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OPENING ADDRESS

It is a great honour to be asked by the BHRA to welcome you to this Meeting and to declare
the Conference open. An undeserved honour - I was never (to use a hydrodynamic simile) on the
glistening crest of the wave of progress, and am now an almost stationary particle in the dim region
behind and below it.

When the Queen of Sheba heard of the fame of Solomon, she came to prove him with hard
questions. Solomon told her all her questions - there was not anything hid from the King which he told
her not. And when the Queen had seen all Solomon's wisdom, there was no more spirit in her.

1 felt a bit like the Queen when I had tried to read - and here and there to understand - the
wealth of papers submitted to this meeting. But I have enough spirit left in me to make me very grate-
ful to the Authors, and to look forward with much interest to the elucidations and the discussions of the
next two or three days.

One thing that struck me on reading the papers was that in so many of them space was devoted
to the ''peptinisation'' of the information to be fed to a computer to make it digestible by the monster -
and digestible, moreoverin a minimum of computer-time. Could the Conference perhaps do something
to reduce the resulting repetition?

Having recently been concerned in the study of the intermittent pumping of undigested gassy
sewage sludge along long mains, I was specially interested in papers dealing with the analysis of the
effects of varying bulk-elasticity (mainly resulting from varying pressures). Incidentally, the "softness'
of sludge has, of course, the merit of cushioning surge or collision pressures, also of facilitating the
starting-up of an idle column in a long pipe - the near end of which will often be up to speed before the
outlet knows anything of what is coming. On the other hand, a measure of surge is, at starting, actually
advantageous in breaking down, in the Bingham plastic, or pseudo-plastic, fluid, any initial shear-
strength. But an impeller pump will usually impose sufficient surge, and the frequent preference for
positive pumps is probably not justified, at any rate on this account.

Your time can be spent far more profitably than in listening to me. So, having congratulated
the BHRA on having attracted such a galaxy of Hydrodynamicians and presented - so beautifully produced -

such a range of Papers, I will sit down and allow your serious proceedings to start.

Hugh R. Lupton

O.B.E., M.C., M.A., F.I.C.E.,
F.I.Mech.E., M.ILE.E., Hon.M.1.W. E.,
M. Cons. E., Consulting Engineer.
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CLOSING SPEECH

Professor V.L,. Streeter, University of Michigan, U.S, A,

The basic tools of transient analysis are now quite widely understood; although graphical analysis
is in use in many engineering offices, the thrust of research papers is toward better mathematical sim-
ulations using the digital computer. Six years ago, in an international research conference on surge in
England, more than half of the papers dealt with graphical analysis. The math model has developed
rapidly and has replaced the physical model in many one-dimensional applications. The two- and three-
dimensional problems remain almost completely in the physical simulation field as they are too difficult
for analytical models.

Acoustic velocity prediction is our greatest problem in math models of transient flow. The
reduction of pressure in a system by a transient, even when vapour pressure is not encountered, causes
a large reduction in wave speed. Both maximum and minimum pressures are affected. To complicate
the situation the wave speed is a function of both pressure and time. Air and other gases come out of
solution and reduce wave speed when pressure is lowered, but the bubbles return back into solution at a
lower rate. When vapour pressures are encountered a greater reduction in wave speeds takes place. ‘

One must conclude from this conference that the trend in transient analysis is toward the use of
the method of characteristics. An important problem arises in its use with systems having more than
one pipe, and that is the satisfying of the Courant condition. It can be very serious for large interpola-
tions. Other methods available include use of implicit reaches, which complicate programming, adjust-
ment of wave speeds, or use of small incompressible reaches, referred to as "lumping'. Some adjust-
ment of wave speed seems reasonable, as it is not accurately known in most situations. When this is
not adequate, lumping in such a way that the expression appears similar to a characteristic equation
may also be used; these methods provide no complications in programming.

In this conference the paper by Kaplan, Belonogoff and Wentworth suggests a novel method they
call "zooming', which has not been adequately tested at this time.

Of the thirty-seven papers presented, eleven dealt with special project simulations covering a

wide range of applications. Each one cannot be discussed, but the work of P. T. A, Griffiths was

-especially interesting in that the study was very thorough and comprehensive, including electrical tran-

sients, governor characteristics, relief valves to control resonance conditions, air effects and open
channel flow. The two papers by R.Svee and H. Brekke on compressed air surge chambers were also
very significant.

Five papers were presented which used the impedance, or linear analysis, for steady-oscillatory
flow cases. The paper by T.Ichikawa and K. Yamaguchi also dealt with a transient problem. Much can
be learned from these methods, and with a computer program which is less costly to execute than with
the characteristics method. This method is also subject to error if improper wave speeds are used.

Five papers were devoted to two-phase flow resulting from column separation. This is an im-
portant field that needs this research concentration. Prototype measurements of acoustic speeds

during severe transients are required before this problem can be adequately handled in a math model.



Four papers dealt with incompressible analysis. In some cases they are more complicated than
the compressible analysis and require use of the digital computer for results. The paper by M. Macagno
and E.O. Macagno may provide help in the "lumping' of small reaches for the characteristics method.

Three papers were concerned with the method of characteristics. This small number of papers

indicates that it is generally accepted and interest has turned to its applications.

There were also three papers describing ''general'' programs, i.e. programs which endeavour
to solve any and all transient flow cases by properly imputing of the data. Large companies strongly
endorse this approach, in part so that non-programmers may use the programs with limited transient
understanding and so that the program is still easily used with changes in personnel. Compromises
have to be made with these programs, with the actual case being adjusted to fit the program. The
general approach, with its sorting and indexing is also more expensive to load and execute. Both special
simulations and. general programs will be used in the future.

Six papers dealt with a separate topic: numerical accuracy, non-Newtonian flow, visco-elastic
flow, valve stroking, physical modelling, and pump characteristics interpolation.

To sum up the three basic problems requiring more attention are:

1. Acoustic speed determinations and predictions of acoustic speed during a transient.

2. Understanding of the basic physics of column separation, and

3. The handling of short reaches of pipe that do not satisfy the Courant condition & x = aAAt

On behalf of the conference attendees I would like to thank Mr. Young, Mr. Stephens, Mr. Rowat
and the other staff members of BHRA for the great efforts they expended in preparing for and carrying

out this excellent conference.
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Kranenburg, C.

Levy,J. V.
Logan, T. H.
Longman, A.D.
Lorenz, J.

Lupton, H. R.

Macagno, E, O,

Macagno, M.
Martin, C. S.

Novak, P
Piga, E.
Portfors,E. A.

Recoura, J.
Robbie, J. F,

Robson, F. M.

Safwat, H. H.

G1; G99; G100
B7: B99: B100:
G102

B4
Fl; F34

A4; A129
C4; C70; C80;
Cc81

E6
A125

E95; E100
BS: B96; BIT;
C78

B95

AS5; A129; A131;
A120; C79; E96
A5; A129

A121; B91; B9Y96;
C173; C82; E1;
E96; E97; E98

Al21; E96; E101;
G106

D3
E4; E101

A2; A122; A123
A6; A130; A131;
E2: E99; E100
E2; E99; E100

Al21; A129; B93;
BT, ‘€5 [E7

C81; C84; D2;
D58; E100; F34;
G107

LIST OF DELEGATES

ATTENDANCE LIST BY NAME OF DELEGATE

ANDERSSON S.
ARCHER X.E.

ATZENT A,

BINKHUYSEN J.P.F.
BLUNKETT A.G.F.

BOLDY &.P.
BREKKE H.
BRETT a.

ATNOMENERG! aB
ENGLISH ELECTRIC CO.

CanLIARI UNIVERSITY

MERPZ & MCLFLLAN
KVAERNFR BRUG A/S
LUCAS AEROSPACE LTD.

Schreck, C. W.
Schroder, R.
Sheer, T.J.

Smith, B.
Stefan, H.
Stephenson, D.
Strawson, H.
Streeter, V. L.

Svee, R.

Swaffield, J. A.

Tekle, T.
Thirriot, C.
Thomas, G.O.

Thorley, A.R. D,

Vaidyaraman, P. P,
Van Aarle, L.G. M.

Wentworth, R. C.
Wood, D. J.
Wood, G.D.

Yamaguchi, K.
Young,G.A.J.
Zaoui, J.

Zeller, H.
Zielke, W,

MINERAL TECHNOLOGICAL INSTITUTF
MENWAY PORTS AUTHORITY

BROWN T.R.
BROWN V.P_ R,
BROWNELL C.O.
BUCHANAN R, W.
BULLOUGH J.B.8,

Ca0 C.
carTaLon J.
CHAUDHRY M_H.
COLLINS T.M,

DAVIS R.D.
DEEN D.
DEXTER A.L.
DRIELS M.R,
DUGGINS R.K.

RENDEL ,PALMER & TRITTON
BRITISH PETROLEUM CO.LTOD.
TASMANTIA UNIVERSITY
WILLIAMSON,J., & PARTNERS
ABFRDEFN UNIVERSITY

CAaGLIARI UNIVERSITY

T.A. M. S,

INT'L POWEP & ENGNG.CONSULTANTS
CENTRAL ELECTRICITY PESEARCH {aBS.

ROYAL NAVAL ENGINEERING COLLEGF
METROPOLITAN WATER B8NARD
TRINITY COLLEGE.DURLIN

CITY UNIVERSITY

NOTTINGHAM UNIVERSITY

A130; E99

G5; G106; G107
B92; D1; D55;
D56; D57

D56; F36

G5; G106; G107
Al128; F3

Al22

Al; Al21; A122;
B92; D55; F34
G2; G100; G101;
G102; G104

C2; B92; B93;
C176; C77; C78;
C80; C82

F36

A7

A3; A123; A124;
Al127; A128

B96

C3; €19
B93

A4; A129
F1; F34
Al128; G4

B4
€73 €175 €81

A2; A122; A123;
Al129

B5; B96; B97
B94; G1; G99;
G100; G107

SWEDEN
Up&l,

ITALY

NETHERLANDS
U.x,

U.K.

NOFWAY

UL

U.x.

U549,
SUSTRALIA
Ursktys

U.x.

1Taty
U_SLAY.
CANADA
u.x.,



EGGERSTEDT R.
ELLIASSON F.T.
ELSTAD 1.K.
ENEVER K.J.
ENSIGN H.W.
ERIKSEN H.4&.
ERSKINF J.R.
ETHERINGE P.

FaMILl J.
FANELLT M.

FOox J.a.
FRANKE P.F.
FRANRLIN T.f
GARDNER G.C.
GAST P.

GILL R.D.
GORMAN D.J.
GRASSIN F.
GRAZE H.R.
GRIFFITHS P.T.
GUNSTAD T.S-E.

HARPER R.F.
HARRIES JM

HEADLAND H.
HOPKINS P .M,
HOWARD
HUGHES
HUNTER

- —w

.0.J.
al,

JAEGER A.
JARVIS R.M.
JoLas ¢.

KAPLAN M,
KRANENBERG C.

LAKE G.
LAWMAN R.A.
LEVY J.Vv.
LOCHEAD A.C.
LONGMAN A.D.
LORENZ J
LUPTON A.R.
LUPTON H.R.

MACAGND E.O.
MACAGND M.C.
MALLEY G.
MARTIN C.S.
MASSEY 1.C.
MATTHEWS R.V.
MAWER W.T.
MCHAMISH G.
MCLEOD F.
MILLER D.
MULLER P.

NOVAK P.
PERKINS N.C.

REES J.63
ROBRIE J.F.
ROBSON F.M.
ROWAT M. J.

SAFWAT H.H.
SATTLER H.
SCHRECK C.S.
SHEER T.J.
SMITH A, |
SPENCER D.R.
STEPHENS H.
STEPHENSON D.
STEWART N.J.
STRAWSON H.
STREETER V.L.
SVEE R.
SWAFFIELD J.a.

TEKLE T.
THIRRIOT C.
THOMAS G.O.
THORLEY A.R.D.
TOFT-FFNSVIG A.
TULLIS J.P.

VAN AARLE L.G.M.

VAN DALEN 6.

A.

BRAN & LUEBBE(G.E.)LTD.
HNRNE FNGINEERING CO.
NYRRO MANSEN SIVILINGENIOR
CITY UNIVERSITY

CLA-VAL COMPANY
CAMP,DRESSFR & MCKEE
1.C.1.LTD.(AGRIC.DIV,}
VARLEY-FMC LTOD.

TRANTAN OIL SERVICFS LTD.

E . NsExls

LEFDS UNIVERSITY

BERLIN TECH.UNIVERSITY

SANDFoAD FAWCETT ,winToN & B&ELL
CENTRAL ELECTRICITY RESEARCH LABS.
AEG-KERNREAKTOREN
WATERMEYER,LEGGF,PIESOLD & UHLMANN
OTTAWA UNIVERSITY

OMNIUM TECH.TRANSPORTS PAR PIPFLINES
MELBOURNE UNIVERSITY

TASMANIA HYDRO-ELECTRIC COMMISSION
SWEDISH STATE POWER BOARD

CLa-VAL COMPANY
METROPOLTTAN WATER BOARD

KENNEDY & ODONKIN

NATIONAL COAL BOARD
STENBERG-FLYGT AB

8aTH CORPORATION WATER DEPT.
NATIONAL ENGINEERING LA&B.

RHEINLAND TECH.UBERWACHUNGS-VEREIN
NORTH SCOTL.AND HYDRO-ELECTRIC BOARD
ELFCTRICITE DE FRANCE

PACIFIC INT*L. COMPUTING CNRP.
DELFT UNIVERSITY TECHNOLOGY

S1GMUND PULSOMETER PUMPS LTD.
JAMES,R.T., & PARTNERS
METROPOLITAN WATER BOARD

IRAQ PETROLEUM CO.LTD.
KENNEDY & DONKIN

AACHEN TECH.UNIVERSITY

BINNIE AND PARTNERS
CONSULTANT

IOWA UNTVERSITY

10WA UNIVERSITY

WEIR PUMPS LTD.

GENRGIA INST.OF TECHNOLOGY
MATHER & PLATT LTD.

BOVING & CO.LTO.

CENTRAL ELECTRICITY GENERATING BOARD
BOVING & CO.LTO.

WFIR PUMPS LTD.

BHRA FLUID ENGINEERING
BRNOWN BOVERI & CIE AG

NEWCASTLE-UPON=-TYNE UNIVERSITY
BRISTOL WATERWORKS CO.

GIBR,SIR A,, & PARTNERS
ABFRDEEN UNIVERSITY
ABFRDEEN UNIVERSITY
BHRA FLUID ENGINEERING

DELFYT UNIVERSITY TECHNOLNGY
VER.OSTERR,EISEN-8 STAHLWERKE 4G
BERLIN TECH,UNIVERSITY
ELECTRICITY SUPPLY COMMISSTON
HYDRAULIC ANALYSIS,LEEDS

SHELL INTERNATIONAL PETROLFUM CO.LTD.
BHRA FLUID ENGINEERING
STEWART,SVIRIDOV & OLIVER
C.J.8.{PROJECTS)ILTOD.

SHELL RESEARCH LTO.

MICHIGAN UNIVERSITY

NORWAY TECH,UNIVERSITY

SOUTH BANK POLYTECKNIC

NORWAY TECH.UNIVERSITY
TNULOUSE INST . NAT,POLYTECHNIC
BUREAU OF RECLAMATION

CITY UNIVERSITY

DENMARK TECH. UNIVERSITY
COLORADO STATE UNIVERSITY

KONINKLIJKE SHELL LAB.
VMF/STORK WERKSPONR

u.K.
U.x.
NORWAY
U.K.
U.S.a.
THATLAND
u.x.
U.x.

u.x,
ITALY
U.K.

GERMAN FED.REP.

U K
U.K.

GERMAN FED.REP.

U.K.
CANADA
FRANCE
AUSTRALIA
AUSTRALIA
SWEDEN

GERMAN FED.REP.

U.K.
FRANCE

U.S.A.
NETHERLANDS

T

E

ccomcCcccocca

XX DAX XXX

>

A

u.s
u.s
U.K
u.s
u.x.
U.x
U.x.
ks,
U.xK.
U.K.
GER

U.K.

U.K.

cCccc

OLE
K.
LN
K.

NETHERLANDS
AUSTRIA

GERMAN FED.REP.

S.AFRICA
U.K.
VB
u.K.
ARHODESTA
u.K.
U.K.

Ui Sw»hls
NORWAY
U.x.

NORWAY
FRANCE
Uis SiovA 2
v.x.
DENMARK
U.S.A.

NETHERLANDS
NETHERLANDS

AN FED.REP.

MAN FEO.REP.

=7
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NADSWORTH E.T. TRAQ PETROLEUM CO.LTD.
WALLFR H, SULZER BROS.

#00D G.D. SALFORD UNIVERSITY
YOUNG G.A.J. BHRA FLUID ENGINEERING
a0Ul U. SOGREAH

ZELLER H. AACHEN TECH.UNIVERSITY
ZIELKE W. MUNICH TECH,UNIVERSITY

ATTENDANCE LIST BY NAME OF COMPANY

AACHEN TECH.UNIVERSITY

ABERDEEN UNIVERSITY

AEG-KERNREAKTOREN

ATOMENERGI AR

BATH CORPORATION WATER DEPT.
BERLIN TECH.UNIVERSITY

BHRA FLUID ENGINEERING

BINNIE AND PARTNERS
BOVING % CO.LTOD.

BRISTOL WATERWORKS CO.
BRITISH PETROLEUM CO.LTO.
BROWN BOVERI & CIE AG
BUREAU OF RECLAMATION
C.J.B.(PROJECTSILTD.
CAGLIARI UNIVERSITY

CAMP,DRESSER & MCKEE
CENTRAL ELECTRICITY GENERATING BOARD
CENTRAL ELECTRICITY RESEARCH LABS.

CITY UNIVERSITY

CLa-valL COMPANY

COLORADD STATE UNIVERSITY
CONSULTANT
DELFT UNIVERSITY TECHNOLNGY

DENMARK TECH. UNIVFRSITY
E-NE.L.

ELECTRICITF DE FRANCE
ELECTRICITY SUPPLY COMMISSION
ENGLISKH ELECTRIC CO.

GEGRGIA INST.OF TECHNNt OGY
G1BB,SIR A,, & PARTNERS

HORNE ENGINEERING CO.
HYDRAUL IC ANALYSIS,LEEDS
1.C.I.tTD.(AGRIC.DIV.)

INT'L POWER & ENGNG.CONSULTANTS
10WA UNIVERSITY

IRANIAN OIL SERVICFS LTO.
IRAQ PFTROLEUM CO.LTD.

JAMES,R.T., & PARTNERS
KENNEDY & DONXIN

KONINKLIJKE SHELL LAB.
KVAERNFR BRUG A/S

LEEDS UNIVERSITY

LUCAS AEROSPACE LTOD.
MATHER & PLATT LTD.
MEDWAY PORTS AUTHORITY
MELBOURNE UNIVERSITY
MERZ & MCLELLAN
METROPOLITAN WATER BOARD

MICHIGAN UNIVERSITY

MINERAL TECHNOLOGICAL INSTITUTE
MUNICH TECH.UNIVERSITY

NATIONAL COAL BOARD

NATIONAL ENGINEERING LA&B.
NEWCASTLE-UPON=-TYNE UNIVERSITY
NORTH SCOTLAND HYDRO-ELECTRIC BDARD
NORWAY TECH,UNIVERSITY

NOTTINGHAM UNIVERSITY
NYBRO HANSEN SIVILINGENIOR
OWNIUM TECH,TRANSPORTS PAR PIPELINES

GERMAN FED.REP.

U.K.

GERMAN FED_RER
SWEDEN

[ g%

GERMAN FED.RER

U.K.

U.K.

GERMAN FED.REP
U.S.A.

U.K.

1TALY

THAILAND
UK.
U.K.

U.x.

U.S.A.

U.s.4a.
U.x.
NETHERL ANDS

NENMARK
1TaLyY
FRANCFE
S.AFRICA
U.x.
U.S.A.
U.K.
(UL 4
e,
U.k.
CANADA
U.s.A.
V.
u.

cc
x x * X

NETHERL ANDS
NORWAY

U.K.

U.x.

U.x.

u.k.
AUSTRALTA
u.x.

u.x.

U.s.a.

NETHERL ANDS
GERMAN FED.REP.
U.x,

U.k.

U.x.

U.K.

NORWAY

U.x.
NORWAY
FRANCE

U.K.
SWITZERLAND
U.K.

U.K.

FRANCE
GERMAN FED.REP.
GERMAN FED.REP.

LOPENZ J.
ZELLER H.
BULLOUGH J.B.R.
ROBBIE J.F.
RNBSON F.M,
GAST P.
ANDERSSON S.
HUGHES T.0.J.
FRANKE P.F.
SCHRECK C.S.
MILLER D.
ROWAT M. J.
STFPHENS H.
YOUNG G.8.J.
LUPTON A.R,
MATTHEWS R.V.
MCHAMISH G.

EGGERSTEDT R.
PERKINS N.C.
BROWN V.R.R.
MULLER P.
THOMAS G.O.
STEWART N.J.
ATZENT A.

ca0 c.

ERTKSEN H. A,
MAWER W.T.
COLLINS T.M.
GARDNER G.C.
DRIFLS M.R.
ENEVER K.J.
THORLEY A.R.D.
ENSIGN H.W.
HARPER R.F.
TULLIS J.P.
LUPTON H.R.
KPANENRERG C.
SAFWAT H.H.
TOFT-FENSVIG A.
FANELLT M.
JOLAS €.

SHEER T.J.
ARCHER X.E.
MARTIN C.S.
REES J.G.
ELLIASSON E.T.
SMITH R.
ERSKINE J.8.
CHAUDHRY M.H.
MACAGND E.0.
MACAGND M.C.
FAMILT J.
LACHEAD A,
WADSWNRTH
LAWMAN R_A,
HEADLAND H.
LONGMAN &.D,
VAN AARLE L.G.M.
RREKKE H.

FOX J.A.

BRETT 4.

MASSEY I.C.
BLUNKFTT &.G.F.
GRBZE H.R.
BOLDY 2.P.
WaRRIES J. M.
DEEN D.

LEVY J.V.
STREETER V.1 .
3INKHUYSEN J.P.F.
ZIELKE W.
HOPK INS P .M,
HUNTER J.J.
NOVAK P,
JARVIS R.M,
SVEE R.
TEKLE T.
DUGGINS R.X.
ELSTAD I.K.
GRASSIN F.

n oy



OTTAWA UNIVERSITY

PACIFIC INT*L. COMPUTING CORP.
RENDEL,PALMER & TRITTON

RHEINLAND TECH.UBERWACHUNGS-VEREIN
ROYAL NAVAL ENGINEERING COLLEGE
SALFORD UNIVERSITY

SaVD FeRDd FAWCETT, WiTon & (€

SHELL INTERNATIONAL PETROLEUM CO.LTO.
SHELL RESEARCH LTD.

SIGMUND PULSOMETER PUMPS LTOD.
SOGREAM

SOUTH RANK POLYTECHNIC
STENBERG~FL YGT AB

STEWART,SVIRIDOV & OLIVER

SULZER BROS.

SWEDISH STATE POWER BOARD

T.A.M.S.

TASMANIA HYDRO-ELECTRIC COMMISSION
TASMANIA UNIVERSITY

TOULOUSE INST_NAT.POLYTECHNIC
TRINITY COLLFGE,DUBLIN

VARLEY-FMC LTD.

VER.OSTERR.EISEN-2 STAHLWERKE AG
VMF/STORK WERKSPOOR
NATERMEYER,LEGGE,.PIESOLD & UHLMANN
WEIR PUMPS LTD.

WILLIAMSON,J., & PARTNFRS

ATTENDANCE LIST BY COUNTRY

AUSTRALIA
ME|I BOURNE UNIVERSITY

TASMANIA HYDRO-ELECTRIC COMMISSION

TASMANTA UNIVERSITY
AUSTRIA
VER.OSTERR.EISEN-2 STAHLWERKE AG
CANADA
INT*'L POWER & ENGNG.CONSULTANTS
OTTAWA UNIVERSITY

DENMARK

DENMARK TECH. UNIVERSITY
EIRE

TRINITY COLLEGE.DUBLIN
FRANCE

ELECTRICITE DE FRANCE

CANADA
U.s.A,

K
GERMAN FED.REP

SWEDEN
RHNDESTA
SWITZERLAND
SWEDEN
U.S.A.
AUSTRALIA
AUSTRALIA
FRANCE

EIRE

U.K.
AUSTRIA
NETHERLANDS
U.x.

U.x.

U.x.

OMNIUM TECH.TRANSPNRTS PAR PIPELINES

SOGREAH

TOULOUSE INST . NAT_POLYTECHNIC
GERMAN FED.R

AACHEN TECH.UNIVERSITY

AEG-KERNREAKTOREN
BERLIN TECH.UNIVERSITY

BROWN BOVERI & CIE AG
MUNICH TECH.UNIVERSITY

RHEINLAND TECH.UBERWACHUNGS-VEREIN

ITaLy .
CAGLIARI UNIVERSITY

BN E b .
NETHERLANDS
DELFT UNIVERSITY TECHNOLOGY

KONINKLIJKE SHELL LASB.
MINERAL TECHNOLOGICAL INSTITUTE
VMF/STORK WERKSPOOR
NORWAY
KVAERNER BRUG A/S
NORWAY TECH.UNIVERSITY

NYBRO HANSEN SIVILINGENIOR
RHOOESIA

STEWART,SVIRIDNV & OLIVER
S.AFRICA

ELECTRICITY SUPPLY COMMISSION
SWEDEN

ATOMENERGT AB

STENBERG-FLYGT A8

SWEDISH STATE POWER BOARD
SWITZERLAND

SULLZER BROS.
THAILAND

CAMP,DRESSER & MCKEE
U.K.

ABFRDEEN UNIVERSITY

BATH CORPORATION WATER DEPT.
BHRA FLUID ENGINEERING

Z-10

GORMAN D.J.
KAPLAN M,
BROWN T.R,
JAEGER A,
DAVIS R.D.
WODD 6.D.
fRANKLIN T.F
SPENCER D.R.
STRAWSON H.,
LAKE G.

2a0U1 J.
SWAFFIELD J.A.
HMOWARD B.
STEPHENSON D.
WALLER H.
GUNSTAD T,S-E.
CATALDO J.

GRIFFITHS P.T A,

BROWNELL C.D.
THIRRIOT C.
DEXTER A.L.
ETHERIDGE R,
SATTLER H.
VAN DALEN G.
GILL R.OD.
MALLEY G.
MCLEOQD F.
BUCHANAN R.W.

GRAZE H.R.

GRIFFITHS P.T.A.

BROWNELL C.D.
SATTLER H.

CHAUDHRY M_H,
GORMAN D.J.

TOFT~FENSVIG A.
DEXTER A.L.

JOLAS C.
GRASSIN F.
Zaoul J.
THIRRINT C.

LORENZ J
ZELLER H.
GAST P.
FRANKE P.F.
SCHRECK C.S.
MULLER P.
Z1ELKE W,
JAEGER A.

ATZENI A,
can C.
FANELLT M,

KRANENBERG C,
SAFWAT H.H,
VAN AARLE L.G.M.

BINKHUYSEN J.P.F.

VAN DALEN G.

BREKKE H.
SVEE R.
TEXLE T.
ELSTAD I1.K.

STEPHENSON D.
SHEER T.J.

ANNERSSON S.
HOWARD B.
GUNSTAD T.S-E.

WALLER H.
ERTKSEN H. 8,

SULLOUGH J.B.B.
RORBIE J.F.
RORSON F.M,
HUGHES T.0D.J.
MILLER O.

ROWAT N.J.
STEPHENS H.
YOUNG G.A.J.

R
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HORNE FENGINEERING CO.
HYDRAULIC ANALYSIS,LEEDS
1.C.TI.LTD.(AGRIC.DIV.)
IRANTAN OIL SERVICES LTD.
IRAQ PETROLEUM CO.LTO.

JAMES,R.T., & PARTNERS
KENNEDY & DONKIN

LEEDS UNIVERSITY

LUCAS AEROSPACE LTOD.
MATHER & PLATT LTD.
MEDWAY PORTS AUTHORITY
MERZ & MCLELLAN
METROPOLITAN WATER BOARD

NATIONAL COAL BOARD

NATIONAL ENGINFERING LAB.
NEWCASTLE~UPON-TYNE UNIVERSITY
NORTH SCOTLAND HYDRO-ELECTRIC BOARD
NOTTINGHAM UNIVERSITY

RENDEL,PALMER & TRITTON

ROYAL NAVAL ENGINEERING COLLEGE
SALFORD UNIVERSITY

SANDRo D FAWCETT, WuTom & gL
SHELL INTERNATIONAL PETROLEUM CO.LTD.
SHELL RESEARCH LTD.

SIGMUND PULSOMETER PUMPS LTD.

SOUTH BANK POLYTECHNIC

VARLEY~FMC LTOD.
WATERMEYER,LEGGE.PIESOLD & UHLMANN
WEIR PUMPS LTOD.

WILLIAMSON,J.. & PARTNERS

AL
BUREAU OF RECLAMATION
CLA-VAL COMPANY

COLORADO STATE UNIVERSITY
GEORGIA INST.OF TECHNOLOGY
IOWA UNIVERSITY

MICHIGAN UNIVERSITY

PACIFIC INT'L. COMPUTING CORP.
iT 2 A oMiSos

BINNIE AND PARTNERS

BOVING & CO.LTD.

BRAN & LUEBBE(G.B.}ILTD.

BRISTOL WATERWORKS CO.

BRITISH PETROLEUM CO.LTD.
C.J.B.(PROJECTS)ILTOD.

CENTRAL ELECTRICITY GENERATING BOARD
CENTRAL ELECTRICITY RESEARCH LABS.

CITY UNIVERSITY
CONSULTANT

ENGLISH ELECTRIC CO.
GIBB,SIR A., & PARTNERS

ELLIASSON E.T.

SMITH BR.
ERSKINF J.B.
FAMILT J.
LOCHEAD A.C.

WADSWORTH E.T.

LAWMAN R,A.
HEADLAND H.
LONGMAN A.D.
FOX J.A.
8RETT 4,
MASSEY I.C.
BLUNKETT A.G
BOLDY a.P.
HARRIES J. M,
DFEN D.

LSV LA
HOPKINS P.M,
HUNTER J.J.
NOVAK P.
JARVIS R M.
DUGGINS R.K.
BROWN T.R.
DAvVIS R.D.
Wo0oD G.0.
ok~ T.f.
SPENCER D.R.
STRAWSON H.
LAKE G.

dIEd 5

SWAFFIELD J.A.

ETHERINGE R.
GILL R.D.
MALLEY G,
MCLEGD F.

BUCHANAN R.W.

THOMAS G.0.
ENSIGN H W,
HARPER R.F.
nyEENs J.P.
MARTIN C.S.
MACAGNN E.O0.
MACAGNN M.C.

STREETFR V.L.

KAPLAN M,
CATALDO J.
LUPTON A.K.
MATTHEWS R.V
MCHAMISH G.
EGGERSTEDT R

PERKINS N.C.
BROWN V., R.R.
STFHWART N.J.
MAWER W.T.
COLLINS T.
GARDNER G.
DRIELS M.R.

ENFVER K.J.

THNRLEY A.R.
LUPTON H.R.

ARCHER X.E.

REES J.G.

0x
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