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ABSTRACT

The aLn of EydraulLcs Research le to contlnue lts poltcy of carrylng out

reeearch that,meets the most urgent ueeds of the clvll engiaeerLag industry.
Ia order to dlscover how the lndustry sees Lts needs at the present tlne' a

questlonnaire was clrculated to organlsations represeoting coneultaats,
water and local authorlties. Ftfty-one replLee to the queetionaalre were

recelved and bave beeu analysed.

On the basls of the replies that were recelved, slx topics Justtfylng
further research have beeo ldentifled and outllne research propoeals have

been put forsard. The sl: topLce are:

(f) preparatl.on of a des|gn gulde for non-standard flow measurlng
StrUCtureS;

(fi) preparation of an lLlustrated manual of roughness values for [rK
rlvers;

(fff) preparatLon of a dealgn gulde for eoergy dlsalpators for guall

structures and reeearch oo protectl.on meaeures dosnatream froD
the dl.sel.pators;

(1v) reaearch on tlde flapa for clrcular plpes;

(v) research oa drorvned venturl sluLces;

(vi) research oa varlous asPects of sedinent renoval devlces.
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1 INTRODUCTION

Ilydraul ics Research Lirni ted has a history of research

on hydraul ic structures r  output from which has

p r o v i d e d i m p o r t a n t a n d r e l i a b l e i n f o r n a t i o n f o r a l l

branches of the civ i l  engineering iadustry '

I n o r d e r L o e n s u r e t h a t f u t u r e r e s e a r c h c o n t i n u e s t o

meeL the needs of the civ i l  engineering industry,  i t

was decided to seek suggest ions from consultants t

r e g i o n a l w a t e r a u t h o r i t i e s a n d o t h e r o r g a n i s a t i o n s

with hydraul ic interests

I t  was decided that the survey should take the forn of

a quest ionnaire, which would be sent to al l

prospect ive I IR Associate Members; ProPosals for

future research would be based on the recommendations

that were made in resPonse Eo the quest ionnaire'

2 QIIESTIOTNArRE

The quest ionnairer a coPy of which is included as

Appendix 1, was sent together with a covering let ter

to aII  prospect ive Associate I ' lembers of l lR (Appendix

D. The aiu was to ident i fy areas where research was

required to f i l l  in the gaps in knowledge on hydraul ic

structures and associated phenomena' The emphasis was

to be on topics that had r iver engineering

appl icat ions rather than coastal  or mari t ime'

The letLer accompanying the quest ionnaire suggested

tha t ,  in i t ia l l y ,  respondents  shou ld  spend on ly  a

relat ively short  t ime on the replyl  further t ime

night be involved in fol low-up discussions with I IR'  i f

Ehis was necessary in order to draw up detai led

research  proposa ls .

There were trto nain topics of enquiry:

(a )  I l ydrau l i c  s t ruc tu res /dev ices



3 .1

ANALYSIS OF

RBPLIES

Structures/
devices/
phenomena
encountered

(b) Ilydraulic phenomena

The respondents were asked to lndicate which of the

l isted structures they or their  organisat ion had had

experience of; also the type of hydraulic phenomena

they had encountered. They were also asked co comment

on aspeets of ei ther (a) or (b) which they fel t  would

benefit from research and development.

Questionnaires trere sent to 75 organisations including

consultants,  water authori t ies, local authori t , ies and

others. Repl les nere recei.ved from 51-

Table 1 shows the ranking order for answers to

quest ion A(1),  f i rst ly for a1l  repl ies and then

grouped together accordlng Eo types of organisation.

It can be seen that the structure/device most commonly

encountered by all organisations was the culvert

mentioned by 847" of the replies. This was followed by

valves (67'i(), pumps (6L"A) and tunnels (59%).

Dif ferent types of organisat ion work in di f ferent

f ie lds and therefore individual pr ior i t ies vary. For

instance, the Water Authority returns displayed

culverls, flunes and weirs in joint EoP Place (83% of

the  rep l ies ) .

Table 2 is a dini lar indicat ion of repl ies to quest ion

B(1) on hydraulic phenomena, with sedimentation and

flow measurement being the overall leaders, followed

closely by roughness values.



3.2  Research

suggest ions

Again individual pr ior i t ies var ied, wi- th nodel l ing

being top of the consultants returns (9L%) and f low

measurement wel l  down the l lst  (64"1).

A11 suggesti.ons for future research and developnent

were listed by organisation tyPe and are presented as

Appendix 3. A second l ist ing grouped by subject area

ls included as Appendix 4. Each topic l isted is

associated with i ts or iginat ing organisat ion'

Subject areas lnclude:

Still ing basins/tail-works, flow measurement (open

channel), intakes, spillway flow, tunnels and closed

condult,s, pipe flow, Pumps valves and gates'

r ivers/channels.

In order to get a clearer ldea of the data that are

available for the various tyPes of hydraulie

structures, a br ief  l i terature search was carr ied out

on the material held in the ttR library' From this it

became obvious that there were certain areas whl-ch

although listed as requiring further research and

development lrere already well- documented and

reasonably up-to-date.

These were excluded from the list of f.ikely topies and

attention was focussed on the other items ' Some of

t,hese involved topics that were outside llRrs expertise

and were thus eliminated, others are in the current llR

research progranme. Of the topics remaining after

this weeding-out process, ulany were of a one-off

nature and it was difficult to judge the extent of the

need for further research; others were broadly in

line with an IIR assessmenE of research needs, based on



4 SELECTION OF

RESEARCE TOPICS

quer ies that  had been received over  a number of

yea rs .

Fol lowing the review of suggest ions and taking into

account  the  br ie f  l i te ra tu re  search ,  a  shor t  l i s t  o f

six subject areasltopics was chosen for further

inves t iga t ion ,  f rom the  or ig ina l  l i s t  o f  ten  (see

Appendix IV).  Lirni tat ions of t ime and ooney avai lable

for this search, restr icted the number of areas that

cou ld  be  chosen fo r  more  de ta i led  appra isa l .

Because so many of the repl ies were of a very general

na ture ,  they  served on ly  to  ouL l ine  poss ib le  research

top ics .  These were  f leshed ou t  in to  more  de ta i led

proposa ls  as  a  resu l t  o f  subsequent  d iscuss ions  w i th

some of the respondents, backed up by HR's assessment

o f  need based on  pas t  d iscuss ions  w i th  o ther

eng ineers .

The s ix  top ics  cons idered were  as  fo l lows:

1 .  F low measur ing  s t ruc tu res

2. Roughness values for UK r ivers

3 .  S t i l l i n g  b a s i n s / e n e r g y  d i s s i p a t o r s

4 .  T i d e  f l a p s

5.  Ventur i  s lu ices

6.  Set t l ing  bas ins /sed iment  exc lus ion



5 .1

PROPOSALS FOR

FTIRTEER

RESEARCE

Flow measuring

structures

There was considerable general interest shown i-n

various aspects of flow measurement using weirs,

slui-ces, etc.  Much work has already been carr ied out

on standard flow measuring structures such as Crump

weirs,  f lat  vee weirs,  thin plate weirs,  broad crested

weirs and cr i t ical  depth f lumes. this is al l  wel l

documented in the BS and ISO series. Design

information is thus readily available, which allows

stage-discharge relat ionships to be calculated for

modular and non-modular flow conditions'

There are, however, numerous other types of

non-standard structure in use both in the UK and

overseas which are used for flow controL and which

operate under drowned and modular conditions' For

some of these st,ructures data on performance

character ist ics are avai lable, but scattered

throughout the l i terature. For other structures'  no

performance data are available.

The proposed research has as i ts object ive the

publicatlon of a manual on non-standard flow measuring

structuresr to serve as a comPanion volume to that

already pubtished on standard structures [t ] '

The proposed research would be split into gtro parts'

The first would comprise a comprehensive literature

review gathering together all the publlshed

performance data for non-standard structures'  The

second part would comprise experimental research on

structures in fairly common use but for which no

infonnat ion was avai lable (e.g'  short  crested weirs '



5 .2 Roughness values

for  UK r ivers

d rowned  rad ia l  ga tes ) ,  o r  on  new t yPes  o f  s t ruc tu re  t o

mee t  spec i f i c  needs  e .g .  C rump  we i r s  w i t h  i n te rmed ia te

p ie rs .  The  u l t ima te  pu rPose  wou ld  be  to  pub l i sh  a

design manual  conta in ing both the o ld and the new

d a t a .

The resul ts  of  the research would be of  great  va lue

for  water  author i t ies wishing to use new or  ex is t ing

non -s tanda rd  s t ruc tu res  f o r  f l ow  measu r i ng .  I t  wou ld

also be invaluable for  any engineer l tant ing to bui ld  a

numer ical  model  of  a r iver  Ehat  conta ins such

hyd rau l i c  s t ruc tu res :  he  vou ld  t hen  be  ab le  t o  mode l

the per formance of  the st ructure in  a real is t ic  rather

than an enpir ica l  fashion.

Much of  the work on th is  pro ject  would involve work ing

w i th  wa te r  au tho r i t i es ,  even  i f  on l y  co l l ec t i ng  daLa

fo r  ex i s t i ng  s t ruc tu res .  I l oweve r ,  t he re  i s  scope  fo r

some deeper involvement  and there is  reason to th ink

that  some f inancia l  suPPort  n ight  be for thcoming f rom

some of  the author i t ies.

A11 hydraul ic computat ions involving f low in r ivers

require an est imation to be made of the roughness of

the r iver.  At present the only means of doing this is

ei ther by carrying out slope-discharge measurements in

the r iver or by analogy with other r ivers of s imi lar

character ist ics and known roughness. The f i rst  method

is  no t  s t ra igh t fo rward  to  execute  there  are  l i t t le

data avai lable to permit  the second nethod to be

genera l l y  app l ied .  In  the  Un i ted  Sta tes ,  the

Geological  Survey has produced a handbook [Z ]

containing coloured photographs of a large number

streams and r ivers, together with recomendations

the  appropr ia te  roughness  va lues .

o f

on



Experience in the United States has shown that t rained

eng ineers  can pred ic t  the  roughness  coef f i c ien ts  w i th

an accuracy of plus or minus L5%.

There would be much value in a sini lar publ icat ion

descr ib ing  Br i t i sh  r i vers :  in te res t  in  such a  pro jec t

has been expressed on a number of occasions.

To provide data for the UK, comparable with that in

the USGS document (which i tsel f  took f i f teen years to

fo rmula te)  wou ld  be  a  major  task  fo r  any  ind iv idua l

organisat ion. I lowever,  i f  th is were to be a joint

venture  by  water  au thor i t ies ,  each cons ider ing  s i tes

in i ts o\{n area with HR act ing as central

co-ord ina tor r  n i th  respons ib i l i t y  fo r  the  f ina l

publ icat ion, then considerable information could be

assembled in  a  re la t i ve ly  shor t  per iod .

The najor part  of  the task involved would not be the

photography al though good rePresentat ive clear

photographs  w i l l  be  essent ia l ;  the  pr inc ipa l  task

would be measurements of the channel dimensions,

discharge, bed forms, channel s lope and water surface

s lope,  in  the  se lec ted  reaches  o f  the  r i vers .  F lood

plain f low would only be considered where i t  was

pract icable to measure channel and overbank f lows

separately.  By repeat ing the surveys at di f ferent

t imes of yearr seasonal var iat ion of roughness could

be measured'

I l  is understood from contact with one water authori ty

that they have already inst i tuted a survey Progranmet

col lect ing the necessary data and PhoEographs from I

r ivers within their  region- I t  is not known whether

any oEher authori t ies are engaged in a simi lar

exerc ise l  bu t  the  au thor i ty  tha t  i s  a l ready  ac t ive ,

would welcome a joint  venture with othet

organ isa t ions .



5.3  Energy

d  i  s s  i p a t o r s

The quest ionnaire revealed several  di f ferent problems

assoc ia ted  w i th  th is  top ic .  A I l  par t ies  concerned

rrere aware of the considerable amount of research

carr ied out in the USA by the USBR and of other

relevant work. The general  opinion however was that

much of the avai lable design infornat ion was for

larger structures than those that would be appropriate

for the UK. The need in the UK is for relat ively

smal l  s t ruc tu res  to  be  bu i l t  w i th  l in i ted  resources .

Unfor tunate ly ,  a t  p resent  the  des igner  o f  these smal l

s t ruc tu res  has  to  resor t  to  f i rs t  p r inc ip les ,  there

being no standard manual avai lable to enable hiu to

produce a design quickly and cheaply.  Need for such a

manual \ ras expressed, and i t  could be seen as an

extension t .o the research by CIRIA on the f low over

grasn sp i l lways ,  complement ing  i t  w i th  gu ide l ines  fo r

energy  d iss ipa t ion .

A survey has been carr ied out [ f  ]  o" 370 prototype

energy dissipators on dams in 61 countr ies, and this

es tab l i shes  (w i th in  b road l in i t s )  the  ranges  o f  head

and f low over which certain types are used and

ident i f ies where major problem areas occur.  Only

exist ing struct.ures are considered and only those for

wh ich  re l iab le  da la  were  ava i lab le .  The resu l ts  o f

this survey ref lect what has been past pract ice and i t

was fel t  that this information, perhaps expanded to

inc lude up- to -da te  and unusua l  des igns ,  cou ld  be

incorporated in the manual referred to above.

A secondary problem that was ident i f ied, ar ises when

designing protect ion measures downstream from energy

d iss ipa t ion  s t ruc tu res .  Prob lems have occur red  due to

undetected scour undermining and causing fai lure of

ex is t ing  bas ins .  In  some c i rcumstances ,  uns tab le ,

high veloci ty jets persist  downstream from the energy



5 . 4  T i d e  f l a p s

dissipating structure and attack the banks.

Guidelines on the type of channel protect,ion and its

extent, are evident,ly needed.

In some cases stil l ing basins of snall structures

serve as means of rernoving entrai.ned air fron the flow

prior to it ent,ering Lunnels; guidance on the

efficiency of air entrainment and it,s subsequent

release from st l l l lng basins would be of considerable

b e n e f i t .

Experinental research on both these aspects will be

essent ial .  Al though there ls clear ly need for further

work on energy dlssipators, on the l ines set out

above, i t  was not possible to def ine the study as

c lear ly  as  was poss ibLe fo r  p roposa ls  5 .1  and 5 .2 .

Further discussions with the industry are neeessary

before this can be done.

Tide flaps are used to prevent the reversal of flow in

drainage conduits discharging into r ivers or t ldal

waters. Although a certain amount of research has

previously been carried out on these structures

(4,617),  i t  has consisted nainly of theoret lcal

relationships derived for rectangular gates under free

and drowned flow conditions, and usually with lat,eraL

expansion of the flow suppressed,

The early work by Anwar (4) involved the pressure

distr ibut ion along the face of the gate. Coeff ic ients

of contractiou were confirrned with reference to

experimental  data obtained by Genti l in i  (5).  I larr ison

(6) produced a design chart relating discharge to the

mass of the gate and uhe upst,ream head on it, again

for the rectangular and free flow situation only.

Pethick and llarrlson (7) extended the previous work to

include drowned flow and considered two approaches to



5 . 5  V e n t u r i  s l u i c e s

der ive  non-d imens iona l  head d ischarge re la t ionsh ips :

(a )  the  in tegra t ion  o f  the  Pressure  d is t r ibu t ion  a long

the face of the gate and (b) rnoroentum f lux'

The pr incipal shortcoming is that al l  the work-Eo-date

has concentraEed on rectangular f laps (which are

simpler to analyse theoret ical ly) whereas those in

most conmon use are circular.  At present there is no

method of predict ing how such gates wi l l  perform in

pract ice and arbi trary assuopt ions about their  stage -

d ischarge charac ter is t i cs  have to  be  made '  The

problen is sini lar to that experienced with

non-s tandard  s t ruc tu res  (see 5 .1) .

An experimental study of the hydraulic characteristics

o f  c i rcu la r  t ide  f laps  wou ld  be  re la t i ve ly  inexpens ive

and straightforward to carry out and would quickly

produce a useful  auount of data.

The increas ing  in te res t  in  t ida l  Power  has  focussed

attent ion on the hydraul ic structures that wi l l  forn

part  of  the barrage. The sluicee, by means of rrhich

the reservoir  on the up-r iver side of the barrage is

f i l l ed  on  the  f lood  t ide ,  a re  o f  Par t i cu la r  in te res t .

The more eff ic ient the sluices are in discharging f low

under  smal l  d i f fe ren t ia l  heads ,  the  smal le r  (o r t

a l te rna t ive ly ,  the  fe rser )  t t re  s lu ices  need to  be '  The

system that has been proposed for the Severn and the

l le rsey  Bar rages  is  a  ventur i  s lu ice  i 'e '  a .shor t

culvert ,  that tapers in cross-sect ion fron both the up-

and downstream faces to the centre'  These structures

are  re la t i ve ly  new and there  are  l i t t le  da ta  about

the i r  charac ter is t i cs .  As  a  resu l t  o f  the i r

part icular geometry and their  manner of appl icat ion'

there can be a Pronounced asymmetry in the flow

through them and this can lead to f low separat ion and

areas  o f  1ow pressure .  Care fu l  des ign  is  necessary '

10



5 . 6  S e t t l i n g  b a s i n s /

sediment

exc  lus  ion

Some work has been done at Br ist ,ol  Universi ty [A ]  o" 
"

half-rnodel of  one sluice, but there is need for

fu r ther  research  on  a  comple te  s lu ice  opera t ing  bo th

singly and in a nult ip le unit .  Any improvement in the

ef f i c iency  o f  these s t ruc tu res  tha t  can  be  ach ieved,

cou ld  have a  s ign i f i can t  e f fec t  on  the  cons t ruc t ion

costs of a barrage scheme.

From var ious  d iscuss ions  w i th  respondents  fo l low ing

the  in i t ia l  ana lys is  o f  the  rep l ies ,  i t  was  ev ident

that there nas concern about the performance of

sediment exclusion devices, on both polter generat ion

and i r r iga t ion  schemes.

A considerable amount of work has been done on

sediment exclusion from irr igat ion and power supply

canals and there are a number of revievs/papers

containing useful  informat, ion. The three references

( 9 r 1 0 r 1 1 )  q u o t e d  c o n t a i n  o v e r  3 0 0  f u r t h e r  r e f e r e n c e s -

Cornplete exclusion of sediment from a system is

usua l ly  iu rposs ib le .  The usua l  p rocedure  is  to  loca te

channel of f- take works in such a posit ion that wi l l

minimise, as far as possible, the aoount of sediment

taken into the channel.  Some (but usual ly not al l )  of

the sediment that does enter the canal is subsequent ly

removed by neans of one of the standard removal

dev ices  tha t  a re  ins ta l led  on  cana ls .  I t  i s  on  some

aspects of these sediment removal devices that further

work  appears  to  be  necessary .  In  par t i cu la r  the

fol lowing suggest ions have been put forvard-

1. Extension of Canp's sediment removal

func t ion  [ fz  ]  to  a id  des ign  o f  se t t l ing

bas ins  fo r  f ine  sed iment  (<  O. lnn) .

t 1



2 . Further work required on flushing and

sluicing systems to improve designs so that

less water is lost, in carrying out these

oPerat ions.

of optlmum width of under

and length of uPstream

channel offt,ake

minimum sediment entry into

from barrage.

Evaluat ion of f lushing veloci t les in the

conduit,s as a function of sediment

concent,ration, particle size, conduit size

and slope.

Evolution of self cleansing sediment

exclusion devices for power intakes.

Following a detailed literature review and model

test,ing of some connon, but non-standard

structures, t,o produce a nanuaL of the dlscharge

characteristlcs of such structures covering both

modular and non"modular modes of operation' This

would be of particular use to all hydraulic

engineers, both consultants and water

authori t ies. I t  is possible Lhat some f inancial

support, from water authorities would be

forthcoming.

To produce a publicatlon containing photograPhs

of UK rivers and streams and their associated

roughness values. The data in the publlcatlon

would be based on survey information obtained by

various water authorities. The role of IIR would

be to analyse and collate the field data from the

various sources and to be responslble for the

3 . Determinat ion

sluice pocket

wa11 to ensute

4 .

5 .

SI'MMARY OF

RECOUMENDATIONS

1 .

2 .

L2



3 .

f ina l  pub l i ca t ion ,  wh ich  wou ld  be  ex t remely

useful  to I IK r iver engineers

To produce a standard design manual for smal l

energy  d iss ipa t ing  s t ruc tu res  su i tab le  fo r  use  in

the I IK: this would also include guidance on the

types of energy dissipators that are sui table for

part icular condit ions. Preparat ion of the manual

would need to be done in col laborat ion with a

f i rrn of consult ing engineers. Some research is

required on proteccion measures downstream from

st i l l i ng  bas ins  and on  the  e f f i c iency  o f  s t i l l i ng

bas ins lwe i rs  as  a i r  en t ra in ing /de-ent ra in ing

dev ices .

Experimental  research of the hydraul ic

charac ter is t i cs  o f  c i rcu la r  t ide  f laps  under  f ree

and drowned f low condit ions.

To carry out research on the f low character ist ics

o f  ven tur i - type  s lu ices ,  boEh s ing ly  and in

n u l t i p l e  u n i t s .

Further  research on aspects of  sediment  removal

d e v i c e s .

4 .

5 .

6 .

( a )

( b )

to improve removal ef f ic iencY of

<  0 . L m m ;

to improve the effect iveness of

f lush ing  sys tems i

(c )  to  improve

entrances

the design of  canal

so as to min in ise the

quant i ty of sediment enter ing the

canal I

(d)  to  determine the requi red

ve loc i t i es  as  a  f unc t i on

f  lushing

of sediment

I13



( e )

concen t ra t i on ,  pa r t i c l e  s i ze ,  condu i t
s i ze  and  s lope ;

to  deve lop  the  des ign  o f  se l f
sed imen t  exc lus ion  dev i ces .

c  l eans ing

T4
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TABLES.





TABLE 1: Repl les to Queet ion A(1)

Associate members were
devices they or their
a r e :

A11

asked to indicate
organLsation have

which hydraulic st,ruct,ures or
used or worked on. The results

Consultants WAt s L A r  s

Culverts

Valves

Pr:mps

Tunnels

Flumes

I,Ieirs

Br idges

St1111ng
basins

Dams

Temporary
works

Culverts

Valves

Flumes

Tunnels

Dams

Intakes

Br ldges

St i l l i ng
basins

Temporary
works

Pumps

Culverts

Fh:mes

l{eirs

Channel
transi t ioos

Gates

Punps

Bridges

Cascades

Dams

Intakes

Siphons

Spi l lways

Valves

Culverts 79

Pumps 58

Valves 53

Bridges 42

Weirs

Cascades

Flumes

Dams

Siphons

Others 2

84

67

6L

59

9Z

83

7L

7L

83

83

83

67

57

53

53

62

62

62

49

49

26

26

67

67

50

50

50

67

67

62

37

32

26

49
50

50

50

50

No of
Repl ies 2451



TABLE 2: Repllea to Questton B(1)

They were then asked to lndicate which flow related phenomena they or their
organisation had encountered.

A11 Consultants I,IA' s L A ' s

Sedimentation 61 Modelling 9 1

Flow
measurement

Roughness
values

Design

Head loss

Model l ing

Eros ion

I"Iater llammer

Surges

Cavitat ion

No of
repll-es

61 Sedinentat ion 82

Flow
measurement

Ilead loss

Roughness
values

Erosion

Super-cr i t ical
f low

Design

Sedlmentat ion

Cavi tat lon

Aerat ion

Modelling

Turbulence

FLow
measurement

Sedimentat ion

Roughness
values

Design

67 Erosion

Water hammer

Ilead loss

50 Cal ibrat ion 31

50 Pressures 26

50 Surges 26

50

53

47

100

83

8359

s7

53

Eead loss

Roughness
values

Design

Water llanrner

Flow
measurement

Surges

Cavitat ion

ErosLon

32

32

67

67

50

68

58

58

64

64

53

47

45

4L

35

54

50

50

2249

Others 2
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APPENDIX I

QUESTIONNAIRE
EYDRAT'LIC STRI]CTURES /PEENOUENA

Name:

P o s i t i o n :

Organisat ion:

A . Hydraul ie structures/devices

1. The fol lowing ls a l ist
relevant to water flow
br idges) .  P lease pu t  a
organisat ion have used

Tick
Baff le blocks
Barrages
Br idges
Cascades
Channel transitions
Chut,es
Culvert s
Dams:

Abutment
Arch
Earth
Gravity
Rock-fi11

Drop structures
Flume:

Venturl.
Long throated:

Rectangular
Trapezoidal
U-shape
0thers
(please name)

Short throated:
ParshalL
Cut throat
Others
(please name)

of structures and devLees, some direct ly
(e .9 .  we i rs )  annd some ind i rec t l y  (e .9 .
nark against those which you know you or your

or worked on.

Tick Tick
Gat ,es :

Barrel
Drum
Overflow
Radial
Tainter

Intakes:
I r r iga t ion
Power

Lower leve1 out.lets
P iers
Pumps

Axial
Centr l fugal
Mixed

S 1 1 1 s
Siphons

Air regulated
Bellnouth

S lu ices
Spi l lways:

Bellnouth
Bucket
Lateral
Morning Glory
O r i f i c e
Overflow
Side
Ski-Junp

Steep channels
St i l l ing basins
Temporary works
Tunnels
Turbines

Francis
Pelton Wheel

Valves
Air
Butterf ly
Gate
I r i s
Needle

Wei rs
Compound
Flat-v
Rectangular

prof i le
Round-nosed
Thin plate
Triangular

pro f i le
0thers
( please
name)



of2. Comment on any problems which you have experienced when using any

these structures/devices and identify any problems which night be
resolved by research and developuent.

B.

1 .

Eydraulic phenomena

The followlng is a list of phenomena relevant to
Please put a nark against any whieh you or your
encountered.

Tick Tick

hydraulic fl-ow.
organisation have

Tick
Aerat ion
Cal ibrat lon
CavitatLon
Design
Eros ion
Flow measurement

Ilead losses
Modelling
Pressures :

Sta t ic
Dynamic:

Roughness values
Sedimentation

Shock rtaves
Super-cr i t ical

flow
Surges
Turbulence
Vortexing
Others
(please name)

2 . Comment on aspects of any of these which you feel would benefit from

research and development,.

3 . Other comments

C. Please t ick t f  you would be wi l l ing to discuss
any of the above very briefly.



APPENDIX II

LIST OF PROPOSED ASSOCIATB MEUBERS

Allen, Gordon & Co
Atkins Research & DeveloPment
Babtie Shaw & llorton
Binnle & Partners
D V B u c k & P a r t n e r s
Bul len & Partners
Crouch & Itogg
Engineering & Power Dev Consultants Linited
I^Ial1ace Evans & Partners
Sir Alexander Gibb & Partners
F W It  Gif ford & Partners
Grantham, Brundell & Farran
I lalste & Partners
Sir Wil l iam I lalcrow & Partners
Kennedy & Donkin
Lewis & Duvivier
Sir  M MacDonald & Pattners
Maunsell Consultants Linited
Merz & Mcl.ellen
Mott, Ilay & Anderson
L G M o u c h e l & P a r t n e r s
Rendel, Palmer & Tritt,on
Rofe, Kennard & LaPworth
I{ard, Ashcroft & Parkman
I'Iatson llawksley
James I'Ii l l iamson & Partners
Anthony D Bates LLnlted
Travers Morgan & Partners
French Kier Construct ion Limited
Sir Robert McAlpine & Sons Linited
May, Gurney & ConpanY Linited
Shephard l{i1l & Co Linited
B P InternatLonal Lini ted
CEGB - Generat ion Dev & Construct ion Divis ion
CEGB - Technology Planning & Research Division
Bost,on Distr ict  Counci l
Bournemouth Dlstrict Council
Adur Distr ict  Counci l
Al lerdale Distr ict  CouncLl
CanEerbury Ctty Distr ict  Counci l
Ceredigion Distr ict  Councl l
Colwyn Distr ict  Counci l
Copeland DlstrLct Counci l
Hart lepool Distr ict  Counci l
East Yorkshire Dlstr ict  Counci l
Exeter City Counci l
Llanel l i  Distr lct  Councl l
I lo lderness Distr ict  Counci l
Portsmouth CitY Distr ict  Counci l



Newport Distr ict  Counci l
North Devon Distr ict  Counci l
Southend-on-Sea Distriet Council
Suffolk Coastal  Distr ict  Counci l
Vale of Glamorgan Distr ict  Counci l
Wansbeck Distr ict  Counci l
Waveney District Councll
l , Iest Dorset DistrLct Counci l
Orkney Islands Council
Shetland Islands Council
Cornwall County Council
Essex County Counci l
Ilampshire County Council
Kent County Council
West Sussex County Counci l
Anglian WaEer
Northumbrian Water
North West Water
Severn Trent Water
Southern Water
South l{est Water
I{elsh Water
Clyde River Puri f lcat lon Board
Forth River Puri f icat ion Board



APPEI{DIX III

RESEARCE SUGGESTIONS (GROIIPED BY TYPE OF ORGAIIISATION)

Consultants

Sett l tng, scouring, re-entraining cycle for sett lLng baslns with large range

of sedinent loads

"Hydraulic resonance" (in tailworks of h-e scheme) '

Vibrat lon of part lal ly open gates.

Diseharge coeff ic ient of  submerged ventur i  s luices '

Vor t i ces  a t  in takes .

Sediment exclusion at Lnt,akes.

Avoidance of damage to st iLl ing baslns and baff le blocks.

General - develop theory and analysis to avoid need for model testing'

Scour in large rivers/channels - and formation of armour layer'

Release of air  f rou turblne lnto tai l race (of punped storage scheme)'

Digest ible version of Abraham's "Jet di f fusion into an ambient f lu id"

Optinisation of tunnel dlameters.

Est imation of air  demand/requirements for cavi tat ion control '

Control of groundltater for excavatlons in chalk'

Head losses related to marLne foul ing (eff ic iency of chlor inat ion) '

Vlbrat ion and bad wear of electr ic screl t  jack actuators Lo large cast i ron

penstock valves.

Comprehensive revlew of weir  discharge coeff ic ients for wide range of weirs,

lncluding var iat ion with f low depth ( fo.  o".  in reservoir  inspect ion) '

Des ign  c r i te r ia  fo r  aera t ion  cascades.

;/ fri"tion head losses in fluids carrying e.g. sevyzfage sludge and dredging

/  \  s P o i l .

Contract ion/expansion losses at br idges in a f lood plain '

Morphology of gravel bed rivers



Water Authori t ies

Reservoir inlet and draw-off works - conditions and control.

Reservoir  draw-off  and bottom scour out lets.

St i l l ing basins and plunges - energy dissipat ion.

Grass spillways and overtopping of dams (CIRIA 252) tn relation to flow

depth, dan face slope and terminal velocity.

Flow measurement in open channels - especially sewers.

Roughness values for river discharge formulae.

Unsteady fl,ow performance of reservoir overflow and by-wash channels.

Hydraulic performance of overflow weirs and spillways (especially during

f lood)  .

Performance of drowned vertical sluice gates - estination of onset of

drowning.

Elevat ion of 1evel ln open r iversr ln f lood conditLons'  caused by bends'

!ileirs - problems of coping with range of flow. Wide crests give poor

sensitivity at low f1os. Compound weirs with dividing walls (prevent

cross-f low) col lect debris.  Possibi l i ty of  compound f lat-vee weir?

Local-  Counci ls

Scour -  especial ly on downstrean side of inverts and st i l l ing basins.

Design phi losophy for vorterdrop type structures. Usual cr i ter ia based

work of Prof Y Peter -  Civi l  Engineering Sept -  L969.

Inf low/inf l l t rat lon into foul  sewers.

Punping stations - cost effective routine maintenance for foul and storm

sta t ions .

?umps "which" type report  on e.g. inpel lers and gland packlngs.

OperatLon of sewers laid at very f lat  gradients.

Use of "minimum energy inverts" to prevent deep scour around bridges'

Economic apparatus for storage/attenuation of storm flows for new

development in steeP catchments-

Good flow measuring instrument for flow in selters'



Joint ing of precast concrete eulverts,  jo int ing mater ials.  Wlnching
culverts into place, sealant plaeement,  bedding.

Macerating sewage punps.

Automatic slulce channel eontrols.

Air entrainrnent in ptrrnping mains. Generatlon of hydrogen
suLphtde/sulphorous acid in mains.

Flow measurement for flow surveys, accurate surface level measurement,
computer data loggLng. (Arkon dip tubes beeome dragged).

Roughness values in sewers.

Others

St t l l i ng  bas in  sLz ing .

I Ai. entrainment/de-entrainment in weirs.

Head loss in needLe valves.

Dynamics of open channels under punp trip conditions (cooling t,otrer systens)
- simulation progranme required.

I  DL"p"t" ion of warm lrater from outfal ls -  posslbi l l ty already covered by l IR.

Dynamic pressures from breaking waves.





APPENDIX IV

RESEARCE SI]GGESTIONS (GROUPED BY TOPIC)

S t l -1l ing Basins/Tai lworks

Tople

Ilydraulic resonance (in tailworks of
h-e scherne)

Avoidance of damage to stil l lng basins
and baffle blocks

Release of air from turbine into
tai l race (of punped storage systen)

St i l l lng basins and plunges-energy
dlssipat ion

Scour especlally on downstream side of
inverts and st i l l ing baslns

Sti l l lng basin siz ing

Proport ioning sleeve valve st i l l ing
basins

Ranges of permissible use for energy
d iss ipa tors

Flow Measurement (Open Channel)

Comprehensive review of weir discharge
coeff ic ients for wide range of weirs,
including var lat lon wlth f low depth
(for use in reservoir  inspect lon)

I'Ielrs - problems of coplng with range
of f low. Wide crests give poor
sensit iv i ty at low f low. Compound
weirs with dividing wal ls ( to prevent
c ross- f low)  co l lec t  debr is .
Possibi l i ty of  compound f lat-v weir

Air entrainnent/de-entrainment in
weirs

Automatic sluice channel controls

Performance of drowrred vertical sluice
gates -  est lmatlon of onset of
drowning

0rlgioator

James ldill lanson & Partnerg

Englneering & Power DeveloPment
Consultant,s

James Willianson & Partners

Severn Trent Water

Gornwall County Council

CEGB GDCD

Sir Alexander Gtbb & Partners

Sir Alexander Gibb & Partners

Crough & Ilogg

Clyde River Puri f icat ion Board

CEGB

Exeter  C i ty

Forth River

Council

Puri f icat ion Board



Discharge coeff ic ient of  submerged
ventur i  s luiees

Flow measurement in open channels
especial ly seners

Diseharge character ist ics of part ial ly
opened fl-ap valves on tlde locked
outfal ls

Intakes

Scal ing vort ices between models and
PrototyPes

Reservoir inlet and draw-off works
condit ions and control

Design phiLosophy for vortex-drop type
structures. Usual cr i ter ia based on
work of Prof Y Peter -  Civi l
Englneering Sept 1969

Vort ices at intakes

Sedinent exclusion at intakes

Spillway Flow

llydraulic performance of overflow
weLrs and spi l lways (especial ly dur ing
f lood)

Unsteady flow performance of overflow
and by-wash channels

Durabi l i ty of  steep protect,ed grass
slopes under overtopping condit lons

Design cr i ter ia for aerat lon cascades

Aerat ion of spi l lway f low

Effect of  aerat. ioo on energy
absorpt ion

Grass spillways and overtopping of
dans (CIRIA 252) in relar ion ro f low
depth, dam face slope and terminal
velocl ty

I,Iard Ashcroft & Parkman

Severn Trent I{ A

Travers Morgan & Partners

Sir Alexander Gtbb & Partners

Severn Trent W A

Bournemouth Borough Engineers
Surveyors Department

Engineering
Consultants

Engineering
Consultants

& Power
LlmLted

& Power
Linited

Development

Development

Severn Trent W A

Severn Trent, I{ A

Rendel Palmer & Tritton

I laiste Internat ional Llmlted

Sir Alexander Gibb & Partners

SLr Alexander Gibb & Partners

Severn Trent W A



Tunnels and Closed Conduits

Temporary works and tunnels, scour and
accre t ion

Air demand character ist ics and
pressure condlt ions when valves or
gates discharge into closed condults,
e .g .  tunne ls

OptinLsat ion of tunnel diameters

Est,imation of air denand/req,rrt.t"oa"
for cavit,at,l-on cont,rol

Joint ing of precast concrete culverts
joint ing mater ials.  Winching culverts
into place, sealant placement and
bedding

Pipe Flow

Flow measurenent for flow surveys
accurate surface leve1 measurement,
computer data logging

Good flow measuring lnstrument for
flow ln selrers

Operation of sewers l-atd at very flat
gradients

Roughness values in sewers

Frict ion head l-osses in f lu ids
carrying e.g. sewage sludge and
dredging spoi l

Inf low/inf i l t rat ion lnto foul  sewers

Roughness values for modern generation
pipes

Air entrainment ln pumping mains.
Generation of hydrogen
sulphide/sulphuric acid Ln malns

Travers Morgan & Partners

Rendel Palmer & Tritton

Engineering & Power DeveloPment
Consult.ant s

Englneering & Pover DeveloPment
Consult,ants

Exeter City Counci l

Exeter CLty Council

Suffolk Coastal  D C

Newport Borough Council

Exeter City Council

Maunsell

Newport Borough Council

Bournemouth Borough Engineers
Surveyors DePartment

Exeter City Counci l



Pumps, Valves and Gates

Vlbrat ion of part ial ly open gates

Vlbrat ion and bad wear of electr ic
Screw Jack actuators to large east
iron penstoek valves

Pumping stat ions cost ef feet ive
routine maintenance for foul and storm
sta t ions

Pr:mps - "whlch" type report  on e.g.
inpellers and glan packings

Ilead loss in needle valves

Macerating seltage punps

Reservoir dralroff and bottom scour
out leEs

RLvers/Channels

Scour in large rivers/channels - and
formation of arnour layer

Use of "minimum energy inverts" to
prevent deep scour around brldges

Economic apparatus for storage/
attenuation of stolm flows for new
developments in steep catchments

Dynamics of open channels under pr:mp
trip conditLons (cooling tolter
systems) - si.mulatlon program
required

Contract ion/expanslon losses at
br idges in a f lood plain

Morphology of gravel bed rivers

Roughness values for river discharge
formulae

Elevat ion of level in open r iversr in
flood conditions, caused by bends

Scour around br idge piers

Newport Borough Council

Nertport Borough Council

CEGB

Exeter City Counci l

Severn-Trent W A

Sir !1 llacDonald & Partners

I.Iest Sussex C C

Ifest Dorset D C

Maunsell

Bu11en & Partners

Severn-Trent I{ A

Forth Rlver Puri f icat ion Board

Travers Morgan & Partners

Ward Ashcroft

I{allace Evans

& Parknan

& Partners



General Topics

Develop theory and analysis to avoid
need for model testing

Sediment transport

Causes of erosion

Aerat ion and cavitat ion

Roughness values

Sedimentat ion

More work required on:

Baff le blocks, r idges, channel
transiEion, gates, l r r igatLon, 1ow
level outlets and tunnels

Roll wave formation ln near critlcal
and super-cr i t ical  f low

Others

Sett l ing, scouring, re-entralning
cycle for sett l ing basins with large
range of sediment loads

Digest ible version of Abrahan's jet
diffuslon into an aubient fluid

Control of groundwater for excavations
ln chalk

Ilead losses related to marLne fouling
(eff ic iency of chlor inat ion)

Dynamic pressures from breaklng waves

Ship lnpact forces

Rofe Kennard & Lapworth

Travers Morgan & Partners

Sir Alexander Gibb & Partners

Binnie & Partners

Binnie & Partners

Binnie & Partners

Binnie & Partners

Binnie & Partners

Sir M MacDonald & Partners

Lewis & Duvlvler

May Gurney Tech Serviees
Lini ted

French Kier

CEGB

Travers Morgan & Partners






