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The paper you renuested on the task of converting
UK S3EN's to carry TRIDENT I (C4) missiles is attached.
Our conclusion is tnat the option, if one exists, is not
worth pursuing.

2. A limited number of copies has been retained in DPT,
it beine assumed you will circulate your copy to other
authorities as required.
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Reference A DPT10 memo 368/02/DPr10 dated 26 July 1971
B PT1 memo DPT/RID/4B2/71 dated T Septemier 1971
¢ PP memo PEH/ADY 12,1 dated § December 1972

1. This paper examines the problems involved in converting UK SSEN's to carry
TRIDENT I (C4) missilesn.

2.  USH Gonversion to £3/04

All 31 submarines of the 616/640 classes have been converted to POSEIDON (C3).

The conversion prorramme was completed in 1977. The USN plans to backfit C4
missiles to 12 of these submarines (627, 629, 630, 632, 633, 634, 640, 641, 643,
€55, 657 and 658). The UK conversion direct from POLARIS (A3) or perhaps AJTK,
will, therefore, be unique.

3., (3 conversion of the 616/640 class submarines was accomplished during overhaul

with a considerable variation of timescale, minimum being about 14 months and the
maximum 29 monthsu.

4. 'The conversion from C3 to C4 would appear far simpler in that it can apparently
be accomplished during a "Tender Availability" - presumably a period of about 12
weeks. The first subnarine to complete the, conversion to C4 will be SSEN 657,
PRANCIS SCOTT KEY in October 1979. The last submarine to undergo conversion will

ve SSIN 634, complebing January 1982, €4 will be deployed from January 1981 (most

of the 12 submarines to be converted to 04 will be put on an extended overhaul
period of 9 years. This will allow the USN to deploy “10 at any time).

5,  Previous UK Studies of Conversion %o C3

References A, B and C outline and discuss the engineering changes involved in
converting UK SSEN's from A3 to €3, Programming timescales and cost of the
econversion is also discussed but these aspects are, of course, now no longer relevant,
6. Summary of Major Sub-System Chaneges in Converting from A3 to C4
A, }izwig'a‘i;im
In the change from A3 to C3 & new ceniral computer system replaces the
existing NAVDAC's and BRN computer, SINS is updated from MOD3 to MOD6 and
BRI(5) replaces LORAN(C). ‘fhe time/frequency standard is also changed to
a ecaesium bearm standard, These changes will all be incorporated in the
"Hew Navigation A & A" to be implemented at REVENOE's second refit and af
the third rerzt of RESOLUTION, REPULSE and RENOWN,
In changing faon 3 to C4 Lhe USH additionally install ESCH (Electro

Static Oyro Monitor) and the HAV centre equipment ventilation system is
changed from open to clesed loop. These changes are not essential to

support €4 and probably would not be incorporated in UK SSEN's. With the
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installation of €4 fire control equipnent the current UK unique™10k/c
amplificrs in the WAV centre can be removed, _
b,  Fire Control

.

The current 1§ 84 equipment will need to bo removed and replaced by the
Mk 98 system. This apparently involves a complete rip out of the MCC
including ship's wiring. Besides rewiring, new seatings and minor
structure work will be involved in the rebuild, It is probable that

additional ventilation will be required for the Mk 98 fire control
In the change from A3 (1

equipment.
fk 84) to €3 (Mk 88) fire control equipment, the total
air flow requirement increased from 6400 to 8400 cfm and this necessitated

a complete rip out of the HMCC fan room, the fit of new larger capacity
fans and cooling coils. (It is Just possible that the €4 (Mk 98) fire
control equipment is less demanding on ventilation - this will need to be
confirmed). If the ventilation increase is neceded this could lead to loss

of three bunks in the adjoining accommodation space and the consequent need
to revise other accommodation areas,
¢. Launcher

C3 and €4 missiles are 74" in diameter compared with A% which is 54" in

diameter. In backfitting C3 it was, consequently, necessary to completely

remove the launcher tubes assembly and'replace it with a new single skin

liner held in place by a new high densily grout material. The new liner
is supported at the top and this requires machining of the monel ring formihg
the upper end of the mount tube

(ED devised a special nilling sachine to
accomplish this machining).

It was also necessary to mashine out the
Lower Retaining Ring to a larger diameter to act as

a locater for the new
liner. The existing lock o

uts and ligquid springs are removed and replaced

by 10 new design liquid springs. Eleven existing 4) mount tube penetrations

are blanked off in converting to C3, Additional penetrations are reguired

for C3 covering. the optical windows {19" above A3 windows), 3 new vent

valves and modified wsbilical housings, The umbilical housings, two per

misgile tube, are 2" thick HYSD castings which protruds sigificantly from

the mount tube. Two medifications to the minsile
the A3/C3 change. The hatch
additional space for the

hateh were incorporated in
canning and plastic foam is modified to provide
larger missile and the hateh armg
strengthened to withstand the greater missile launch forcs,
door interlock shafting wag also modified to clear the new umbilical housin
A larger gus gencrator is fitted. TRMPS is replaced by TMPS., The TP

are situated outboard of the tubes (TRMPS are between tubes),
problems with ship-side stowage lockers.

and links were

The accessy

£8.

causing
16 new missile Jp's are
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. connectorised. Larger terminal boxes are fitted. MTRE 6 and 7 is replaced
by new missile test eauipment, : :

It is judged that the majority of the A3/C3 changes to the launcher sub-
system are neccosary for C4 since it is known that conversion from C3 to

€4 involves only minor chanpes outside of the HCC fire control.

d. Alirmmont

The A3 trolley alipnment sysiem is romoved and replaced by a fixed

optical system in the conversion to C3}. This system is apparently used

for C4 also.

e. Mispile Gan Dyston

In converting from A} to C3 valves MG183, MG181 and }G230 are

replaced by new design valves. Valves 14106, MGO7 and MC172 are removed
G107 is relocated, Chanpes are made to valve controls and there are
some pipework modifications also. These changes will undoubledly be
essential for (4.

1. ¥iassile Hydraulics

The hold doim and lock out system is completely removed during the A3 to C3
conversion. No additional hydraulic supplies would appear necess: r for
C4.

g, HMissile Veatine and Cooling

i

Two larger capacity heat exchangers are fitted in AMRL during the RB/E3
conversion. Four additional 3-way proportioning valves are fitted. %wo
extra areas of heating/cooling coils are fitted to each missile tube and the
system is extended to the gas generators, Water flow is increased by change
of pump impeller. Control air piping, switches and cabling is extensively

modificd,
h. 2&

The M10 TI currcntly fitted in UX SSHN's will, with minor modifications
probably be adequate for C4 (it is rumoured that in back fitted C4 SSHEN's
T will remain permanently installed. If this is confirmed and UK follow
this practice, we would need io purchase two additionsl sets of M10 TI and
would consequently loose considerable patrol stowage space in the MC). The
TT mast for C3, presumably alse C4, ds different from that for A3 and may
prove difficult to it in UK SSBN's.

i. Hissile Corrensation and ggverimﬁ Svatens

The ¢4 minsile is considerably heavier than A3 and this would require

a reduction in Lbe permaneni ballast carried in the SSBN, Compensating

for weight change on miﬁailé Piving ic likely to be essier - less compensation
required, The present hover system will probably prove capable of dealing
with a €4 launch but in that $he impulsive launch loads are greater than

in A3 this would require a detailed cxamination.

SECKkeT L SyEe A

SRCRET - UL BO0 A
3




e Pure 4 of B
A SRCRET ~ UL B0 A

Gurmart Meilitdios Topr 07

a, IS ‘

On the assuwntion that simullancous A&T/A} ? =nd 4 training will be
required for the duration of the change-over to C4, previous studies have
all coneluded that a purpose-buill extension of the TIPS would be required
to house the C4 weapons iraining equipmont. Navigation equipment will have
already boen updated to C3 and vould require only minor alteration.

Pased on 1971 estimates for C3 equipment to be delivered in 1974,

the order of coct for the equipments considered necessary for C4 training,

ineluding programme co-ordination and desipgn, and spares would be
£13M at 1973 prices, A bpilding cxtension of approximately 7,000 sq. ft.
would also be required, the cost of this is estimated at L5M,

b,  Ammameni Denot

¢4 canmot e accommodated and processed in the present miscile depot at
Coulport, and the necessary extension of facilities on that site is not
possible within explosive regulations, To meet such regulations a new

missile depot would have to be provided in a “green field site" elsewhere.
The construction programme is unlikely to complete in less than seven years
or cost less than £300 M.

¢, Module Revair and Calibration Facilities

¥o building extension is necessary but extensive re-equipping with new
g test sets would be required. The cost for this is estimated at £1M.

d. JMechanical Fouipment Re~furbishment Faoility,

1t is unlikely that re-furbishment of C4 launch tubes will be required.
Consequently, no extension of this facility is foreseen.

T4 is possible that there would be a cost saving in this area.

e. Bay 23 Roayth
Minor equipmeni changes will be required here at minimal cost,

8. Pprocurement of U3 €4 Bouipment

The majority of the US equipment necessary to convert to C4 is likely to be diffiocult
to procure since the najority of chanpes necessary to support C4 were incorporated in
UsS 558's during the A}/C& conversion and hence the equipment is.no longer in producti

It is possible that some 04 oguipment will be identical to that being fitted in the

OHIO class currently under construction - this will not apply to launcher equipment

however. Additionally, a few items of eaquipment may be purchassble by addition to
current US orders involved in the G4 conversion programme now under way., This,
howaver, would reguire a guick UK decision on €4 since the current US conversion
programme completes in 1982,
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In the event of the system(s) (hardware, software, support
being made available:

(1) Vould the terms and conditions be similar to those .of
the PSA; would the 1958 Aprecuent be continued indefinitely?

(2) What political conditions would be attached (eg support
of NATO, national independence)?

(3) Vhat could the envisared timescale be for negotintion,

agreeucnt, Srensfer of information, transfer of hardwars and
first operational systen?

(4) Uhat would be tha pate of availability of the latest
'buy tiwe' and phasing of payment?

(5) VWhat would be the financial basis (eg conteibution to
’&D; cost of information; cost of hardware; cost of
continuing support?

6) VWhat help for or restrictions on the design of the
i C 2

boats would be required, availsble, imposcd?

Hiassile sveten

The main possibilities being C4 and A4:

(1) Wbat are the main missile characteristiocs - size, weipht,
range (wax and ein), accuracy, reliability?

(2) Vhat additional/different base facilitics are requirved
~ buildings, ground handling, asgembly, test, instrumentation?

(3) Vhat plens oxist for sueeessor(s) for C4/D5; the
Livesenlan and costs:  the U balanee of procurement over
the target 10 years or 50 between C4/D57

SR

(4) Vould a MIRV systom be available in event of C4
procurcuent and vould the system be compsotible with
non-iRVED Rel' g7

3

(5) How wany RESs and would they Ve made available?

"
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3, Submerine System(s)

; (1) If ve wished to fit the new systerm dinto existing
boats, vhat would be the scale of conversion from A3?

(2) If we decided to order a new build:

(a) \hat vonld be the optimua size eevability
of new boats (how many nissiles ete)?

(b) What desien assistance, at least for the
wissile corpartment and uissile support system,
would be available?
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9.  Re-Buiry Systom (HRG)

St The time to fipst deployment of 04 in UK SSII's would Le heavily dependent on whether
the US re-eniry syslem is ineluded in the sales agrcement. The Linme required io
develop a UK RES 1o it C4y from commencewent of feasibility studies to the ecarly
production stage, is unlikely to be less than & years,

10. Conversion Prorramme Tincseale

From the time the UK decides to pursue a (4 econvergion proprasme and US areement
is given, it would probably tuke a minimun of wsix ronths to eulablish "Shopping
Liols" and, in viou of the procurement difficultios noted above, a further 3/4
years to take delivery of the firnt boat set of equipnent. Hence, if equipment
procurement werc the only limiting factor, the earliest time to start conversion

is about 4 yearc from a decision to proceed.

Assuming this decision is taken in 1980 then the earliest possible conversion would
be RIZIOWN at 3rd refit 1985/%.

If a new armament depot is ncceasary to asscmble and store the C4 missiles and the
construction time is of order 7 years, the carliest possible conversion would be
REVENCE at 3rd rofit 1986/834, assuming again, the decision to proceed with C4 is
taken in 1980,

If a UK RES is developed, starting in 1980, the carlics
again be REVENGE ai 3rd refit,

1. Refit

1t possible conversion would

The work content involved in the conversion from A3 %o €4 io, having considered
references A, B and Cy Judged to be a‘;:cut the same ordey as that I'rom A3 to C3i.

In the latter case the US conversion timescales, as previously stated, varied from

14 « 29 months = prosumably thic variation was caused primarily by conflicting
{ pressures within the shipyards involved. The additional work accomplished during
; the €3 conversion overhauls is not known, so the US timescale for these overhauls
cannot be used sensibly for UK planning, A planning figure of 60,000 man days of effort
has, however, boen quoted by the US for the Jij/Cs conversion. If gignificant additiona
resources are mbavailable as Rosylh in the medium term, the presently planned 3nrd
refit time of 20 months will need to te extended pro rata - this gives a conversion
refit timeminimmof 24 months, Annex A indicates the pre ;

sent refit and proposed

conversion refit programmes baged on single alrean relitiing at Rosyth commencing

conversion with gither RENOVI or REVENGE 3rd refits. The use of a single stroam

at Rosyth dockyard is not attractive since the overall tip
programue would Lo alout 8 yeaes.

The only way of reducing the overall Programne timescale would appeap
to be part double vtreaning (Jlarge ovarlaps) at Honyih and this would inavitam;;
mean laking other work out of the Yard's programme,
and a reduction of SS3y &vai‘l&hilgtﬁ Cf“\z
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12, Coat of Convernion of UK S3WNts to C4 -
In September 1971 the cosl of US equipnont to convert the 4 UK Somite Crom A3 toud3
\as assessed (Reference B) at £46.5M. Assuming the C4 fire control equipment, would,
by virtue of more advanced technology, cost more than the C3 equipment, this figure

will be incrcased by 30 per cent, Addilionally, allowing for the US cost escalation
from September 1971 to September 1978 of 65 per cent., this gives a current figure of
£100M.

The current dociyard costs additional to a normal refit, based on 12,000 man weeks
for all 4 boats plus a small margin

at £600 per week gives £7.2H per submarine;
for HQ costs, the figure is, say, £30M.

A total of 100 missiles will be required comprising tactical, DASO and AIN
confipgurations, The cost of a G4 miszile, less the re-entry system iz of order
£5M4, Hence the total cost for missiles, excluding RES's and any necessary
flight proving trials needed if a UK NBS is &evelom&, iz of order £§00PL

Henee the total cost of conversion of the 4 sutmarines, the supply of miseiles

and support facility costs is of order £350M. (Note: this cost does not include
REB's). o
113, & al S and P £ reio

A mixed discipline, dedicated, DPT Lead Project Team, total about 40, would be
required to establish and obtain all relevant US technical documentation and
drawings and to plan and monitor equipment pmeummen}. There would undoubtedly
be a need to undertake a significant amount of new drawing work and generally to
re-draft and interpret US information to make it suitable for Rosyth Dockyard.

A small team, total about 5, would also be required in the US, possibly

resident at Electric Boat Croton, to act as a direct link between the US

authorities and the DPT Project Team. Design Staff in DPT are all fully
committed now and in the medium term hence if additional staff were unavailable

for the above tasks they would have to be diverted from other works

A planning and schedulling team would be required at Rosyth Dockyard, The
majority of new drawing work, should, ideally, be undertaken by the Design
Division Hogyth but the Division is presently heavily committed and if additional
staffare unavailat§;& it might be necessary to subecontract drawing work.

¢

A dedicated Woapon Oroup team of approximately 15 would be needed during the initial
6 month “shopping list" peried, Subsequently the in-house MOD effort would need to

SECRET
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be built up to 50 enniueers/??ﬁ prades during the poriod ‘of commiss

9L EHEN
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READ and fivst
AR programmes,
by about 40,

conflict of manpower resources is likely over the

of which pome

Thore would also need to bhe incr

U Heapon equipment contractors peproventatives would be required at the R

RHAD and Roasyth.
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15 could probably be released from the AZT and
phase would need to be enhanced

fhene numbers might necd to be douhled if US support is limited and a

roused representation in the US at SPRN and LMSC.
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Hummary

Conversion of ihe UKSSBNu to carry C4 is technically feasible,

Conversion must be underiuken concurrent with a refit, the currently planned
20 month refit would be cxtended to a minimum of 24 months,

Conversion time for the SOGBDN force could be shortened either by accepting
overlap between refits or by reducing the refit time, foth these proposals

sinificant increase to SEBN refit resources which could only be

provided at the cxpense of other programnos.

wonld demard

pdditional staff will be recquired to man the DPT Project Teom and in the
Design Division Rosyth if current tasks are not r@ducea.

US equipment necessary to undertake 04 conversion is not likely to be readily

available ., Additional costs and delay may be invelved over thogse assumed

in this paper since the US programme completed in 1977.

The time required to construct a new armament depot and/or the time required
to develop a UK RE3 would appear 4o determine the start date for the conversion

Programne .

The most likely conversion start would he REVENCE at 3rd refit, If the
conversion propramme is based on a single stream at Rosyth it would not complete
until 1994, which ig the current planned date for the SSBEN force to phase out.
fven if additional resources were made available at Hosyth and part double
streaning adopted, the reduction in ovarall conversion progromme time is

unlikely to leave the S3BN force with & oignificantly useful life when completed.

(The practicality and degree of overlap possible in part double streaming would
need to be carsfully examined with the Haval Staff to ensuroe adequate deployment

#

1
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of the deterrent was maintained).

. <7

h. The all up cost, excluding REBs is of the order of L9501,
%0

15, Conclusions

Even if a decision was taken to convert the UK SSBNa to C4 as early as 1980 the
most realistic start date for the conversion programme would be 1986, with the first
eubmarine operational in 1989,

The effective deployment time of “the 4 submarine converted force would only be

2 or 3 years based on the currently planned phase out date of 1994 even if some
compression of the overall conversion time scale is possible. This in DPT's judgment
is an overriding reason for not pursuing a C4 conversion programme, at a cost of
£9508 excluding REDs.
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D812 (Mr Jaé%%ngs)

BRIEF FOR NEW GOVERNMENT

4,

Thank you.

I suggest amending para 4 to read as follows:

"Chevaline is a project unique to the UK {though using
US firme as well as Britiah? and involves new and
advanced technology. The cost escalated considerably
during the earlier stages of Development but seems now
relatively stable barring major programme setbacks.
The total cost is estimated to be £9%5 million, of
which some 75% has already been spent or committed.
The Labour Government in January 1979 approved funding
to completion, subject to a progress report in

January 1980, or earlier if further gignificant cost

increases were to oeceur.”
Delete penultimate sentence of para & and substitute:

"The general conclusion is therefore that it should be
possible to maintain the present force in operation
into the 1990s® albeit at increasing cost, but that
it will be impracticable, for a pumber of reasons, to
run on the force beyond the mid 1990s; these reasons
include the increasing unreliability of an ageing
force, an@ accumulation of major technical problems,
and the unlikelihood that a force built to 1960s
technology will prove operationally viable in the
environment of the late 1990s.”

In Annex, para 5, line 4, delete:

"much nearer”,

L
{ 4’@‘“%!” 1

J F HOWE
DFAL(P)
20 April 1979

GECRET PERSONAL

S




SRR

O

s

major raedra

-ase they intend to show the papers

I v
TOoP vﬁﬂ?u
Page 2 of 2 Pages

demand for a re-gxd minaticn

1fting could lead to a
would ¢ ugwést that

of the whole Report. In principle I
amendnents should be limited to updat:
'Jﬁt*&“ gquoted. This is pz*éhz;i" a “uhter for COA,

e 5l
sderstand that the sections on cruise missiles were
;~0ﬁ’zm DOAE (see

M

based l~r' ‘y on some very preliminar) :
para 10, My reading of “%h HIG na“ﬁ*s su sts that thas
work is now at a much more advanced stapo, Mad CUQ"&&OF”LlGQ
should serhans be given at least to “nam“*np the discussion
on Cil ﬁﬁ”@,rﬁt’"‘tv (ﬂﬂo naras 0-10, 20 and 28). TFinally
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Many thanks for your minute D/DS 12/15/6/6/4 of 25 April.

I think that on balance the points you identify are few enough
and minor enough to be lived with even if there is a change

of Government - we should have to make it clear to Conservative
Ministers (e.g. because of the developments in CM information)
that the reports were now slightly dated, and given this the
presence of a couple of passages which plainly reflect that
they were written under a Labour CGovernment does not seem
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objectionable.
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FUTURE OF THE BRITIBE DETERRENT
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