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GATES

E., J. Buckton,
A Builder.
A Pump lanufacturer.
A MYechanical man,

G. E, Howorth,

BULK OIL.

Kenyon Bell.
Ccapt, Algelt, E,T.0.U.S.A.

? one other,

ARTIFICIAL HARBOURG.

Colin White.
J.D.,C,Couper.
Alkman Cochrane.
R.D.Gwyther.
Ivor Bell.

Col, Roberts,E.T.0,U.,S.A, t0 be ex
Commlttee.

officlo

member of any




19th July 1943

We are asked to select, on defined sections of coast line,
suitable anchorages for 12 coasting vessels and advise how these

can best be converted into sheltered harbours.

We should advise on the area available in each harbour
selected, and the traffic which can be handled.

Discharge will be by lighters.
Maximum and minimum draft of vessels will be supplied.

The anchorage should be within short distance of road
communications, and rail as a secondary consideration.
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(4)

(8)

:Bo;eutlon of site from the point of view of:-

;(.);‘f The configuration of cocast line.

(b) 'rhc hceoui uni ot existi road and
: 1 comm onb on shore.

:Pl‘:bt(icti on required at selected site.
;Ariaiotﬁlhblﬁbrod water, exceeding four fathoms, available.

'Nature end extent of works on foreshore required te

facilitate lending of cargo.

Number of rp: that can b- dealt with at one ti

e, or
qu&ntity of cargo tha be handled in any % Boars .



ARTIFICIAL HARBOURS

1t Rant

AIR BREAK-WATER.

Pirst Stage. Try out the ef fectiveness of a stream of air bubbles to

Second Stage.

GG

(2)

(1)

break up and damp oscillatory waves.

4

It is suggested tnat this.should ﬁé done at Garlieston

where the Lobnitz pier head and D.Tn. bridge is

installed.

Position end details of pipe ‘line can be daid out on a

scale plan and sent to officer/charge to instal with

instructions to reports

(a) effect on waves and area of gsea-affected.

(b) quantity of air used.

(c) effect of varying position so as to obtain optimum
effect.

(d) carry out further experiments as Committee and

0.1I/C. may suggest.

Prepare model reproducing conditions at Garlieston on

which experiments can be tried out to ascertain -

(a) Size and length of pipe for best results.

(b) Position of pipe relativg to piler head and
direction of waves,

(c) Size and spacing of air outlets with a view to

gconomy in air.

If trials undertaken -in Stage One show. promise pipe

should be taken out to deeper water and suspended say

o4 ft. below surface and at least 24' depth of water

at L.W. with a view to providing & sheltered anchorage.i

(a) Length of perforated air pife line required to
~glve a definite area of shelfered“water.

(b)) Ascertain-best method of wsuspension of pipe and

anChOI’ing l@rchetlt R Beckett Rankine: Beckett Rankine Beckett Rankine

Beckett Rankine Beckett Ra E



ARTIFICIAL HARBOURS

ATR BREAKWATER (Contd.).

(g) Ascertain rapid and safe manner of installation.

Second Stage.

(2) Model.
Experiments as to size and length of pipe
4 size of air outlet and spacing.
u depth”of air outlet below surface.

Any advantage in. golng deeper?

11/8/43.



ARTIFICIAL HARBOURS

Note on operations of llessrs. J. liowlem & Sons at Dover Harbour

with compressgsed air wave breaker,

As requested at the third reeéing of the Comﬁittee, contact
was made with the above firm and details obtained of the use made
of compressed air to assist the operations of their divers &t
Dover.

The following -compressors:were used and.are.in.store in
London at the present moment:-

5 No. @ 1000 cubic feet per minute capacity.
2 NO..@ 850 f 1" n L i
2 NO. @ 810 n f1 1 f1 "
1 NO. @ 555 f " ‘ t1 f fl

These are all-Bernard Holland. machines of.- the rotary type
and are really blowers giving 20 1lbs., pressure,

No perforated pipes are now available from this job.

From a description of the experiment carrid out by Mowlems
it would appear that there is very little to be learned from it,
The perforated pipe used was placed in watgr where the
waves had-already broken so. that-it was-hardly.a fair tést, but
it is stated tlhiat the action of the bubbles did produce slightly

better conditions for the divers.

Four inch diameter pipe was used with " holes drilled at
6" centres, but the total length was very smali and it was placed
on the bottom in close proximity to the spot where the divers
were-at work,

No data is available as to the quantity of air used per
minute.

Beyond locating cgrtain,air compressors which might be use-
ful, very little information was gleaned from Mowlem's represente

tive.



ARTIFICIAL TARBOURS

POTNTS . I CONNECTION  .ITH 10 ING.

Yo. of Tugs and H,P, required ©o two =
o Lobnitz Pier Heads 200' x 60!
6 Section D.™,. Pier of 6 spans
10 “American pontoon equipment sach 107! x 43!

at say 4 knots.

Tine taken to tow from Southampton. How much of tow must of

necessity be in daylight.

Any difficulty in towing througli“Race of Alderney, oI would it Dhe

necessary bto-go lest . of Alderney.

Any difficulty due to navigation of these channels, weather, fog.



\RTIFTICIAL HARBOURS.

QUESTIONIAIRE for the Hydrographer in connection with

Site 1~ (Easgtof qurtainville) and Site 2 (Anse de Sciotet).

Mm}f’? cuiait st v 2 weelio 0/,

Any further information regarding depths additional to that

ghown in Chart 2669 so that larger scale plan can be prepared.

Any information regarding direction snd strength of currents

»

closer in - say 1 mile from shore.

-

Note resarding prevalence of fogs during March to Sep tember,

) " prevalence of S.W. V. & N.W. gales)
and if possible.some indication of ) Jarch - Sept.

force. )

. . Lo i »,
deliiv, cﬁzﬁ§ ?deb652§¢/ﬁﬁﬁ%ﬂr

/) Vompct

Joxe of eweees ‘
v 1), Pl



ROST SECRET

ARTIFICIAL HARBOURS,

ttee at 2,50 p,.m,
A E= ok

PRESENY: Mr, C, R, ¥hite, in the Chailr
¥r, R. D. OQwyther

¥r. J. D. C. CGouper
Major W, I. Bell.

¥r, C.R.White produced a list (copy attached) of seven
possible sites on the lat Priority as a basias for diseussion and
these were examined by the Sub~-Coammittee with the following
resultss=
No.l. EAST OF SURTAINVILLE,

The beach here is about 6 miles in extent of which about
1 mlle at the Horthern end has possibilities.

The width of' the beach is zbout 500 yds, and has a slope of
about 1 in 650 at low water at the Northern end rising to a slope
of ebout 1 in 20 at High Water.

There are rocky outcrops at low water which rule out all
poasibility of a landing at low tide but landing at High Water is
possible at any point,

The beach is soft sand (See I.8.7.,D.)

Road Agcess - Roads exist but are poor in quality and would
require a comsiderable amount of work to bde done on them,

Deep Water - There is deep water (6 fathoms) within & cables
of the H,W. line. '

Current - Ag far as cdn be estimated this is in the region
of 3 knots,; but should be checked by referense te the Hydrographic
Dept,

Exposure - The beath 1a open to Scuth Vesterly and North
Westerly winds,

Bo,8, ANSE DE SCIOTOT. This beach appears to be better protected
than No,l.

1t 1s approximately 1 mile in length by about 600 yds in




@

width,

The gradient is 1 in 80 at Low Water rising to 1 in 4C at
High Water.

Infentry can land at eny stage of the tide acccrding to
I.8.T.Ds, Dut B/T would have difficulty with the soft sand above
high water.

Read Clearsnce - This is better on the whole than in the
cage of No,1l. All roads converge on Pleux but circults could be
arranged.

Qurrent - This is estimated at 3 Enota and the spring range
of tide iIs about 32 feet.

Exposure - There is surf on the beach with weaterly winds.
Ho,3. VAUVILLE, 7This beach is approximately 2 miles in length
and 400 ysrds wide.

The slope 1s about 1 in 70 at Low Water rising to 1 in 10
at High Water where sand gives way to shingile,

Road Clearance = There is a stiff oclimb of 360 feet from the
fore shore to jein a secondary road.

The main oireult for li/T wonld be through Besumont Hague, a
round trip of approximately 10 Kilometres, snd there is a
scarcity of secondary roads to feed dumps.

Curprent - There is e tidal stream of about 3 Knots, North
and South, at Spring tides.

Exposure -~ Beach 1s exposed to VWesterly winds which produce
heavy surf.

Neo,4. HEAR OMONVILLE. . Very little information could be obtalned
of this beach but it would appear to be rocky, and with no road

aceess.

Current - Tidal stream of 3% Knots.

Exposure - There is surf on the beach with winds N.West to
N.EBast.
Ho,b. 1t was declded to rule out this site on
account of its proximity to Cherbourg.

Any enchorage would moreover be untenable during Westerly

winds.
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No.6., QUINEVILLE, There is a good sendy beach 1,300 yds.
northwards from Quineville with sn average gradient of 1 in 140,

There are rocks exposed at Low jiater, however, opposite
this village. Distance between High and Low iater about § mile.
Road Clearsnce - Poor, but there are some roads which would

require considereable development.
Around Quineville there 3s marshy land which might be
inundated in winter.
ﬂ b %'ﬁ: sure - This beach is protected from Reaterly and
Eortherly winds.
Current - Tidal stream of 2} Knots.
¥o.7. Not a very attractive site = I.3.T.D.
reporta a rocky c¢oast line and sbsence of roads.
Slope of beach 1 4in 13 with steep ¢liffs behind.
Beach subjeet to surf in Hoptherly winds.

1t wag erranged that the Sub-Committee would meet again on
Thareday, Hth August, at 2.30 p.n.
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August, 1943

Sengral
+ Qoast most inhospitable

K

| 2. nﬁg frequent

3. Tidal stream streng
Expceed te winds from detween west end north, no anchorage.

P.251 1.8715% i

(Exposed to winds from 5. to N. through West. Protected S.¥. by
0 Jersey, &c.)

Springs 344' (Die) Extremes H & L.

1+ Bin. distance of § fathom line from ahem nbmﬂ. 6 calles,
but it swings round at S Lo encicse Sanea de St

a minimun of fathoma. Detached pateches
1 fath, and 2 fath. ectively, the 'hole- Lend
from shore on S. side of Bay, forming a pocket.

Sandy besach with patches of rock Backed by dunes.

2, To N. of 1. and separated from it by reeky Point and

detached patches of rock.

Min. distance of 5 fath. line from shore about 6 cablea.
Sandy beach backed by dunes.

S. an@ 3 to 4 miles off shore of 1 & 2 'i‘mnl Streams attain
rate of 4 kn.

1. ¥ of 2, seperated from it by Cap.
Min. distance of § faih. line from shore about 5 cables.
beach backed by dunes, Sordered by a bank, which,

with depths of less than 5 fxth. extends, in places, over a mile

of'f shore.
Anchorage sand and gravel but holding ground bed.
Tidal streams in middie of Ause attain 3 kns.

4. 5 feth. line between 2 & 3 wables off shore.Rocky beach

K% & E. outlying rocks. Latler axt.cnd:lng a mile off shore
in places, some dry.

Tidal streams attain 4 kn.

\

1.



5+ 5 fath. 1ine s ninimum of sbout 1 eable off t’hnrc.
incressing in both directions to 4 cables.

snchorage exposed to FYestward and only tensble with winds
batween E & South.

Tidal streams 1 m. west of Cap attain 1} knots.

6. 5 fath, line & minimum of 1} miles off shere.
Long stand at H.¥. (Nearly 3 hr.)

Ancherage. On shore winds cause heavy gea. Sand, mud &

Tidel streems attain 2% kn.

7+ § fothe line about & mile off shore.  Backed by cliffs.
Tidal stremus attain 3 kn. off the Port to the Eastwerd.
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MOST SBCRET
ARTI#*ICYAL HARBOURS
uinuton ef second Meet of Sub~Committee
. .on of C eers
% 3 ) [ : HAZU8 »
PRESENT: M, G.R White {in the Chair),
mo RO QMth“,
¥r, J.D.C,Co ugo
16,001, L.B, Robortas,; 8,0.8.,E.7,0.U8.A.,
ﬂﬂj@!’ W IQBoll’ m,ﬁ.

Some discussion tock plsce on the sites investigated at the
first meeting and it was agreed that from the point of view of
exposure the beach running Scuth from 8¢, Vaast to just South
of Quineville was the mest desirable.

The Sub-Committee considered it desirable to have in their
poassession all detalls of the various types of apparatus proposed
for the produetion of comparatively still water,

Details are also required as to any regent declsions
pegarding the types of temporary plerhead and approaches it 1s
proposed to use in conjunction with the above.

Hajdr Bell was requested to cbtain information under the
above headings frem Dept, Tn.b, It was also heped that
Coldnel Rolfe might be able to obtain from the Hydrographle
Department information regarding weather conditions, tidal
currents etc, at Beach No,6 as well as NWos.l, 2 and 3.

Any informatien available as to the behaviour under towlng
conditions of Floating Pierheads, Pontoon Bridges, ete. of
approved design would be useful to the Commlttee.

Colonel Hoberts drew attention to the faet that there was a
seancity of good ports on the Weat ocast of the Cherbourg
peninsula and if & sultable site could be found on this stretesh
it would be of great advantage,

It was agreed to proceed with an investigation of the
beaches in the Second Pricrity at the next Meeting and the
Committee adjourned until 2,350 p.m. on 8th August.



MOST SECRET

ARTIFIGIAL HARBOURS

Minutes of Third Meeting

gr Suh-comnitt;o

PRESENT: Hr. 0. R, White, in the Ghair,

a‘ . Do mt'h“.
¥r, J.D,C,Couper,
Col. J;E Rolfe Tn.s ) Part
Lt.Col,L .Roberta s 5.0,8,,8,7.0.U 8.,A,) time
xaaor w i.Bell, m.s. ! .

As arranged at the second Neeting, Celonel Rolfe was
spproached for certain information regarding developments in
cormection with apparatus for "wave breaking" and he agreed to
attend in person to explain the position =md answer any
questions,

It 18 understood that all experimental work in this
connestion is in the hands of the Admiraity and Colonel Rolfe
will endeavour to arrenge for a vislt by the Cormittee to
Shoreham in the near future to witness tests of & "Bubble
Breakwater" in course of installation there,

Weantime it is Brigadier Bruce White's intention that
Dept, Tn,6 should consider this problem independently and carry
out ‘such experiments and tests ss may Ve necessary to arrive at
a satisfactory solution in case the work being done by the
Admiralty should be unsuceessful or "hémg fire" in eny way.

This Committee 1s therefore requested to study all avail-
able data and put forwerd concrete proposals.

Golonel Rcli‘e‘ and Lt, Col, Roberts produced da@ silers
.containing all the data which has been collected to date, and
this is being duplicated for the information of all concerned,

Colonel) Rolfe drew sttention to the werk done by compreaﬁed
air 111 reducing tave‘_qgtion at Dover Harbour by Messrs, John
liowlem, and lnjo.f Bell was ro@ntcd.to ocontact that firm in
_order to ascertain the present pguii‘;ion of the plant used by

ot -4

. Sedketianiine
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them and other details,
(Hotaiu This has been done and Mr, Beck of Mowlems 1s arranging
to get in touch with the Engineer who was in charge of
| the work before the next meeting of the Committes,)

The problem was dlsoussed in the light of the data produced,
ané the general ¢pinion of the Cormlttee, pending further
investigation, was thati- '

(§) The most suscessful results would probably be obtained

' with the perforatsd pipe floated at a level of 15 to 20
feot bolow the surface instead of in deep water anchored

" on the sea bed,

(b) The estimated horse power required was probably
excessive snd experience may show that the figure of
12,000 H,P, per 1,000 f£t, of pipe given may be an over
estimate, : :

(¢) The evidence awailable all pointed to the possibility that
the "Bubble" type of Breakwater was more likely to be
suecesstul and was a more ubttractive proposition than the
rabber balloon or "Lilo" type,

¥r, OGwyther was requested to contast unofficially Profesaor
dibson of Manchester Univeralty with a view to obtaining the
benefit of his advice on scientiflc matters connected with the
Committee's investigations.

Mr, Gwytiher also undertook to prepare & questiomneire for
submission to the Hydrographis Department through Colonel Rolfe,
FPor purpose of record Colonel Rolfe gave the following

informetion:w
(1) D,Ta, Pierhead (Lobnitd type)
R R e e e
Probable ultimate total
(2) Ploating Bridge for above
(80t apans with "Beetle" pontoon) :
Farther. opder. oentempinteds. 8. K.
Probable ultimate total JO °
(3) Towing 6 spans of Item (2) above
will require one Tug of 750 H,P, to attaln

speed of 4 Enots, = Two such tugs required
for speed of 6 Enots,



Colonel Relfe lmid down that 4 days would be allowed for the
installation of the artificisl snchorage from the word go
exoluéing; bowage to site,

The depth required would be for vessela drawlng 28 £%,.,, say
4 fathoms, !

Each pler heed intended to take three ships. Three piers,
L.e., § ships, requiring spproximately 1 sq. Aoufe of shelterea
water., -

The scheme should be able to stand up to all weathers
during 3 summer months, '

 Colonel Rolfe agreed to ai'rango for the attendancs of
Cap tein Mylehreest the towing expert whenever the Committee
should ractuire his advice, ;

The next Meeting of the Committee arranged for Thuraday,
12th August, at 2,30 p.m, |
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MOST SECRET

ARTIFICIAL HARBOURS.

Minutes of Fourth lMeeting of Sub=Committee ‘held
2t the Institution of Civil Engineers at 2,30 p.m.
on 12th August; 1943.

PRESENT: Mr. C,R,White in the Chailr,
ur, R,D.Gwyther,
\ e, JUD,C,Couper,
ILt.Col, L.B,Roberts, S.O.S.,E.T.O_U.S.A.,
Me jor..W,L.Bell, ™.5,

The following matters were discussed:-

Vemorandum of points to be raised with the Hydrographer
re Site 1 E, of surtainville.

2 ‘Atise deSciotobu
6 N..of Quineville.

Iemorandum of points regarding towing and it was resolved to
leave over for time being as more points may be raised as result
of air bubble experiments,

Agreed to request Tn.o td give 'instructions for the investiga-
£ion of “the ‘pogsibilities ‘of~the aip. breakwater.making use of the
Port.-Construction Co. and Lobnitz Pier Head and Equipment at
Garlieston,

A draft was drawn up to indicate the lines on which
investigation No,l should be carried out, - Seeé Memo attached
to Minutes.

Tt was also decided that. one.member. of. the Committee should
be in.close. touch with the progress of the investigation and spend
some time at the site 80 that there should be no delay in obtal ning
results. It was considered that Major ILvor Bell could best under-
take this.

The Cormittee éxpressed the opinion- that so far as-~their
enquiries went the-air break water.appeared to. offer the simplest
me thod-.of forming sheltéred waler and that neither time nor effort
should be lost in acquiring information regarding the possibilities
of this scheme,

Mr, Gwyther reported that Prof, Gibson could not undertake



-

the Work in connection with a model and had suggested the City &

Guilds College, where a wave making apparatus had been constructed

and might

still be available. It was dgreed that this should-be

followed up with -Prof. White of .the City.s Guilds College.

Note:

This was duly arranged and Dr, White called on

Ifr., Gwyther on the 13th instant and from conversaion
it appeared that Dr. White was already engaged by
the “Admiralty in connection with-experiments at
Shoreham, -

Possible sites for artificial harbours in the 2nd Priority

were examined by tne sub-GCommittee. Although the coast line

offered very little in the way-of sheltered water, the following

were .noted as being the most likely sites:

(1)

(2)

(3)

Etretat (35) where there is a break in the cliffs and
a beach 650 yards in extent with a slope of 1 in 10,
Deep water 27! is obtainable 450 yards from the coast.
Beach is shingle, which gives way to sand at Low Water.
Road access =--by.4 roads, second class.

Cufrent -

Exposure -

Tidal rise -

Fecamp (52) beach 1,100 yards with a gradient of 1 - 14

of shingle; depth 27 ft., at 500 yards from comst.

Flat area of rock exposed at dead Low Water. 4 fathom

line at 2,000' from shore.

Roads ~='geveral first-class roads serve the port area.

Current. -

Exposure - surf with winds from W. through N, to N,E.
and holding for anchorage bed.

Tidal rise =

Veulettes (31) break in the cliffs.

About % mile of beach - 200 yards wide in middle.

Beach is sand with belt of shingle at High Water,

Deep water 23! ab 850 yards from coast. Gradient 1 -24

Roud gcecess = 2nd class-coast road & road -up valley.

Current -

Exposure -
Tidal rise -
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ANVESTIGATION NO. 1.

M.

4% pipe, 300' long, 3/16" orifices at 6" intervals
on one half (150') and 4" orifices at 6" intervals on other
half (150'). All orifices on underside of pipe with non
return valves at A and C and stop valve at B.

Pipe Joints may be screwed connections or patent
douplings. Care should, hewever, be taken te ensure that
air orifices are on bottom of pipe when in position.

Pipe should be level and sbout 2 ft. off sea bed.
It is Rroposcd thatlzipe be seated on concrete blocks 9" deep,
9" x 6" on top and 12" x 9" at base, checked for rail, which
should be c¢lipped in.

This block can be levelled up with partly £illed
sandbags of sand or gravel, set by diver from soundings taken
at slack tide BHigh or Low Water.

Gonnectiong AE & CD,
These can lie roughly in the bottom.

AE & CD.

Are feeders 3" (or 4" if 3" are not available) with
flexible connections to Piler Head at B & D, to allow for rise
and fall of tide, connected on Pier Head to receiver at Compressor.

Compregsor.

It is anticipated that for the first investigation (No.l)
1500 to 2000 c.ft. of air per min. will be reguired.. A battery
of oo?preeaors should be rigged up to receiver to give this
quantity.

The receiver should have a gauge and the air pressure
and consumption should be recorded. It 18 snticipated thet30
1bs.8q.in. will be sufficient at H.W.

Obgervationa & Reaords.

The purpose of the investigation No.l. is to
ascertain the effect of a steady discharge of air bubbles on
waves and to farm an estimate of -~

(1) The ameunt of reduction, if any, in height of waves.

(2) Area of calmer or still water.

(3) Quantity of air required and pressure to damp down
different height of waves. For this purpose a pile

or gauge should be established on which the height
of wave trough to crest can be measured.



MOST SECREP

ARTIFIOIAL HARBOURS

Record of Meeting held at Metropole Buildings
on . August,

PRESENT: Brigadier Bruce @, White, 0,B,E., b
Colonel J, A, Rolfe, ™,.5
Ma jor Oarline
My, Colin R, White

_'.'h‘. RQ D. Whor
Hajox' We Lo B@l’-lj ™n.b

The object of the meeting was to discuss plans for putting
in hand without delay arrengeéments for an experiment with
compressed air at Cairnhead, Major Carline being the 0,0, of a
P.C, & R, unit of the R,E, atatiomed there,

A plan showing the propesed layout for & preliminary
experiment together with s description of the work involved was
nanded to Golonel Rolfe and it {s believed there is sufficlent
informatien en these to enable Najor Oar’line t0 proceed as s00R
as materials are available.

Two prints were handed to lir, Gwyther glving vhe results of
a mayine survey at Oairmhead and it is sssumed that these give
all det sils of the sea bed required in the vicinity for the time
being. : | :

Suggestions were ~'dilem:’ead; for the tryimg out of a further
éxperiment with compressed air, the whole of the =spparatus being
inatalled in a small coaster or cne of the port repalr ships
aveilable neay the site at Cairnhead, but this will presumably
await the colleotion of data to bs obtained from the firat
experiment in the neighbourhood of the Lotnitz plerhead,

It was agreed that every affort should be made without delay
to locata suitable air compressors which arn' not electrically
driven,

(Note:~ Since this meeting Mesars, Ingersell Rand have
reported that various small units verying from 100
te 260 cublc fesd capacity are likely to be avall-
able in the Glaggow distriet, and a fuether report
1s expeected from them before the Committee meeting

on 18th instant.
These units, although small, are all for generating

at 100 lbs, pressure.)



-l

Mr., Gwyther reported detaila of an interview with Dr, White,
aanistant Professor of Hydraulics at the City & Gulilds College,
It eppeara that Dr, White is already retailned by the
Admiralty in connestlien with their inveatigations at Shoreham
and felt compelled te refrain frem accepiing similar work in an
Advisory capacity for the War Office until the situatian could
be cleared up with the Admiralty,

Brigadier Bruce White underteck te deal with this matter.

Hr'. Colin White suggested that an invitation to joln the
Comnitted should be sent to Mr, P.J.Unna,

(Note: This has been done and lir, Unna is understood

to be going to attend the next meetlng of the
Committee on l1l8th instant,)



WAL Gl

MOST SECRET

ARTIFICIAL HARBOURS.

Minutes® of Fifth Meeting of Sub-Committee
Teld at the Institution of Civil- Engineers
at 2.3%0 p.m., on loth August, 1943,

PRESENT: Mr. Colin R, White, in the Chair,
‘ colonel J, A, Rolre, e D a
Sir Leopold Savile,
liry - J,D, Gy Coupers
Mr, P,.J.Unna,
Lt.. Commr, Steels, (part time)
Major W, I, Bell, L1l

For -the benefit of. members who had just joined the
Committee some time was spent in discugsion of the various
schemes suggested for the production.of sheltered water.

Colonel Rblfe sketched out the broad lines on which the
Comnittee should frame their report and it wag“hoped-that this
would be ‘available for hending-to.Brigadier Bruce White not
later.than.Friday evening, 20th instant,

With a view to speeding matters up it.was arranged to put
in hand immediakely photostat enlargements of the necessary
portions of Admiralty Charts, and also the corresponding
portions of the road network on ghoreé in the immediate vicinity
of“the Beaches selected.

(Note: These are all prepared and submitted to the Committee
herewith, )

It was arranged that the -next meeting would be held on.l9th
instant at.2.30.p.m. and further meetings were fixed for Friday,
20th instant at 10 a.,m, and aggin at 2.30 p.m,, all at the
Institution of Civil Engineers. .

Lt., Commdr. Steele produced photographic data coﬁcerning
cortain Beaches and thésé wers apparently the only copies
available-in London: and-could-not- therefore-be.left. in the
possession.of the .Cormittee.

It would appeér,that'Commdr. Steele's main object in
attending the Committee ﬁad been to acquire information for the
Admiralty regarding the actlvities of this Coﬁmittee rather

than for the purpose of sharing information with them.



b a3

fauntes of the simek S0 BANE OFf ATl 0N e
Redd st the Institution of Givil | e

BN, 200 Do, o0 TUEH TURSY, T92Y,

FRESINT Mp, Colim R, Mite, in the Chady,
Sir Leopeld Savile,
B, chnWr
5
unjor wol,Bell, '

The Cowuittes considered in detail the possivilitien of
lossting artifietal harbours at the thres sftes selested on the
Yest coast of the Cherbourg peninsuls, and preliminary netes
were made on the sharts provided.

Hext meeting arranged for 10 2.m, on VO instant,
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. yREREN®Y M, Oolin B, White, in the mh’)

By B o ) B (pars

Mg, J,D,0,Coupe®,
wg ’.:im
Hajor W X.Bedl, Tn.b,

‘e Glsedssion centyed principully round the question of this
Committes putting forward any definite recommendations t‘nu
mmaa witheut first obtain "‘""WMG#MIM
umqmﬁdn&mtﬁhﬁlmmm. G

.36 waa dedided o ask Colonsl Relfe of .8 to join e
seeting nd pending hia syyival & memepandum was prepured (copy
attschied) on this matter for dlscussion with him, '

mmnwmme-imupmumm
agreod that in putting forward any proidminary recomsendations they
m“umtywwmmﬁmumrmm
Aoeesstry on the 1inss ef the above Hemorsndwm, '

Report witheut delay giving sn indtloation of sny sites Cor
mmmﬁh mmﬂn#um-mmm B
werthy of further consideration and investigntion. I¢ was quite
nm;-Wrwmuummam«umw
n&orm&»dmt-nmummmmmn
a great deal of @ata which wes as yet not svailable to the
Committes, :

mmomnmmmtd&mm
mmm-mnumu Stmmwmnhumnm
agnistense of eno of thelr reprosentatives at the af ternoon
sesnion.

he meeting then adjourned untdl £,30 pens

& A T =



WMﬁtﬂmmwMMW that 48
prem 1 5 “pepressntative at this stape.

mmmumnunw the negeasily %o have &
MMMMMCWMM‘&QW
tammmntmm-duwwﬁmmum
:mmaumumnwmmw e aites
eonaidored,

mmwmmﬂWMnmu
attached hevete, ' s Ao

ummatmummmmmmm
the lNeteorologlesl Department o e Admivelty o brdef vepert om
of galam, aize of waves,

to bo flonted inte pesttdon and mmlts <o Coaninn 6w
sumuumwmmmummmum
_rwwmunmxmwmw-mum-nnwu
asffovt umummmu /e R, . The
Comnd Shes mmmmwmmmuh



" mnis Committee have studied varisus places on the coust & i
their prestisadility or othervise fop uss &8 lsnding plages, but
mwmm»summ.mm that 3t would
aot be sound for them te advise on the adoptien of eueh lsnding
pmuum&:mtammmdmmum
nsvigstionasl @d seamnship point of view, They would met, there-
rm,uwupnmmmmmm
have the benefit of gush advive,

In rogrd to the questien of providiag provestien for sush
mmmmmmmsummmmzm
they should have the Denefis of the advice of the Navy as well as
mwmmmuuuumtmuuwumm
by both Dervices in the matter and what data has been eollseted,



Quineville
Surtainville Etretat
Anse de Sciotat Fecamp
Veulettes
Hax., size of waves in a) unlikely to exceed 15 feet a) unlikely to exceed 12ft.
8) Summer 'b) unlikely o exceed 30 feet b)) *® S 20 "
&nd this only on rare and this on rare
b) Winter occasions, say once or occasions.

twice a month,

Odds against poor
visibility, less than
2 miles March to
.September

Ocdds against gales,
Mareh to _
September,

Mareh 10 01 Somewhat better chances
April i2 "1 then western sgide of
May g w1 peninsula except near
June "1 Le EHavre which is a
July 9 "1 little worse other than
August o 1 in June and July.
September 0 "1
S.W. to N.V.gales K.B.gales,
March 11l to 1 ¥srch 40 to 1
April o" 1 April ) 72 "
Egr g % *! 1 Hay )

4 June to )

August) 2 100 " 1
September 16 " 1 Augpst; )

September 50 " 1
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L mmmmmammxmmumwm
mmmrnmwunmmummrmmuuw
' ummmmmztmmmmm-u
mﬂtWWﬂWmﬁmdwﬁnﬂnmm
ship, mmmmm-umu to mke any final
Mﬁm Wt seven ﬂm hm m nﬂ-unlr nlnul rir
uq_-lhd consideration in mmm vith the Naval Authordties.

mumm«mmmmumnmmnum
unumn- I

'hﬂﬂlﬂumulmﬁ:smﬂmnmwm
govering each site is also attached, n esch of thege an srea is
chowy where 16 4s consideved sheltered water might be provided,

At Guineville (No.4) it is comatdared probable that dlscharge of
ships could proseed without protestion during s censiderable propows
slon of the sumer months, but &t the remainder of the sitea prepesed
1t is comsidered that soms form of protestion vill bo nesssaary.

Pour methods rwmm-hnmnmmmwm
te the Uommittes, DThwse are ss followsi=

(1) the sinking of & 1ine of shipe to form o breukwatey,

8) The construotion of & Wreakwater consis qttmm
: mm‘hmummmuﬁm

(3) mmuwmnmmrmawm-msu
pipe, knomn ss the Dresher system.

(4) e use of the partially submierged balloon kmown by the




i

sogurity name of"I110",

No,l involves the ldss of & musbey of valuable ahips, whils
he result may or may not de successful.,
u,ummmnmmmmmm
time and jebour to produses
nmunmm.xmammu&mumm
utmmmtmﬂwﬂmdamﬁhm
Ne.8, ﬂ“ﬂﬂnwmmw
yoarg age 1t has not been as yot fully develeped, -
numm,m.uuumwum
further investigstion. nmmmum‘mm
awuﬂﬁmmv-rmm |
Ho.d, mmmuwmmuum
-‘ﬂﬂ“MMMﬁ&M&tdmmmhﬂﬂ

are At present in

Al
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1, GREAT GEORGE STREET,
WESTMINSTER,

TELEPHONE No.: WHITEHALL 4538,

PLEASE ADDRESS REPLIES TO s-w. l .
G. KENYON BELL. :

GKB/G SECRET pate  Tth Septr., 1943,

Colin R, White, Esq.,

Messrs. Wolfe Barry, Robert White & Partners,
164, Grosvenor Gardens House,

Westmins ter,

S.w.l.

I enclose copy of a letter from Ivor Bell containing

ARTIFICIAL HARBOURS.

his remarks on Unna's memorendum, This is for your
information, pending Major Bell's return from

Scotland,



coRY

CONFIDENTIAL The Crown Hotel,
Newton Stewart.
1st Sept. '43.

Dear Kenyon Bell,

Many thanks for your letter of 30th August which I received
last night on my return from Garlieston,

I got through on the 'phone te your office this morning (on
a very bad line!) and learned from Mps, Gibbs that you were
already in Liverpool.

I gathered also that you and Col, Rolfe had agreed that Unna
could talk freely to Marshall of I.R. I think it is all to the
good that he should do so.

As regards the memorandum prepared by Unna, I heve
discussed the various points with Maj, Carline at Garlieston
today.,

The collection of data regarding waves, wind pressure eto.,
18 a sound thing to do and Carline is going to put arrangements
in hand forthwith, but this cannot affect or hold up in any way
our prelimim ry experiments.

The data called for by Unna on frictlonal losses in pipes,
coefficients for various sizes of perforation etec. is nearly all
contained in the book sent to me by Marshall, I have handed
this to Carline to teke up to London with him,

I do not agree that we should abandon the su gestion to put
the perforations along the bottom of the pipe as ft is not
practicple to keep these in alignment, I think this could be
done quite easily, and have an idea that Unna visuallses one
length of pipe about a mile long!

I fesl sure the ultimate solution will be on the lines of
numerous short lengths which will be comparatively easy to
handle both in construction and operation,

I agree that it is very desirable to cut out work by
divers as much as possible.

This applies as much to the original placing of the
apparatus as to adjustments which may be required while in
operation during rough weather when it would be impossible to
send & man down.,

I feel very strongly that, for our initial experiments, we
want to be sble to vary the depth of the pipe below the surface
in order to sascertain the optimum depth,

It should be possible to change the "getting" very quickly
so that the effect may be observed of several positions during
jdentical weather and wave conditions, and before the ebhér flow
of the tide has had time to alter appreciably the total depth of
water.

I am hoping to have a chance to put some thing of this sort
into practice in cooperation with Carline, but unfortunately
our discussions were cut short foday by & summons for him to go
up to London again tonight.

1 was hoping to be able to make good use of my time with
him this week in order to get things moving and it is disappoint-

ing that Carline has had to push off.



He will be back on Saturday aend I am arranging tentatively to
travel up to town on Monday night in tre hope  that this will enable
me to get down to things with him during the week énd before 1
leave.

Carline is in a difficult position here as 80 mich of his time
is ‘taken up with visits by high personages who, for political
reasons, have to be waited on hand and foot, Him staff spend much
time making all the arrangements for agcommodation, sleeper reser-
vations, motor transport etec: and he has no one available to give
his whole time to pushing this experiment along. . Neither Unna nor
I can do this as oivilians and what 1s needed 1s a young officer
with intelligence who could be put in charge and left dn peace to
get on with the job. "Carline is going to press for this but I am
not very sangulne that anything will happen quickly.

Unna should be_ useful -on the '§drographioa1 side of -the
experiments but I think Oarline would be better with a free hand to
carry out the engineering part of the job 1f he can get the
agaistance he requires, i

I think it is rather premature to bring in towing'eiperts at
this stage as we have as yet no proposition to put to them,

Ag Fegards salvage experts, I doubt if3 they could help very
mich unless we could find one with actual experience of "Bubbles”,
which 1is very doubtful. In any oase we are suffering from "too
many cooks" ‘already!

Both Carline and I are reather dublous adbout the Mocanvas pipe"
suggeatibn, - Canvas is very unsatlsfactory atuff in rough se&s
and I am afreid would give endless trouble. - We feel that the
perforated pipe could be buoyed up by drums attached to lugs welded
on to the bipe at intervals . : '

In this connection I am again visualising ‘short lengths of say
20b* ‘01 ‘3001 of pipe ‘as & unit ‘end not geveral thousand feet,

Owing to the thick layer of mud on the bottom at Calrn Head
there is -somethink to be said for anchoring the perforated pipe to
ainkefa end buoying it up to any desired level by means of oll
drums’ : : :

The ‘dbjection to this method is that ‘the level of the pilpe
relative to the surfdte could be altered only by diver and not at
during rou%h weather. 1t is impossible also to alter the level as
the tide rises and falls.

Po ~achieve this end the only possible meéthod is to adopt the
use of floats “from which the perforated pipe would be suspended.,

I have dlscusged these TwO propositions with Carline, but
unfortunately he hdd to push off to ‘London befiore we could agree or
s definite sohéme and get down to details.

Iﬁam:ﬁ%nding you ‘these rough-notes in the liope that you would
kindly get Mrs. Ukbbs to tidy them up for me gnd ‘let Gwyther have ¢
copyie e e B8 e o oo

They are intended primarily for your informatiop and his in
cagse there should be further discussion by the Committee before 1
get back. , ' ;

I sm‘miost dnxious ‘to_see something moving Pefore I have to
Jeave here end hope Col. Eolfe has been able to get few hundred
feet of 4" pipe on urgent order.

' pledse ‘excuse this rough draft and let mé Jnow if there i an
thing 1/ wan'be getting on with to help things along.
Yours sincerely, ?

(sgd.) W, Ivor Bell.



At Ingersoll Rand orfiao. 2.9,43. P
Pa;i;ht h'ood Mgmg director of Ingcrao],l'a..[ &2l
3 ’ mm:ﬁan.a mginesy de; - oo e
Ma jor Carline

M J.D.C.Couper
My P,J.H,Unna 4 :
Couper explained to Wood end Marshall what was wanted -
Data about delivery of compressed air through a perforated
pipe under water - ... - Becet Bucat B '

(a) Rate of delivery at given air pressures, against
given heads, through holes of givan_ q;mtern.

(b) Prictional losses for various diameters of pipe,
i .8lr pressures and rates of delivery, :

(e) Output of free air ser minute for given- - -
: cpmpressors, speseds and delivery pressures,

eqihe, PHSNSXER use of perforated pipes under water, and the

poa_u».bin‘t;! of using flexible ones with eyelet holes, was discussed,

Ingersoll's suggested that if qtbq_l.‘ pipes were to be used, they

should have Vietaulic joints,

180 that & 300 root pipe, wkinz@ 4 inch diameter, should be

tried with 6 inch feed at centre, But this suggestion was quite
tentative, - - oo "

Beckett R
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by timing the passage of, say, .10, and taking average, - Take -at
% ast three observatiobs. Probably. this.can be.done.best.near the

v

i each.
Erect a tide gauge in as deep water as practicable, to whow
Beckett Rai nMHe akeﬂ%w%bo‘g?tp n%romg; .E a{elﬂem? H&Ot§ Veﬂ;:vmeadj'ngkme a &VENQ% S s g‘g@w |neOf Becl aMce giﬁMﬁe CEe S ts
ou to give wave height, and mean depth. . These readings , -
Beckett Ral nMHen;%g;H HE‘I’E.O L gglkm s i%lllﬂ.lg.w?ang 8}%% v’é- E;’]\; kine thosttFen kine Of an kine Im‘}gmnei a ngﬂx bggpume Qr
a erwar wil Oe A b e A e
'ﬂt‘hﬂu 4§«v

eckett Rankine Beckett Ranjd Beckett&ankij eckett Rankine Beckett Bankine Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankine Beck NF nkine Becl et\F nkine Be
The “object is to have a record of the extent of sea to be

expected at the site,

When taking observations record wind in statute m.p,h,, or by
wBegUfort “gallge, and divection, ~v T A e
T 72, Tdke MArshall“of Ingersoll's into confidence, so that full

benefit of his advice may be obtained; and get from him -
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(a). H.P, required 2me commercial for delivery at va-ious
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: Mkjor Ivor Béll and kr P J. H Uhna visitod thor Carline
T Qg J. Springa rise, 32 feet.
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Noapa rango, say, 10 or 11 feet.
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B t Rankir B tt Ra Beckett Ra Backel hr;}'eaton’ ’aig HtQ m H* 19 m HB.—“'D. Bec Lt;"w‘— Be
ligto'n, do. + 29 do.
o “ ""'One would expect H.W, at Cairn Head tQ»be the earliest.
,“g_ C T Pipe er. 1000 feet, 4 inch dia, ,’xi:x lmgﬁkha
' 20 :ge « Dol _g;hsoon‘f a matter of &aya. %i c joints._

order., Thirteen, of vhichéﬁgven have arrived,
"alr-a minute, Nhjonfcﬁrliﬁa“haa no weights,
but estimatea oach set at about 2 tcns. .
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?ralimina tests. Major Gnrline‘ia goi to get single
a) 1/8; (b) 3/16; (e) 1/4, inch holes; -

xmhﬂ_qunrtoﬂod -‘pitah unspecified and a matter for experimsnt 1t being

e 0G8Y. L0 reduce..the number eﬁFholoawhy pluggingeé = sedetn
it i i ot COnaumptign‘perhhalo,sﬁor eaah 8ize of hole, to be measured

= with pipe at various depths below surface.
e % (i ‘
This will enable conaumptinn ror a long pipe, with holes at
E‘WH‘B Anch pitch to be calculated; anﬁ‘qlﬁﬁ also give the power . .
d, less that used to ovarcamo? 1ct1onal head between
Ennﬁwccmgreaaor and the holes. R o N .. 1
B : Flattogggﬁ down tests. §;erheadwis at present at right
""" ang®'® to the pontoon approach. t will soon be slewed round,
end on to the approach, probably be{qre t&e flattening down tests
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e e T 4§ proposed td“ﬁtréﬁﬁ‘ﬁOO‘feet of. piﬁé“lini ‘parallel to
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GHe #le; seaward end of the pierhead/ e pipe!line will be nearly, but
Been cletid MR- quibUMch:ar@wthewusun "direehibn ef"theEs i MO
soctrane st FN@e-PEpe dine w&ll be 4 *17 fbo% oﬁw*ate%kat L:Wy8,,-but -
held hotwoon sinkers and submerged Eledms 5 or |6 feet off the
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Garliestown conte, 69445,
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It 1s intended that the pipe line should afterwards be extended
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carne o Ratupe -of bDottone 24 feet of mmd. and clay, overlying rock. .
Apparently some weed, but information not definite.
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_driving slong the coast road skirting the shore orp_ﬂset
 and ‘deg&yﬁsﬁdtmenio and 11 a.m., 1t was cbvious that there

...was quite s heavy sea rumning outside. = =~
' ‘ rlle had perilods
breskers on the beach at Garliestown
rmlﬁz ?;:gaz,bﬂzg seconds ;ﬂ*awrrecwndimgmto a.wave. length of about
260_feet in the opem.
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Cairn heads, mo effective breakwater tests ¢
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n the experimental
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pipe lines can be stresmed without divers, the
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avellable feteches from SeE., Sepy Seiiey 8

85, 9%,-‘:;1?:: the lsle of Man offering im;fd‘é:&g;c%ﬁth :M
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14,8, 6 'a, to one - see The Weather of the British Coasts, pPe20
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s were not giscussed sftﬁﬂﬁarnmm but are glven

. meve so that the probable intervals betweon breakwater tests can Bo
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o R Mbasureliéfits Seem to-have-been AKEMs ... . o
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Wave observations. Neasurements are going to be taken for
reference purposes, vhenever a sea 1s rurning into the bay during
aylight, ;
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Deep water wave length to be ascertained by measuring period
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. The-wave length-at the pontoon or pipe linme can then-be - -

‘oaloulated from the usual formulas, vhieh have been confirmed for

both deep.and shallow water, as the result.of many observations.
v Ihis 18 more llkely bto gilve accurate. results thas any attempts

%o make direct measurements of length,
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Wave helight to be recorded by measuring height of crests and
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Some species of tlde gauge will be required for this, but it

13 not practicable to drive = pile to carry the gauge because -
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" The pile would interfere with navigation.
s e bottomfsrosk, . "
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‘& long horizontal spar from the plerhead, wherever the hmll would
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~least affeet the wave height; and let the spar- earry the gaige,

The plerhead's draught is oniy 15 inches when the spuds are dowm,
.oEé:"mre E:—:ﬂmulé:cewt baenram‘lohw:—mfleeehiuon'Er;,._‘IF»,,:‘.;_ Beckett Rankine Beckett Rankine Beckett Rankine Be

...It was also dec’ded tim & the most hopeful-woey of -measuring -
height to seawird to the pipe lime would be to rig a dolphinh;g
BtQQAM.aﬂ%g@ld Be:ming\’w-waishtﬂrd &xstll:m b@ﬁ&(‘mwﬂﬂﬂrﬁh mhble b il o
otherwise, to carry the necessary gauge. There is plenty of tubing
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fobe. MaJor Carline & ould be asked. to rig.the dolphin.at once,

“Bo Wake sure thet 1t will not carry away when actually required for

use, Besides tlm t, simultaneous readings on the two gauges.will

affTord a éheek as to the ageuragy of the one on the plerhead.
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1, GREAT GEORGE STREET,

TELEPHONE 'NO.: WHITEHALL 4538,

| WESTMINSTER,

PLEASE ADDRESS REPLIES TO
G. KENYON BELL.

S.W.1.

WIB/G DATE ... | 8th Septr,, 1943,

Colin R, White, Esq.,

il 164, Grosvenor Gardens House,
Westminster,
s.W.1l.

' ARTIFICIAL HARBOURS

T enclose two copies of Minutes of meetings of
19th, 20th and 25th August, together with the
various papers referred to theyein. L

} -
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165 < OUEEN’ VIG'.[DRIAV STREET

TELEPHONE:

LONDON,E.C.4. i by
secketrark@ N PR 5 6 Bt Bectt R Bt BocktFar et Becket E '}/W{LC

o e e 2R DE€Ptember,. 1943,

B

"5

PRIVATE AND CONFIDENTTATL.

—— o ot o

Colin-R, “White;- bsge, = ‘ L : - :
e/0.,. 51r John Wwolfe Dcrrv % Partners,
Grosvenor Gardens ﬁouse,

‘Grosvenor-Gardens;-London, &: W¢-l. ‘ :

‘Dear-Sir, - = - A
L 2 . Portable Air Compres 0TS
for anerimontal ,orxs.

o e We thought you 33u7u like to_

B

‘recetve the attached copy of-a-letter we-have

addressed today to Major Carline outlining

.arrangements made _for sending one of our

“engineersto ‘the site to take charge-of~the-
‘air plant. o o i e i o s
A T D i Yoars faithfully, e ,
, INGERSOLL-RAND C JMP ANY LTD.
;ﬁzaﬁwunyaw¢o/ e Mmtl -l ¢inwﬁkﬁ;x
12§4Lﬁ3}¢zﬁag : wed] e otk -
oY . MARSHALL.
A, D=

ey Backett Rank BeckettR 8 R BeckettRankine B 8 BeckettR B
\

P CHAIRMAN : W, M. TREGLOWN, el .

“Direcrons : H. wooD (MANAGING) S. RHODES, W, G. CORNER, VISCOUNT SUIRDALE.




F.OM.

CHAIRMAN |
WM I TREGLOWN®
DIRECTORS :
H.WOOD. (MANAGING )
S.RHODES. W.G.CORNER.
VISCOUNT 'SUIRDALE!

CODES:
AB.C. 5TH.EDITION.

LEBERS

ALl
BENTLEYS &

INGERSOLL 'RAND.
ﬁ INLAND TELEGRAMS
o i B LONDON’ E ) c ) 4. INGFEOF'\':EOLL CENT, LONDON.
NO 5681 CENTRAL (7 Lines) INGER':(:L.:-_ELLEOGNR:;:z

165, QUEEN VICTORIA STREET

PRIVATE AND 9th Eeptember, 1943.
CONFI AL+

Major Carline, R.E.,
e/O.’ G POQ.’

¥hithorn,

Wigtownshire.

Scotland. ok , L2

o 0 ot o 0 0 0 0 o 0 o - Portable Air Compressors
for tal ¥Wor

Dear Sir,

We tried to get in touch with you today
by telephone, but, unfortunately, you were not
available, however, we left this message.

Our engineer, Mr, F. A, Ashby, will leave
¥y the 9.30 g.n. train fron 8t. Pancras on londa{,
Sepienber 13th., and it i{s understood that he wi i
be met at Newton Stewart when he arrives there the
following morning, the train being due in at 10.12 a.m.

Mr.-Ashby ‘has had considerable experience -
on work of a similar nature to that which he will be
expected to carry.out on the site.

g As well as assisting with the layout of .
o conpresscd air supply between the individual compressors
_and main supply lines he will take charge of the
complete compressor plant, supervise operation and
naintennnce during the period of your experiments.
e feel sure Mr. Ashby c¢an relieve YOu ‘of @1l anxiety
re;arding the aupply of air.

o b

With kind regards,

Yours vcry truly,
Beckett Rankine Backet Becke IHGmOLL’IMND MPAHX L::.Dc B

. D.Y,MARSHALL,
NDC, 9-0-43. OQ

QUOTATIONS  SUBJECT TO CHANGE WITHOUT NOTICE. ALL AGREEMENTS CONTINGENT UPON STRIKES
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(Klahetma tos :
VICTO;T:EIZO‘I';E(; LINES) &;/L/“W#"Q’*/a—‘ = JoeneT -
4 s I [~ ‘\J"’*‘*"/Q

TELEGRAMS : V‘/uv‘~ -
COAXIAL, SOWEST, LONDON.

23. PALACE STREET,
A, J, BARRY, COGHRANE & PARTNERS.

ARTHUR J. BARRY, C,B.E.. M.InsT. C.E
J. A, CocHRANE, M.C., M.InsT. C.E.

CIVIL & CONSULTING ENGINEERS. 3 7 9th. Sep‘bember 1943.

LONDON, S.W.1.

Dear White,
After leavimg you yesterday afternoon, I saw
Border at the Ministry of War Transport and later telephoned
your office but too late to get you.

Unfortunately his knowledge of 'A...' is not exten-
sive and he has no knowledge of the hinterland or adjacent coast.
I imagine we cduld get as much information as I gleaned from any
chart of the port.

He suggested however that one Captain Riddel - Marine
Superintendent for the B.I. could help me or better the Secretary
of that Company who would possibly be able to recommend someone,
now or formerly on the B.I. staff, who would have intimate know=-
ledge of the place. Will you arrange for this or shall I make the
enquiry when next I am up in town.

I shall be in London and available for meetings on
Monday, 13th, from 2.30 -.5.50. and on W;dnesday from 2.30 onwards.
I am coming up on Sunday and will phone your office on Monday early
to ascertain if there is a meeting and when.

Yours sincerely,

Colin R, White, Esq., 2
164, Grosvenor Gardens House, | £ ¢ ‘
Westminster. S.W.1, ?Qiii;qg_<ké%\“; - oF SRS

T




10th September 1943

Dear Cochrane,
gy . Theanks for your letter dated the 9th instant.
I saw the Brigadier for &yshort time today, when he told me

he was anxious to see you on Monday, but as he had only
Just returned he could not fix any éarin;teitgmeg A

: I em pleased to see that you will be in
London on Mondag,an I will try to give you early informmation .
on that day as to when he could ses you. i g yae

1 heve got a set of Minutes ready for you but
as it conteins secret names I am not going to risk it in the
post, and will give it to you when we meet on Monday.

Yours sincerely, 1
J. As Cochrane, Esq.
Kirklands,
St. Micheels, Liverpool.
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| At 4 Dean!s Yard, l0.9.43, (Friday).
Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankine, Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankine Be
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Present, Mr lMarshall and }r Unna.
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| : Mr Marshall and Mr Wood went to Siebe Gorman's this
| ning and saw Sir Robert Dav.

+ Beckett Rankine Becl Iratt Pankma Bedl mdkme Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankme Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankine Be
ank 25 feet deep, and not 12 feet as reviously stated by
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lir" Harry Davis, DI are ter

T Tnspection windows half way down and neéar theé bottom.
4 inch die.,
S o P %WTéethTﬂﬁg,f‘FWbe“ﬁ?ﬁll&ﬂ”WitﬁmT?s ~3/16, “1/4
5/16 holes, and used for tests - (holes in one-line - not
Loy TR R el T e T e e s o O e
— At various de-ths,
detfaiee  mdaifaies  mseineis ot iy preysures in excess fMHdeowtaticMhea&.
' : ‘With the holes'at top, bottom, sideways.
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Tests 'should be finished early next week,
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ftecords to be made of =
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: Air consumpbtion per -hole.
4 Beckett Rankine Beckett Rankine Beckett Rankine R&fﬁbﬁine Ofﬁeskmﬂhﬁ e Egﬁawvhbubhmis . Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankine Be
: Becke Apparent.-size-of bubbles. : :
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et e 0@ D€ Gormanlts.also.to experiment with holes.and eyelets in
a short length of. flexible.hose. Suggestions -
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, Holes. .to be punched not pilerced, through both sides of
3 A Beckett Rankine Ee:k;&a%ws ,BE Feﬁ qHE kjﬁé}e& nkine d%e:ket\ Rankine -y;e:k;ﬂbﬁgmne C lgkgﬁg*ng Beckett Rankine Beckett Rankine Beckett Rankine Beckett Rankine Be

Ba

P =, Suitab (7 rubberV) washers bBo be insebted between the
Beckett Rankine Beckett Rankir BEcKEﬂPaHKmE EecKBNRaHHI\e egkett Rapkige Beckell Rankine Beckelt Rankine Becke inkine Beckett HKIIWE Beckett Rankine Bechkgtt Rankine
_fabric and each of the two parts of the eyelet, so as to give
Beckett Ranki E"kt% kfaj-BI“:ﬂF ripﬁ KBI} thélekt\Pf:abrEj-K%.K Beckett Ranki Beckett Ranki Beckett Rankd Beckett Ranki Beckett Ranki B
4 necessary large eyelets to be used, so as to have
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controlled by means of a metal washer punched to required =
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s wenie oSighe ‘GErmarrts-have full-facilities for-all-the above,:

A o e Marshell Esked about STebde Gormants-charpes. MrUnna
111l | ~said that Mr White would deal with this.
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MOST SECRET

SUBJECT: "Civil"™ Committee's Interim Report
on Site "B™

TO : The Director of Transportation.
FROM : The Chairman of the "Civil" Committee

1. The Committee has been asked to advise on the layout of
artificial harbours at sites "A"™ and "B", on the assumption
that suitable breakwaters cam be provided. The question of
the design and construction of the necessary breakwaters,
therefore, has not been considered.

2. The requirements outlined to the Committee were - to
rovide sheltered water of sufficient area to allow for the
ischarﬁe of apgroximatel¥ 5,000 tons of carge per day at

site "AW and 7,000 tons of cargo per day at site "B".

Se The accompanying plan shows a suggested layout of break-
waters to meet this requirement at site "B" and provides

space for three pierheads, connected to the shore by floating
bridges, each having berthing accommodation for three coasters
with a &epth of 18 Teet alongside at L.W. springs.

4, Provision is also made for mooring at buoys four large
Egsse%% of 24 feet draught and seven vessels of 18 feet
aught.

Se It has been assumed that buoys or other suitable moorings
will be provided so that ships may be moored fore and aft.

6. The length of beach available for landing cargo from
dukws and other small craft is approximately 5,000 feet.

7 Allowance has also been made on this beach_ for the landing
of other motor tramsport, either by ferry or by landing craft
discharging to a pierheaa.

8. The positions of the pierheads, ships moored at_ buoys and
beach alloted to dukws and small cralft shown on the plan are
gut forward as suggestions only and should be discussed with

he nautical and operational authorities before being embodied
on the final plan.

9. Q%estions affeeting navigation at the entrance and within
the harbour must, of course, be considered, and the advice of
gilog% gnddnavigators, preferably with local knowledge, should
e obtained.

10. T%e contours shown on the plan we have prepared have been
taken, With the exception of the 2 and 4 fathom lines, from the
Admiralty chart, which provides the latest information we have
been able to obtain.

11. No information is obtainable from the chart, and none has
yet been obtainable from other sources, in regard to the holding
ground where moorings will be required. The presence of rock
shgw% on the chart raises serious doubt in our minds on this
point.

12, The site proposed to us has, in our opinion, certain
natural disadvantages, but we have been unable to find a better
site in the immediate neighbourhood.

13. In order to facilitate the correlation of the chart with
the land plan, we have shown the grid reference lines on the

plan we now submit.
fol 72

21st September 1943.



e ——

NOTES ON BUBBLES

Certein preliminery calculations may meke things clearer. ‘
d = diameter of pipe, inches.
1= distance of any given point from dead end, feet.
g =-discharge, ¢ Lo/ mine,wper foot of.pipe line, free

measurenent.
= flow at point 1, ditto.
friction lgss, lhs./sg.in. per f

Ry &
Hot

ratiocofcompressions

Jalue 0Ff . The AﬂeriCCH_report, on protection Tor oil
shipzping jetty, visualises pinze lines in tribl‘cate, with q = 3
for each, but it is nct clear that more than one of these three
1lines was sver installed.

The probability is that it was found necessary to in-
creaceq to-9-forthe qlngle Dlpe, as.it.is almost certsln thet
1t co:1ld be kept as low.as 3 in a pipe w1th % inch holes every
6 inches.

And from the appearance of the water in Siebe Gorman's
tank, it 4id not look as if success would ensure 1f g were less
Yhati"aBout 10y sd“that figure will be~assumed-here.

The-eguatiorn.for Lriction-loss.in.iron.pipes..is
£ = 0,1025 x/*z//r a5 +3% |
Fora 4 inch o;pe. and @ = 1,000, this gives

£ =173 x10°% + 1 ' :

As ¥ = ql, f,l which is proportlonal to w2 mustalsc'be
proportional teo g<l<

And the average value of 12, from 1.=0 to 1l = 1, is %l?

S0, F = 1 x average value of f = 173 % x 1074 % g2 2
. 3x10°
- 8q213 % 1077

ind when D = 30 or 60, r should be rather more than 2 or 3
So, i round figures; if-g= 10y-F = (3vor 2)x 12 207

And,.for 1.5.100,..300, 600,.F =.0.3 or.0.2, B.or 5,
65 or 45.

This seems to show that, with this value of q, the pive line
should not extend more tban 300 feet FTrom the supply, that is,
it "sWould ‘net be'more then a cable in-lengthyif thesupply -is
gt the half way point.

Tank xperimvents

Tests have been carried out in the ta kK room at'Siebe
Gorman's works. The nain object was to measure the air dis-
charged throwrh a“hole in~a submerged-pipe, under varicus-con-
ditions.

General Frincivnle. Cne would imagine that, as water is

ajmost 1ncowgre851ble, the discharge throuygh a hole of given
size, 'compresSsed teasureiient, Preuld depend entirelyon~thevex= :

cess of the pressure of the air in the pipe, over that due to
the-vater;«so- that-the discharge-would-not vwary.at different
depths, if that excess were kept constant.  The problem was to
test, . this. out.

Test gear. The tests were made in a tank 25 feet deep,
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and 6 feet in a diameter, with a £ inch pipe, havinge nine or
Tewer holés, 6 ircHes apar't.

Results . Phe-results c? wred.Y disrshsFlvs medsgiiremerity
are shown on the diazraiis. They show that the shove general
principle holds good for o inch holes wup.to 11 1hs . ASGein .

The save applies to 3/16 inch holes, but the figures are
netesorconsistent . owever, tHe tests have only Leen made up
to 4 1bs./sg.in., and it is orobsble that better agreement
would be ol.fained.with higher pressures :

The two curves would coincide if blotted to show.dischange

per sqg. inch of hole.
Y ~

Size-of holew The-hmerican rerort §tates that % inch
holes, 6 inches apart, were used to obtain & discharge of 3 c¢.ft/
mnin. free, per foot.of pipe. Lrecarshallls figures show that
even with .g 3/16 inch hole, the bressure in. the pipe to obtain
this discharge would only just be in excess of that necessary
to counterbalancethe” watér pressure.

30, .88.8 reasonably-large-excess Pressure is desirable|
to ensure fairly uniform Aischarge throuzhout the pipe line, it
lcoks a5 if g inch holes are imperative, '

Uniform Discharge.

Lxcess pressure., Theé excess pressure at any point in the
pipe line will be_the swy of the. friction losstbeyond-that point,
and the excess pressure at the dead end o the pipe.

It caty thérerfore, "ohly Be correctly estimated in so Ffar
as the equation Tor friction loss holds gcod.

Spacing of holes. Having estimated the excess pressure
at any point in the line, the total pressure, .and.so .the.ratio
of compression becomes knevm, and tnerefor the discharge per
hele.  The = acins can then be set out to sive the required
Valuewof qpeatrehokfrtide g .

Switchback beottom. Where .thie.coumdings -a Delovr-the
average the discharge will be high, and whe they are ahove the
average the excess pressure will he reduced, and the discharge
will“belov:

At Tirst sight, it.would eeem thet-if the soundings in-
crease above a certain limit, water will enter the pipe. But if
it dees so, it will merely hank un the 2ir, wheose.increased :
pressure will be able to hlow it out again. 3¢ trouble is
scarcely 1ikely tc arise from that.

All that seems necessary is to provide fTor ample excess
pressure at the dead end,.and to.avoid a-continuous stretch of
deep soundings near thet end.

Rdsindbotton. 'Tf tHE 1linge 'Teacs towards the shore, lower
total pressure will be called for at the shosl end. 20 1t may
then.be«advisable te~supply-air only- atthe dzepend, “and’ per=
haps.tc use-a. smaller pipe, so-that the-effeect of shoaling can
be ccunterbalanced by frictiocnal. loss.

Floatins Pive Line.

.o The above assunes_that the pipe.line is-dying-on-the bottomn,
but if has been suggested that it might be slung from buoys, to

rgetl ridrof thedifficulties die t6 an ufieven bottom and range of

tide. This may offer certain disadvantages: -

2.



Difficulty in streaing.

Saggingbe tween: buoysy~ though this might-be- got
over by .slinuving from.a.continuous fleating
pire, perions by nets, tc give continucus
supvort,

Chenge in depth of submergence due to stream.

Working of the pipe line, "I accorinte WItH thé
surface water, and not with the stilier water
in.hich.it. lies . .belov.

Bumping if it takes the ground st low water.

interference with, and possible damage by, shipping.

Weed. .

Fire-Hosefor Pipe-Lines

another suggestion is tec use fire hose for the pipe.line,
chielfly because it will be easier to stream, but also easier to
.inspect, and to replace damaged lengths.

ancinitial difficulty ‘arose, as the makers said piercing
the holes.veuld irretrievably destroy -the.fabricy but-evelets
vere successfully put in at Siebe Gorman's, and their mainten-
ance fcreman, putting 11 his weight on & cord, could not tear
one out.

The.eveletgwIn Facty ilt-does notr seem riecessary -to ‘use
leather washers, to ensure uniform grip on the fabric.

Large evelets, say % inch, are used, and a pleste, with
hole of the required size, brazed on.

To close the eyelets on a 50 foot hose, a series of dies
would be fixed "to.a.batten, .which.could.be dravwn.through the
hose with a cord, the inner ferrules, i necessary, being lightly
gunmed to the discs.

Rig. A net, 49 feet long, and 4 feet 1ide, would be used
for.each 50.foot -Length :of~hosew =~Cne shalf would-be Folded ‘over,
snd. the edge stopped to the middle line of the net, Fforning a
tube through which the hose would pass.

Sach coupling would be stopped to its end of the net, to
prevent creep.

The line wounld be.ballasted with.old wire.rope,.or pre-
Terably chain, stopped to the foot of the net.

The surply plpe wolld be bucyved and coupled up at the
oroper place, and threwn over the side, to be picked up later
by the.punp.ship .

Test. 3 inch hose (no 4 inch aveilsble) woas tried in the
taik.

Calibration of the holes for discharge i not vet fifiigHed.

There.is no.air leakage through.the fabrie, even.at 40
1bs./sqg.in.

Friction. Uiless data are svailable for eir friction in
fire hose, tests would be required. They will recuire full
scalevglr supply .

Deep water Tests

Siebe Gorman's pressure divinz tsnk has not get the con-
nections necessary for maeking discharge tests, so if tests in




deep water have to be made, & tank, say 12 feet high, and 2 feet
diameter, will have to be cbtzined. So far, efforts tc borrow
flanserd pives 1o mace the tank have net been successful.

« General
Lavout of holes. It would be best.to drill. the holes
spirally round the pipe, S50 as tc give water every chance of
gettin ~ out. Air escaping from holes on the underside, meeely

shoots downwarids for'a fev inches, and then starts to rise.

; Blowing- out.-the water. Experience~at the~tenk-shovws that
quite a small excess pressure does thiis.

Speed of bubbles. Tests made in 1913 show that the speed
depends eniirely on the size of bubule, and is steady for zny
given''gize, villether they stért gt'2" or 17 " fathofis” beldw the sur-
Tace. The speeds ranged from 7% to 30 feet a minute. It is not
clear.why the.speed-~should-nol vary.as-ithe:alr«expands-Lowards
the surfsce. '

A large bubble seemed to be ejected from each hole, when
the alr was turned on in Siebe Gormen's tank. after that all
the~buhbles started srallv us they  rise~they ray breai up, “but
not the reverse.

The initial bubhles seemed to be about the size of an
crange Jjust before breaking surface, but actually all the hubbles
are mushroom shaped.  The Initial oties core up at agbout 2 feet
a second, the latter ones at perhaps a foot a second.

If the bubbles came u> unifcrmly throughout the tank =
they do not do so - theit average speed could be calculated from
the gir supply and the rise in water level when the air is on.
Cnn that basis, the speed would be l% feet a second. Actually,
mostrofthe“bubbles rise“irrthe*centre;“creating an upward
current there, with-a dovnward tow near the sides.

<«

Course of bubbles. In a seaway, the bubbles weculd follow
a zlgzag course, each tack increasing in length towards the
surface. Thne tacks would not be straight, bul concave downwards
on c¢rests, and convex downwards at troughs; the actual course
beingrdeternined byrrate«ofwrisey peried~of waveyand«d pLth=of
water.

Action of bubbles. It would seem that all the bubbles
are likely to do 1s to upset the rhythm of the vertical movenent
of the water " fParticules . How farthat would interfere,and
reduce, the pontential haglf of the wave energy, 1is a probler
that.ds.not.solved.

In any case, some of the energy would get thrcugh the
air screen, and sore would pass under it, specilally where wave
length is large compared with depth, if the pipe line is not on
the “bottom v Whetherthis-energy-would reform waves of~apopreciable
size, is -another problem, to be solved hy actual test.

Full scale test. It may be that the waves will reform,
but will not do so close up to the air screen. So to prevent
interference fror waves curlins round thée end§8 6f the Screeil,
it would be hest to meke the “ull scale test at a deep water
entrance between solid piers.

Conclusion.

If the bublles do have the desired effect, the crux will
be torspace~the holes-correetlyw-~Ihis-will be-comparatively
simple with a pipe line in a tideless sea, or hung from buoys,

4.



but notso If"the Iine” is ol the DHottom and the riige 18 Targe,
as the ratio of compression would vary according to the tide.

sach case would have to be coirsidered on its merits,
according to the air supply d=sired, the depth at low water,
end the range of tide. It may be found necessary to use very
larcge pipes, to ensure that the ratic of compression is fairly
unilform throughout the pipeline i Alterngtively, this might
perhaps be attained by using much s aller pipes in duplicate,
the second set only heing turned on towards. . low.water,.when the
friction loss would »e high. A third possibility wouid be to
have a, large number of short and independent pipe lines, each
with*its” own "supply pipe.

In any-.case,..dt.must.be remembered that -the power-available
for supplying air will be nmuch less than that .f the waves.
The latter = 0.0165 H2 L3 Z.P. per foot of wave crest, where H
end L are deep water height and leagth. Thus for waves 300 feet
long and 10 feet high, the power would be 28% H.P. per foot of
viave-crest. 30y to-ensure-efficient use-of the limited quantity
of air gvailable, it will be necessary to distribute it as
uniformly as possible,
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FORECASTING OF SEA AND SWELL.

Introduction.

The forecasting of the state of the sea surface is becoming a matter of
increasing importance for Naval Meteorological Officers. The feasibility or
otherwise of landing troops and tanks depends almost entirely on the size of the
breekers likely to be found on the beaches selected for the landing; the recovery of
catapult reconnaissance aircraft from cruisers is likely only if the swell is
comparatively small; aircraft can only land with difficulty on carriers if the swell.
ceuses an excessive motion of the ship.

But, in spite of its importance, comparatively little of a definite quantitative
nature is known about the generation of waves by wind on the sea surface and their
subsequent travel -and decay. This is partly due to the difficulty of meking any
accurate measurements of the height and length of waves from a moving ship, and
partly to the custom of measuring wind force by the appearance of the sea. Little
information can subsequently be obtained as to the relation between waves and wind by
examination of the ships' logs, etc., since the measurements of wind end waves are
not independent.

Tt must therefore be appreciated that the figures which follow, in particular
those in Tables I, IT and III, can only be taken as a guide to the order of magnitude
of the waves to be expected under given conditions. Both the wind and the waves
produced are far from steady, and considerable doubt often exists as to the exact
values of wind strength, fetch and even direction over wide areas of the ocean when
ships' observations are few.

Any measurements or fairly accurate eatimates of the dimensions of waves would
be of value to check the figures herein. Methods of measuring height, speed, period
and length of waves are contained in S. 561 (Form for Recording Results of Rolling
Prials in H.M. Ships). However, as the period, length and speed are not independent,
but connected by the formulae

Speed in knots = 3.1 x Period
Length in feet = 5.15 x (Period)?

where Period is in seconds, only one of these need be measured. The simplest to
estimate is the period - by noting with a stop-watch, the time taken for a patch of
foam or small object floating on the water to fall and rise again as a wave passes.
Needless to say, the mean of several estimates should be noted. The length can be
estimated with tolerable accuracy by noting the simultaneous position of two or more
crests along the ship's side, if the waves are shorter than ship's length - due
allowance being made for the inclination of the ship's fore and aft line to the
direction of the waves. The length of the longer waves can be estimated by
comparing them with the ship's length, looking down from Bridge or somewhere well
above the water. The tendency is alweys to underestimate the length of the longer
waves, especially if they are high or seen from low down in the ship. If such
measurements are noted in the Meteorological log, they should be accompanied by an
actual measurement of the true wind from anemometer, if possible.




Section A.

The production of sea waves by wind.

Then the wind blows over a sea surface roughened by waves, the air impinges
on the windward slope of the wave, and is diverted upwards over the crest to impinge
on the windward slope of the next wave. The leeward slope is in comparatively
calm air. The type of air flow existing over waves is suggested by figure 1. In
the case of very steep waves, there may even be an eddy formed in the lee of each
wave, as in figure 2. In either case the effect of the wind is to increase the
pressure on the windward side of the crest (points A) and to decrease it on the
leeward side of the crest (points B). That this distribution of pressure (suction
in front of, and pressure behind, the crest) actually exists has been verified in
wind-tunnel experiments on wave-shaped profiles.

The motion of the surface particules of water as each wave passes is circular,
in the direction of the wave's motion at the crest, and back in the trough, upwards
in front of, and downwards behind each crest - shovm by the thick arrows of figure
2e It is at once apparent that both the pressure and suction of the wind tend to
urge the surface water in the direction in which it is already moving, i.e. to
increase its motion; also friction between air and water is obviously greatest at
the crests, and again acts so as to increase the motion, i.e. to increase the height
of the waves, provided that the wind is blowing faster than the waves themselves are

moving . . \J

Hence, so long as the wind velocity is in the same direction as the waves and
greater in magnitude, the waves tend to "increase in height. ' They also increase in
length, and, since the speed of a wave is proportional to the square root of its
length (in deep water), this means that the speed of the wave also increases as the
wind continues to blow. But the process does not continue indefinitely; after a
time which is small for light winds and of several days for winds of gale force the
difference between the speeds of wind and wave becomes so small that the pressure
and suction effects described above can only supply sufficient energy to the waves
to replace that lost by viscosity in the water. Thus to every wind strength
corresponds a meximum size of wave, whose wave-length is such that its speed is
slightly less than the wind speed. The rate of loss of energy due to viscosity is
proportionately much larger for the short waves raised by light winds than for those
raised by strong winds; hence the difference between maximum wave speed and speed
of wind diminishes from 2 knots for the lightest wind that can raise waves at all
(about 3 knots) to a mere fraction of a knot for ‘strong winds.

Table I below gives an estimate of the length, speed and height of waves
produced by constant winds of given strength acting for a known time.

TABLE I.
Wind Speed L. Wave Length (£t.) = C. Speed (Knots) & H. Height (ft.)
Beaufort Knots 6 hours. 12 hours. 1 Day 2 Days MAXTMUM
L. C. H. L. C. H. L. C. H. L. C. H. L. C. H.
3 9 257 25|25 -7 25} 25 7 25| 26- 7 2% 25 7 -2k
4 13 60 10 5 70 11 5 7512 5 75 12 5 75512 5
5 18 120 15 8 140 16 9 150 17 10 150 17 10 150 17 1O
6 2h 230 21 12 270 22 1 280 23 15 280 23 15 280 23 15
7 30 320 2 17 L10 27 21 | 470 29 23 | 480 30 23 | 480 30 23
8 36 410. .28 23 560 32..29 | 680 35 33 .| 690 36 33 | 690 36 33
9 43 550 32 30 740 37 38 | 900 41 42 | 950 42 L4 [1000 43 4
10 51 670 35 37 900 43 50 |1150 46 55 [1200 47 56 (1400 51 56

The figures of Table I relate to the waves that would be produced in a limjitless
ocean over the whole of which the wind was blowing with the given constant strength
and direction. In practice, fortunately, this state of affairs does not exist
(except possibly in the Southern Ocean, where a westerly wind might conceivably blow
round and round the BEarth). If one goes along a great circle to windward from the
area in which one wants to know the dimensions of the waves, sooner or later land is
reached, or one comes to a point where the wind is considerably leas in strength,
or where it is blowing from a different direction. . The distance upwind throughout
which the wind is blowing roughly in the same direction with roughly constant force
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is the "fetch" of that particuler wind; it is the distance over which the wind has
been able to pump energy into the train of waves at present in the area.

In the case of stationary, or only slowly moving isobaric systems, this
distance is easy to estimate with sufficient accuracy; in figure 3, it is the
distance AB to shore, in figure 4 it is the distance AB to the point where the wind
veers and decreases. If the isobaric system is moving, the estimation of fetch is
more difficult, but a satisfactory estimate can usually be made from a study of
consecutive isobaric charts.

The size of the waves produced at point A depends on the time the wind has
acted on these waves. In figures 3 and 4, this cannot exceed the time the waves,
starting as short (and therefore slow) ones at B have taken to reach A. However
long the blow may have persisted, the wind cannot have acted on the individual train
of waves now at A, longer than the time taken for these waves to get from B to A.
Thus the possible size of the waves at A'is limited by the fetch as well as by the
wind strength; if the fetch is small, the waves will be considerably below the
dimensions given in Table I for the wind strength and duration of blow.

The maximum waves produced by given wind acting over given fetch for
unlimited time are given in Table II below

TABLE II.
Wind Speed. FETCH (nautical miles).
Beaufort Knots L. Wave length (ft) C. Speed (knots) H. Heigh-t (£t)
10 50 100 500 1000
L. Guandle | edwranGe Ho L. «C. H. L. C. H. L. C. H.
3 9 25 7 23 25 7 25| 25 7 25| 25 7 25| 25 7 2%
4 15 0 9 53 65 11 &4 »n 12 5 7512 5 %12 5
5 18 7512 5| 125 15 7 | 150 17 10 | 150 17 10 | 150 17 10
& 2 110 B 7 | 210 20 12 | 260 22 1y | 280 23.15 | 280 23 15
7 30 1016 10 | 260 2215 | 350 25 19 | 480 30 23 | 480 30 23
8 36 180 18 13 | 330 25 20 450 29 25 690 36 33 690 36 33
9 43 210 20 16 | 420 28 25 | 560 32 32 | 880 4O 44k | 9O L2 L4
10 51 250 2119 | 500 30 31 | 650 ‘35 40 | 1100 45 56 |1200 47 56

The dimensions of the waves produced at a given point on any given occasion
may be limited either by the fetch available or by the time for which the wind has
blowvn; i.e. the height and length of the waves is the smaller of the appropriate
entry in Table I or in Table IT. _

For example, a wind of force 8 blowing for a day over unlimited fetch will
produce waves 680 ft. long and 34 ft. high (Table I). If the fetch is 500 milex
or more, this answer is still correct. ~But if the fetch is only 100 miles, the
resulting waves will only be 450 ft. long and 25 ft. high (Table II). If the blow
only lasts 6 hours, the waves will be 41Q ft. long and 23 ft. high for a fetch of
100 miles or more.

It will be observed that the steepness (Height + Length) of the waves decreases
as the fetch and time increase.




Section B.

Production and Travel of Swell.

In preceding paragraphs it has been shown how the size of the waves that will be
produced in a storm area under given conditions of wind force, duration and fetch may
be estimated; the tables given also enable the speed of thes waves to be estimated.
The train of waves thus raised by the wind in a storm area continues to travel along
the great circle in the direction of the wind that produced it long after the wind
has died down or the waves have moved out of the storm area. The speed at which
the front of the group of waves raised by the storm (which is now SWELL) advances into
the comparatively calm water outside the storm area is equal to HALF the speed of
the individual waves as given in Tables I and IT. It appears probable that the
wave-length (and hence the speed) of this swell remains roughly constant at the value
attained in the storm area. But as the forces mentioned in the first paragraph as
scting on the surface now act against the motion of the water, energy is continuously
removed from the waves and their height diminishes. The rate of diminuation of
height is greater for the shorter waves; it appears, from such evidence as is
available, that the waves lose roughly 5 of their height each time they travel a
distance in miles equal to their length in feet. E.G. a swell 600 ft. long and 30
ft. high is 20 ft. high after 600 miles, 13.3 ft. high after 1200 miles, 9 ft. high
after 1800 miles, 6 ft. high after 2,400 miles, and so on.

i.e. if H is the original height and L the original length in ft. of a swell,
its height after travelling D miles will be F.H, where F is a factor given by the
table below,

TABLE III.
/L 1. 2, 3 k. 5. 6. 7. 8. 9. 10.
F .67 olidi «30 .20 .13 .09 . .06 04 .03 .02

The following deductions immediately emerge:-
(a) The height of any swell diminishes rapidly to begin with and more slowly afterwards.
As the length is assumed not to change, the swell is thus a wave with small H/L ratio
except in the immediate vicinity of the storm area, i.e.it is rarely a steep wave.
(b) The shorter waves are of less height to begin with, and lose their height at a
much greater rate - they therefore are unable to travel far before becoming
inappreciable, as compared with the long waves which can go vast distances. E.G.
Table III shows that a 150 ft. wave 10 ft. high is reduced to 2 feet after 600 miles
travel, while a 600 ft. wave 30 ft. high is still nearly 2 ft. high after 4,000 miles.
(e¢) The only winds which can produce swell capable of travelling great distances
are those of gale force, as inspection of Tables I and II shows that only such winds,
sustained for at least 6 hours (over a fetch of 200 miles or more) can raise the
necessary long waves. The 600 ft. wave mentioned in (b) above requires Force 8 at
least to produce it.
(d) As stated above, the train of waves produced in the storm area travels out of
it at HAIF the speed given by Table II or I. The interval between the storm and the
arrival of appreciaeble swell from it on a distant shore may be considerable. 1. G.
a N.W. 600 f£t. swell train starting 30 ft. high off Newfoundland moves at about 16
knots. It will arrive off the Moroccan coast (2000 miles distant) about 5 days
later still about 8 ft. high, and, if more northerly in direction, may reach 3t. Helena
(3,600 miles) 9 days later, though now less than 3 £t. high.

It must be realized that the wind blowing over the sea area traversed by the
swell on passage may have some effect on the latter. A wind behind the swell should
retard its rate of decay, while an opposing wind should tend to accelerate its decay.
Little evidence is available on this point; but it would appear that winds
appreciably less in velocity than the wave-speed (C) of the swell itself have no
great effect. In the seme way, cross winds have little apparent effect on a long
swell, which travels through the cross-sea produced by the wind with the normal
rate of decay. A head or cross wind of speed equal to or exceeding the speed of
the swell appears, however, to destroy the original swell and to set up a swell in
its own direction in a comparatively short time. Herein one finds an additional
reason for the fact that only the long swells travel far; a long swell set up by a
gale is unlikely to run through another gale on its travels, while the short swell
set up by a wind of force 4-~5, say, does not usually get far before a wind
approximately the same speed from another direction destroys it.

If two trains of swell-waves pass through the same area, they do so without
disturbing one anothers’ length or speed. Two crossing swells have frequently
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been reported from the Doldrum area of the Atlantic, the one set being comparatively
short waves set up by the SE Trades, the other set being produced by the NE Trades
when the latter are strong, or by depressions far to the North which produce a long
northerly or northwesterly swell. The two swells pass through each other; where
two crests coincide, the amplitudes of the two waves add together; the result is the
unpleasant 'pyremidal sea' characteristic of this area and of others where such
crossing is common.

Section C.

Effect of waves rumming into shallow water.

As each wave passes, a surface particle of water describes a circle of diameter
equal to the height of the wave in a time equal to the period of the wave (period =
time between successive crests = L/C). In deep water particles beneath the surface
also describe circles whose diameter decreases rapidly with depth; at a depth equal
to half the wave-length, the motion is less than a hundredth part of that at the
surface. I.E. the wave disturbance affects, for all practical purposes, only the
top layer, of depth L/2 of the sea, beneath this the water is practically at rest.
The speed of a wave in deep water (i.e. in water whose depth is greater than about
I/2) is equal to 1.36VL knots, if L is in'feet. If, however, the depth of the
water is less than I/2, the motion of the water is affected by the presence of the
bottom, and this rule ceases to apply. The motion below the surface is now
elliptical, the ellipses getting flatter and flatter until close to the bottom the
water moves to and fro in a straight line parallel to bottom. The speed of the
wave in water shallow compared with the length of the wave is about 3.4V D knots,
where D is the depth in feet. This is less than the original speed, end since
the number of waves passing a fixed point in unit time (i.e. the period of the
waves) is the same in the deep or the shallow-water, it is clear that the waves
must be telescoped together in the same way as traffic on a main road on entering a
speed limit - i.e. the wave-length (distance between successive waves) becomes less.
But the shorter waves in shallow water still possess the same energy per wave as
they did when they were longer in deep water; this they can only do by getting
higher. Thus waves running into.shallow water get shorter, higher and steeper as
the water shoals. Obviously this process cannot continue indefinitely; as soon as
the height of the wave becomes roughly equal to the depth of undisturbed water the
wave becomes unstable and breaks.

The magnitude of these effects may be estimated from Table IV below, in which:

H denote height and length of
waves in deep water.

L
h denote their height and length when they
1 have rm into water of depth D feet.

TAELE IV.
/L 0.1 0.08 0.06 0.04 0.02 0.01 0.005
/L 0.77 0.71 0.61 0.5 0.35 0.25 0.18

h/H 1.08 1.1, 1.28 1.41 1.7 2 2.4
Example 1.

Thus & 100 £t. wave 6 ft. high such as might be produced by a local wind of force
5 would be about 63 ft. high in 10 ft. of vater,(where D/L = 0.1, hence h/H = 1.08)
63 £t. in 8 ft., and 73 ft. high in 6 ft. But it breaks when D = h, viz when it is
about 7 feet high in 7 ft. of water.

Example 2.

A 600 ft. swell also 6 ft. high, such as might have came from a considerable
distence, would be 65 ft. in 100 ft. of water, 63 ft. in 80 ft., 73 f£t. in 60 ft., 8%
£t. in 40 £t., 10 £t. in 20 ft., and 12 ft. in 10 £t - obviously it breaks about 12
ft. high in 12 ft. of water.

It may be taken as a rough working rule that a low swell (i.e. a wave
whose height / length ratio is small) will break at a height about double its open
sea height in soundings of the same depth.




The reduction in speed of the swell as it runs into shallow water tends to
cause the waves always to approach the beach with their crests parallel to the
fathom lines (i.e. in general, parallel with the beach). This is clear if one
imagines “a. swell approaching a N - S beach from N.W. The N.E. end of the swell
gets into shallow water first and its speed is progressively reduced, while the
crest of the same wave further offshore is still in deep water and moving at full
speed. The wave obviously wheels left and finally approaches the beach with its
crest parallel to it.

Section D.

The forecasting of swell. '

From what has been said in sections A and B it should be apparent that the
forecasting of swell likely to affect eny particular area of sea or length of
coast is a matter of some complexity, due primarily to the distance in space and
time at which the cause of the swell may be found. To simplify the problem
Table V below has been constructed from Tables I and III given previously. It
gives roughly the maximum distance from an extensive areea of wind of given
strength at which the swell will still be 3 ft. high, also the time the swell train
will take to cover this maximm distance. Similar figures are also given for a
swell 10 f+t. high.

TABLE V.

Wind Force L 5 6 7 8 9 10 Beaufort.

3 £t. Swell. Distance 100 500 1200 2400 4000 7000 10,000 miles
Time * 2 I 7 9 1 18 days

10 ft. Swell. Distance - ) 300 1000 2000 3000 4000 miles

Time - 0 1 3 5 6 7 days

Thus, assume it is required to know now (28th p.m.) whether a swell exceeding
3 ft. in height is to be expected at point A A.M. 29th (i.e. in 12 hours time)
assuming one has available a series of synoptic charts at 12 hourly intervals.

Inspect the laest chart (28th P.M. i.e. 12 hours before the time one is
interested in) to see if a wind of force 4 or more is reported within 100 miles of
A, or is expected to spring up within the next 12 hours within this radius. If so,
it can cause a swell exceeding 3 ft. at A on 29th A.M. if the fetch, duration and
direction of wind are right. If the direction of the reported or expected wind is
towards A, the fetch and probable duration of this wind must be examined to see
whether it will, in fact, produce a swell exceeding the critical value by using the
principles and tables of sections A and E.

Then proceed to examine the charts of A.M. 28th, P.M. 27th, and A.M. 27th,
(i.e. up to 2 days before the time one in interested in) for winds of force 5 or
more within 100 and 500 miles of A. If such winds are directed towards A, it
is possible that they may produce a swell exceeding the critical value - their fetch
and duration must be looked into to see whether they will, in fact, do so.

Next proceed to examine the charts of A.M. 26th, P.M. 26th, P.M. 25th, and A.M.
25th, (i.e. up to 4 days before A.M. 29th) for winds of force 6 or more within 500
miles to 1200 miles of A. Again, if suitably directed towards A, they must be
examined to see if their fetch and duration are sufficient for their swell to reach
A with a height exceeding the critical value. :

Similar ‘examination of charts 4 - 7 days before A .. 29th for winds of or
exceeding force 7 and directed towards A between 1200 and 2,00 miles from A, of
charts 7 - 9 days before 29th for winds of or exceeding force 8 and directed towards
A between 2,00 miles and 4000 miles fram A and so on must be made until the boundary
of the ocean in which A is situated is reached.

The problem is, however, somewhat simplified if actual observations of swell
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from ships are available. These should give an estimate of its height, length and
direction. From the reported length the speed can be estimated (Speed of train in
knots =%3.Jlength in feet), or, if the ordinary code is used, a short swell (less
than 300 ft.) advances at about 10 lknots, a medium length swell (300-600 ft.) advances
at about 15 knots and a long (over 600 ft.) swell train advences at about 18-20 knots.
If from the observations, an estimate of the time of onset and cessation of swell
directed towards A can be formed, its time of arrival and duration at A can be
forecast; its approximate height at A may be estimated from reported height (low =
less than 6 ft., moderate = 6 to 12 ft., high = over 12 feet) by use of Table III.

In either case, an eye must be kept on the winds the swell will experience on
passage from the storm area or observing ship to A - the effects of such winds are
mentioned in Section B.

Example.

The 4 charts (2), (b), (¢), (d) of figure 5 show the synoptic situation in
Mid-Atlantic at successive 12 hourly intervals from, say, A.M. lst (5 (a)) to P.M.
2nd (5 (d)). Before and after these times the synoptic situation was radically
different. The area outlined indicates where, throughout the 2 days, the wind
was approximately constent in direction (NNW) and of gale force (average about force
8); and this is the only area on the chart where a strong wind persisted for such
a considerable time. The fetch was about 800 miles, duration of blow about 2 days;
wind force 8: -~ Tables I and II indicate that the waves at the southern end of the
storm area (in about 35° N) would have attained almost the maximm size for force
8, viz. roughly 700 ft. long and 33 ft. high, towards the end of the gale. The
weves earlier and later than this would be shorter and lower; but a reasonable
assumption is that for at least 2 days, from A.M. lst to A.M. 3rd, waves
approximately 600 ft. long and 30 ft. high were crossing 35° N. south of the storm
area, travelling towards SSE. This train of waves would advance at about 16-18
knots and should reach the vicinity of the Equator in about 20° W. (a distance of
2,300 miles) a matter of 6 days or so after leaving the storm area. As the earlier
and later waves to be formed are shorter and slower, they take longer to travel the
distance, and hence an observer near the Equator would experience a swell lasting
for rather longer than the two days or so ‘of the original gale.

The average waves are 30 ft. high and 600 ft. long to start with. After
2300 miles (D/L = 3.8) Table IIT gives their height as slightly over 0.2 x 30 i.e.
6-7 £t. high.

Actually, a ship in 1° N. 20° W. reported swell from direction 30
(NNW) of 4 in code (moderate height, moderate length) from P.M. 8th to P.M. 1lth,
rising to 5 (moderate height, long) A.M. on 10th.

Naval Meteorological Branch,
Hydrographic Department,
Admiralty.

(H.M.79/38)  September, 194.2.
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From:  Cheirmen, "Civil" Committee.
To: The Direector of Transportation.

Three copies of Plan "B", No. 29/9
' Print Yo. 1.
e ol T
" " 3.
cn forwarded to you.
 The layout indieated in this plen has
been discussed and agreed with Rear rel Benn,

Director of Navigation, who hss asked that = copy
should be supplied to him, \. »

3 e 3

for Chairman.

Beckei Ra




MOET SHCHRT,
HEMORANDUMN

MULBERRY "B,

The "Civil Committee” comprising Mr, Colin #hite, Mr.J.D.C.
Couper, Mr . R.D.Géyther with Lt.Col.Bell attending, met on LOth
February 1944 to coneider a fresh proposal regarding site 'B'
and after discussion the following notes were made.

(1) The middle entrance PFaces N.W. which was considered less
satiasfactory toan facing N.B.

(<) Bombardon if effective covers the middle entrance but the
western entrance is exposed.

"{3) #With both entrances facing Webtward ships may bave to enter
and leave with the tide instead of stemming the tide.

(4) Any sea coming in from the N.W. will give very disturbed
conditions at the Pler Heads and probably on the landing
beaches, though this might be somewhat diminished by further
development of the Jestern 3Shore Arm,

(8) The layout sppears to envolve more turning within the harbour
ulren,

(8) The available area inside the West outer breukwater is
restricted at L.V, a8 the traffic land is encumbered by
moored vessell

(7) As regards the effect of Bombardon we heve no data on which
¥e can express zn opinion as to its efficacy in damping out
wave action sufficiently to sllow override discharge of
Liberty ships at anchor, Nor have we any information with
regard to the practicability of mooring the thing in 7.1/2
Fathoms of water with a 24 feet rise of tide. .

(8) Blockships, Their chicf advantages are that they are self
propeIleE and may possibly be pluced more quickly than
calssons, though in the Committee's opinion they could not
get themselves into correct position without the assistance
of tugs.

Unless very much strengthened they will break in two.
Broadly, apert from the sacrifice of ships, we doubt whether
they offer any advantage over concrete caissons either from

the point bf view of rapidity of construction or effective-
ness.,

N
&‘ -‘/. cf
Y



MOST SECRET.

From: The Chairman "Civil" Committee.
To: The Director of Transportation.

Subject: Diagram No. 31182

1. . We have examined the layout shown on the above diagram
and, a8 requested, we now beg to offer the following remarks,
whioh we trust will be of assistance to you. We would weloome
an ogportunity of disoussing with the Officers concerned those
points on which we are in scms doudbt, and any other matters in
connection with this problem which may arise. -

“ Gensral

2, We find that the 1a£out;Shown-ib on very much the same
lines &as those we adopted in the case of War Office plan "B".

West Island Breakwatey . =t

3, The West Island Breakwater is furtlier inshore than the
gosition we seleoted, which in faot was moved out from the five
athom line at the request of Neval Officers in order to
%ngﬁaasgiths area of sheltered water seaward of the three

L] a Cﬂn m ° %

4. It wouid seem better to allfn this breakwater on one

straight line to facilitate plao the Phcenix units in
ositfon, unless there is some good reason for introducing the
nd near the eastern entrance. ' R b |

. . The object of the double Units et the ends of the break-

waters is not clear to us, We anticipate that there would be
considerable difficulty in sinki two Units close together or
attempting to.lash the Unlts together before sinking. '

6. We should like to know the reason for stuggerigg the
Units. If this has been done with a view to one Unlt afford-
ing support to the next, little rellance should be placed on
such support. It will Bot be practicable, aven in the calmest
weather. to sink the Units with the degree of aoocuracy Negess-
ary, an attempt to do so might result in serious damage
belng dome to their emnds. Further, it is likely that the
staggered formation may induce considerable scour.

7. Unless there is some special reason for the 200 ft.
opening in the middle of the breakwater, we think this open-
ing should be omitted. It oould only be used by small oraft
in calm weather, and in rough weather would tend to increase
the swell ‘inside the Harbour. _ :

-

East Island Breakwater

8. . We note that the eastern entrance has been inoreased t
700 ft., which we consider to be unnecessarily wide for thao
size of vessels using the Harbour.

9. We endsavoured to follow the contours in siti the
East Island Brsakwgter, but we see no objection to the
straight alignment now selected, which has advantages in
facillty of comstruction. '

10. It is not evident to us what advantage is ned b
bend ing the western end of this breakwater 1nsh§§§, as iﬁis
apgoara to have the definite disadvantaga of making the
entrance difficult for vessels leaving he pierheads and
also obstructs the swinging aree inside the Harbour.



.

1l. The 200 ft. ogening in the dentre of this breakwater
agpears objeotionable to us, as the shoal outside makes it

ol 1little use as an entrance and it ecoculd only serve to
admit swell to the Harbour, especially off the landing beach.

- iR, We note that it is proposed to construot this Zast

Island Breakwater of bloockships. The onlg advantage of

this form of oconstruotion known to us is that the various

ships could be taken to the site undexr their own power, but

we believe that they still could not be sunk with the de

of accuragy required without the assistence of tugs. Ve are

of the opinion "that a blockuhig will be more difficult to place
in position than a Unit whioh has been apeoialli designed gor
the purpose. TFurther, that a ship is less like ¥y to remsin
upright and may break up through the void of the machinery

13. Without knowing the size of ship that it is proposed to
use, it is diffigult to ascertain the amount of protection
they would afford.

14. Ships masters would hesitate epproaching near a sunken
ship and the navigable area in the bour would be curtailed
in consequence. ereas, they would not have the seme fear
in olosing a Unit, the position of which is clearly defined.

15, We observe that the easterhrend of this Island Bresk-

. water does not extend as far to the eastward as we provided

with the result that the length of working beach er its
protection is reduced by one third of the length of beach
shown on plan "B"

West Shore Arm

16, - As placed, this arm leaves an entrance IOOO'TGEQE%%§1
fully cpen to the north west. After ocnsiderable thought,
the western arm in plan "B" was kept under the shelter of
the 1sland breakwater, in order to provide more protection
for the Harbour from the north west.

Plerheads
17. These are placed on the three fathom line, as in the
case of plan *B™,
Contours
18. The contours obtained 'rtmn the recent soundings
=)

appsar to show rather more water inside the Harbour than was
indicated on the original Frenoh chart.

COLIN R wWHITE
2nd March 1944 Chairman "Civil" Committee




MOST SECRET
To: - The Director of Transportation.

Subject:- Storing Phoenix Units.

W W e p 4 By S SR e .- G - - -

I visited Southend with Lt. Col. Wakefield and
fr, Hughes on the 7th March 1944 and called on Commodore
h‘l

*

Champiocn, R.I

8 The Commodore was expecting us but he had no
definite proposals to make for storing the units, baggnd
‘pu,tinglt em on the sands above low water line, and

g{ dently thought that we would put forward proposals to
m.

- 18 He bad not been advised of the drafts of the
_various. types or the numbere that have to be accommodated.
4. Off Southend the rise at neap tides 1s 14 ft. ¢

ins., 80 the leest water necessary in which to ground an 4.l
;n%g and be abvle to float it off at any high tide is 1
atnom.

5. The Cant Sand, which is situated just to the east-
“ward of the -Boom Defences and south of the'main channel, has
a largzggxggngetg{ watga 1 rﬁghgm dgg ggg Com%ggggeagganpion
uggested tha 8. ‘ Q.8 ot : Lo
goﬁ%yor, technical d?fficﬁ%%ios in sweeping water of this
depth, and it would take some weeks to clear a sufficient
—ma . ;

6. The northern side of ti Cagt, h?wnvor. has mor
water up to 24 fathoms and Commodore Champion has selecte
en area socuth of the main channel between the Zast Cant Buoy
~and Outer Bar-Buoy and north of H51°27'48", where units-
mignt be stored.

5 The soundings throughout this area are vorg even,
variina betweea just uader 2 up to 25 fathoms, and tae
~bottom is shown to be sand and shells.

8. The units would take and leave the bottom without
“bumping, evgn gn bad weather. - the b

- s It would be advisaeable to check the nature of -the
bottom, end if this proves to be sand and shells throughout,
_this aree is suitable for storing the larger units. ,

10. The spring tidal rise is 18 ft. & ins., so there

~-i8 too. much water for the ¢ and D units iu the above area.
These units must be stored about low water mark and sites
~would have to be found for these inside the Boom. A

B

.30th Maroh 1044




