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VI SITS TO I I Y I ) RA UL IC LABO RATOR IF S I~ TIl E ~ I T I l F R L A \ I ) S
MNI) I N G L A~~1) , APRI L 1969

by

l evi A. Brown , COl , CE 4

PURPOSE OF VISITS

1. In order to observe compare , and stu dy the organization , physical facilities , and type projects

under investigation at other hydraulic laboratories performing work similar to that being done at the U S

Army Engineer Wat erways Experiment Station , the Director requested and obtained permi ssion from the

Chief of Engineers to visit the Delft Ilydraulies Laboratory in the Nether lands  and the h y draulics Research

Stat ion, Wallingford, England, in April 1969. Arrangements for the visits were made by correspondence tO

the Directors of these laboratories.

DELFT HYDRAULICS LABOR ATORY

2. On 16 April  1969 at 11:00 a m .  I departed Vicksburg and by a combination of c ;overnn ient

car and airp lane transport arrived in Amsterdam , Netherlands , at 11:00 a m .  17 April , almost three hours

behind the scheduled arrival time. I took an airp ort bus to the I lague where I was met by Mr. A. Paape ,

head of the laboratory element in Deift . We had lunch at the Wilhe lmina llote l in Delft where we were

joined by M r. J. E . Prins , Deputy Director , Delft I lv d rau h i c s  I .aborat ory. Because of my late arrival

Mr. Paape had to leave immediatel y after lunch.  App endix A 4 4  describes and gives the organizat ion of

the laboratory.
3. Mr. Pri n s took me to the new facilities recentl y constructed for the Delft  I l y drau l ics  l aboratory

on the outskir ts  of the campus of the Delf i Technical Ins t i tu te  There we toured the R ijnmo n d tidal model

which is a large indoor , fixed-bed tidal model of the approach to the harbor of Rotterdam (see Appendix  B

and fi gs 1-3). rhe model is constructed at a horizontal  scale of I to 640 and a vertical scale of I to 64.

I’hc model was exceptionall y well equi pped. The concrete portions of the model were painted y el low for

the dry land , the sea portion was painted black to accentuat e the contrast  in photograp hs tak en of f loating

objects used in velocit y measurements. The ins t rumenta t ion  was modern and of exceptionall y f ine ap-

pearance. The parts were either chrome piat ed or finished as a wel l -made camera ease mi ght be. I h e  t i da l

generators were of the sp il l ing wi.ir variety with  each sp il l ing weir  section of approximatel y It ) f t  in length

being indiv idual l y pr ogrammed and controlled b y paper tape in struct ions in control rooms. Data on water-

surface elevations , currents , and sal init ies were sensed by electronic in st rumenta t ion  and recorded in inc losed

control rooms. The recording in general was done b y cont inuous  lines on oscillograp hs or roll s of paper .

4. Also included in the same bui lding with the model of Rotterdam was a large t idal  sa l in i ty  f lume

10 1.5 meters long, 0.672 meters wide and 0.50 meters deep. It was equi pped with  a 6~ by 8-meter t idal

basin , tide generating mechanisms at both the seaward and the upstream end , a sy stem to in t roduce  fresh

water at the upstream end and remove it at the seaward end , and a system to mainta in  a constant sal ini t ~

* Director , U. S. Army Engineer Waterways Experiment Station.
** The appendices to this report consist of  pamphlets and booklets given to the author at Deift and Wall ingford.
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in the sc,i. [he obj e c i i ~~c . c of t he f lun i e  s tu d y  s s c r c  to  d c i c r i i t i i i c  i t i c . , i i s  i c c  i i i i p r o v e  the  i~ 1c r c , d i i c t i c , n  of sa

linitv intrusion in .i d is t or t ed hydraulic model .i:~ t he  I ( o i t c rd . in i  I I a r ( c c , r  m dcl , .i i~ l t o  i in l ) r os c  t he  c.ip , i-

b i l i t  ies of carry ing out tidal computations for cond it  io iis ol t ic  cnh oiuogc i ie ous t Ic its . ~1r. I r ank  I lc r rnia ii ii .

eng ineer at the Wat crwa~ s Ex per im ent  S t a t i on , had uied t h i s  f l u m e  wh i l e  doin g g r a d u a t e  , rk a t  the  l ) e l t t

Technical  In s t i t u t e  in 1967-1969.
5 A fter  visiting the tidal model and s a l i n i t y  f lume , I accompanied Mr.  I’r i n s  c i i  . c t c or ot the new

two mil l ion dollar wind-wave  f lume faci l i ty in the Sante c ompound  as the  R o t t e r d a i t i  I I ar lc cr ni dcl .  [he

faci l i t y  has tss o wind-wave flumes (see App endix C) . [he large t lu n t e  is al ,out 100 m e t e r s  long,  8 meters

wide  measured on the water l ine , and It ) meters wide on the air  profi le .  I t  is connected w i t h  .i ss i t  e ba sin
I t )  bs 25 squar e meters. ‘I’hc small wind -wave  t lume is about  100 meters long and 2 met er s  wide meas-

ured on the water.  The fac i l i t y  is qui te  modern and has excel lent  i n s t r u m e n t a t i o n  i c c  pro gr :ii i i  r and o m t~ ~cc

waves in to  the flume. I’hesc waves are sustained b y the wind b lowing  over the surface of the  ss ,cter . ih e

waves at t ack  various model sections in the f lume. I’he ch a rac te r i s t i c s  of the  st .ivcs . the i r  f r e q u c n c ~ , the i r

hei ght . and their  energy are measured and recorded t)~ ~~~~ sop his t i ca ted  e lectronic  i n s t r u m e t i t i t i o n .

6 ter leaving the wind -wave  f lume we went  to the old l ) e l t t  I hy drau l ics  I ..ilncratorv t . i c i l i t i e s  in

the cet iter of De l ft .  i’here I met Mr. I I .  J . Schoeniaker , the  I) ire ctor .  A f t e r  a brief  c l i scu ss i ic n  w i th

Mr. Schoen iaker , I toured the faci l i t ies  in the old laborator y bu i ld ing  (fi gs. 4 -5)  wi th  Mr. I’ r in s :  we rev iess cd

numerous  f lumes , lock - f i l l in g devices for forces on valves , .c s alt w a t e r  contro lling h ick st~ dv t c  r w h i c h  t h e

protot ype lock has been comp leted wi th in  the l ist six m o n t h s , and .i small se nd t u n n c l  c on s t ru ct ed  of p k -

wood. Opera tions in this older faci l i t y  are being phased down as the newer faci l i t ies  ire being cc , n st ru e tc d

near the l) e l f t  Technical Ins t i tu te  j u st  outside of Delft and is increased f a c i l i t i e s, ire bein g con st ructed it

t he De \‘oorst Laboratory in the NE polder .
7. [hat evening I went  to the home of Mr.  S e h c c e m ak e r  I c r  d i n n e r  ‘s I t e  r c luu ie r  ec c h,id in exten-

sive discussion about the operat ion of hvdr au lies l , ibor ator ies . I I ou  id we had t i t an  cc c n i m o n  prob lems in

funding .  management , and technical  inves t i gat ions.  The sp li t  op era t ion of the  I ) e l t t  I l~ dr . i t i l i cs  l . a bor ; i t c crv

is due tic the .i v . i i la h i l i t y  of large areas of land in the NE polder . .ind ori g i n a l l y  a p lan t h a t  the Bel g i an s

would  share the cost of this  new faci l i ty  which they did not c o n t i n u e  to do for ~erv long  Mr . Schiceni aker

— expressed concern in the use of ma themat i c a l  model s in l ieu  of h y d r a u l i c  models since he felt th. i t  the  engi-

neer would lose his ab i l i t y  to have a feel for wha t  is h a p p e n i n g  and to prc cp c r l v  use jud gm en t .  I Ic point ed

out  tha t  in the selection of a model scale , svhi ch is done a r l c i t r a r i l ~ I c a s e d  cc i i  jud gm ent m d  wh ich  w i l l  pro-

vide a model that will produce what  has occurred h m s to r i c :ml l ~ tha t  has been observed m d  recorded , we is-

tunic  th , i t  modif icat ions that  arc made will pro duce proper changes in the model .  [here is the  h a , .ir d t h a t

unobserved relat ionshi ps will be of impor tance  and tha t  the  sc .ml i ng  wi l l  nc i t  Ice pr oper . I Ic g.ive is in  e~-

.mn ip le the  presence of l i t toral  currents combined ss tb offshore ss it es p e r p c n c l i c u l i r  t cc the  l i t t o r a l  cu r ren t s

in a model stud y of a breakwater  t i f f  the c cc as t  of Israel in which he h , icl p a r t i c m p i t c c l  Mr. Sc h c c e i i i a k c r

noted tha t  velocities do not add vee t or i a l l y in d is tor ted  mc dcls because the  s c a l ing  Ia are iii  .m pi idr. i t ic

r e l a t i c c n s h i p . Mr.  Schoemaker noted tha t  his mod els were nc c t  clie .ip. In  t i c  i . in his  svc crd s h i s  inc cd e ls  u crc

l .tvish . The models at the British I h y draul ics  Research S t a t i c c n  at  W a l l i n g fc cr d were , in ‘si r. Scho emaker s

op in ion ,  general l y less expensive than those in I ) e l f t .  I f c , u nc l  Mr.  Sch oem ,iker to I ce c deli g h t f u l  cmcnvers a -

t i c c n , i l i s t  w i t h  great depth of know l ed ge and percept oil.
8. On 18 Ju n e  1 w.is dr iven fr om  the I h agu e  t cc  i l i c  Dc \ ‘c c c crst I . , i l c c r . m t c c r ~ in  t h e  N I  pol der

( , \ ppe n d i x  1)) b y Mr . J G . I I . R . I ) icp hu i s , l lc.i d c c l  th e  Site  l i 1s es t i ~ , i I I c cis Sc.r s i c e  ct  t he  l ) c l t t  I l v d r a t i l c c s

l.,i b cc r . i t c c r s  W h i l e  en rou te  to the Dc ‘s’c , c c r st l . a l i cc r : i t c , r ~ . Mr.  Die p h u i s  esp l . i m i i e c l  t h e  c c p e r . i t i c c c i s  c c t  his

sit e I n v e s t i gat i ons Service o r gan i z a t i on  (see A ppen d i x  ,\ 1 h e i r  c c i g l n e e r s  nug ht  lie in the  t i e k i  f o r
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long as one s c ’ . cr it a t i m e  c ’ I e c l i n g  p r o i c c i s  pc d c i i  on cur ren ts , t ide he ig hts , s i l m n i t y .  sta ves , .i n d  oth e ’ ,

d .ii.i i tceclccl for the  s e r i t c c . i t i o i i  c t  t I m e  lt~ d r , iu l i c  t m c c d c l . l I e  r ioted t h a t  iii the  area of c l e t e r t tm i n i n g  r Ite ’ c u re d-

t icc n  c t  .m ss.oc the y  s t i l l  stere e c c c c c m i n c e c m c l r ’  p rc c h i l e mu s , t h a t  sometimes radar was of u s e  l)ut mc cs u l ~ t h i s  s s : i s

done liv v i su a l  t e chn iques .  ‘sic l ) ie p h u i s  i l s c c  noted th ;it  there ss is price compet i t ion  in so l i c i t i ng  Ic ids  I c  c i i i

hv dr : i i m l c c  l , ib c cr , i tc t r ies  f o r  mccd e l s t ud i e s  for project s in underdeveloped countri e s,  in several ins ta n ces  an

u nderdes eloped cc ’u n t r ~ has requ ested .m proposal f r o m  several h y draul ics  laboratories in I . u r c c p c  and h i s  se-

lected the  l ab mc r a t , t r v  wi th  the lowest price t i c  do the job.

At t he I . abi c r . i tccr y h)e \ ‘ c c c r st I w i s  escorted Icy ‘sir , I) . c;ersme , Deputy  I lea d . f c r  t i c  st of mi iv

i s i t .  1 lie I ib m ir ator  De \‘oorst has c c v er  301) .m c ’res of land.  I h e  ori g ina l  coticept was tha t  the  model

s tudies  w culd be slotie in the open mi t .  I I ccw e ver , the preset it t ren d  is to enclose the m odels in bu i l d i t i g s

t i c  i l l c c t ~ fccr  u n in te r rup te d  operat ion.  I toured the wind -wave  f lume (Appendix i: > which  s m  si: i . : Icr  sca le

f , mc i l i i ~ t h i n  the ’ new winch -wave  f l ume  in l ) e l f t .  We also viewed the hug h— d ischarge f l ume  (A ppe n d ix  I

We s s i t e d  several open -air  h y cl ra emli c  models. In  one of the models , the movable-bed ma te r i a l  ss . i s  c i  a grai l -

ul . mr  P last ic  at id ‘sir. Gersic said tha t  tI -es ’ ha d had excel lent  resul ts  wi th  the gran e i l ar  p la s t i c  m a t e r i a l .

l i i . In tour in g  the faci l i t ies  at the’ I .a lco ra t ory I)e Voorst . I v ie ss e di  a r iser  model svith sand is a mov-

m lcl e  bed. I here was at the same model a dry ing and screening fac i l i t y  to provi d e sand of the pr icper grada-

tion. \ no th cr  mod el on bed-load t r anspor t  sv,is s t ud y in g  the effect c c l  d i f f e ren t  model in g ma te r i a l  on the

roug hness factor ,  It  is p lanned to surface the river bot tom wi th  .i pa r t i cu la r  si z e ’ aggregate to m n m n i n h i z , e

scour and reduce ma in tena t i c e  dred ging. [here svere two ra ther  large models c i t  a cana l in tersec t ing  the

R h i n e  River.  [lie smaller nioclel svas cf a movable-bed ts’pe. I ’he larger n icc de’l of the satiie area ss as of

fixed-bed t s’pe and al lowed man e. i r r v ing  model tows t c c lie oper .c t cd w i t h i n  the n im c d cl  . A n c c t h e r  channel

model had a g ranu la r  p lastic bed material  is the  movable bed. In  a mccde l in Ii mc li t I c  cli  c~~i ng c m  c ’ :i it s  cns

was hiein g s tudie d , the  svind had a very marked effect  in spite of t a r p a u l i n s  lcemn g u sed ms wm nd l c re ak s . The

ope’r : itu on of the mmc de ’ I had stoppe d because of the wind  on the  cl.i ~ th at I seas pres ent .

I I  Af ter  i s i t ing  several open-air  m cde ls I d iscussed the use c c f  n i a the i na t i c a l  mcc d el s  w i t h  Mr.  C It.

\ ‘r eug denhi l , mathemat ic ian  Mr.  Vreug denh i l  said that  they  used im i th ema t i c a l  model s f ’c cr  p r e lmn iu i : i r ~ in-

e st i ga t ion s . I c r  roug h , quick  app roximat ions  svi thout  much  cost involved.  In  slime c ,m se s . the  s t d i c !~ w i l l

he almost en t i r e l y  ma thema t i ca l , as in svater hammer  studies for pumps , ui the r egu l at i on  m c f  s e m i  er  lcve ls

in p ccld ers , in dra inage canals  and networks , discharges into  the sea a f f e c t e d  b y tides , f lccc cd ss .is es and  ru Cr

rcg em la t ic mn .  [he mechanism of sediment transport  is not k m cwn on a large scale ; however ,  the r e  ,mre clii p ir -

c m l  t rans p ort  formulas  that will g ive good comparison with  models. For some of the t i d a l  m c i m l e l s  t h e y  w i l l

use a lw -dimensional  (hor izonta l  shape) mathematical  model to determine the seasv , ird bc unc l , mr v  ccf  t he

h y draul ic  i:: ’ .Icl . Fh c l aboratory l)e Voorst has had no experience in hur r icane  surge modeling since the y

dcc not have a need for this in h ol lan d which has no hurricanes.  Mathemat ica l  model ing  has [t een used in

si cilie c . iscS f c i r  svave phenomena and ref rac t ion  of staves wi th in  harbors for the f i r s t  es t imate  c d  s s h , c t  s t i l l

happen.  In the area of density currents  in estuaries they have used some two -layer  models tha t  i ce  c c  mi te

appr cc x im at i c c r t s of the interchange of salt  and fresh water. [he computers  avai l able  t ic  the  Ia b cc r ; t t c c rv  in-

clude a ( 1)C 32 1) 1) wi th  32K cf n i emorv at the N I ’  po lder and in l) el ft t he y  have ,mc c e ss tm c  mmii l l t ’ ci ~~c ( i (c 5

it t he technica l  im nive r s i t s ’ .
1 2. 1 )n v i s i t i ng  the  in s t rumenta t ion  f : c e i l i t v  at  I .ah c i ra tor y  Dc \‘o cc rst , I was  s h c c w n  .m I Iesvlet t-

I’ mck ;m r d A- I )  rc ’cicrd er ,m rnf cmcnv c r t e r  t h u  can ha t i d l e  up t i c  100 c h a n n e l s  a nd  t ake  4)) readings  per second

t u c  six s i e c c i t ’ic m i i i  f i~: c r e s . For much  c’f the ’ re’c c c r d i c i u ~ c u t  i n f o r m a t i c c t i  in the ~~~ 
t hey h ;m s’c used .m n mul og re-

c c c rc l e r s . ei ght  r e c , u r l c  rs mt 12 m h . i n : c c l s  e . ich , t ha t  arc lc cc ’,ut c d in t he  l i u n l u l i n g s  t Ic t he  n u t c dc ’l . I l ies’ have ’

fou n d t h u  t h i s  e q u i p m e n t  is n i l  h c . c p ,  h u t  t h . t t  r I ie ’~’ ma ’s incre a se  p r cc d u c ’ t c c c n oil th e ’ t i i c t de ’l , m: i d  c , b t , m i i c
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t h i c . r e s u l t .  t . m s i e ’u’ , h e i t c e  m l l c ’ u t ; i u i . ~ nu cc re ’ st u c l i c ’ s  l c d  I c c  t’u n .

I l a t e r  i i i  t I m e ’ c l . i \  s u c  s i c _ c e  u c u n e c I  h i s ’  ‘s i r .  _l J \ ‘ I m c j e , I I e ’ , m c h  c i t  t h e  l . , m l c c , i . m t c c u ~ Dc \ ‘ c i s i  ‘m \ c

c l s i i c ’ c l  .c l .uc ce ’ nes t’ n m c c d e l  u n d e r  c _ d i d ’ . n u i c  l i i  i l i  s t i l l  I c e  e ’ i c c l cc se ’cl cut  .m s h e l t e r  s ix  mc rd’ s i n  . u i e ’ .i i i  ~ 71 .

‘l Ice ii i c c i t c l  is i c  i i : s ’ e’s t i ; ~ m i c  c’ I ccsu re c r i d c c c h U i d 5  F u r  d i n e  u t  t i i e ~ c l c c s u m r m . s mt due  i t m u c t u t h u  c c l  t I m e  l~ b m i n c ’ I ( i s e ’r

N c c _ lc _ ’ ’ i s i u s’ c’ur i ’e c u t s  s t i l l  c c . un ’,’ c c l s  c ’ dI  l h ~~s st u d s  s t i l l  l i t s i  mus e  a I — t c u 4 O i i  t i ’ ~e c I h u ed yc ’n c . i ’ . i t  i t i c d c l el in t l

l i t e r  .m I i - S i )  i t u c c s ; m l c i e i u c ’ cl n i c I c . ’ ; c c l  c r u t i e . i I  m n i c  H i t  ‘ d l i i i  i c  t h u  t h e ’ n tc ic l e ’ l  s t i l l  I c e  oi cu t e  f u r  n in e

vc .irs.  W h i l e  les s l u g  t h e ’ u c c c c l e’I u u n s i r u c ’ t m u u n  I us i s  .m l i lc  i d  t i c d t m c . c. t h c u i  u m u i d e l  c c c u u s t r u c ’t u c c c i  t e ’ c h i n u e lu e

i i  u g s  5 ° m , s v h c c h  c ’d n s i s i s  c i - . i u , m p i ; i g  m I c e ha rc l 1c an  c i . i ~ ii m i a m i ~ u u u t ud i i i’ t h e  r c c u g hi c c c n u c c u m r s  1 t h e  u i i c d i u ’ I ,

c l r i s ’ i t t g  st c c c d e u i  p egs s t i t h  a nai l  c c i i  i c i p  i c c  t h e  s R i  sw i c e  c e ’s c u m i n  c c i  t I m e  i i m c c c l e ’l  i n c  I t h e ’ u u t u h i i i u g  fl t o

8 . 1 4 i i i )  m odel ________________

t i n d e r  e’ u uc s t r u c ’ t i cn , i d 
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an , ipj ~m ’c c \ u t i a t e  .i — u n i , — t hu i ckmies ’, s t i t h , m l i l . i c ’I ’ . c_ d i c c i ’ c.’ u i  s m uu tu i ’c ’e’ i u ) e c i i  cc c mc r t m u r .  ‘l Ice ’ i t u u i s ’ m i h c l e ’ l c e ’cI n i , d i c _ ’ F l , i ~ t h m m c t

i I i e ’~’ p lmt nc to usc’ s t i l l  be g r . m n u m l a r  p l .m sr i c .

14. \~c c ’ m u t e r  v isited t s t c u  c ic c l c c u r  mmid e ’ ls  in h c m i n g . i r - t ~ lie’ slce’lt c ’r s s i u u u i l a r  t i c  c c i i i  amr cc’ m m l m  h . i u u g . m r s  m t

‘ s i c  ~s h u n g . In  these ’ mu c&l e ’I s c’cc nm d l u s  g e ’n e ra t u t c g  det cc’es (A ppc’ u m c h c x  D) we’re l i c ing  used t c u  d u i ~~ ; i c , ’ , i i e ’ e u c r r c n t s

c ,mus cdl hc ~ t h e’ c’t c r i t c l i s  c ’ i t c ’ c’t I t  si ms fe l t  tha t  t h e  c u n u u I i s  c’ i i e ’e’t ts ,cs s i g u u i i i c ’ . m u i t ui the’ n c u u c _ I e l s  ui it i e ’h t h e y  
c

st _ c r c ’ b c c ’ i u i g  u: sc ’d ,  icc  m m icc s t  mcf t h e i r  ccio clc l s t u d i e s , h m u s s c .’ sc r , c ’ c u r i c c h i s  e t l c ’ c’t ss’ .ms r out e’ u c n s m d e r e ’ c _ l s m g n i l i c u u i t

1 5 .  D u r i n g  the tocur c i i  the’ t i d a l  m odels in the  I i m m n g m i r - t v p e  s h c l m e r s , I h e mi r i ce d t h a t  one ci t h e  t i d a l  ‘

models re quired the  c c li  d i m  Ic ’, ces for s e r i f  i c , i u i o n .  I h its es en ,  t h e y  were n u t  se ine if t h e  d e v i c e s  ~ ~~~ n.m

c 1umr ed oi the’ scecc uid muc de l .  S i n c e  , m d c u u m b r  e x i s t e d , t he  eu cr io lms  dcu ’iecs  we’re p i m r c ’i u sc ’d m i t i d  i n s t m i l h c c ~ I t

s i , i s  t he c ’ p u n i i c n  of ‘sir. Vi nje t h at the dev ices  s icre not need ed c ii ih e  s e c c c n d  n~~cd el. h l c u s c s e r ,  he c _ lcd  t t c i t

regret hav ing  gotten them sinc e he did p 1m m to use t h cn i  in b us  large si x- ,u cre nim cel e ’ I t h , m t  it . ’ m u u u h c _  r ccc ii-

s t r e uc tuon ,  The two t idal  mnoe lels hmtd p m mpe ’r ’ t , ip c -pr c cgr a t t im cc e d s p i l l i n g  see m s f i ur  t i d a l  g c ner a t c i r s . l ( e e c ru l i n g

(i f dmi t a sc .ms  by a c u t u c m m m t i c  e lectronic rccuurc l cn g devices. I nc the  shel ter  th ere ’.s ’,us m u s i c  a t cc t t  tu g t a n k  i c r  cm l i ’

hr m ut i on  i m f i n s t rumen t s .
16. Several t u nes cluri cc g ills’ tour  u c f t he  D e l f t  l .u h u c c r a t c c n i e s  I a s k e d  i i  t h e y  had n ot i c e d  mcn \ ’  L I  f e c  t

c u t  t e ! t u p en . i t m mre  din bed c n m c v e t m i e n t  i c r  see l iu i c cn t  t r a i c spo r t .  Several  c c l  t he i r  en gun e er s  si crc fm m n i ihm , i r  is i t h  the

min t c ~ I c s  Mr. J u u h n  J . F r a n c u u  on ‘T e mp e r a t u r e  I’ i I c e t s  d i n  R ive r  Disch .irgcs.  I hese sm cnc eng inee r s  h a d

~i c c t y c _ l  t he  effc :c. Is u c n model op erat ion in cold si emit  b ier ,  ho ivever , t h ey had d c cne  i i i  ‘cpc cil  cc i c _ s t u n g  t ic  deter ’

t u c in c the -  p re c i se  c i t  cet  c c f t e n cp e r a t em r e .

17 .  ‘l’hc t~ct .t I n u m h e ’r of e’unp lc cyecs of t h e ’ De’lft I I ~ cl r m i u l u c ’s l , a h u i c r a t c m r v  l imit  I c .’ct i i ; ; ere ’ . us i ne mit  mu

r i t e ’ cd l , r l c c c t m t  I i ) , per year  f u r  t h e  p ast  several years. In 196 6 they  emp I u u ~’ecl 3 3 c c , c t c  I c m 0 7  , 305’ . l ’ h i c u n

present e’.st immut ed s treng th is mc pp r cc .ximmi t cly 440 emp loyees. Of th ese , 23 0 are cnip hci vc’d in  t i C  N I’ . p c dd en

and 2 10 in De l f t .  In terms cf mm re ’ a m c f h m u n d , t he re ’  mir e t st’ u u  a cres a pp r u x i m at e lv  in  the u c r i g u t i m i l  m s  c l r , m t u l u c s

bu i ld ings  in Del ft . a pp ro xu i c i a t e l y 41) m e t e s  in  the  new compo cmnd mit the Dc l ft  I e c h t u ucmi l  I n s t i t u t e , ,uc i d 300

,ucre s t t t  the I ..ibor atorv Dc V c c u c r s t ,

HYDRAULICS LABORATORY . UNIVERSITY OF LONDON

18. On 23 Apr i l  I v i s i t ed  the h y drmu ec l i cs  l , c I c u u n m u t u u r ~ f mm c i l i t i es  of lmpc ’rcm i l i ‘t l c g e . t u u u s c r s u i u ’  of

I . c i n el ccn , in l , u c n d i c n ,  Dur ing  this  tour I semis e s c c u r t e d  b~’ ‘sir. ‘c h u r n s  K cn uc , Senior I c c _ t ier I ly d r , m u h ic s  Dc-

pm t r t n l e n t .  I’ r c u l ’c sscc r  J R D .  I ” r , m ne i s , I I e ,cc l , I I d r au h ics  D e ’p ar t t i i cnt .  was not p re sen t .  1 lie h v d r , c c m h i c s  i t o’

rm l tc crv  i c c cup i eel . u p p r m c x i t c c . m t e l v  10 ,000 sq ft cf f l c c u c r  space sv i th i t i  the  (‘ u c h i e ge In ; i l e l i m i g  - \ t n m u n g  the ’ types

I ’ s t u d i e s  in process scene d c c  s i u u l s  of the  r e sus t anee  ct a ru cck t u n n e l  c i t ing  pr c i \  pe d , u t . u  c ’ h c t ; m m n e ’d d u n  I
a tunne l  in \ l . i I , i s  m m , fl ow w i t h  st ’m is’ e’ m i c t i u c n  snp c ’ r n l u p u c s e ’ dI on ,c sand Iced t u c u d e l m  s t i l ls c c f  in s ’ c ’ u ’ . u e n t  of sec _ ic -

d i c . ’ nt s  seuch as rocks m ind s, ir u c l gr a ins  i t i  a tlun ’c e’m m u c u c r i c d h i s  rmulc le  u p p r c c x i c c c m m t c ’ h )’ 25  ft uc i c b i . u ~~;c ’ i en  w h i c h  ti cs

cinder c’c c n st r u c t i i c n ,  S i r .  Kcnn  ci ins ic l ere ’d c’ c u r c u c h u s  l c c r c e ’s tic Ice i nc p i c r t an t  ou t h e  N n i i u c ’r i  I l e ’misp hter e ’ s u t i e’c

thc~ e’ , m i c se S -ncp h c’ u r r c u c t s  in the  Frc ghi sh Ch , it i n ch .  M ust u u t  dcc s cci m uhl  s t i i u l i e s  In  ‘ c l u s t e r  Ih ’g ru  c. s t u d e n t s

wer e Iccin g cc cnd cm ctee l  in sm i ca l l  4 ’ u n ,  ‘55 ide fl u m e s . m i p p r i u x c m ~m tc l y 1 2 f t  l ong . ,\n m n u i u r c u s u se d ti n c  n i i c u l c h  ti cs

c icn st r mcted  u m s i  cig a t . i r p a u c l  ic c  I , i  1cpe ’d ccs ’cr conc re t e  blocks o u t l m n i n g  t he r e c t a n g le I c u r  t Ic e h mmnl co r  p l ums mu ss u s u ’

m m u c h i n e  to gc’c i e ’ r . m t e  t h e  st av e s . Ano ther  st eue ly hm u d to c_ ho s s ’ c t h c  c’ , m s ’ c t , m t i c c n  c m uu i s e c l  by i c r  c ’n t r ;m i t i t c ie ’ t l t ,  I h i s

st L i d s 55 ~i r e l mt ted  tc u  t he  cool ing is .c t en  svs t c - c t u  for ml nuc lear  suh m ;mr i  nic . .  S in udel ci t  mc dat ii  spi l l ss ’ .i ss’ .u s

ti nder  c. n s t n d u c ’ t u d u u  fc c r s t u d y  c u t  t he  desi gn A hty dr o l cc g s s t u dy  cri c ’ht mu lc’ d ,m se r i es  m i  
~~ 

ss’cthc shc c si’ e’r l : c m u c l s

t ic  s p r ink le  ts . i t e r  or r a i n ’ c c n t i c  soil .  ‘h ’lcc w m c t e r  then flowed t h i r c cu g hi the s u c u l  t i c  h r t  i c l c ’ i u u i d u i i i , i t i u d t i  d in

t cme  c c l  c i c n ce n t r : mt io n  m d  n’~ u u u u . i l c i h i t ~ l , u c . ’ t u c n s .
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~~ ~~mc 2—4 .\ 1 c i ’ i i  I t i s m m c _ ’ d i  t u e  l l ’ ,’ ch i ’ , c u m ! i e ’ , l<c ’ sc_ ’ , c i c ’ h i  S i , i t i u c t c  c u t  m I c e  , ‘sl m i c i s m r ’ , ct  I c’ c b i u  m l d ’ \  mc \~ . m l I i c i ’r’

t ’ icn ,I , l’ tcg b m c t c c _ l  ( ‘ \ p 1 c c c u c _ h i x  I ’  I I c ‘ i c _ c c _ l u  S’s ,u i l u u i ~ l c c i ’ uh . I c c c i i ’ . mmc c h cc u ur tm ’m mmn trip frc utcc Pmuthchciu g t c in S t m ctmucu m.

I ‘ c i c t ccmi , to R c ’ .m c h i t c g .  .\t R e . m c h c n g  I is i s m c c i  Ic m m n ’c _ l c r c . ’ s c _. m u i , m t i  u ’ uc t  m I c e ’ I I ~ c i r . i t u i u c . s  I<c ’cc. ’ ,i r c _ I l  S t , u i i c c m i  .mn d

c I n u s c .’t c i c c  cl ue’ Si n u n .  ‘[lie’ h l ~ ’ d rm mc i u c ’ s I~e’ce ’ , m n c h i  S t , u t i c c i i  h i ’. t s t c c  i tc a u m i  l u u m c t c c u m c s  I i  I m c  u i i t c . s i c g . c t c ’ sj ce’ c u l m ~

d r d u h c l c ’ t ’c c s in m I c e ’ f i e l d  i t t ’ c_ ’ i t I l  emi g it cec’r cti ut  hi~’dc ’m m m m h u c ’ s c u r  cc r d c .u m i u t . i t c c c c i s  h c c c t h m  cc i mli i . ’ t m u i t c ’ c I I x u t c g c l c c c c m  , mt cd

c c s e ’rs u’ , ms  ,mn d  d i  t ic  c’c c n dcm c ’t r e se murc l c  in s i m p p u c r t  if r i m c s  s s c c r k .  ‘l Ice t c c p u c ’s u, sc ’re ’ c_ l m t i e ’l ude f i d d t i  , issc,c ’ u , u t c ’ c h

u s t b  I i ’, cl r ,c c ’Ic’c t r cc ’ st r u ic t i mre ’ s ’,tucd sv i t h  s e e m s  s b c u l l t 5 . m ~ s i ;’ ’ I c t l u c _  r c c c n t r m c l  sv ccr k s , i l l  r e l i c _ I  the’ t r m c m m m c n g

mi nd c i o n u u l  c u t ’ ri s e r s  c u d  c’s u lm. c r m c ’s . t h e  c_ h e’ se ’ l c m p i mc e i i t  i c i  p i u r t i  H i d  l u m u r h u c u r s . mind coa st c’ r c d s c c c m d  S c _ d c . ’ u u m c u c h c ’ i s

crc cse d ex tc ’m i sc v eh \  . ‘[he’ t cc t m m l  l c c m d ge’t c c i  t h e ’ S m u t  i i c n  u s . c j c p r c i x c c i c m i t e ’Iv m c ne u u n h h m c c n  p ou t ce l s  mm d i r  c u r

s 2 , l u u u i . i i i u u i  ‘ l ’ i~~’ re’se’,u rc’h c f f c c n t s , ss b c i c ’h :ue ’c c c i c n t  l i i i  m c p p n m c m s u r n . m t e ’ I~ o n e — t h c r e l  of dcc t m u t m u l  p r c c g r . m i c u  c c i  t h e

S i m u t i m i c i  , ,cr e t ’ i n m m m i c c c h  m e I ” cd en ,ui  f u n d s  f r o m  the’ \ h i m i i s t r s  cf ‘ I e e i m c u c c h cg~~. [I cc r e m a i n i n g  s t cc r k , u u p l i r c \ i .

u u i a t e ’l s i t t  i c — m h c i r d s  ucf  t h e ’ t m c t m cl l me md g cm . us r e ’ c t c i h c t m r s m m h c l c  i s 1 u c _ ’ s t u d i e s  d i cnc  h u c ’  o th er c l e nue ’ u u t s  cu b the’ \ , u i i , m i , u ]

os c’r t c n i en t  ,oiei f u n  prcvmctc t i rc ics  mind fc crei gn g ov ern me tc t s .

2 m i  , , \ c W . m l h m m i m ~fucrei  I cic ct S i r .  R . C .I I .  R ussell , l ) i r e ’c t cu r  c i i  t h e  i , u i m u c n .  l I e  had s is i te ’ d the ‘c\’m m t c ’r ’

n u t s  I’ \ p c r i t n e t c t  S i , u t u u c u u  i n  \ ‘ u c l c _ s l u c.mr g m u p p r i c x i u c c m u t e l y teci c m i ’ .  , u g cc  ..\ c i i mc i c g  o t h er t l ccn g s . si r  c h i se’U ’cs ec_I

c_ ’ c. l ; ; u i c i t m c ’ s f c c n  c’ u m u . u m c i c t i g  oil s p i l l s  mim i c 1 t h e ’ pc s ’ .mh m!c  l u t e m i t  f l i c m c t i m c g  . .u c c n s  I t  s imi s  Mr .  I( imsse1l s op in ion

tl c m m t t he ’ b u com s c i cu l c l  l i m i t  Ice l u c I d  t i cg e ’ m h u e r  i i i  s t a s e s  u cf  .ct iv m i c a g n i t u d e ’ . t I —‘ S i . i t c c u i i  at  S’s , i h l i n g l u u m ’cI s v mcr k s

c lu i t c  c.’ l ; i sc ’l~ c.’ c i’ cl u t c r ’ t ic ‘si r ,  R u s s e l l , s s m t h  th e’ D c _ l i t  l . m i h c u c r m c t c c n ~’ , ir i s ’  r eee’c itl \  t h e’s’ bach an  c ’ m c b u . u u i g c ’ c c l

it l s t n u m i u e ’ u c i m m t i o t i  p c r s m i n n e h  feu r mu t i n t  i i  m i p p r c c x i c c i m m t c l ~ one’ n e ck.  ‘ 11 w’ S t a t t u u t i  mut S’s il lc ci g fuu r el ccce ’up me ’s

mi m i  ;r em i c t  a~c p n ox i n imum c ’ l~’ 91) acre’s mind b m m c s  mu s tm m f t  mif  25 1)  , \s i v u t h  D e h f t , t h us s tm c f f  i n c l u d e d  per sonnel  t c c

ca b t m c i n  i ’c rcc to t y p e ’  ~I . u r u

2 1 .  I ’ u u r  me il e’tm oled t c c c c r  c i t  t h e  S t m m t i c i n . I s t m u s t c m r m i c ’ ih u u s’ c’r to Mr .  j , u i i r c ’u , ish o b u , m c l ‘, ‘cscte ’d S i c k s ’

bein g less th mu n a \‘e,ir . c g u c . S i n ,  J .cffre ’~’ , a S c c t m i c c c  ( :h cf , sv .m s t ic  act mi s  t i i~~’ gc icdc ‘cs m ccc t cd  by Mr.  I’ , d l ’ t s c u n

in h i s  s i s i t  in I 0 ( 3  t h e  h u l k  id t h e’ c i i c cde ’l s mit W m u l h m c i g fcc nc _ l mute’ h i cu se’cl i n mimic’  l a rge  cliacn h a l l ,  ‘l ’he h a l l  has

i c se ’ n l u c , i d  c r , m n e ’s u . . u c c l  in m ccs ’ ing  e’c h em cp t t le ’mi t a nti un t . m k m u i g  p h i u c t c c g rmip h i s .  I li e gene ra l  mmppe ’ m m nm u cc c e’  id the

h a i l  ss . ms t l cm m t  t he  i t i m m x i n c l u n c  m c t m h i i , m u i u c t i  h ;me l Iu e’ e uu t u i m u c l e  c t  t h e ’ m u v m c i l , i h c l e  sp . me ’ c_ ’ . in i m u c ’t . t h e n ioc leh s a p p c . ’ .i r e ’ c _ b

sonie’ s s b c m m t  c_ ’ ruc t t ’dec l , ‘[he g cti e’ rmm l m m p p e ’ m c n m m m u c c  c c l  t b c e ’ e e lu U p t i l e ’u i t  ,icc eh c c l  t h e’ mm c el e ’l e’u u m l s i r u c t m o n  ti _ is  t h u  i t

si ms not  uu c _ ’ u n i t  is h i s  i s lu  c s t l cmt t of the’  D u t c b c  ,u t De’l f t . In  l i e u , un  th c e ’  mucd e ’i e’uc c i s t r u u e u i c c u i , t h e  roug hness

e lem ents  s e c ; u m e  c_ I to h u e  tn c i r c  i d  an ccu iprm w c se ’el on expe d i e n t  c i i a t e n m m u l  m m tie h t e e h i i c c h eu es , sc ich us u c i i h i s i c i u c m i l

s t o u d u ’s i n  p c h b u h e s  R u n g  c c ii dcc cccne ’rcte’ , mind  f m c h i h c d  cci e ’ m , i l  m csbc ‘si R p l m e ’ c c i  o tt  m c u p  c c l  f t s . ed— l c cd i l t c l u ’ i s

‘l i c e  i c t c p c c r t . u t i c e ’  i l  chu c i t i g  .u n u u c R  qu ce ’k I ~ sc at  c’t c c j c h i m i s i z c u h  u crc sc ’se ’n. u h c_ ’ e’ :m s m u c t c s  by the’ I u i g h ” i u  c i t g m t c e ’e’rs

i i l c c c  s t c u u l c _ l  s n  thiu t t h e y  h i . i ~I t u c  g em t h e ’ r e s u l t s  i t  t h e i r  s t u i c b \  i d  t b c e  c _ u c n u n m i c’ t c u r st h u u c  si m i c c t c c _ h  t c c  s m . m r t

c.’i c l c s t n u i c ’ t i c c t c  cr to prucc ce ’d st’idc e u c c i s m r u c ’t c m d t i , ‘ l ’h e’ cnc p r e ’s su c im c  g i v e n  me w a s  t h im c t in  t u n i c . ’ c_ uses  due  r e s u l t ’ .

nci g h it  l c . i s ’ c’ lccen g iveti t u c  the’ e’i c n t r ; m c t c c r  s d i d c n e m  m h c . n u  t h e  c_ ’ u u g u m u c . ’ u ’ns s vcc ci lu l  h cm mv e ’ I cke d .

22 ‘c ’ . ii l ) u ’ I t u  . t h e  u c m s t r u i u u u c ’ m c t m c t u o m u  ct t h e  W,u lh m n g tccn cl su .i! uccut ss .ms qeucte h u m cn u h s ccc ’c i e’ l ’hc cr c ’ . c p 1 d c  .i ne~h

t c c  bce ’ t tc ui rn_ cisc c i t  m c c h i . u u c i c m u i , g e m u r — t \ ’ p e ’  e qui upucc c_ ’cct r i O t e r  t h m m ti ci c ’c t r on i c  d’ u~uu p t c l e ’ t i t 1 c m  d r d c u m r . i r ! u l m n g  t c c h c _

, mc u I  t s , u t c s , ‘l Ice ’ c_ ’ m l l e c _ ’ t u . c cc c c l  c h m m t , m  ss ;us s u u u u u l m c r  t i  t l c m m t  mu D e h i t  ui t I c _ c m  c m si ms Ic y  c.’ lc _ ’c_ ’ inmc ’ m il m n stm’ umncetit ’. thm . ct

sc_ u t  si g t uul s i c c  c h u gu tmu l re cc cnc _ hi ti g cnm ichii ne s c’ .m lc .ih cle ccl c u r ’. ccc g up t i c  IOU c’l im u c c n c l s  . u u u ~b rc.m clitc g em i c b t  c’ b c .c t c m cc’ l

eu ic t c c  te ’tt t i t m m es  mu ,u c u d  I ,  ‘l’ Iie ’se’ rc ’ m u i l i uc g ’ m ss’ e’rc ’ p r in t ed  on p. m 1c c_~c tmmpe’ i n  l , m t c ’ n m u s e .  \ i uc’lc g r e ’ c t c .’r u se ss ,is

n m mui h c’  c c i  ptie’ c m m . m u i c  l c s ’ c c _ ’c.’s f r  t i d , uh i n c _ I  se m it e ’  gc nu ’rm c t c c c c u  t h m u n  I h c m m c h  sc_ en ut  u c t h c c r  I , c h u c r , i u u c r m c ’s , I mi u i c _ I c h i i i c uu

t m  s 1 c i b l c t cg s t e i n ’  for t c d , c h  g c n d ’ n . u c u m r s . pn e’ ct mn mctmc n d h i  ge’tcc ’nmitccrs ste’ne m u s i c1 . s s h u c _ ’ n c b u ’ c ’ si, u u c _ ’r st _ m s  s m m c _ ’ kc ih  i t l t c c

I m ur gi. ’ I c u c ” ,c ’s , mtc t l  t h e n  ru ’hi ’ .msc _ ’ cI  mc i  m m pn g r . c u u i u ’ b  n m , c u c m c c r ,  O t c l ~’ c c t i u .’ u t c c c c l e l , m m n u s e  m c i i c c l e ’i c c c t n h c mt c c d  st t Ic

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



t i dm m l e f f e c t s , eus c’d .i i . d I s e ’ ge ne ’r m ut c c r  ceuu i i p ar ab le  t i c  t l c a t  tmse ’d mt \‘ c c k s l u m m r g  ‘s i r ,  I I  I t . . \  De’dc c 5~ • I h u n t  c c l  t i m e

l n s m n u c c c c c m c t m m t u m c u c  l t n , u m c c h , d’ x l c l , u m m u e ’ih t h m m i m t Ic e ’~’ h i d  l i t t l e  cc c n c f c u h u ’ n c ’ c_ ’ mci  t h m c ’ t ’ ,m l s c  i u ’c_ ’ hi n m d h i m c ’ ’ . u m u d h  n i i uc ’lt m t c ’

t c _ n r c .’ c _ h t lic’ sp ill m ng tve’mr or pne u m nia t  mc ’ t ic _ I c’ gcn erm i u u r.
L 3 , I” t cr ummo c,’m ml cle-beci s ic _ ic _ Icc’s, m mc mun \’ dluflere’ cc t t hue ’s c u t  mica u c_ ’ n i m m I st u n’ I u e ’mmcg  ii s c _ c l  s umc _ ’hm u s  sc u d , grin em ’

him ’ p h .i s i m c ’ . grmm n u u l;mn c’uc m mi , c’l ucc ku ’rs , , c c cc _ I  trc ’ ;ute’ d smi s i c _ lu s t  ‘s ir ,  J _ d l t r c ’ ~ ’ m i i c l i e ’,ite’ d t l u , m t  t hcu . ’~’ t tc ’ rc ’ ‘ c b c i . m u u m m i c g

g iuc u d rc’su i i s  st i t l i  mill of ’ u lme ’se n m m m m c ’ r u . i l s ,

24. Althicug li t i l e ’ S t mmtucn  h im mc _ h done somc me mm cde l S iuc r ’u’. cc uiidl cccc r ’ . ui thu. ,’ 1c , msc , Nc ’ c r e ’cmc _ l  stat t u cs t . mm cl

hav ing  mm li models ope’r m m t e ’ c_ l under slm e ’I ters , Several larger s i / cd  u t c u u d t d ’l s s i c _ i t  lce ccc g c _ c m m c s m n i m c _’ t c ’ ul , u u i d  c c l i c ’ r . u t c ’ c l

,mt sc c i t i c ’ dust an cce ftc _ in c  \‘c’ aI l i ng tccr d  , Hu e’ us mi tiii cdel ccl the’ I I  u t cc l uc ’r e sm c_ m m m r ~ , m i n d  ci I m e r  is a large’ u n i u d c _ ’l of

t h e  ‘l ’hcm o cc e ’s es tc mmm r\ ’ . ‘l’ lce I ly d i r mu u l ic ’s I(e ’semi rctc S tm u tmon  mi W m m l l u t m g f c i r d l  m i s  s m c b c c_ ’r s s i c  cii  cu t ’ t h e te’ d’ l c c m c c ’al c d l c u ’ r . i ’

t i m m n  i c t  thcc ’ su ’ t n cmd ~’l s mus ’a\ f ront  rh m u .’ir home s t m u t m o n .  In  comic ccl  t he  tmc c cil c ,’Is m u  S’s , i I h o t~l c c u c !  n c _ n d ’ a t t e ’ u m m l i i s

n i mude  tic reproduce eonc ol cs  c _ f  l’cc t s .

25 .  l i t t le t ii; cthii ’ m c mm i tmcmu l  mc cde ’l ing ivas cinder s t md ~ or u m n m h c . ’r d d c c i s i c _ h d  r . u t u c c u c  ‘5 c . c d i i u h i U t e ’ r  c u d  ccnI~ r e’

cen t I ~ ’ h ce ’cn m ns tmt l l ech  mi t  \‘s ’m m l h i n g f o r d .  I’a rt d c l  t Ime  t i n t c  t h e y  Ic m m c l u sc ’ mI m u e d c u c i p u m t u ’r mu .1 u u c ’ ,i n l c m . ,i t m c i n d c ’ e’mme r g ~
miuith c i m ni t~’ mns tmtlla t ion, .\ t  t l ce ’ pres e’c it dine the c’cmi m i p u mter  us  m i s c c _ h  l a rgeR f u r  c’ , i ; c ’ m c l . m i i c m u t s  muuid d m a  p rc ’ c_ ’c ’ s scm i g .

mire beginnin g tuc nu cc s’ c ’ sli ct slv into th e’ u s e  id  n i m u t h e ’ m m m t m c ’al m c i c m c l c ’i s t u c r  r e f  rm m c t m c c n  c m l  55 ,is’c_ ’s mind l’ i c u i c c l

tO Ut m ng.

CONCLUSION
1, , c ,

26. After vi sit it cg thie’se t i cre ’mgn Iabor atcc ni e s .u c icl discussin g the  v i s i t s  st ’ cthc c d u m r  ccwn en gc u cec rs  . ut \ ’ icks ’ 
—

burg, I hmmt ’c’ come’ to time’ c u d  mms j c ccc  t hm m t we’ all limit c_ ’ s i r s ’  “u u u m u  um ~ cociiiii ui ci pm c cgr .uiui c an d problems. ‘flcere ’

are more s u m i l m u r i t i e ’s ab out  uc emr  tnodel s c m m h e s  and te chic i ie 1u es  i l c . u m c  t b ce ’r e’ , are’ c l u l  t c ’ r e n c e ’s , ‘I he c h i l i  cre ’nce ’ ,

wh ere they occ umr , mmre cc mc cs tls clue to di f fcrcuiccs  mn t he  p r c m l c i e m n s  h c c m m i g  s t ud ie d ,  I b u c u n c _ I  m t r u p  t i c  be we ll

svort h m the  t ime  an d e f fo r t . inch feel th im ct  s e c u u c m n  engineers  c c i  t he  \ \ , u i e ’ rs s c\ F x p e n m m t i c n t  St mi t~~c mi sh u c c u l c _ I  ctc.ckc’

p e ’riccc lcc exchmunge ’  s m s c t s  t c c  l c u r c .’ m g u u  l a b c c r a t c c r mes in t h e’ t t m t u m r e ’ .

~~~_ , _ ~~i ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘
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Rotterdam , now acknowledged to be the largest port in the The Uijnmond tidal m odel
world , must in the unterest of the Netherlands remain so
in the future But to ensure this, a great deal has to be
done
There must be ample space , for examp le, for ocean going
ves sels with thec r ever-increasing tonnage and greater
draumqht Thus space has already been provided for in Euro- ‘ “

poort , but the opening up of the full area necessitates a I 1. salt water productior
n ow  connection w ’th the New Waterway and the construc- 2 pumpung station
ton of tcar boc mr dams Out unto the North Sea, For only when 3 tude generators
that is done will it be possible to pilot un the mammoth 4 . cerural control pencIl
shcps , even t he largest to be constructed , at all phases of
the tide 3
To determine fl detaul the ‘cute and form of the new harbour NOOPO cur

dams and to decude on the right sh upe of the defunute
entrance into the Europoort harbours , the Bouwbureau
Havenmond Hoek van Holland (Constructuon Bureau of the
tThc ne Mouth at the Hook of Holland) of the Government —

c~~aie ’-w, , ’is Department ordered the bud ding of a workung
model through whuch both salt and fresh wafer could stream
under cmc ref ut control In short , it should be possuble to study
in det,,il the nature o f the changing currents in the New
Wc_ it c~u , ,  ,,, and ocit sude th” harbour by reproducing the North eec

Sea m , u c . s  c_ under varyc n g co c id ctuorm s
Thus model research will then supply the information neces-
sary for desu qnung the shape of the harbour entrance as well HA ‘ . V

as der ’d~ng the consfrucicon phases for the harbour dams
wr c , ’  i , will stretch out into the sea , The main cruterici m
throughout the study wm ll be ensuring the maxumum codituons

~ r s
8
~~

e nas’ugatcon of the largest vessels under all

0 tO 
- 

2 0 .c.t.e

Scales ’ Horuzontal I : 640; Vertical I 64
Watercircu lat ionm 1 .5 m3/sec
Salt consumption per test 5 to 10 ton S

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _
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In I i ’ ’ . ”, ourse o’ years the  great  i’c~~d , c u ,  i m c _ ( c , ’ u i ’iu’’c ‘ ho ,  I ,’i . c~ ii i  c ’S i ’ ., u , 1’ . . c  ‘0t H ,  l u P i u mi u’ i ‘ I

s ion in the q r m i w t h  of n h ,  Delfi H y dn iu u In if,? an d ’ v ( c _ ’~ m ’ , ,~~m ’  ‘m t m , t 1 1 SI c” , m u u ’ u t o u  the  cm ( , v , ( ’ c ” . ‘ , l  ( i i i ’  L i c d ) d , ’ ,, i ’ , ’ , De
lucs Laboratory has kept p/ coo with thc’ med by the Delft H , :I’ ,i,, ’ ’ ,  - ‘ . , m l m ’5u . i m ’ ~~~~ si a pr ‘I ’ m ’ , ’  s c m , ’ ‘ “v. h i  “;cngs
need for specia lused research fl the f i e l d  I’d deli’’ u,, , rce the n c d t m m  m c ’  c i ~ ”t j  the cc ‘c , ‘ dr Dc - lu  m ’ - I ur_ ”ui ’ bm .c  sc _ u’, up b r  i ’ll ‘

of hydrcculirs , so that now it c/c o ( , f f c ’ u  0 advisory work fo P’’ . , i ’ ’ ’’ i i  i f l  th- ~ no ; m O i , 0 0 ’ I d  , ,, d i , c H d , r , f or  l i / c ’  ( ,“H ’ ’ , , d 5c— r

wide n,mnge of knowled ge to a l l  conner- field o f hyd rau lics T1 ,cS s d c c d l y lock u ’ t ’ , v , i  u’s (h0 ‘ ‘ m m , ’ . corn ;, c c  w -~ ‘ ‘ c ’  he
ted w ,t h na t ion a l  and crit ern ;ct ,on al consideriut ,on esper .i ’ ’ y’ n h u ‘ m n i d e n , m i b l c  Sue I ,, vu - s t  q.” u’ Service , ‘ P”  ‘u ~ei ‘ € 1

I c i ‘ wo rks and problems tendency Pc uu, , , k  u/ c r ’  r c ’ . m ’ , m n n l  usc’ o ’ s e c t o r ’ , ‘ , rm , ’ir ou; / ’vm r ’’  I
( ho, g o s h  however is cu d  u n r l c ’ , ’ , u , I r / d iti ’ v ’n t c f i c a l l y l m i ’ _ t  l e d  and c Pu’ ,  I ’  ‘ Oil m , ’ t i c~u , u r m d ”  rug ,~r , d d ; c n ic  p t m u m c vcc ’nq and
able c c c i i i  of ( P m ’ c P r , ’  c ,  and economic vices of specialcsc’d insi I m u ’ : m j r i ’, un ihe the l i ’ , S n r , c , ’ m u / ’ ’ i , m ‘v De p mi , ’ nwv ” ’ tcs use ’

t.r production ,Ie m m ’ I 0cu-, m u/i of the c i  ‘ f ew decades. pne pana uion ‘if pr i ’iv ’i  I’ , as giving spvr  0 ii ’ ,” n oSed ‘u ’cC ‘
~ sta Oc’c 

“ , i ‘1 t ‘,‘c_ ’ rnic’i i nrj  f ro m modern ad - Thus naturall y was  laugel y m iss o i , m m m t u / c I  to he ca r rc cvd out 1), l I m , , h o ’

con trol panels vances ‘u transport f u r l n c’s enengy wiih the large h y d r m i m mi works being ‘l iver- fi g DI,ns md y Cs’’c”,n’~ h i . , ’ ‘ mu ’
‘~m r o ’ l ’ c c on , the food pos t ‘on and the carried out and planned m y the N c _ t I m , ,  su rm mi-iu r es . Pumps and l n d c _ °( ,  m i l  C m ’

rc q i ‘10’! ‘ o n ,  of , c c o u n t r y  l ands M ’ u m i s t r y  of W , i i n n w ~u ’ ,”, as c m ,  dcc and Vm’c’ ’rs and L o c k , ,
( l i i ’  c f u s t o r ’ . it should be ce uc l u sed , m’c nu’  r ’ , m s e m i r u ’ h  on this type of pnolect had (P,, ne w b u u t d i n g  w i l l  be lo i l Idle d on the

i a considerable “ “d ent  I nked w th c i v i l  been deve lop in g  since t h u  Labo ra to ry  ‘ . ., t s k  in s  of the Techn ica l  Ur ,  on ’s” .
m r  q u/cs r uvq works  the  u ’ f l m . r  t i v i ’n u ’ s s  of was estab l ished in 1927 But in  nod Cu/ I r v u p p l u ” x in the Zuidpolder at Deift m r

sc_ h I f , mu ’, wi l l  as ( f u n  opi ’ i t  d i r  c i  7 oa rs  th is  deve lopr. ien; nevaled a sor ’ the  area which  a l r eady  accommods ’cs
i i ’ I n n y  ,ur ,d g u a r a n t e e  of ...c f c 0 y are of e x p l o s i v e  cha rac t e r  in the form of (he R m j n r n o n d  t i da l  model and in whi ch

,d c ’ t c ’ r , , i m n e d  by hydraulic “iii, ,  di c h oru s a d v i s o r y  work for  the lower p’. u : m i i c  w ork has s tar ted on the b,,c m d , n u ~ o 1 (h i ”
‘ A m  of ‘P m I ~, , c r u d be , c , u u h ’ i r , t m e s  engineering consultants , ari d new win d wave t u n n e l s
provided , however t, I l , i ,  i t  l,ili’ ,r r u  i n dus t ry  and t rade , wh i l e  an i nc r ea s ing  These new f a c i l m t ’ e s  wh~ch are he no
research proportion of tl- e ,,‘ t , v i t m e l ,  ‘ orripr’sed added at the  momen t  ‘.v ml , in n d 1~ fu t u r e
Moreover advice of an b y ’lu i c i ch;cr the preparation of prolects for foreign ensure the ta sk w h i c h  (l ii  Delft H,’ Or / u c
acter us usuall y of d : nc ’ c  t ccon omuc ‘ ‘ o u r - t r i e s  lu cs  Laborato ry fulf i ls as ,r , ( v ’r ’u/u d,;irv rd

terest . as ii  leads to i m p o r t a n t  sav ing s  Or ’ the basis  of the  fo r u m i t t  produced the a f on e ’nr , e t i oned  cc h i n t  . , l  and eco-
in i ,u n ’ , t u  i r t  on costs or exp lo i t at i o n  by the studce  into the d c v e l o p m e n t  ‘ i i  r o r u i m i ’  d e v e l o p m e n t

I
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I
The DeIft Hydraulics Laborato ry is building a new comp lex 1. main office building

2. laboratory for pumps and unduatrual c urcu c ts
in the Zuidpolder near DeIft. 3. halls for model unvestugatuorue

4. models with salt and tre.h water
This will ensure that the Netherlands 5. workshops and un~t rume ntet ion laboramry

- . . S. wund tunnel . buildun g
will continue in the future 7. Rlj nmond tuds i model

to maintain its leading position S. ehup-manouvrung b•sun of the Teduruucal University
I reservation for tempor ary sheds

in the field of hydraulics.
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Wind tunne ls building 
______

3’, j u m n q  t oe  past  few years  a considerabl y deeper insi ght ha~ satus factor i l y with the aud of s t a t i s t i c a l  q u a n t i t u e s , so the
been obta ined  into  the genera t ion  of wind waves ,  Especia l l y reproduction of the wave mot ion is tuned  to thus h~ means
has the development  of the i n s t r u m e n t a t i o n  and control of wave generators whose movements are d e t e r n  ‘ne d by
tecbn igues made a v a i l a b l e  better means  for observation a programme c o n t a u n u n g  the necessary s ta t i s t ica l  r b a r a r t e ’ ,s

and c h a r : u c t e r m z a t i o n  of waves under natural conditions and tics , The adaptation of the detai ls  of the shape of the waves
f O r  reproduc ing  them in a wund ’wave  t u n n e l  us obtained by an air  s tream r u n n i n g  over the f u l l  100.metre
Th”u new deve lopment  has provided the basis for two new length  of the tunne l
w i n d - w 3 v e  t u n n e l s  wh ich  w i l l  in the fu tu re  serve as a d d u t u o n a l  Special  proviscons  have also been made for  s tud y of such
aids for the  ni  r e m d s m r i q  i n t e n s i t y  of the model studies for problems as the relevant  effects  of the wave m o v e m e n t s  un
r,’ , i r , t  ne con s t ’uc t i cn s combina t ion  w u t h  curren ts  from d i f f e r e n t  durec ic ons
ii modern research connected wi th  the designing of water .
; on t r o !  w o r k s  breakwaters  and d r i l l i n g  p la t forms,  the models
are exposed to such a va riety of s imulated natural  condit ions
tha t  the des igner  can give his  proposed construct ion the
o p t i m u m  d i m e n s i o ns At the same t ime , all  r isks can be care- • ,, _.. ,‘~~ 4

f u l l y c_” ,’ , i o iO t i ’d  as to the i r  impo ~~ance for ma in t enance , choice , “ ~~~
of u r a t e r ’a i  an d the safe ty  of those b u i l d i n g  or operatu n g the - . “ /

S
t unne l  was take n  into  use in the De Voorst Laborato ry U n t i l
latel y, indeed , both tunne l s  were u n i q u e  in the world of
hydraulics
The two new wi nd  t u n n e l s  a long wuth  a few f lumes  for tests
wi th  regular  waves are now being housed in a new complex ,
I n des ign ing those faci l i t ies , special at tent ion was paid to
the size and t e c h n i c a l  provis ions  of the i n s t a l l a t i o n  which
are grea tl y de te rmined  by the cha rac t e r  of the wave motcon
in nature This complex p henomenon can onl y be described Basis f o r security and effectiveness

- ‘ 
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Main Feature s of the Wind-wave Tunnel s:
Large Tunnel Sma~i Tunnel

__________ Length  100 metr es tOO metres 

~~~~ r Width  at water l ine 8 metres 2 metres
_______ 1. 

W dth  un wind  ~rof ml e  95  metres 2 metres
Heig ht - 2 4 5  metres 245 metres
Maximum water  depth 0 - 8 metres 08 metres
V ent i lato rs 4 x 60 kW t x 60kWthe Wind speed 0-  t 5  m/sec 0 -  15 rn/ sec
Water c i rcu la t ion  of pumps 4 x 0 2  rn 3/sec 4 x O , 2 m 0/sec -~ ~, . 0

by ,
~~ ‘4, “crc S - A r c h ,t e c t  Bur e au  op ten N o or t .B l ijde n s t e in  ‘~~yes l u ’ S t , c l , c i t m ( i n  A dv i so r  Bureau  P W Dee m s ,.

ttre M~~ u’ m ‘i r ’t ’ ,uc , tc j r l rc te mn a t cona l e  Bouw Compagn ie  ‘ ~~~~~~
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NEW
W IND-WAVE
FLUMES

• ATDELFT

p c _ b c  r i m c d  by ‘5 ‘ A s s o c ’ a u m e  c_ a,,
l~uge ’1 C c _ r i  err ii ‘:“ ‘m c ’ ’o’ B u r o

• sp ie s “loo m B - m o ~ ‘‘ r ‘ l C o ’u s u i u  u~p

E mup-ve e r s ) .  U t ’ec ’m t lim e N e u h e u l a c u d s
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INTRODUCTION

Building of uhe w ind .w aee f tu m~ s The opi unal cb s-  q” o f i u ’ i a r m u , u c u e to s irt  an ,‘, ‘ ‘ . m ’’ ‘r recent ,‘r ,s’ u, m ac
at Deift d t u , c . , t i i r es 5 p 055 i i ’  ‘t r em able  da ta  ‘b e eq c c ’p rne n t  used  opt s  ‘m o us uc ‘105, .’

are  a v m u m l ab le  v.’ m m ’ , uc ’ q -c ’.l to t he  ‘ “m a c e l  s i c_d es t i n  u s  lo n ger  be
i d e ’  dv our  u n c l e ~ t h e  , c ’ , , , , 1  c i ,  of ccc ’s cored  as adeq u aue
c u r r e n t s  -‘i no and c’ lvi’ s
These  thea ha -c to be obia,ned tram iTo n ’ ,’r , v n ” d  ‘ ‘m i t t  D e m f t  “c “ c c c  c 3m,
m o d e l  s t u d i e s  in a ,‘, r d - v ay e  i ’ ’ i ” l ”  ‘Or  t i m i ’ ” ’:’ s t ” m . C ’ - O” 3 ’ ,m ‘u e,% c_s n /  c c _ u , ’

The cn s ig h i  in to ihe genera t ion  of ucen d’ l i ne ;  d i v m i d ’ n ~ 0 i J r ” c~’/ I , ’ c_s , ‘ d •cv .mu e s
wa se s .  and  i ’ m, ’m I ’  c . ’ “ q m t r  a b o u t  v . 3cc’  and  t o  r e p r o d u c e  .‘. i to ’s -n c o u n h
i l i a d out s i r uc iur es ,  has deepened ,. I ”  cv~~e ‘ i t s  so “at  ‘nu~, , lm ~~ s t m . .t

- ~~~~~~~~~~~~~~~~~ 
- -

2 Inside of the large fl ume as seen
Icu om th e waue .basi n . ~~~~~~~~~~~~ ~~~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.-
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THE INSTA LLATIONS
A c i i i , ” , ‘ ‘I i io t h e m ,  sp c c , i , c c . a n C t , u n S  c o e t r o l i e d  f r o m  ihe p a n e l s  cx bo th  c The water circulation
the  ‘ ‘ms t , u i i , c i m a i ’ s  used are d i s i c n g u m s h e d  conir ol  rooms . In i he l a r g e  t i c _ m e  and in he wave
as i v m o . ’. s b The wa ve-generating installation bas in  a w a t e r  f l o w  can be , n a ’ , m l v i s i’d

Au ihe  end of tu e f l ames  are beiwee ru any pa c r  of two acb l r u i r m y

a The wind-generat ing ins t a l l a t ion  p r o g r a m m a b l e . s e rvo - con i ro l i ed , wave-  i , ’ mc c , e m i  channe l s  f rom the  to t a l  m o t e ”
in the r e i u r n  c h a n n e l  u n d e r  the l a r g e  g e n e r a t i n g  m a c h i n e s  w h m c h  can be of 5 in .  and  o u i f l O w  c f , , , , , ,  0 15 The
f l u m e  4 ci, ,ui  v e n t c l a io r s  hase been operaied hy draul ica l l y, maximum poss ib le  discharge a m o u n i s
‘n s t a l l e d ,  each w i t h  an i m p e l l e r  of By means of f h u s  c n s t a l l a u i o n . and b y to t m ’ s corres p ondc n g to a m a x c m u m

80 m d i a m e t e r , ab l e  to supp l y 60 m’ u s i n g  p u u c c h e d  or m a g n e t i c  tape ,  e a r u r a l  c _ r i S c  cy of 0.25 m ’s over hi’ I c c _ i ,  w m d i h
,m ’ r  per second  at a s iahc  head  of wave records or a f i l t e r e d  random of 8 m at a water  depth of 0.50 ‘n
50 mm waier column , to a t t a i n  a wind no, se, m u is p o ss ib le  io g e n e r a t e  and in the sma l l  f l u m e  a v e l o c c u y  of
v e l o c c t y  of t 5  m ’ s or 54 km h Placed m a i n i a i n  any des i red  i r r egu la r  wave 030 un ’s  w , r h  a wa te r  d e p t h  of 050  m
o a d s m d e  t , m e  a x i s  are direci  cur ren i  pa t te rn  w i t h  cu rb iu ra r i l y chosen energy can be m a m , , t a  ne d  us a similar o. ic~
e lec t r i c  motors  of 45 kW c a p a c c i y  ac_ t n  s p e c t r u m  be tween  2 c h a n n e l s  in t °mc ’ r ,m . rn tv ‘ig

b e l t  t ’vn s ’ur iss ion  reduc e d  f r o m  t to t , 7  The  d c m e n s m o n s  of the  wave  f l a p s  are room 5 w a t e r - l u b r i c a i n d  c e n t ’  m l i i g ,c m

The  “ m, ’c r b e r  of e u o l u t c o n s  per u n c n u t e  8 n 1 m ’ and 2 n 1 m ’ respectivel y pumps  hane  been cns i a l l ed  b r  i t s

‘s c o o t  ‘i vc_ o c _ c s i y  v a r i a b l e  beiween and i f , . c are suspended i n  a mobi le  purpose wh ich  ha v e an o u t p u t  of

0 and 1 ,500 1 t he  to le rance  amoun t s  ca r rca g e ’ s t r u c iu re  Each  one is m o v a b l e  0 ,2 un~ at a l u of 8 u” t - ,’,s of u u m r s e

is * 2° , The ad 1u sr me n i  us made by means  of hyd ra uli ca ul y - a c u i n a t e d  p u m p s  can pump water  , n u o  “ 0’
b y means  of t r a n s d u c e r s  cy l i n d e r s  one of w h i c h  is a t t a c h e d  ix the  s m a l l  f l u m e
A s , , u m , l a r  v e n t c l a i o r  d r u v e n  and c a r r i a g e  and the  o ther  , n s , d e  the  The  in-  and  o a i f l o w  c h a n m , e i s “ a,, ,

c o n t r o l l e d  cn ihe same way us p laced  c a r r i a g e  at , ‘ir top edge of each cup been so d imens ioned  iha t  a c _n for , ,
in the  r e t u r n  c h a n n e l  u n d e r  the  The  c a r r c a g e  d r a v e i s  On the  scdes  of d i s t r i b u t i o n  of f l o w  in the  f l a m e s  5
s m a l l  f l u m e  the l a rge  f m ,v .n, e and  on r a i l s  a l o n g  he e n s u r e d
Pa r t i c u l a r  a t t e n u i o n  has been pa id  to w a l l s  of t l ,e s m a l l  f~ 1, ,,, 0

• t o e  d, s t r ,bu l i o n  of the a i r  f l o w  over the t n m m  co o’ r equ ‘r ’- ’en t s  0 ’ “c’ ou t
w a t e r  s u r f a c e  [the  a i r  p r o t c l e  cs g r e a t e r  p u m n s  f u r  the “ c i t ’ c _ m v c “ i i , ’  - cer t  7 Wave- generation in bt3i l a t io n ,
i h a n  t h e  w a d e r  p r o f i l e ) ,  as w e l l  as to am,, nt  to 68 ~/, and 23 ‘A  r e s p e c t .  u r :~ In front the flap with h y drau l uc
th e des  g~m of t h e  si d l i n g  c h a m b e r , Ope ra r on r u n ’’c,- 5 T~ a ‘5 a” d  actuator at the top edge of the
d e f l e c i c o n  vanes , d i f f u s e r s ,  e tc .  a v t O ’u ’ ,i t - c  r e c o - o  ‘5 t , u ~~c ’ i t i ace  in  both carriage: at the back the hydrautic
The , n s t a l t a t i o n  can be o p e r a l o d  and c o n t r o ’ roo ms actuator for moving the carr iage.
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S O M E  F U R T H E R  DATA

lc,r’ ’a ’’ ccs  .,, t~,, ci m e n s  v n c n g  t i c ’  I , ’ , ’. i, ,is c_u , ’ , ,  m , .~c . c ’, l , c _
v u ho  i c _ n c ’ s h ac _ m to m , ” c r  t dii ’ ‘u l i a ’. s , , ’ q i ’ m’ D r i f t  H y dr a u l i c s  L ab u r . i i u ,y
‘r g o r u c_c .  r eq cc_  ‘e ’u u r m i t s  c, , ‘ , , . ‘ ‘ c l  c_, c cm , ‘m u i , ,  ‘Ass oc i a tce  c _ m n

t r , . ’ - m  o ,cr s ‘ 5, i ‘~ ‘~‘ d ”  .m, c _ o  fn g en ceu r ~ cx A r c u i c t e k i e n  Burn
iv i c - or - ,, -,t ac i r e  ,u,, ,,’ op ten N~ ur t ’ Bui j dens t e in ’ i c s c , su i u . , q

v.115 u’ 2 5  mnc r e c a t  v , ’ E’~m q ‘ ‘m’ s’r s t  U m ’ e  ‘ i t ’  c ’  ‘mc _ i ’ r l , u
d I m a ,n~ ’ Ca p ine  so c_ s iv , i , , ’ c _ c ” r  I’ ’ s l a i l  .‘ca s ,c , s ,~~~ . m l . .,’ sr u i , ’  der  ‘i’ m

s : c _ i r t ’ o n of inc  u,, . , , , c u t , ’ i ’  as an y m v n g n cc”, , , of i ’ , tci , m , i  i c _ v S  ic ’
‘Cs c _c u si c m ” ’ ’ i u ’ . , , .c r ’  as .r i c n c _ j ’ u e u e l  P d , .  sopo r , so ’,  ,v,, m l c m - r a i l  ‘n - s . c_ f  ‘

‘ c _ i . m , a i l s  vi t h e  Cuc,s ’
C ’~. e q  c_mic a . ’  u ’ i’ v , , c , c _ -  h a , ,
p ro ,  c ’  ‘I w c u ‘ e c u  ‘~‘c4 C O  * men iv  ti
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W:NDFLW~ BUILDING

1 . WINDFLUME. Purpose of this windflume is to have a special f a c i l i t y  in Iwhich to study models of any hyd r a u l i c  s t r u c t u r e  opposed to w i n d  and

wind—waves , The main e f f e c t i v e  d im e n s i o n s  are : length 100 to , w i d t h  4 ttu ,

height 2 m , maximum wa te r—dep th  0.8 to , maximum wind—velocity 25 rn/s

(50 knots), power of the blower 285 kW and maxomum water -circulation

(opposite to wind—direction only) 3 m3/s. Preparations are well underway

to ins tall a programmed wave—actuator , ic_ o ”teet t he  latest requirements

of offshore engineering.

The test running now is to determine forces exerted on cylindrical

piles opposed to breal.r.tng waves. The scale is 1 :40; waves with a signi-

ficant wave—height of 6.65 to are being reproduced.

d . HIGH—DISCHARGE FLUME. Models to be si ’Pjected to high veloc iti es are

built if l  the test—section of this flume . Maximum discharge amounts

to some 10 m3/s. Effect ive dimensions are : length 100 to , w i d t h  3 is

and maximum depth 2.80 to .

A t this moment tests are carrted out to determine the erodibility

of marine gravel dumped to form a slighU y—cl o~’irig sd . ‘I’his gravel is

applied in the Eui’ocpoort_project where dee~ p.-ir ts of the sea—Led are

locally he ightened by dumping large quant it ies of it . This is a fu~A—

scale model ; the prototype gravel with a mean size of 1 . ’ cm is also

applied in these ‘tests.

3. SMALL—DISCHARGE FLUME. This smaller glass—wailed flutne is used to study

various hydraulic structures not requiring hi gh discharges nor high

veloc ities. The closed—circui t system involves the use of clean water ,

an advantage compared with the high—discharge flume in wnieh ordinary

surface water is used.

The model buit~ in , is a section of a slm .iice—caisson placed on a

temporary “sill” protected wi th stones. The scale is 1:30. Sluice—

caissons of this type will be app lied to close the Northern gap in the

Brouwershavense  Sat . Tidal r’ l r r e n ts  will be allowed to pass t h r m c ’.L f ~’k1 the

caissons and would erode the sill and sea—bed if not t”rotected. Tests

have to gi ve directives for the dimensions of the bed protections .
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4 .  }‘d l . J.!lli . FOR S~~~IMEN T STU’DlES . This c: sia t l  lwne i i c” m t ’ ’ t ” cd 1,7 . i P d m i

L.XIU , . , ’m I e n t a l  s t u d i e s  on t ‘~ d — 1m ’ a d  t t ’ ,’c t l : :  . C t  11 .. Matt , c t  ! i . d m Y v L ’ j ’
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0. l~
A t ’ ,v l t d 2 L C ’_ ’fl tL i l ct i , i i y  15 nOW 1” ’ i r p’ on t -j  tle ’t v” x’ts m t i c ’  “ t o -  u O t  ‘ P t ’  it

local ~~crl ~ tG - ’c _ c t l a r t  ct ’ the  f l ume  (0. t~ t t c _ )  iLl ‘L ’~ s’ c , - b a v t ’ . t’ C I ~~ t .

level , nitler t~m cn—s ’t eady c on d i t i ~ ’ t c _ s  of flow . !‘, c ” i — s . - , ’, er ~~.a~ lc_ tt d 15

bakelito , mean grainslze 1 .7 rt ~~~. The t l o n — ’s ’t e a d ,v s l a t i ’  ii a i , .; t 2 c _ ’ , t ’ , ’c _ t i  l C d

one ; ,-o ro!Ltlons are altered daily.

Ito

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , 

-,



‘L’t’ ~ ‘dI ’td iF ~~~~~~~~~~~~~~~~~~~~ ;, ‘~ 
u u  (i~ 86( 1). F’ . : : :’ of ‘.n u “. - ‘ i ~~ 1

Ii It I~~1~~ l St  ‘~~~~ x HC tn , iS  Cl i  ~~~~~~~~~~~~~ S~ .4 c u ” :. ’c. of c l i , s i r , c ’

l W ’ ., j , i, t l  c ”it S i t. 5 p c _ ”  L . c _ I .  aCr oss tIl d . , W d i ’ . i t . , . ’J~~’ t c i u m  t it  i ’  C ’)

ie ’. c” r ’ i ’ 1~~e t t , e  f i  ‘ m b ’ , ,‘ - i ’ r ~ and max , ’s. l’ :. r u r r e l l I  v e l - , m t , i  t i e s  o

. t u c _ ’ ; c ” t -., i l  Otti~~’~ . “ , ~~
‘ ‘ f  c-I s - i c . Th’: h o r i s ’ T - r s : & 1 — — s ” a ’

~’’ i t ’  1 :  ‘,cmcl i,, ’ . . ,

to  t 0 —  ,‘ ‘ i i  c_ 1 ‘ CC

‘:‘~~ el , il tt. i ni l .’ ’:.’ , ‘r -  ‘i .m O t L t l C L ’c _ t , i’ Lo t, t h e  t ’ l m ~~”t”? , t  i s c il ‘e 5 m . r - i i ’.~~ Iii ’S

iii , ‘,. ‘ ,~~~ c’ c _ c _ 5  1~ ~~~ b i l l  .‘,‘hi. : h cocu- ’,r c  t he  t i d a l  t o i l  , m I  C l i ’ ’  ~uj ’ ’’ c~~

~ m .t h cii-i- m ” :.. 822), u t l e  tit t clc, I ’Ccr e i l l  ~~ ~i . . t l l b  De :ta 
~
i

A : ~ r ’.m : ’ ’ c ’, T h  s ‘id l td’s LLIIC ’ s l O O p  - ‘ ‘ t .  C .,di, isQ rl C i, 5 “0 ‘ C c

sa:ic 0 ~ r’ , ;or ti ’ t m . i f li ,l sc cc ‘d: t i ,~ , ‘ l l  au we- , 1 as t he  same ~ ~ 5~

1.-s

At CC , s to O l l m~~ 1 . t , t O e  f o l l c w s ng  ssa~c’e itl .,,c’- .li ’iI’I t 1, ,’,;

‘ i t t  Ii i , u ’ 1:  Cr c_ c So ’.i t r , t t r t ,  fa~ - is c lose  .1 ( “ . o t b .  S Of i ’C’ :i ’li ’il l C l Q 5 ’ .lF Em

s o l es hao’ e teen d m ~ u’,’j to m i l l ‘, ,‘.,- who le  ~~~ ) a r d  i s  th~

I’ . i ” C t c  ~-n~ all 51 :i -e cal ,:-so t i l t  h a — p tmc ’en  p laced ( : n e t k ~c”i of ca~ SI” ’.!,

c l o l l , r o)  t - , i  t h e i r  i a C e C  are st ill oj-el.ed , a i  ~w n g  ti’~ ’i ca’::ert

C O  t a r s  t r i ~~ Im ’, i h . Tho’ ’,sode l is cFer’ m ,tted a- .Coma t i ra l ’ i s’ ; the

C n o gr ’tm sor t a i r ”  .~ nSa’, c ’ t  suceesss’’e t t d a l  ‘i’ .” a i r I c l o d o r , - a

s~ \’er”.- stor:ri s,~: 5 e .

F

_ _ _ _ _ _  - 

-_i~~_~~~ T~~2~~~~ T~~~51~ ,c_~~~~~ - ________________



- -

OFFSHORE T~~T BASIN

The ta slo is speciall y designed to study offshore proLlucrt s. 15,2 tr ain

et ’t’e m l t l ’ ; e  dt mensions are 25 x 25 to
2

, maxi ..un water—depth: 1 1:1 . Ii  is

~mro ’.-ided wtt h 7 flap—type wave generators which can be made to ass

separately. Currents sac be introduced int o three directions : ei ’~r ei’

per ’ j. c r i d ico l a r  to the ,,“ve direction , or in the wave direction (either

aio r~ ; with or agai co t the wave). With maximum waterlevel , t idal s,~r re n ’, .:

with a -. elocity of  0.5 n/s can be realized.

Tests now b e i n g  ca r r i ed  out concern a dam b u i l t  up of concrete

,i.es (as ~art or toe Delta—works), of which the stability is detor’rr~i rc_ ou

.irc_ d er t r ip  combi:.e~ action of waves and appreciable difference of waser—

let -el  at  L o t h  s i d e s  of the dam .

NA .’IdATION 11 CANALS

M ‘P. . . A s t rai~~P c_ t stretch of canal , housed in a hail of 200 m length ,

a~ pli u lt it to cC -idy all  hydraulic problems encountered l~’ one or more

ships sailing C rc_ rough the canal. Already studied in this model: seca—

‘h oar of several types of ships when sailing at a certairl distance f ra s.

the .:ai’c_ al — satu s (inland cargo vessels , ordin3ry tows , and push—tows),

tnanceuvres with a combination of one or more types (meeting and :‘assta~-),

and several studies concerning ship waves , transla’tory waves , and staLm i_

lity of the canal—banks. The scale is 1 : 2 5 .
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OPEN AIR MODELS

1 . COASTAL INLET “ C A N A L  DE VR ID I ”  A’~’ A I I I U - J A N , IVOR Y I ’QAC ’ ’ (~c_~ ) 1 4 ) .  T h is

model i S  CO :‘t oil y nears; , t r ’ prov cdi r i g  o o i ’ :’ i c i u ’ t t t d e C5 5  in t k i c _  i - !  t ’  I!. ”’

on ‘i - o i u a l f  of 1:111 ppi r i g  ‘.u l s i t  i n g  Ab id ja :~—harbo ic_ r . D , :e ti, l i t  .Si’ ’i l  L I ’ a r t s :  i , r’C

caus ed by waves onl y ,  sarge q u a n t i t i e s  at’ sand a:’e d eCo s i te d  15 l’ r c , t ; ’. of

th ’c ‘ , - i , i o t u r — t r u o u t h . Deepening t h e  e t u t r . ”i r ic ;e w i l l  decrease t t u c -  I i d al  ‘ y ’r ” • : . C s

and titerefore the dc~ th , an s t u t a V~~~2 , t ’ - ’ i s  Ic c o n d i t i o n  f o r  c :!I i~~~ ’i n, - . I:, t o o

::nodeJ , t i da l  cur rent s (s teady ebb— or steady f lood— rt ’srr’ c ,-n t ) ,  l.lS’iu i t O , arid

l i l l ur  u , ‘ross -crC are reproduced. The scales are : h.~r’~~so r, :al 1: 1~~ C ,

des ’J”. U .

2 , RI’J~Tl FHIN ’E AT THE BIFURCATION NEAR PANNERDEN (M U 3 d) .  A.: a so ’.u ’:

is t he r I ’.uer  Waal (one of the downstream branches) w i l l  a f i ’e , ’ ’ la’ :r’u ,, ,  i s

:~o’ : ‘h o l c t ~t t s r i i conditions at the  bifurcation , s ius de l c t  ~~~~ L ’j f  i ’ s ’ 1’ -: .

i-: s i l  be b u i l t  to study and solve the problems encountered. OrJ :,’ ti, - : or ’

ups t r eam of the bifurcation has been built fsrst , in order Cu caliura :e

this separately, thus collecting valuable routine and erial I irc _ g as econus,’. sai

design for the two branches to be built this somber. The model is s a t  ie,i

with specially—graded sand (that is , any desired jairtl:-le—sibe distributi on

can be arranged ) prepared and selected in the nearby sieve_ centre . ‘ ne

scales are: horizontal 1:100 , deFth 1 :40.
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THE SCOPE OF THE WORK

c ’,, ‘ ‘ r ’ t iu ,’ I ly c _ I t a i c _ lucs  lt c_’sea r ,lu ‘i t . c _ t l , ’ i ,  u , t , ’ s t i u c _ I I  t lu c_ - 1, - I c c ,  c c ’ , , ,  ‘ ‘ u ’s c_ic r  t i c _c_ i s  ‘ c t
— , ,prit  c_ h . c _ r i u c , - i  - c , , u uc_lut , , , i ,s  c_ i c c3 , i i ,  ua r t l , ’ I u I , c_r . ti, , ltvclr a ,,lic’ 1 ’ r , ’ b l r c _ uus  c - u , , ’  ‘ , c , , t c_ ’rc  1 uI c _ t~ ii t’ i ’_’’ i’ ,c I—

‘i c_I I t c , ’ , c - r - , t I , c _ ’ u , , c _ i , i t . c l  c _ c ’ ,  ~, ‘ c _ c l  s, , c_t c_’r .ut ’tc _ -r u r i c  i 1—i t . , t uc ’ u c _ c c ,  t i ; ,  c _ c _ r Ot ’ ’ ,,,ut .c , ,‘ . chr , ’c_, u ,’h , l t . , c i ,  c c_ c -

nc _I c_ i  str c_’,iu c_ u s  c _ i c _ c l  c_ Ic_ c s , ,  rc _ u - r ’ t , ,  Out ’ c’,- , .  I t  tic , l , ,c_ l , -s sl tc_ ’ c _ u c _ c ’ c _’sIu g c _ t c _ cc _ u c _  ‘i ’ ‘u ,  hi , ’ , , . , . c , , , ’ , , . uc . I  us i c_ h

!,- , c l t ’ ’, ’ Ic _ ’ c t , u c _  s,’ Iuc _ ’ c _ u t cs  h i d  H i s  c_ ’ c c t i t i , ’ !  ‘ic ’,, c r , ,  s c _ i c _ i t  .c, ‘sc c_rs  . .; , , l , 3 ’ i i l c c . c _ s s , t lu c _’ i t , , , , , ;  c _ l c d

, ‘t ’ rn’ , ’r , c_ u ,,!  cs tu i , c_i tc_ ’s , tI,, c _ l c _’v c_ ’ I c _ ’ j ’ u u i c u u t  . 1  ~c r t c  ‘ cc ci ‘ c t  i’,’,,i c c _ i c c _ i  t l c _ c _’ i c - V c t .  I c ’ i ’ ,- I ,,, ,c_ st

,-r , ” , , - , ,  I i ci i ’  i’ , , t , , , s ’cr  ¶‘ ,c i cc’. . , , , r i i , , , c - ’ . 1. -~~~, ,  i”i” , , , c_ , k r 1’tc ’.”. crc ’ , ‘r , ! - ‘  ‘. , ! t . c . , ., c _ I l

ss-luc _, l t c _ u , - ( l tc _ ’ c _ , c u u c _ c _’ ruc _  ‘ - I ’ i i , , ,  1 , . , , , c c _  c i c ; c - ,t i c c , ’, ’ .uuc _ c _ I c _ rc_ ’ ’’ . . ; , ,  . 1 I , ’ a sc _s l u t  c ’ u J , , I , i . c _ u t ’  tc , t lu , ’
I I i , ’ , , , , , ’ , t i c c ’ I . c i ’ ’ ’ r , c t ’ ’ u s  ,ut East t l , i i . , , , I , t , ] . , ’ ’’ (iii ’. ,, ,- t - ,,’ ,’’ t. ’, c i i , ’; ’ ss. ’i i . , J i  i i ,

uc _ c _’c _ c _ r l t lu c _ u u r c _ u u g  i cc _- Ic_ l i  c_i, ’ lu s tc_ ’cI , ,u, p. ~ i .

1,- c c - l i t  cdv . , ’ , .  ‘s c _ u ’ H , , u , l  c_t t cc _’! t ,c _u c_ ucs , c_ t i, s clc _ lu , u c _~ ~c_ , c _ uI l~ t , . , : , , i ’  I~c I1 ,, ‘‘ ‘ u c _ ’t u , c_i  c _ c l  s c _ c ’,

tic’s, , , ‘ i , c l u u i , , t t i  it c _ l c d  ,‘ ; , c : c _ u , i ’ c ’ t i ’ ;C l i o i i c ~ , i cc j ’t~~I , c i ’ . c _ ti c_ I s, c_ c_ c_ I t ’ i u , , c ,l ,-Is  c_ i, ’
c_ c_ se ,! t , , c _ ’ h t , c _ c _ u c _ i ,c ’u, ,,, t , , , , , ,  . c u , c ’ i ,  t , , i  ii , , ,i,’’,~’t , , ’ i pi c 1 ’ .~c c1 i5 ’ ’uk ’ c ’ 1  - ‘‘ ‘ i d , ,  “c _ c t , , . ~ , 

-
‘

t u , ’c _ ,s c_ i c_ i n t , , ,!, c_ u t , ’ spc t ’lt ’uc ’ c_—c_u g uuuc _’e r uu u g ‘ r , ’ l ’ lc _ ’ u , c ’ . i c ’ l , c _ t c’ c_ i 1’, , t Ic _ t , ’ ii,’’ I. ‘ ‘ ‘ i  ‘i K . ‘ :j , ’u c , ,c t ic _ i
i h c ’ i , c _ t l i t i c _ i t , c i i ’  . , u , ’ ,’,c_ rr u, ’ c _ I c _ ’ c _ u t  ~s , t i , t J i t ’ , c _ u , l , ’ t u tc _ , ’ c _ Ic_’I”-

i c _ , ’u , ,  ,ur c_ ’ ‘..c ,  l . ’ ’ c i , ; ,  , , ui  rc~,,c v i i i , , ,  t uuc_ a tuc_ lv  i - i  ,~ t c _ s c _ c i t u u c _g c_ ’tc _ gi n cc _’r s , c’~i :uc  ic _ ’ c t u u i ~ , , ‘ t , ’, , . c ,  i r s ,

u u u c _ I c _ c _ s t r c _ . c l  ‘ u , , ,’,, - ‘ ‘ ‘ r i  . , , t ’ l  l c , i ’ ’ ’ u u r  t r u i - ,t s . c _ ut c _ l ‘t i c , ’, . i l ’ Iu ,  i ’, , ci l , ’’ c t I .  l , , , i i i ; c t  I , , , , c ’r i’ , u l t c_ ’Iit
1 , . .c i..’ . l c _ i ’ ’tc ” l ic_ t i ; ,  t , i ,  , ‘i i , ’ . , I u , , , c l u c _ y r ,”,.

i c _ c  t i  ,l, c _ , i v ss , ’r k I I , c _ -  i,i, c _ i, t , ’ c _ l i  
~~~~~~~ 

‘ u ’ 
‘ ‘ 1 ’ c :_ c i;.. c r , t , ; t l - ’ . ’, c ’ ’ ’ 1  ‘ .

c_ .~~ailc _ }u ! ,’, , d u , ’ t , ’, c _ , I  , i t c , , ~ ui  , h , c _ , , u , c i ,  . c , , , i  , i l , ,  c i ’ . i ! , c  t r , , u d ’j ’ .’rt  - i ’ c, ’ , i i ~ .;i t ’ i  ,,, , . , . , . , , , ‘. ,I t i ,

i , c _ , - ’ ’ r i , , c_ t t chit,’ , , u u c _ l , ’r .c ,i, ,‘u s , ’ ’ , , . c _ ’  , c _ , c _ i , , h t

F2
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Flumes, channels and tanks
l i t  , ‘,, ‘ c _ , c ’ , c_u c_  I i , , i is 1v’ : , , .c i , l c _ ’ i c ,  u i c u i  u ’ , t h u  r, - ,c_ ’a r , l c_  sv, ’r Ic c_’r it l ,vc_! r ,c_u c_lc_ c_,s c _ i l  , c_ r, ’ 1 ’u , ’ ’. i i , ’ ,l
i , c _ . c _ i u t u u v  c_ i  i i , , - \icii ’ , l ~ rh~ t i c _ c _ t t t e s , i , , , , , ’ i ’ h i u c _  l c _ ,‘at c_ be tc i i c . l , i . c _ u~,;~ lu I, ~5Ii i , , ’ , i c  c 2 i i  ‘c i i ,

u _ i c c _ u i , . c _ u , , !  In c _ s c _ _ i t t  f r , , c _ u t  a Ii ‘‘ u , c i , ’ i ,  i _ i  I, ; - u ’ u , c  , I ‘ ‘ u  , h i . c _ t u , , , l , _ crc _
s s u t l u ’. s , c c ’ — u , , , c _ i  , ; ‘ , . ‘ u u u . , ,  I , , , , ,  r i  - ‘ ‘i i , ’ bc_ ’c _uu c _ z  t c _ , t . c _ ll s ’ i i ,  i , c_ , , - ,l , c _ i u c _ l  i , i i , ’ ,l ,s’tth c _ ut ,‘‘ , t r . , ,  i c ,  i c _ i .

Sv c_ t c_c _ l  c _ u , ,  lie c _ c _ i u~ ; ; i c _ i l  .11,,1 ii u , , , u , , c , , ,  c _u, be ‘c ,i~ ‘i c _c_u  i i , ,  i c _ c c  of ’ r , u i u c l , , c _ u c _  is u i , , i - c _’c _ ’ u ic ’ t , c _ i c _  ,i St ., yes ,

‘c ‘ ut  r c_ ’i u i — i t t c ’ t c _ ’t r . c _ t tu t g  c_ sic _ k is . c _ v . c _ u I , c _bl c_ ’ I . ‘r dIe c_ ’ ahi , r ,c _ t I , ’i t  ii ’ c, c_rr ,’u c _ t  u u t c _ ’ te rs ,
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OUTLINE OF THE WORK

Collection and app raisal of data
l ’h e , , ’ I I , ,  i i ,  i c c-ii,! ,c_ 1’1’r,c-is .,l c _ u t ’ it,,!,! , l . c _ , , c _ ,s . c _ , ,  c’ ,,,’ u u i i , c l  i r c ’ —r , ’, ] ’. , , s c d ,  I.’, a tc_ v i t , , id eI s t t i dv,

i r c t . c _ u i _i . c t i ,,i,, L i  cc ’hu ,uc - it l i i i  ~‘‘ t cg .c _ c  u , ,,. c_ re , . c _ r r u c _  , i c _ u c _ c _ t  • c_ u c i , , , ,  I i ,  . a ~~~ t u t u c _ c _ h t  - ‘I O ut ’ d ata
t h, u i u , c ’ iv c ’,; the St_sic_c- ,,, c_!,ics , Ii. ’,, ’, i c r , ‘ , , . c _ u c , i , , u u c  c_ s l u r , , ’, te ,c -c_uu i i ,  c _ i c ’  ‘ ‘ , , ‘ , t ’  ,, , h . I , c ,  i ’d  ,~ ‘i

c _ i u i , , r u , u . c _  t c , , u c _  ,~ !,,,, tht c ’ is r~’~~u u r c ’ ,I

Structures
I Ivd r .c - uul t ,’ s t rc_c_ c t u c - r ,’, i , c_ ’c _ , ’s., c_r s  t ,, , !c-re,’t c-i,,! , ‘ ‘ u , t i ’  1 dt e t l . ’ ss  ‘i

’ n c _ t s r  s . c _ i s  i i ,  clc _ ’’, c ,u  .1’’ ’ ’ i . i u t , c _ . t
c ,, t he ic-_ s ic _ r e c_~I’ tli c _ ’ b’~~’t ” c _ i t , ,r cc biuc hu , l u ,  , . c _ rc _’ r I - c _ p c _ c _ Ic_c l ‘5’ c_ i u .  c_ us ’. , , c _ h l ’ , i n u l p r c _ c  -i i  ch i c i c _ c _ i , ,

c c_th ur  the ii,’,,’ , } u . c _ r , c _ c _  u , ’ u  u . , , . ‘ir the i r s  u u , c  -~~~~~~ ui chic-’ strc-c_c _ i c _ c _ c _ c  c-,u , , - c  .1~ i ,,, . c i  c _ s s t , c_ i c_ , l . c_rc_ l
) ‘r . c_, , i ,c  t i  , i , , ,hs  ,i,’ , u c_’ u c s  h~- nuc -k u i t g  c-ui ,’, c_ , ; i r , ’ c _ u i , ’ uu i s  ,,tt ct’s), ’ tc _,c - ,c_!eIS , t u ’ ’ i u , Icc , ,  ii ’,i’ b’ id ’~

ii
~ 

i u , u i ,

, , , , i s u , l u ’r. , iu l , ’ , c ,  , , u , . c _ ,  ‘, c_ c-c_i h,, iii,,!,,, N i , , , ,  i , c r , ’s sic_ sb c _ s s~’ i h h d ,  5’ , s~ c i . u ~g I ’ ~~
cI Sc_ c-c ,, , c r ,  I r e , 1u t ec _ i t l s  i ,  ‘ii ’ ,! ,c-t (Itt, “ d . c _ i i , , , t .

Problem of flooding
lit cI te i ,,, s ,’r u ,  . c _ , I , , , , , i r c _ ,  i s , , ,  lu c i d ’ c_’i , c_, 1 u , ’ t , i s  c-r,- i t c _ u r i t i , c _ i h s  ~i u ~’hi _ (l i e l~k c _ ’ h u l u ’ — . ,l ‘u t i , ’ . ’ ,i u ’ , u i  us

gr ~’ .c_ t s’r c It _ c _ ti  c _ i ,  this ’ uc _ ppc r  t I c_ i I c _ s  I ’ I uc _ ’ c c _ u  i , ’ , , , ~ s ,, i s h ’ s ,, li i ,  l i i i , ’ , ’ , i c c _ _ u , , uc  in’ rc _ ’ , i , c ,  i i  lus’ c_ !e e pe uc _ —
u, , c t .  ci u , I e u c _ u u u g  ‘ ‘ u , c _ i c _ - , ‘ , , t , d ’ i lt .c-tc-c _ ie is, by ‘; ~ ‘ i c  c , , ’ cc ’ ,’, , ’  a uc _ cI  !uru ,! c_ze s c_ ic_c l , , , t , s u ,  ,c ,  i c i u ~ t lu , , s I

u , c _ l ’ ,c-uc ’c_, ~~~~~ c_ a,,,! t i. ,,
~ , /  , . u u ~’t c_ I t _ c _ c _ t I c _ el ,  1 ’i  5 , .h , ’ l l tc _ ’ NI.t t ~, , i i  s t u b  t ’c _ u t d t c_’r i , c , ’ . iu I c_ i c’est t g _ t t c _c_ ’ i i ’

In ,c_tch t ic _ , , dcls h ,, ,u i , i / u , ’ r i s , ’r t’h_ c- ,c- it c_’I , u u ’ l  i / u ,  t , , .  ‘ , b ‘I _ c- c _ ic- ’ h u r l , ,  u i , ’ l i l t , ’ r,’pr ’’c!cu ~’ c_’ c _ I

~ ,~~ ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~‘ 
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A l!c-c_ ’d t c _ ’  the ii ’  ‘rk oct ic-upr luving river chac c-cc_ ds is the stu ,l y ‘,t I i , ,,, t i c _ c _ I  I c _ i  c_ _ Is  cr , ’ c _ i t , ’ , u I  by
ect , bac- ,ktn uec c- t s carr yc _ ttg r ,,ad, across tI ,xud p lac-ic-s. Ope ic-c_t c-gs a re lit S i.Ic,l u c _ cIte s ,’ c , ,c_  I , , c_ ,, i ,  c_to’i c- ti c c _ ,
all c_c- ic tksod 5 cc_ u ,’, to p c _ ss  so that dc-c e ,i c-b .c_ t tk c_c_ ,yc - , t  •I ,c_~ u c _ ’ , t  , al ive a, !,lc -t c_,,iual 1 , ’,!,,, - I t , , ,  ii,,,,

th,c_ ,d arc!,,,, arc expe c-c _ c_ tv e ic_ i i r c ,v c_ d c , 1 , ar t c _ ,  1 ,1 11 )’ 1, ,r Si I ,lc ntu c_ lc-’rc -c_ u i ,  i u , 5 c_c _ Is , it c_s diii,’!, ic ’
it ccd -u ,. u r v  tc_ t cn ittit ,t i’ze dc-cii tiutt c -ber atc _ d p lace the c,c -wIc-ere the~’ svs!l be c _ i c-c _c_ s t c_ IC c t i c

5, I c_ i ‘u at ‘1 ~, uuc , u u • t ,c , c_i ,  I,, , , , .  ‘ , u , I ,‘ , c _ ’ a ! , i ’ c _ ,  c _ t ic _ b  ci, —
, i u i ‘I i . u  ‘i i~ c _ ’~ 1,1, ‘f lit ,‘, I, I ! ,  c _ u , ii , ‘!•c -, i i i  u ,‘~~~1 u , ~i i ~ t

h~ _ c_
s..

- _ _ __ _ _  
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Sediment transport

It .‘ - i i  ,, tt ,- si ,  , c _ u u ,  , , iuc , I  c’ , c , , ’ , c _ , ! , , i c_, - c-’i , ,~ ’i t , . ,’  - i . ,

I c _ , , ’ i ,’ , u ’ ,  i - i  , . , i c i ’ . , i , I I u , i i ’ ’ ’,’, , u , c _ _’i s . c _ i c ’, b I , , , c _ s i l c , ’ ; u , ’ - i , ’ ’ , ’ t ’ j  ‘,}‘,c _ u t  ‘ t i d  Nu , , ’ - ‘ ‘ .5 k c _
c , , c _ c - c _ ! c  --i ii ,, i ,•, i , , u . , c _ , , , c _I in c_ c _ u ,  i t c - s  , I ,  s - i l  t u t  I t t s , c _ d c c _ t . c _ i c -  ‘ d , . ,. ’ i c _ i  , , , i , ,  I , ~ ‘ 1 ; , , ; c _  ,, -

iii,’ i , , , , ~ ‘ ‘ ‘ / ‘~h i t  ‘, c _ , i , u i , c _ I  y~’tt  , , t , i , i .  c _ _ , i ; u i  - ‘t . c _ , I , i , c , ’ c _ c i  c _ u , c _  I i i  t ’ ’ , i , ,  u_c-c - ‘t ac _
i i , ‘c ic-,’, , , b ,  i i , , , ,  , , ,  I. ’ , ,s . c _ u , ’ - u , , ’ ’ u c ’ ’ I i  c _ u , , ’ ,, , i c _ c ’ l i  i -u ,  i . ’ u u , , , , u , ’ ’, .‘ ‘ ‘

~ ~“ . ,i
c _ i , ,  i ’, , , I iu  ,c-i ‘ I i , ’ u u , t I c , , ’c- ,,,’ ’’  i ‘ I , . c _ , , u u c _ I  is c l i i ’  c_ u , ,  I .c _ s t c _ c , i s  , ‘i ‘1’’ ’~’’l’~

- ’ c _ cc , I  c-l c _. , l ’ c _  , , i ’ c _ i, , ii , , , , ‘ ,

!l uc  ru , ,  -i u i , . ’ , ’ i ; ’ . , , , i s i  t b , .  - c _ c , , c u , t  u , ,  ic c_cu , t , u , l ’c c  - u , , i c _ c _ . , , t i u  u i , ~ c _ i  ,c - i . ’ , c _ i  , ,t  ‘ u . , d

, , a t I i t c _ ’ls ii . c_ , ,’i~ c_ b ’ i , ’. l i c _ ’c_ h c i , c 1,c-c i , - i . e _ l , i’u l c --, ’ , c _ I t , ., uc_ sc -’ 1 u !lc _ ’ ’ _ t i . c _ c _ c , . c _ u c _ t c _  i c _ u . !  c ,, ; .. c_ ’ u , ’ , t c c i

‘ I ~ u u . ’ u , . , c - i c _  I , , ’n s d , , ,  ( c l i , , ,  I ,, ’ i i ,  c_c_I ’  ct ii ,, ’ ,i ’ t . c _ i t c _ ’’ i c _ i ’ ~~~~’ c -‘ l . . / c_ ’ , i c _ c _ S I t c ’ , ’ ’ ’ , , , c - , , u cu , ’ c _ c c i c , ’ .

i , u ’ i t .  c_ i , ’. ),! 1 , 5,51cc ’ ci ‘ ‘dc  . -i t u l  i c _ I ’ c i ’ d ’ ’ , c _ ’ ’ i  c _ t u , ’ ’ ’ ,,‘ ,I i i i , . ’ -
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Estuaries

\1.c i u s  c, f dic _ t ‘si , c _ i l c , i u s  tcc-_ c_j c _~r u c _ c _ , c _’ .ii c _ L . d u u ’ ’ u , ’  I l l _ c _ i , ’ I ’ ’ ,‘s i c- u, c- r ic _’s ci ,  sc- Itt ,! ,  sb,, ’.ci u i c c _ ! . t lc-c _ ’
c _ d c _I It , t t c _ , t , c _ ! i c -hc _ cv , ,t ’ I , , ss — s , c _ c u r  ,‘Ii , c- ic-u c , ’ls It, c-s- u’ 1’r ,’sc_ ’u ctc -’ c_ I ,, u , , , c _ , ,  t ’c ’ 1 c ’ 1 ’ u ~~ ‘ ‘t i , , ,  c _ c —

i t c _ c i c _ c_~r ,I rc_ ’,I g i c _) g. Ss c_ c_ ! t uu ,5 ’ ,’s tu , ,’.c u i , ’ t , s  c_ c -’s’ , c ’ ’ , u l u , u h i ,  u , , , , 1 , - s n t t l ,  tIc ,- c_u,!  , ‘ i  I c _ t y’ , — ’ ,  . , I

t’c_ lc n lt p t ’ ,! ssj t h s e r s , , —, , , cc  t r , ’ b h , ’c_I , uu , ’, hu , c - c_uc s uu us  for  rcpic _ , c _I ,c c_’ iucc - z , i I c _ ~ i i , ,  ‘ ‘ , , ‘a I ,  t,,lI , , ,  b ’ ‘ ‘‘i ’ ’

c i , , h , -’ lit ‘c-c_, c ic e Ic - t c _ c c _ I ,’!s s,c- li ic_ tt~’’det t stt u ,’ t ’IIr rt ’Iu t s  tic _ si c _ i f l—s li , ,rc I i c _ ! , c _ !  I i i i c i ~ i5 c-rc c_ I ’’~ i ’~ ’ i ’ ’ ~ 1,, ,  1
‘I I , , - S i . c t , , , u u ’s S,irs’ c’v S, ’ct t c_ uii ,‘I t u ’it c_ ic s c ’s Icc ’l lt ,s .ii lt •‘s tc ,, c_r s cu c s ’ est c_ gatt u uc -us ’. cs , , r k , u c c _ ,  I i u u ~ ‘b’~’ d.c _ l i ,
C c_ l tc _ t !’pccl hc_ ,ats , a u t _ s l i t  c_ -a ,, ,c ’Ilc ,t t i i f’c_c rt ic -,c_ ic - ,, tt l i i i  c’ c-crr ,’t , ts , ,c !t I I I , , v e cc_c -c-’it t s ,c-tc-d ,. u I u u , , i , c _ ’’. aitc_ ! s _ c _ u I

,c-rrv c_cuc t  ,‘x}’c r tc _, Icc -ut c itstitg ~,c_ ,hc_ . c _ c _ u u v c  t I c _ c crs , Sc_ ui i, ti l’ these I” ,I ,l , ’ u , u ,  ,c_ ,c .~~, u i c _ h~i c _ that c-t 5
tic _i c ,c_h ~s c_vs ,, - or,,’ ,’ c-c q t c _ c c _ u t t t t a t i s ’e  cc ’us ’ hc-c i j , c ,u s , B c_ c_ i s , c _ b , ~, c_I .b , - , 1 c _ , . c _ I c i . c _ u i s  , c _ i d , 1  c c _ . i , u 1 ’ , , , , c _ ius ’ c
i t’SitIt S iliac !~C c_ btaIic _ e ,I , particsc-I .c-r !y b y ss’c’ir kc_ ’rs cc tb c’\ IC ,  c c _ c cc  c\ 1’cri , ’ u i c _ c  i i i  cltc- s liii,!.

c _ u  , I  / u / l~~~/~. , , c_ .,c~1 , , ,  u~’.iu c I c-i it,, ‘ ucu ,  i ,  i t c c _ ,  /~~‘
I c _ i ,  I t ,  , i , _ d ’ c i i  1 / I, I Ia , t  ,,, , , , ~~~c_ , , , , i , ’ i ’ ’ _ i ’ ’

I, ’ u ‘ u  t , , i t i 1 a, c_ i / ‘ , u u u ’ ’ ’ c t t ’ ’  I, ’
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Wave disturbance problems and the sea coast

t,)it the c_ , , asi , the Sc _ s t c c l ti  cs c_ .’,,ii frc_,nt c c l it ’t tlt icc’,, i , ,aI , ,  ‘I’ “ ‘ ‘u u u , s c s i i c _ i . c i  i, ,, - thcisc deaic-u,g sci le ls’ di i 1 , wave i ’ , ’ ’il .” a lu c_ l
the u cur , , ’, c~icp~,scd b~’ is cccv . ai c_,l tl i c _ , c c_’ c , ilu t ’eriu,nl ss-tt h i t . c _ i  ‘b’ ‘i i  u ’t  , . c_ u ;c _ I  u I s !uc-tlghe In tb, ti rsi eu , , ,

~ 
,,r , ’, , , , , I ~d ’ s ’ ’ i  t Ic i’

cii ‘ I d  u , . c _ t c _ c _’ ,’ ‘1 sea ,va Il ,  ,c_ui c_ ! br eakss’atcr s c _ c_ , ,d c _-~ is _ c _ i , ’ c_c cc  u , the cl c sc _~ i u , ‘i h,ar h , ’cc_ rs F t~’ , !c ter ,t c_c_ , ce t I , , - , ,  c _ n , - . ‘c c ’ - ,’s,
‘1. ic ’ , usc__ i ‘ t c u } ’ ) ’ c _ u u c _ z  f ’rc v, t  si ,c_ v c_ ’ ~~~~~~ c-ii ,! , c _ il c,’ru ,c-u , ,c r ,  , d u , u s i , c _ i , , ’ ,’, , u h, ’ h ’, ’hi. c , u , , , , . r ‘ ‘ I  , , , , ‘ , ‘r , - ,I shcp s c h i c _ Ic r is as c c

i t ,  u / t c ’  ., ‘ ,, ‘t , , I  g r u ic_ I p  c_ r e ‘ ic ,  I , , , , t ’ , ,  ‘ c _ , , , c I  -r n , ’,, , t i,, u ‘ i , ’, , . ,  c _ u , , , ! ’ , . c _ u , , I~i, c _ u ,  all,! tb, , i d ’ ’ , c _ l u c t C  ‘ ‘t  , t t u , i c _ . , ’ , i  c _ l i _ c _ i t s , ? ,  Cl
i lt , ’ ,,, ’r L c_ ,c_ bc _ , t lt c_ _ i,’,, ‘s c’ , ,c-r ru,’,! c_ n c_ I cun .c_ r ep .c- v i c_ u c_’uc-t ‘ c _ s . , , bc_ct  tIc-_c-u cc ii c_ ,’ert c_c_iu c - u c c _ a  , h c / , ~u , ,  ‘u , , i ’ i , , ; , , c , , i u s u , ’, , u , c , c _ u , ,  s - /

stu c-dt ,’s c-c _ t ,, !c_’r u. c _ kc ’u , c_uui c_ i c_’r I!,,’ c_ _’~~i ,l _ c _ i d ,  c_ , ‘i ’ c _ u ’  , i , i c _ - i , l d ’i’ . , i t , u , c _  i i i , , , ,  ‘ i , i i u c _ u i t c c ’ ’ . c_5  lu_ sit ,
~fii,, “ i . , t d ’ ’ u, ’ , , is,, it ‘,‘ , : ,  b u d ’ ’ _‘ ‘ ‘

‘ ‘ ‘

!‘te ,e,crch h i s hee,t , ‘ , , , , b , , ,  i , - ,I c-u te the c _ Ieu u ghc  , ‘i ’ c_r r ’ ’ s ’ , , ’s the o’ / ‘i , , ,,, , , i , ’ t , , , , , , u  , c_i , , ,,  ,ir,ii ‘ ‘ i  t I , ,  I., ,, ~~~~~~~~~~~~~~~~~~ a .,

, , , , ‘ , d , . , r u c c _ ?  the I t t t , c r , c_ i  c l r c i ’u ‘ ‘I ’ c_ n . , i  aid,! shc ci g le. A L , , , ,~ - 0 ~~ 1 ~~ ,1c u , c _ i , u d t s  u ~~~~~~ ,l ru t ’u ,~ ,,~ , ~~~~~~ i . ,
c__’r , ’/’ i u , ’s aIt ~! cIt e ‘u i , c i , , ’ , ’, i c _ s  1,, c -I - ‘ p u ’ l t l t c t cr esc_ ’eu c t ic, , ’ r , / ‘ ‘ r  thc s ‘ c c _ I  ‘ ‘ic

u .  ~~~~~~~~~ c_I

“ 1’ “ “

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ c_c_ , , , , ’ , ci i , ,i , t i  ii c _ u ’ ’ ’  I , I , ,

‘‘ c _ _ u ’ ’ ” I , ‘ ‘ ‘ i , ’,~~’ i c _

‘4 
. tu, u ’ ’,  ~, i ’ d \ ‘‘ ,

~~~ , , , i , , , c _ l I , u ,~~’, ’ i  ,, I ’,~ ’t’i \
/ ct d’, .,, .,- c lui c i’ . ‘ it , ‘ ‘

‘ c _ c _ i

/ ci,, c ,, ’ ’ ‘“ u , th ,

/‘, “hi , i i , ’ ,  I’~ c i’• , i , ’ u ~, , , ’ ,c_ 1 ‘ ‘ ‘u , ’ .

~~~~~~~
_ . ; . , .

~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~~~~~ I ,  , ; ,u  - ;c_ r ’ , ’,i ‘h d , i , ,  • c i t i c_ , ‘ ‘45 ,1 ,‘ , ‘ ‘~“i~~ , ’i ‘ ‘ c _ a , ,  I ” ’ ”  i~ d~~~ ’/ 5 .1 i.y  ic_ it

u ,,, . - ,i a , ,, , , i , , , c_ , r i , ’ , u ’,,, ,, , , , I , , ,, u ,’ ,,,,’ , , , , , c , ’ ’,

I” H’ ’’ c _ ’ p . ic_i, ’’~~’. I t,, , ’ , .‘ , , c _ ’ ’ , , ’i, t II ’ , ii ‘c , u - c u ,  I ’ ruc_ ’c _ , c _ u c - u  ,i, ’ , ,  ,, i, , , c_ i ’ , ’ ,c d c’ — u

z’ , J I c u c _ I d ’ t i c _ ’ ’ i ’ct i l ’ ’t ,i, ,c_ r c ,  , ~~~~~ d, ’ c i ,  ,c  c _ u , , d , d , i  , , d t~’ t tI c - ‘ci , ,  , , l u, a , ’ /,, ~~~~~~ i, I ,u’c-in ri
I, ,,,,, ’ ’ ,’,u, ’ t a lc ’ , u, i, , ‘ , , u , ’ ’ u , ’’, I cl, ’ ,‘‘‘‘‘‘b’’ - l~ c_ i - ‘ ‘ c t ’ ’ ’ ’ ’  ii ,, ’ ,, ‘,,,l ‘‘ u ’’ ’  I ’ , , , , i , , , c ’ . , , , u , , , , , ’,
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A

Investigations of specific problems.
Advice and information

.5 c _ I u _ c r c _ u c_ ’ c _s  i , ’ , , ,, i i ,  ‘ ‘  , c_ ,I c_ - I, ’, l c _ , 5 , s u c s ’ ,  ‘ ‘ ‘ ~~‘ ,y , ’ , ,,, r ,~ I~h v i u , . , t I c _ c _’ ,‘ l lar gs ’ I’, d i d , ! c _ I c _ }’c’~~

( I c _ c  ,c_ i l t c l I t Ih I  “I su t i u t , ,c_ ,  ,,,1 ,Itlsct , ‘ ‘si ’ cc _s ~~~ S I ~ ,,, ’ is i i c _ ’ c s , i , ,  , t u v c ’ u ,  u u , , ’ ‘i , b . c _ ri, , c_u lcer ,,
i I - , . d s } ’ t . c _ c i c _ , . c I ’ i c  h i , ,  5, 1 , - u ,  c-, , , i , , c _ c , o , ~~, i , , i , t~,. o c _ , l c c-~u c _ . U u , , , , t : c t t I t e~~~

, i . t

ti c , I  d , c _  sc _ tp~’l\’ , l~ i c _ S I ’  - ‘i i i , , , ’’ , i i , d~ t t’ .c _ l , ‘ . , , - l u u c _ , c _ u , ,  , , u c , I , ’r s s l , c_ , ! ,  t l c_r , , s , ’ u l _

~~ ‘c-c-!,l i d ~ ’t d l i  c - i i i  1.5~ c _ u i , , , !  ,,t c-i.

1 111 ’ N i a i t , . uc _ ’ , I i ’ , , , ’ . . s s I ,u ,  h u t  c u u d ,  c i ,  ‘ st  , ‘ I , ’ I , , - , - ’  , . , ; - ‘ , c _ , ’ u l , c c t r , c , c _ b c c  l d u e r , c _ u c , r , ’ , 5 , c-V , c _ i l , c _ ! ih t’

‘h ’ l’s iI’, ..~, , i - , i , - , .  ,~ , t

Organization

u, , P , , _ c _ r , ’ , ’ , i u _ ’ ,u cs c II c c _ ’ ’i , d i ; ~ 1 t ;  i ’ c _ , , , u i /  ,‘‘,‘ .c_ i , b , ’, i. ,i ‘‘ c _ u , ’

I c .  hc~~u! , ’ :s  i l d , s c _ ’ i c _ I , ” -, , t , , r l c _ ’, , , ’s’ ,’r ,c_ u s u , ! c  i d i, ~’~’~~’/ ~c _ u b / L . ’’ lu 5, I c _ ’ i c c _ c c _ u I

I ;  \ u . c_ u c_ , ’ uc  c_s b u , , c _ , l , , /  I~ ,I s c_ ’ I l d u , , u ’ ’ r  ‘i / ! i , I r c _ c _ i i c _ s’ lt,s c_ c_ r i ,  s, i i , ,  t , l c , 1’ , ’u , . ,huhc ‘ ‘i i ,

. , c _ c u , t , i , ’  , s , , , k c _ i , . i  c , I , i , u , , i , t i c _ t u ’ ’ u l  I I , , - , , - us ,, \ d , - c u , t , ,,’ (  ‘‘ i c _ i h i u i t t c _ c _’ , ,t  i s b u , h u  i t , ,

i . c _ Ic ’ i  c _ l c d  , ‘ t c _  c _ , ’ u u u d c _ i l c e ’  ! h c _ c _’ I t . , ?  ‘ c _ c _ u t  , u ’ i I , .  ‘ i c _ u i - ic
H : , , cs c_ ’ , i ,~~ - ’ i  I _ u i  , , , , , ‘ . ,  1H, ‘ c _ u ’ ’ ‘ i t ,  c_ c s , )

ic _ i c c _ - c! c ud iIi . ’ i , . , i ’ ,  , c i l u , ’ i d i . , i i c _  ‘. c _ u ,s - c_ h i . c _ u c _ d ,  , , i  ,‘,i d _’c _ i dc _ ’ c_ ’c’iidc -Z, ‘ 
‘
- c _ i c c _ i c _ i c  c _ f d I , c - ,- t u , , u ’ v i  P~

5,P , b i t s
,c _ I i , , c , I  / t i r ’ O ~~).

Co-operation with other organizations

I ’ !, ’ “t , i , . ’ u l  , , , , !. , c _ ’ ‘ c b ’ ’ ’ ’ ’ ’’ ’ ’ ’ b’ ’ t , c _ t u , ’ c _ c  s s , t I , i ,,,, - ,- r l h i t c _ ,’c ,  i ,I~ ‘ c _ u i ,  , . i t l , , , ’, II c _ S t  u i l

t , c _ I . I  \ i , d ’ ’ u i c _ 1  i i ’ .,~~, ’ c _ i l ’ it,, “l ; ‘ ‘ ‘ / ! c _ , c , l  , c _ u uc _ l  “s c _ u , , u , , b  I / c ’ ’. ’, i c _ c ’s . l l d c ’ \ l , t , , , u , ,  ‘u
c _ I b , ,  \ b ; ’ , , , c  , , i l ) s , i c , . c _ .  /i, - c cb,’ 1 ’ ciic i t  u i , ~ Ct ~~~~~~ i t , , , , ’ i , c t

c _ I t ‘ s c _ r u c _  c h i c _ - i l l . u h ~c_ “, , i ’ .i  ,F I ‘ , s , u  , ,  , , , , , ‘i ;c i i , , , , c u ’  hi t ’ , c , , t u c cI , i ll, - \!‘

I~. , , i s . , c _ ’i ,/ , . v . _,c u c _ ! r i d c _ ’ ., c_~~s5tt I i  Ic . , . c _ i , ? i , ’ i ’ _ i , , t , i , u i , ’ u , ’ 5s F ’ ,

I ,s c u! i  i l c e n c  c _ s - u i ’  ss c , t ,  i , , l  , ! c _ c _ 1 c l u ,  i i i ,  ‘i c i i ’  ‘i t  I I  ic -sc ’ ‘i c . ’, , , ,  , c _ u u , ’ c _ c ’  I ” ,  l i , , l c  - t t , ,

I I cu i , l  5/, , h , c _ ,~ c-s I i ,,’ i,c- ,c -,c ,‘  I t h c _ ’ :‘. , t , , ’ i , c_I I~ , , ‘ , c c . , ’ - . ;  I I i  c _ , , , , s  ‘~‘~ p _ I c _ ,  ~~~~~ I i c _ b , , —
cd u c ’c _ ! , . , i u c _ , s  I t , -s c_ ’ _ c r , b , - \ —- - ’, c c i , , ’, iss li ,c- ’c ,,- ‘i l ,  i c _ I - - i ’  c_s, ’c_ ’ u c _ i ht , . c , ‘i h i ,  “ i c _ i ,  ‘ ,  c _ u , , !  t h , c _ i  ‘i t i c ’

N c _ i  c _ i c c  / I ‘ t , ~ i l F :  , u , ’ ,, !. c _ i t , , i . , i . ’u i  , t b ,c _’ ‘c_S . u i , ’i I ’ , ’ I , c _ , t I c _ ’ i ,  I i ,  , tu b, 1 ,1’., , i . , ~~’ t ic ,  “, c_ i n c

, , u , c , ’rs i c _ c -  ‘ s / c c _ l u  ‘ I , , ~c _ ,uIu ,  cu t c c ’d, i , c _ ’ , , ~, , h , u ~~~ i c _ i i. ’ , c_ i ,  I ‘ u - t i , . I ,, .,, !u

i r , , , , u  i / c c  ‘ ‘ i c _ u , , ,  c _ I ; ’  t i  - . , .  i ‘ , ‘ t I  i i ;  - N c _ t , , , , t a h  l u i , t u t , , i ,  ‘ 1 1 1 , ‘ c - _ i  p hi ’, ,, I , , c_ tu I , c , c l c ’ i ,  i - ’ I
ic _ d~’ ss’,c-s r . c t l l ,’r u l ,  c _ c  I t , ’ c_
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Public tr ansport to th e
Hydraulics Research Station
Rai l

1 l~e a,- ,, r , ”t I d ; ’ . , ’  v i ,  i c_ - nd ,, cc_u C ’h t , , I , cv , wh i c h  c_ s c_ l u , ” ’,’ 3 i inl c ’c cc_i n ,  ii i t’ 1 . , I ta ,e ,c i ,  h

‘si , c_ ’ u , . i i  ( ‘ I i i . , , c _ , , ’ i i  t lc_e I , ,a c- ,c_ ’c c u , , ’ ‘r , . , c u  I 1 ,c_ .i , d i , , c _ ! i , , u ” u c _ S ” ’ c _ t i I , , u c , ! , , i , , !,c c _ t i u i , , ’ i t , ’ i c c _ , , ’c_ ’c’,s ,c-u s

t , , ~~ . c d i _ i , ’ Ii It - c l1 , , 2  Ii - . ‘ ‘ t’rc ’ c , u  ( ‘bc_ ,, l sc ’v - ‘ ~~~~ b’ ’’’ - - s ta t i c , , !uc-~, u h, ’’ . .c_ uc ’ , c_ iI ’re ,1l, , ’ tc i  at ,- I
‘, , , ,s c_ IuI , ’ i’ 10,I c_k ’ c u , , c ,  , , ,  ~~~~ ‘ - t I c ,, , ,, 

~~~~~~~~ 
i r s,,, 1 i c , l i . c’d

ro sS I , , . c _ r , t u  l i , f , , ’ , t 5  , , .i , I ,  ‘u r I c _ i ’ ,

c t - l u ’ ’ , .  dv  S ,‘ , ui ,  ClaP  , , ,  u , ’ , ’ .c, I , ‘c rc , , , ’ !uet sse, ’iI I ‘,~c I ’ u ’ u  c , ’ c . ’ u u , c _  d , c _ ,  I Su ,t , . i ’ ,u,, ! I / s .

vIa 51, ’
, 1. - i ,~ , , i , I I , - , - :, ’v and I u ’ s  iii c_ISI i . b u ,15Id ’s di e 1 1 1 c - c _ l u  /t c_ i , / 05’ I I ’ . c i , . , , ’ , ‘ l t c_ ’u. ’ . c_ r ,  I~

‘si c _ i , ’ ’ i ,  Il ls u i c ’ u , , , . u i i ’ . I c ’ , ’, ’ , c_ r s  c _ c _ u  r,’s, ’us ’ ’ t c _ . i . , , c - i c _  a , l’ , ’ cc-uc _ ,’ ‘ u ,  ! iu, ’,,’ d ’ ’ , c_ , I iI ’S

I .,, .,i  Ot is  S , ‘ r c _  c _c_ - es

‘II, ~ hnc-tt !v 1 ,1, 5, 5 1 c c  i , t ’ tSc ,’ ,’ i l  b / c . u , i ’ , c , , ’ al l,! ( l v t , , r , l  .c_I’ .. ’ ’~’d” ’- ‘ii~’ ‘ c _ c _ i ’ . c i , ’ ’ i  i i,, / P ii c c .

t i c , ,  c _ , , -I t Su , , l c _ , , ’ t h I s  Ss15, • c_ ’ c _u  i c _ c _ ic  j c i ~u u l s ’  l’s’ / iv ’ i t  I i i i  NI ‘ i _ _ u ‘u c_ s i c _ c ,  .t~c , i t i, ’ I I ~.,~, irs
‘ i u i d ’ i ,  I . ‘ ‘ I h ere ire c _ i c ’ ’  c _ i r , ’5’c _ , i . ,  r , , ’ u c ,  c_ ’ , u , ait d t r c _ I i l c  , \ , ‘ , u , ~~, I . , u c . I ) u c _ i c _ . ’i .11,11 I I  ‘ i i , ’s
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