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Technical and Administrative
Services

RADIATION PROTECTION
Personal Dosimetry The six-monthly issue of thermo-luminescent dosimeters (TLD) to lightly exposed
persons continues as a successful routine service, and has been extended to include
those exposed to fast neutron radiation as well as beta gamma radiation. A new
holder, designed and supplied by AEE Winfrith, is gradually replacing the ‘home-
made’ holder originally used. The dose response of Li’ F/Teflon discs (the standard
whole body beta gamma sensitive TLD used at the Laboratory) to Co®° gamma

radiation has been measured over the whole of the usable dose range i.e. up to a
mega-rad.

The two element dosimeter (neutron track film plus slow neutron sensitive TLD),
designed to overcome the neutron spectrum dependent response of the track film
alone, is now issued to all personnel exposed to the prompt leakage radiation of
Nimrod — the use of the track film alone being discontinued.

At November 1970 regular dosimeter issues were as follows:

Beta gamma films (monthly issue) 460
Beta gamma TLD (6 monthly issue) 160
Fast neutron films plus slow neutron TLD (monthly issue) 310
Beta gamma TLD plus slow neutron TLD (6 monthly issue) 180

As in previous years the personnel engaged in the maintenance and repair of
Nimrod continue to be the most heavily exposed group at the Laboratory but
none, however, is expected to exceed the permitted dose for the year.

Environmental

There have been no new problems associated with the operation of Nimrod: the
Health Physics

X2 extracted beam blockhouse has continued to be the main cause of significant
prompt leakage radiation particularly when operating at lower than normal proton
energies. There has been no significant change in the pattern of induced activity
either in or near the machine or the extracted proton beams.

There have been no requirements during the year to handle work involving
significant amounts of loose contamination in the Radioactive Workshop (R52)

but there has been an increase in the unsealed source usage of the Radiochemistry
Wing of R34.

Radiation Studies

emitted from targets in extracted beams was examined in detail. Measurements
with activation detectors and film, thermo-luminescent and pressure dosimeters
were made around targets of Cu, ‘Heavy alloy’ (mainly W) and Al bombarded by
7 GeV protons (Nimrod X3 beam) and also around a Cu target with 24 GeV/c
protons (CERN PS e7 beam). The dose and secondary particle production data
obtained show excellent agreement, for angles up to about 3°, with both the
predictions of the Ranft-Trilling empirical extrapolation formula and Ranft’s
calculations from the thermodynamic model. Differences at larger angles arise

from using models of proton-proton interactions to predict yields from proton-
nucleus interactions.

i ry facility has been developed, using a
oy Emw-nnmo_hﬁw_ooﬂ Mwﬂs“ww Mﬁ/ﬂmmmmwwgww Hw.oo-orm.::n_ analyser. ,Ewn N%MSB
. OnAm_m Hu\mnc&mm of radio-nuclide production in 2.o=-an<n_o.vm& M amw
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These fields of study have both increased Hwomﬁsmwnwﬁ%sgwmm MMO %MMUH_/MHMMOM

ieldi i i tivity patterns and radiation ama, R

%M_MSM MM“WMM MMMMQMMH HMM m\mm%noiiﬁvcﬁos to the Radiation Problems Group
and hav

of the CERN 300 GeV Design Study.
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assessed.

A low momentum beam line, which is intended primarily for am%o-_u%ﬁom“w_ HMM%
et tudies using stopping negative pions, was built during the &
e M (m 11) lies at 94° to the Nimrod X3 oxﬁmﬁn@ proton beam Mb
e ‘Unmﬂs “ns\:r the 7 8 and K15 beam lines. 7 11 was designed by the Wﬂ .aw
mrmanm mﬁ wﬂmo: Group who have set it up and measured the beam vmwmamﬁnnw <W ic
e Wo nMu Hunmornmﬂro required values. Preliminary tests showed that ﬁrw rnwmﬁw
e mwm.naw\ dose rates in the stopping pion peak of mo rad per rozﬁ. of e_,u\ H_n .Mw_
MMMDMVMOMRW is due to beam contamination. Preparations for the first biologi

experiment are now well advanced.

Irradiation Facility

SAFETY

i i i f potentially hazardous
i i ars the surveillance and inspection of pot &

Mwﬁmc“woﬂmﬁmmwmmwmmmuﬁ:m has been the main accident EQ\QSQOM Mﬂ?:«n\: MHN NMM
ies of safety professionals augumented by a T

Safety Group. Tours by parties of s i . Fp kAl

i d. Publicity displays an afety
of the Safety Committee have continue N comolescly mew
hasised new and existing sources of hazard. mpletely

MMMMMSWMM M:MB%&Q% Handbook was prepared during the year for distribution to

all staff and visitors.

injuries 1 i ff totalled 126 (1969
i eported injuries involving Laboratory sta
Wﬂwwbmmwﬁnow\nwww%u 1(15) wnm::nm in lost time, the average absence of the latter
being 18-8 (20-1) days. The causes of the accidents were:—

Handling goods 25
Stepping on or striking objects 28
Falls of persons 22
Use of hand tools 21
Machinery 4
Falls of objects 9
Electric shock 1
Miscellaneous 16

A nationally used method of representing injury wbommo:n.n .mm to nodmwﬁmo\%ﬂ\w

Injury Frequency Rate which is defined as Ab:ms%%m .OMTEQEHM nw Iy imuwm:m
hours worked). The figure of 100, is the num :

W%MW_QW MMHMWMEWM:BNSW oE,an. The Rutherford Laboratory figures are 4-57

(4-61) for all injuries and 0-4 (0-55) for lost time injuries.

1

Radio-biological Pion
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Experimental
Equipment —
Manufacture and
Installation

Electronic Services

The number of items registered with the Safety Group and requiring periodic
inspection increased once again, the total being 4,407, a 13% increase on 1969,
The figure was made up as follows: lifting tackle 2,341, lifting machines 392,
pressure vessels 975, high voltage equipment 408, breathing apparatus and safety
equipment 139, fire prevention 49 and safety valves 103. The latter were included
In a new service introduced during the year to test, set and register all safety

valves used at the Laboratory. The total number of inspections of registered
items was 7,780 (1969 total 6,498).

ENGINEERING SUPPORT SERVICES

A large fraction of the Laboratory’s engineering and technical staff are integrated
into the project teams that execute the Research and Development programme
described in the foregoing sections of this Report, and their contributions to
these projects are, whenever possible, included there. In addition, there are

several units which provide support services to the Laboratory at large; the year’s
work in this field is reviewed below.

Development of winding techniques for superconducting magnets continued and
26 coils were made for d.c. superconducting quadrupoles. Methods suitable for
a.c. dipole magnets have also been examined, as have constructional techniques
for superconducting energy storage systems. Fabrication methods for cementitious
insulated magnets have been carried to the stage where a magnet has been
successfully constructed by a commercial firm.

Power supplies for the XM9 and RXS3 magnets of the Nimrod X3 extraction
system, consisting of a 21 kA and a 10 kA regulator with the associated generators,

‘switchgear etc., were installed in the. magnet room area; supplies have also been

provided for the homopolar generator which will be the permanent current source
for XM9. Experimental Hall 3, as described elsewhere in this Report, is now
entering phase II of its development and 75 additional magnet power supply
rectifiers, of ratings up to 200 kW, have been installed.

170 different printed circuit boards were designed. Many of these were special
termination boards for wire spark chambers. The precision required cannot be
achieved using conventional methods (e.g. etching) and it was necessary to use
optical line generation and chemical milling techniques. Manufacture of electronic
units to a total value of over £300,000 was undertaken. About two-thirds of this
was done outside, the remainder in the Laboratory’s prototype and small pro-

duction shops. The largest single job done internally was the bench check-out
unit for the Nimbus E satellite experimen.

The new film measuring machine HPDII, incorporating a laser light source, has
been commissioned. New input and digitising electronics were developed for this
machine. Other support has been provided for maintenance of the operational film
measuring devices and data aquisition equipment used in experiments on Nimrod.

s

Figure 185. Experimental Halls 1 and 3.
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Figure 136. Building R1. Main office and laboratory block.

. o th
The major building schemes initiated during the year have GQMS mwmom_mmwwﬂ MM "
wsm&:m R1. Additional plant rooms and storage spaces for trac EM <.m= e
processing activities have been provided by nxan:m_oﬂm WVOWWM MMM %Zm.wmo\www
d floor extension on the south-east corner wi !
WMM%& now%vﬁnn which will replace the present 360/75 late in 1971.

i een carried out in several areas. ?H.-oosa_sozﬁbm
Hﬂwnoﬂmﬁﬂbnwsﬁwzﬂmmwmm HWQMMVME%& in the scanning laboratories, parts of WMM
b mW_HH mmr mber area and the Nimrod magnet hall. Heating and water mcﬂm ©
v: mﬂwmw d R56 extensions and at The Cosener’s House have nnnn.:\nm. m:om _Mom
“ WMMQ oooﬂ_ww supplies to R8, R9 and the Atlas Laboratory. Electrical installa

work has also been called for in these and other areas.

Mechanical manufacture ran at a rather higher level than last mnﬁmrmnm%mw_mw“ WMMM
undertaken in the Laboratory’s workshops and 1,350 externally,

latter being in excess of £350,000.

e quantities of helium ar . or super
MMMM;ME&Q studies and in gaseous form in spark chambers. Recovery o

i ivi 00 litres of liquid helium
i i be an important activity. Some 75,0 :
ﬁoﬂﬂﬂwﬂwﬂﬁﬁwﬁwmﬂowo, an munnnmma of about 50%. Nearly three quarters of this

was recovered for re-liquefaction.

ADMINISTRATION

i 1 ich, both at the
i modation has continued to be high,
Hrm mnwumbmmﬂum mMMSMMWWAN.SMﬂM local demand has substantially nxmgmn%mmm
WMv%%N\oww the Laboratory-owned houses mwbm flats. JMBWMMnMMHMﬁMObw e
i llowing a drop last year) as a result o :
WMMMMMMHM«WM@MV“MMW%ME Wb the ISR. 24 flats (half of which are privately owned)

are now occupied.

. . s
The acquisition of new equipment (suitable for A3 size wﬁscwmw HM:m:anMMQ
to the Reproduction area have made it vomEE.m to nxnnwﬁn Em w\ovm Wg P
fraction of the jobs undertaken, as .<<n= as a higher EWM_ Q”Hmm ._Tm  n abso e
terms. Among the documents printed internally were 31 Preprints,

15 Stores Catalogues and 4 Theses.

Buildings —
Construction and
Provision of
Services

Mechanical
Manufacturing
Services

e used in the Laboratory — in liquid form for super- Helium Recovery

Housing

Office Services
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Finance In the financial year 19 70/71, the total Laboratory expenditure was £8-05 million

of which £1-1M was for capital items and £6-95M was recurrent C i
: . Correspond.
figures for 1969/70 were £7-3M, £1-1M and £6-2M. The total mxvns%::?“bm

conventionally subdivided in the table below, the figures in brackets being for last
year.

. £ million

Staff Expenditure (salaries and wages, SET, insurance,
travel etc.) 2:91 (2-51)
Research and Development (see below) 4-40 (3-72)

Plant and Equipment (chiefly major components such
as beam-line magnets) 0-71 (0-86)
Building Works 0-03 (0-21)
8-05 (7-30)

The £4-4 million R and D expenditure can be further subdivided to show the

cost mﬁ.ad.ccgc._m to each Division and to certain other items. This breakdown is
shown in the pie chart (figure 137).
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Figure 137. Breakdown of the £4'4 million R & D expenditure.

The year under review has seen a further ex

Computing computer for administrative calculations and record-keeping. Salaries of monthly
paid staff are now calculated by comp

bl gl an y 59.,.w:monmh.ﬂwbmoMmb&im:&vmbw
ounts 1s done by writing a magnetic tape to b i ’
SR one gn pe to be read by the clearing Bank’s

Administrative pansion of the use of the Laboratory’s

mﬁnzm_.iw revisions of programs have been necessary to cater for the introduction
of decimal currency, and the opportunity was taken to incorporate several
Improvements which had become desirable in the light of operational experience.
Training of administrative staff in computing techniques by attaching individuals
to the computer section has continued. The intention is to enable the staff who
will be using programs to modify and update them themselves,
computer section free to develop new programs.
?:. part in the SRC Administrative Computer
topics discussed have been personnel records and t

thus leaving the
The Laboratory is also playing a
Committee at which the main
he use of terminals.

Table 19

The staff position’at the beginning and end of the year.

B Changes during 1970 .
Opening Closing
Strength Strength
1.1.70 31.12.70
Gains Losses
PROFESSIONAL
Senior and Banded Staff 23 2 1 WM
SO class 65 14 mw s
Research Associates 48 29 e
Exp. O. class 116 13 11 o
Engineers I, II, III 99 13 3} :
ADE 5} 0 1
Total Professional 356 71 51 376
ANCILLARY .
SA and SSA 515 13 Hw Mw 5}
Draughtsmen 41 4 i Lo
Technical class 200 7 o
Non-Techs. and Stores 44 0 M 5
Executive 30 6 ; :
Librarian 1 0 .
Clerical 47-5 11 9-5 b
Secretarial and Typing 29 12 w.m :
Photographers 4 0 ) :
Photoprinters 5 1 b5 o
Machine Operators 675 16 :
Asst. Hostel Manageress 1 0 w 5
Telephone Operators 2 0
Total Ancillary 5235 70 755 518
INDUSTRIAL
Craft 1785 31 21 188-5
Non-craft 134 31 25-5 wa.m
Apprentices 34 8 12
Total Industrial 346°5 70 585 358
GRAND TOTALS 1,226 211 185 1,252

The figures listed under “changes” include new entrants, .amms.w:ns.oa and promo-
tions. Staff on sandwich courses, and those working part-time are counted as half.

The most important item of business has been the msmcmwmw: of the Productivity
agreements at both National and Local level. The negotiations v.ﬁinm: Z.mzmmn-
ment and Unions were both long and difficult, but ,.\i.w: éoﬁrir;n. There is now
a Joint Consultative Productivity Committee. Participation of shop manimwmw In
Laboratory affairs has grown as a result of new arrangements whereby every shop
steward serves on at least one of the many committees S.:HF Trades Union repre-
sentation. This development is most welcome as 1t brings more of the shop
stewards closer to the everyday problems encountered in a research laboratory.

Staff Numbers 1970

Staff Relations

18
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Training

The i i
mﬁmmmmw»mmw .OM.BE_an has been reconstituted to include both Trades Union and
et A MH.M BM members. Another area in which representatives of both the
et wnbnmﬁ m M :o:-%%:ﬁdm_ staff were involved was the setting up of the
cheme. This is financed by voluntary d i i
e . . . : : y deductions from salarie
ges, and its purpose is to provide an immediate cash payment to dnxﬂ-ofabm 3

.W“ﬂw %mwn%mmwwsm. mbm %nmomm&o:m, both formal and informal, take place under the
e Local Joint Committees, the Consultative C mi i i
employees and the Whitley OOEE:SM f i Cals. Both be i
: : -industrials. Both bodies h
several times during the year, includin >9. ual Mect +the Dircctor.
] : . 1 Meetings, chaired by the Di
at which the previous ’ the Lab: o~ Pt proupete
year’s work of the Laboratory and its future pr ,
. ospect
surveyed. The Annual Meeting was the first of its kind for the Oosmmxm%\n MONMM

Ther ial i i
Fmvowwﬂww%vwo” a Msvﬁ_mbcm_msﬁwunwmn in Trades Union membership within the
» a trend welcomed by both sides as leadi i
o ; . as leading to more representati
cussions. Several Unions now have schemes whereby m:vmnlvmwa can WM

deducted from wa imi
€s; a sl . . Y
time. ges; milar system for Staff Associations has existed for some

T
SMM b“MbWMM MWM M%hwﬂmo«m hm%ogﬁo%\ Staff who received day release and evening
. uring the academic year 1969/70 showed
compared with the previous i Figure ot i
year, from 185 to 159, but this fi i
1% of the whole staff of the Lab bting ol o meabrs & ahont
: oratory. The continuing fall in numbers is al
M\MMMNMHM«N a noﬂﬂwa:@:nm of the much reduced recruitment of junior staff mmhm»ﬂmwm
e “Mm.nr mM “Wm wwzmobmw who sat examinations achieved an overall pass-rate
, : above the national ave f -ti i
than any previous figure for the hmvop,mﬁoJM rege for parttime courses and higher

0 L

- MM&MMM M_Mwn Hmuﬁ.:%odﬁ from the Laboratory completed his studies this year; he was

e m% OME of the Oxford woqﬁnnr:wn in Mechanical msmmdnnm.w:m and

I NSW:%MM mmmyﬁ WMM Part II nwaESQOS of the CEI Six other members of

: . - courses; three attended H i

A onours Degree

Ewﬂﬂuﬂﬂ HMMM_M? m\wdnrmb .Eo:ocu.m Degree course in Electrical m:mmmenabowo“HnmewM
n Mechanical Engineering. One of these students held a Laboratory

Award and the others received i
: unpaid 1
tory for industrial training €rnanﬂmvawwwﬂ.ﬁwﬁvosmr they retumed o the Labor

WWMWMMMOMQ of short courses on technical and management topics attended b
Un@mﬂm H%Ma wwvwnwﬁwww\p Staff mennn run by the AERE Education and .Hnwmisw
g nent, act 23 out of a total of 292. Staff also attended
MHMnMMaM.P wﬂwﬂ%:ﬂm and Technical Colleges, the Cranfield mormwﬂwmm ﬂ%%mww\
udies, , the Industrial Society, the Welding Insti :
\ 5 stitut
number of commercial firms, as well as courses run nnuqmg by Mmmu>mﬁHw e

Three members of the staff of the Laboratory were registered as Research Students

with Universities or the CNA i i
bR At A and will be allowed to submit theses based on work

In addition to trainin i
¢ g concessions awarded to perm
A e s P anent staff,32 Craft and St
>Mvmm,.n5\~wm%m®nnnﬂ<& SEQHICE B the Apprentice Training Scheme run ._.MEQWMMH
ey rmwwmw%u_nmm SMO MoEEQ& their training during the year joined the
; y, 6 as Craftsmen, 2 as E III’s and
first Draughtsman to i ‘o1 one as a Draughtsman — the
qualify within the scheme. Two Stud i
out of their “Gme” were awarded H .  Student Apprentices not yet
St 13 onours degrees in M ; : .
the University of Cambridge, one with First O_mmm EMMMEM.nrmEo& Enginecring by

The Rutherford Laboratory acted as host establishment for an SRC Central Induc-
tion Course held in January 1970. This is likely to become an annual event during
December or January, since this enables the visitors from other SRC establishments

to visit Nimrod during the annual shut-down.

During the academic year the Laboratory provided industrial training for five
members of its own staff attending sandwich courses and for 41 college-based
students in Applied Physics, Applied Chemistry, Applied Mathematics, Computer
Science and Electronics. This brings the total of college-based students who have
received industrial training in the Laboratory since 1961 to 266.

Two years ago 9 scienc
working with individual groups on a variety of projects. They were encouraged

during their visit to look around and see whet
transplanted to the schools as school projects. The objective was to provide a
continuing contact between the schools and the Laboratory, and also to make the
boys from the schools aware of the fact that any big project is made up from a
large number of component activities, in one of which they were themselves

participating.

The idea is interesting, but it has its difficulties. The project must on the one hand
not be so sophisticated that it is beyond the ability of a sixth-former: on the other
hand, it must not be dull, so that the project becomes boring. The other problem
is that of time: the amount of time that masters and boys can devote to a project
is limited, and in general small compared with a full time laboratory worker.

Some seven projects have been undertaken by schools. These include:

High Energy Particle Flux Measurement (Chipping Norton School).

The objective is to measure, for radiation protection purposes, the high energy
component in a high intensity background of neutrons and gammarays. The method
uses fissionable elements in contact with thin foils (mica, mylar); tracks of fission
products are counted in the foil following an etching procedure. The school have
undertaken to investigate a variety of techniques for developing and counting the

tracks.

Studies of Bearings in Vacuum (Burford School).

Equipment has been lent to the school for a study of bearing performance in
vacuum—a useful introduction, of course, to vacuum physics as well as to bearing
problems. This project is drawing to a close, and may be replaced by the construc-
tion of heat pipes or of vortex pumps. This collaboration is of interest because it
has involved the interaction of several individuals within a group at the Rutherford
Laboratory with several masters at the school: the master responsible for technical
drawing has taken interest in design studies current here, the craft master is
studying various technical aspects of current practice, and in several ways a

community interest is growing.

Thermal Expansion and Thermal Conductivity of Resins at Room and Liquid
Nitrogen Temperatures (Abingdon School).

The superconductivity programme at the Laboratory requires the development of
suitable resins for coil encapsulation and collaboration has recently been initiated
between ourselves and Abingdon School. The boys have been invited to devise
their own method of measurement of thermal expansion at room temperature, and
have shown considerable ingenuity in developing their own techniques. They will
in due course develop methods suitable for measurements at liquid nitrogen
temperatures. This collaboration shows considerable promise.

e masters spent a month at the Rutherford Laboratory, Liaison with

Schools

her any of our activities could be (Ref: 44, 47)
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Exhibitions

Open Days

Figure 138. Visitors during the Open Days.

On account of the lar
ge amount of preparatory effort needed for the O
. D
WﬂmEWwWMWﬁMJMnwbﬂﬂ.vcmwm to only one exhibition during 1970 — H%nowgmmm.
eld n London during March. Four items were sho
. . - §“l m 3
memwmwmwm:am”w-ﬂ ﬁmﬁnr:o_omvm in high energy physics, including bubble nrm“mmu
chrotron applications; a high speed electronic anal
”%%MM Qmﬁmwvnm originally for monitoring the performance of the Zmawom% Msm.ewwﬂ
supply; cementitious insulation techniques for electro i
. . . EN ﬂ
Nﬁ mz.onm:mn of improved resistance to irradiation damage; a mwﬁ-ﬁManmmﬂ% WMMMM
agnet for .mmwﬁ beam switching, involving current changes of several hundred
amperes in times of less than a millisecond. .

Mcﬂ m.MW:%”NM M..an M M%Mw .mwuq M:m and 3rd, the Laboratory was open to invited
; e the first Open Days for four years, and about 30

each day. Nimrod was closed down for o prAmRO A e
. the occasion, and th ibi

Eight of these were located in Hall 3 inking introductors oy
.ight and there was a linking introduct ibi

tion in the reception marquee. A i F on July 100 and oo

- A press preview was held on July 1st

.MEM 4th, a Saturday, staff and their families were able to ﬁo:m- QWMW hmmvwwmw”ow:

uring the afternoon; the attendance was estimated as 1,500. 4

Figure 139. One of the many
exhibits during the Open Days.

Figure 140. Visit of the
Minister of State.

Mr. G. T. Fowler MP, Minister of State, Department of Education and Science,
visited the Rutherford and Atlas Laboratories on January 28th. He was accom-
panied by Sir Brian Flowers. During his visit, the Minister saw Nimrod, the 78
experiment in Hall 3, the 1-5 m Bubble Chamber, the Film Analysis equipment
and a selection of items from the fields of applied physics, instrumentation and
engineering. Mr. Fowler met representatives of the Staff Associations and Trades

Unions, and also local press reporters.

In October, the Laboratory was visited by four members of the Russian Delegation
on Plasma and Fusion Research, who had been spending several days at the Culham
Laboratory. In figure 141, the Director is seen shaking hands with Dr. L. L
Artemenkov, leader of the delegation, at the conclusion of their visit.

Conducted tours were arranged for groups of students, members of professional
and learned societies, and others with an interest in the Laboratory’s work. These
groups totalled 1,086 individuals, significantly fewer than last years record figure

of 1,652 on account of Open Days.

A series of internal conducted tours was arranged for junior and intermediate
grades of staff. The various Divisions of the Laboratory took it in turns to present
their work in non-technical terms, each tour lasting about 1% hours. A total of

430 staff attended.

Figure 141. Visit by members
of the Russian Delegation on
Plasma and Fusion Research.

Visits




