,000,000]| 3.0] 3D
IBM SP 1996 17,000,000,000] 2.1
IBM SP (VINE) 1998 115,000,000,000| 6.8
IBM SP (Blue Oak) 2002 2,880,000,000,000] 25,
Cray XT3 (Redwood) 2006 34,000,000,000,000 11.8
BullX B500 (Blackthorn)] 2010  145,100,000,000,000] 4.3

Future architectures?
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= Achievable conditions with ORION
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Orion Laser Facility

Initial Laser
Specification

10 Long pulse beams -
300mm diameter, 500J
per beam at 351nm in 1ns
square pulse.

0.1-5ns arbitrary pulse
shaping. Based on HELEN
multi-pass design

2 Short pulse beams -
600mm diameter,
horizontal on-axis and
orthogonal layout. 500J at
1053nm in 0.5ps pulse.
0.5-20ps pulse durations.
102" Wem 2 using f/3 off-
axis focus parabola
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AWE The National Ignition Facility

192 beams, ~2MJ, ~500TW laser facility at LLNL

A 10m diameter
vacuum chamber
houses the 1cm
hohlraum target
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AWE

Recent technical progress

2D-full physics codes and baseline models mature

Basic 3D capability in place, but needs further
development and increased computer power

Many ageing processes are well understood and
assessed

Some critical physics remains to be fully understood
Design established for more powerful X-ray machine
Orion nearing completion

NIF a reality

Important fissile sub-critical trials completed in ==
R
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Current assessment

= Trident stockpile performance and safety is being successfully
underwritten without tests

= Only possible because of investments in the science and the people over
the past decade(s)

= Stringent test of capability - limitations are being exposed in some areas

= Paths forward include further life extension, re-manufacture and at
some stage potential replacement

= Each path is challenging and will test to the limits the scientific
methodology being established

= [n-depth peer review is a vital element of our confidence
= Continued vigilance is essential to

= Monitor known issues
= ook for the unexpected

= Continued investment in the science base and healthy international
collaborations are both critical to maintain confidence in the deterrent
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