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Diacnssion. 
Pro[. Dixon. Professor DIXOH exhibited  several  lantern-slides  showing  the 

model  installation at   the  Nant-y-Gro  dam. 
Dr. Unwin. Dr. W. C. UNWIN, Past-President,  remarked  that  the  Paper was 

so complete that it did  not  lend itself to  very  much  discussion. It 
described  one of those  admirable pieces of experiment.al  work  by 
which  what was  known about  hydraulics  had  been  built up. He 
did  not  think it would  have  been  possible,  without  carrying  out 
the  experiments  describcd, to  determine  satisfactorily  a coefficient 
to  use in  making a calculation of the discharge  over the Caban 
dam.  The  following  Tablc  provided an interesting  comparison of 
the  Authors' coefficients with  Bazin's  coefficients for the  standard 
sharp-edged weir with  the  end  contractions  suppressed  and  the 
weir so high that  the velocity of approach was pract,icallpnegligible. 

Values of C in the equation Q = C'LIIl':. 
IT . . . . . . . . Feet 0,525 1.05 1.50 1.97 
Uazin C . . . . . . 3 . 4 3  3'42 3 .44   3 .48  
Dixon and M H C ~ ~ J ~  c '  . . 3'09 3 . 0 4  3.02 3.01 
Theoretical C .  . . . , 3.09 

The  difference  was  large, as one weir was  sharp  and  the  other  broad- 
crested.  The  theory for a  broad-crested weir was different from that 
for a sharp-edged weir ; he  had  published  such a theory 40, and 
again 20 years ago, but he  did  not  claim  t'hat it was his. That 
theory gave the  value of the coefficient of discharge  independently 
of experiment'. It was a  semi-rat'ional t,heory, depending on an 
assumption, not  exactly  proved, but not  unreasonable. The 
coefficient for a broad-crested weir given by  that  theory was 3-09 - 
nearly  identical  with  the  figure a t  which the Ailthors  had  arrived. 
It was too  much  to  expect  a  water  company  to go beyond  the 
problem  which they wished t o  solve, in order t'o help  hydraulicians ; 
but it did  strike  him tha t  it would  have  been of value to  engineers 
if the  Authors  had  gone  just a step  further.  Wing  walls  were 
fitted  to  the  upstream edge of the  dam,  and, if a floor had been 
pu t   i n   a t  various  distances below the  crest of the weir, the  Authors 
would  have  obtained  values cif the discharge  when the velocity of 
approach was taken  into  account.  That  would  have  been a useful 
expansion of the work  dcscribed, and it mould not  have  cost  very 
much.  The  experiment,s  had  been  carried out  in a very  satisfactory 
way  and, as shown by the  logarithmic plot,ting:  hhey mere no doubt 
extremely a.ccurat,c. 

Downloaded from http://ftp.nowpublishers.com/jmipi/article-pdf/220/1925/110/2687539/imotp_1925_15562.pdf by guest on 28 June 2026



Proceedings.] DISCHARGE OVER A ROCK-FACED DAM. 111 

Professor F. C. LEA was  particularly  interested  in  the  experiments, Prof. Lea. 

because, by  the kindness of the  Authors,  he  had  been  able  to  help 
them  to hake certain  observations. It was importa,nt  to  recognize 
that  the work described  not  only  gave  results  such as were  published 
in  the  Paper,  but also  helped to  determine  the  discharge-factor for 
a  great  gathering-ground ; and  the  Authors  must  be able, with 
the  aid of those  experiments  and  other  data,  to  give  information 
which  would  be of the  greatest  importance.  He  complimented 
them  upon  the  apparatus  they  had designed.  The  fact that  they 
had  been  able to  get  the  authority of the City of Birmingham 
Water  Committee to  construct  such  a  large  measuring-tank was 
an important  factor  in  the  experiments.  The  tests,  even a t  high 
heads,  had  lasted for several  minutes.  A  point of criticism in 
connect~ion  wit,h the  method of measuring  t,he  heads was that, 
although  the  measuring-apparatus  could  be  read  to 0.001 inch, it 
was fairly  obvious that small  errors of several  thousandths of an 
inch  would  probably  not affect the  results  very  much,  and it was 
difficult in  windy  conditions t o  be  quite sure of measuring  water 
with  anyt,hing  like  hhat  accuracy ; in  fact, it was  difficult in  the 
laboratory. He did  not  t,hink  the  Aut,hors  would  claim  that  the 
results  were  accurate to  that  extent. It was  significant that hook 
gauges  had  been  used  with  fairly  large  apparatus  to  avoid  lag of 
the readings  when  surgings  took  place  owing to  wind.  The  result,s 
obtained were of considerable  interest.  The  index vas not  quite 
1.5, and, as Dr. Unwin  said,  the  figure of the  constant  agreed 
m r y  nea,rly with  the  theoretical  value  for  broad-crested weirs. If 
the viscosity term were determined,  when  recording  such  experi- 
ments,  which  in  this  case  had  not  been possible,  he thought  perhaps 
it would  be  possible to  keep the  index  constant  at 1.5. A few 
years  ago  he  had  constructed a sharp-edged weir across  a  stream  in 
series with  a  dam  similar to  that   dealt  with  in  the  Paper.  The 
inclex for the  dam changed  with the dimensions and  the  width of 
$he weir but  kept  to  the order of 1.5. With  regard  to  the effect of 
wind, it was  difficult to  be  quite  sure of reading  the  head  with 
considerable  acc-uacy  in  the  open  air. In  his own experiments 
much  time  had  been  spent on tha.t  matter,  and  it  had been found 
tha t  reversal of the  direction of the wind introduced  an  error, of 
generally 1 to 3 per  cent.,  but  greater  in  certain  circumstances, and 
tcnded  to  inhoduce  variatioos  greater  than  those  due  to  viscosity. 
In  the Authors’  experiments  the  wind, no doubt,  influenced  the 
results.  There was little  difference  in  the  readings on the three 
hook  gauges : sometimes the  nearest  gauge  had a higher  head than 
the one more  remote, but  that could  hardly  be so without, some, 

Downloaded from http://ftp.nowpublishers.com/jmipi/article-pdf/220/1925/110/2687539/imotp_1925_15562.pdf by guest on 28 June 2026



112 DISCUSSION ON MEASUREMENTS OF [Minutes of 

Prof. Lea. disturbing influence either  external  to or within  the  apparatus.  The 
Paper would help  in  giving knowledge as to  the discharge from 
other  gathering-grounds,  and  the volume of water  that  might be 
depended  upon to reach  the reservoirs. He hoped that  advantage 
mould be taken of the  site  to  make  other  experiments. If other 
models  could  be constructed, he was sure  they would add con- 
siderably Do the  general knowledge of a n  important  subject. 

;21r.'rickell. Mr. R. E. TICKELL remarked  that?  having  constructed  t,hc 
t.eunporary dam  at  Nant-y-Gro for the village water-supply, where 
the experiment's  were carried out,, he was particularly  interested in 
the  Paper. While in  that  district,  he  had  attempted  to  determine 
the discharges from  the  watersheds  and nleasure the floods through 
the  culverts.  The exisbing data were very  imperfect,  and engineers 
would be  only  too  glad  to  have a guide  such as the  Authors  had 
provided. It struck  him  that  the  Paper  stopped  short of the 
interesting  point : a  formula was girrn,  but  no  results ; and hc 
hoped  t)hat some day  the  Authors woulcl publish the disellarge 
figures of the  drainage-area  and  the flow over the  Caban  dam. 
The weir of the  Caban  dam was 5 feet broad ni1d was of dressed 
masonry.  The  upstream side of the w i r  had  a  batter of 1 in 20 
and  a bullnose of 6 inches radius. On the  downstream  side was 
another bullnose, a drop of G inches, and t,hen the  rock  face com- 
menced with  a  curve of 12  feet  radius.  A pcculiar result was given 
in experiment No. 13 (p. 109) ; in every  instance  the water-level 
farthest  from  the  dam  was lower than  the  level  nearer  to  the  dam. 
That seemed to  indicate  that  there was it sort of wave of the rising 
water flowing over  the  crest.  The  Authors  st'ated that that  would 
appear occasionally in some of the  experiments,  but  in  the experi- 
ments given he  did  not  t,hink there was an  exception.  Another 
interesting  comparison  that  might  have been made  by  the Authors 
was with  the  sharp-edged weir. He had  compared  the discharges 
given in  Table I1 with  that of a  sharp-edged weir, aud he noticed 
that  for  a heacl of 1 inch the flow over the  Caban  dam was only 
4 per cent. less tjhan it would have  been over a sharp-edged weir. 
When  there was a  depth of 5 inchcs, i t  was G per cent. less ; a t  1 foot 
it was 8 per  cent. ; nnd a t  1 foot 4 inches  depth of water i t  was 
9 per cent. less than i t  would be for a sharp-edged weir. Accoriing 
to  text-books, if there was a  horizontal  surface  behind  the edge of 
the weir, with  a  head of only 1 inch  the flow would  be 50 per cent. 
less than  that  over  a  sharp edge. The high  discharge obtlined  by 
the  Authors seemed to  be  undoubtedly  due  to  the bullnosing at   the 
upstream side of the weir. The  percentage increased with  thc 
greater  depth of head, which was opposite to  what  theory w011ld 
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Mr Liodley. of this weir was that, unlike  othcr weirs, it  did  not need a complcte 
frce  fall  with  admission of air  under  the  nappe  to give its  standard 
and  maximum  discharge.  From  t'he  reasoning that yielded the 
rational  formula  generally  ascribed to  Dr. Unwin, but  just dis- 
chimed  by him, it was  clear that  a  drop of water-surface of 4 H 
was sufficient ; actually  this could be  reduced to  Q H in  practice, 
by  adding a  downstreanl glacis on which  kinetic  energy of flow n-as 
recovered. That form of weir  could  therefore be  employed  where 
sufficient head  for  a  free  fall was not available ; or i t  could be  made 
much  deeper and short,er than a frce-fall  weir. From remarks 
made  by some previous  speakers,  there  appeared to  be danger that  
the fornlula  derived in the  Paper  might  be  set up as the  practical 
general  formula  for the broad-crested w i r ,  fixing thc  inevitable 
difference  between theory  and  practice ; that  course  would  be 
quite  erroneous  and  could  not  be  checked  too soon. Essential 
conditions  for flow t o  conform to broad-crest  theory were the fol!ow- 
ing : there  must  be  no  contraction  by  the  underside of the  nappe 
leaving the crest ; the  downstream edge of t,he  crest,, a t  which 
atmospheric  prcssurc  was  admitted  under  the  nappe,  must  be  far 
enough  from the " controlling  section '' to  avoid  lowering  pressures 
in  the f l d  below  t,hosc due to  dept'h below the surface there; 
flow at   the  " controlling  section " must  not  depart sensibly  iron1 
the  nornlal  to  t>he  section ; flow at   the  " controlling  section " must 
be  sensibly on  straight  lines, as curvature  involved  departure  from 
the pressures  due to  depth below surface.  Actual weirs might 
depart  from  each of these  conditions to  an infinite  number of degrees, 
and each  had  its own  peculiar  discharge-formuja.  The  endeavour 
in  the  Punjab had been to  find the conditions that  the form of the 
weir must  satisfy,  to  make discharges fit the Unwin  formula. I n  
the course of considering why  the discharges of many  actual works 
exceeded those of the Unwin  formula by more than was prima facie 
to  be expectcd, Xr. E. S. Crump, of the  Punjab  Irrigation  Depart- 
ment, had worked out a rat,ional  formula 1 for what  might  be 

' Consider f luw past  a  vertical  section through the downstream  edge of the 
crest. A t  both auIfaoe aud oreet,  pressure  is atmocphcrlc, so velocity 

a t  surface l ' s =  Yl2& . . . (1) 

a t  crest t q C =  JZgd . . . (2) -h- ;/~- t 
Brtwee11 these  points the pressure. and  so the head 

d 

converted iuto  \ellcity, is unkuown. A poaalble (lis- />;--- --'- 
tr ibutlon of pressures m d  \elocittes th.,t is likely to  p4 
be not  far  from  the  truth, is that of the  free  vortex, &,f 

in Ivhich  velocity i j  inverselyproportional  to the dmtttnce from the vortex-centre. 

, I  

Fig. 5. 
- i _  ... 
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described  as a " narrow-crested weir " ; this  differed from t h e  Xr. Lindley. 
" sharp-crested weir " in avoiding any  contraction  on  the  under  side 
of the  nappe,  and from the " broad-crested weir " in  obtaining 
maximum  discharge by admitting  atmospheric  pressure  under  the 
nappe at  the  "controlling  section.')  This  showed  a  maximum 
possible coefficient of 4.184, as  compared  with the  value 3.09 for a 
broad  crest mit,h rounded  entrance,  and 2.64 the minimum for a 
broad  crest wit.h sharp  entrance.'  This coefficient 4.184 was  higher 
than  had been  realized in any  known or published  experiments  in 
which it might  be  looked for. Cert'ain of Bazin's  experiments 2 on 
a weir of triangular  section  with  l-to-l  slopes  upstreanl  and  down- 
stream,  showed coefficients up to  4.27, in  spite of the  contraction 

For the sake of a  trial  solution  assume  this  and.  as  usual,  ignore  the  fact that 
velocities  are not all  norrnd  to  the section under consideration. 

Let yl be thc depth of the vortex-centre below crest-lerel ; 

then L'* : 73, : : y1 : (y, + d - h), so r C / c 8  = 1 + ( d  - h)/yl, 

but  cc/~*., = J&% by equations ( I )  and (2). 

Equating.  transferring 1 to the  other side, and dividing by (Jd - Jh) 
y, = Jh X ( J d  + Jh) .  

At  any point a t  height y abore  the  vortex-centre, 

v = c, X yl/y = J2ydh  X ( J d  + Jh)/q. 

So the t d a l  discharge in unit width 

n = JZJL X (Ja + d h )  X 

So the discharge is a  maximum when h/d = 0.22  
yl/d = 0.685 

and  then D = 4.184 X d"5. 
E. S. L. 

1 U.S. Geological Survey,  Irrigation  Paper No. 200, p. 120. 
Ibid, p. 82. 

I 2  
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xr Lindley. under  the  nappe,  indicating  that  the  steep  downstream glacis resulted 
in  pressure less than  atmospheric  under  the  nappe at   the  " con- 
trolling section." Mr. Lindiey  Lad  tried  therefore t o  realize this 
coefficient practically, for the sake of testing  the  assumptions  on 
which it Tyas based. Ii 17,7onld be seen that  theory  msdc  the flow 
in effect part of a vortex  about a horizolltal axis at  depth 0.685 X d 
below the  crest.  The weir tested  had  vertical  upstream  and down- 
stream €aces with  the crest' rounded to  a  plain  radius,  and  air was 
sdnlitted  under  the  nappe.  The  experiments were incomplete, but 
so far  the coefficients fonncl rose to  maximum  values of only 3.88, 
or 0.93 of the  theoretical. As the  result of experiments on a  small 
scale, Mr. Crnmp  stated  that,, if a weir werc made  with a certaia 
breadth of level crest, preceded by a rounding of no less radius, 
it wonld  discharge according to  the Unwin formula as long as 
(d  $- h,) did  not exceed one-half the  said  breadth,  and as long as 
the  drop of water-surface  from  upstream to downstream wn.s not less 

than 5 (d + h,), even  when no downstream glacis w'as provided. 
This  had  been confirmed by  observation on actual works with  up 
t o  40 ousccs per linear  foot of discharge (53 feet depth),  and  down 
to a l-foot  dcpth  for a 10-fect-broad  crest. Coming now to the 
nlntt'cr of the  Paper itself, he suggested that  the  plotting of the  data 
in Pig. 4 was not, adequate to  just,i€y  the  claim  made for consistency 
in  the observat,ions. What he suggested as a more adequate  method 
was  shown in Fig. 6, the essence of which was  plott,ing  against  one of 
the variables ( H  in t,his case)  t,he " constant " obtained  by  applying 
to   the observed  data  an  apyroximate  formula ( & / ( L  X E1.5) in this 
case). The  variation of this  constant " on even a very open scalc 
kept  within  a  diagram of rcasonnble size. The  method was 
applicable  whether  logarithlnic or ordinary  liuear scales were the 
more  suitable : in  this case logarithmic scales were used, ar.d the 
diagram showed tlle very visible interval  corresponding  to a l-per- 
cent. difference, and  the  very visible change of inclination  corrc- 
sponding Do a very  slnnll difference of exponent.  This  plotting 
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showed the  experilnent,al  data  lying,  not  on  the one line  correspond- Nr. LindIey 
ing to   the formula  given  in  t,he  Paper,  but  quite  clearly  on  two 
distinct lines that applied respecti\-ely above  and below H = 0.4 ; 
t,he  interval  between  the  two lines was 2.6 per  cent., or appreciably 
more than  should be accounted  for  by  errors of observation  with 
the  methods  employed.  The  infornlation  given  in  the  Paper was 
insufficient to enable  him to suggest  reasoils  for this. Those  who 
would read  this  Paper  with  interest  inciuded  many who had not, 
access to fnll  sets of the Proceedings. He would therefore ask that, 
full  details of the  crest of the weir be  given for  their benefit.’ He 
would  also inquire how the  Authors  determined  the zero of heads, 
that  was, the  mean  crest-level of the weir. He  believed the  crest 
was  fine hammer-dressed  with chiselled drafts.  The roughness of 
t ,hat   ~07ild be very appreciable  relative  to  the  smallest  heads (down 
to 0.0‘76 foot)  dealt  with.  Where a crest was narron  the  nlean 
level  might be  simple to  determine ; but where i t  was broad that 
was  far  from silnple, as departures  from  the  mean differed in  their 
effect with  their  distance  from  thc facc : near  the  face  they  might  not 
matter  at  all, because the  nappe  jumped tllcm ; near t,he “ controlling 
section,’’ nd~ose  position  depended  on  the  head,  they were important ; 
uearer  the dom-nstream edge they  pobably  mattered  no more than 
the degree of rugosity  they  represented.  Altogether, it nxs desirable 
to   hare  details to show that   the   data  observed wodd  apply  even 
to a weir model!eci from  anothcr  3-fcet  lengt’h of the crest’ of the 
same  dam. 

t,he experiments  had been as perfect as was possible, but  he differed 
from the  Authors  on  t,he  interpretation of the  results.  From his 
own observations of discharges over  broad-crested weirs he  had 
come to  the conclusion---whic,h the Ant,hors’ experiments seemed 
to confirm-that it was not possiblc to  treat a broad-crested weir 
in  the smne way as a narrow-crested wcir. The coefficient. of 
discharge  depended on two  factors : first, t,he  natural  features of 
the weir,  which for any one weir depended  on  the  shape of the 
crest,  the upst,rearn and  downstream slopes of the walls, etc. ; and, 
secondly, the  frictional resistance t o  the  water passing  over the  surface 
of a flat broad  crest  and  against  the sides of t,he weir. In   the Authors’ 
weir the  length was 3 feet and  the  maximum  depth of water  about 
l$ foot,  and it was possible to calculate  for  any  head  the pressure 
of the  water  against  the sides of the weir and  the  pressure  on  the 

Mr. 31. K. RICE-OXLEY considered that  the  actaal execut,ion of xr.Rice- 
Osley. 

This has been done : see p. 123, postf.--Sec. Inst. C.E. 
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Rice flat surface. I n  such a short weir the pressure against  the sides of 
ey. 

the weir would be  comparatively  large as compared  with  the 
pressure  on  the flat surface of the weir. As the  length of t'he wcir 
increased,  the  relative  value of the  pressure  at  the sides of the weir 
gradually diminished. The  Authors  gave  in  Table 111 the  value of 
C varying  with  the  head  for different depths of water " for the 
discharge  over  a rock-faced dam, 3 feet long " ; and  perhaps  they 
had  in  mind  that  the  value possibly  could not  be  applied  for  the 
whole length of a long weir like the Caban weir,  which  exceeded 
500 feet  in  lengt,h. He  thought  the  vahe  obtained  for C was 
correct  for a short weir, but it would be  too low for a long weir. 
The coefficient C should  be  divided  int,o  two  parts, one due  to  the 
physical  features of the weir, and  the  other  proportional t,o thc 
total  water  pressure  on  the surfaces  over or against which the 
water flowed per  unit  length of weir. The  friction  due to  this 
pressure  reduced  the  velocity  caused  by  the  head.  The  formula 
might  be  divided up in  the following manner :-Q = CLI11'5 
= LH X CH')", where LH represented  the cross-sectional area of 
the  water  and C H o ' 3  the  mean  velocity,  the  value of R in 
the  quantity being reduced by  an  amount  proportional 
to  the  total  wat'er-pressure  per  unit  length of weir. His formula 
would, t,herefore,  be of the  form Q = LHC ( H  - P L P ) O ' ~ ,  where 
C and p were c,onst,ants unaffect,ed by  the  head  and P was the  total 
water-pressure on the  crest  and sides, divided  by  the  length of 
weir. He  had  done  this wit-h the figures given in  the  experiments 
and  had  obtained  two  values which were const,ant  for  the  range of 
head  and  any  one weir. An examination of those figures  showed, 
he  thought,  that  in  most cases his method would  give results agrec- 
ing to  the  third place of decimals with  the  Authors'  experimentaI 
figures. He  ventmured  to  think  that  t,he discharge for  any  head 
exceeding about 1 inch,  over a length of weir such as the  Caban, 
would be  undcr-estimat,ed, if the  Authors'  equation were applied 
t o  it,  simply on account of the  frictional  resistance. h proof of 
that could be  found  in  t'he case of regulators  in  irrigation work 
which were similar  as  regarded  friction t,o the weir wit.1~ which the 
Authors experiment,ed. In   t ha t  case the  value of C rose very 
rapidly  with  the  width of the weir,  because the effect of the fricbional 
resistance at  the sides was less evident on a longer length of crest. 
He  thought  that  in  the case of the Caban weir the  value of C in his 
form of the  equat,ion for discharge  was about 3-177. The  importance 
of obtaining a n  exact  rslue  for  any coefficient of discharge when 
dealing  with a long weir would be realized m-hen i t  m-as noticed 
t.hat,  using  the Authors' figures and formula: a difference of unity 
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in the second decimal  place wit.h a head of 1 foot would  mean a Mr. Rice- 
difference of more than 300,000 gallons a day  in  the discharge. 

valuable, not only on  account of their  large  scale  and  the  positive 
means  employed t o  measure the discharge, but also  because they 
afforded  one more proof, if proof  were needed, that   i t  was  difficult 
t'o  forecast  accurately the discharge of weirs of irregular  section 
from  experiments on other wejrs of a similar  character, but  not of 
identical scc,t,ion. For instsnce,  unlcss  the  tests  under discussion 
had been  made, i t  might  have  been  expected  from  the  published 
work of careful  observers, such  as  Bazin  and  others, that   the 
coefficient of discharge C in the  standard  formula would  increase 
as the  head  increased, whereas, as seen  from  Table 111, its  value 
steadily  decreased  with  increasing  head.  The  possible  explanation 
might lie partly  in  the friction of the rough  rock-faced radial scctioll 
beyond  the  horizontal crest., and  part>ly  in  that of the sides, as 
suggested by Mr. Rice-Oxley.  Were the  Authors satisfied that  the 
t,imber  wings  used to  suppress the  end-contractions hacl been  carried 
down far enough  below the level of t,he  crest ? Fig. 1 appeared 
to show  t,hat  they  had  been  carried clown less than 18 inches  below 
t'he crest,, as compared  with  the  maximum  head of the experiments 
of 16 inches.  Owing to  the drawdown of the  water as it approached 
the crest, the  water  behind  the wings  would stand  at  a materially 
higher  level  near thc crest  than  the  water  between  the wings. 
Would not  that difference of level,  more  particxlarly at   the higher- 
heads,  induce  side-currents  under the wings and so in sonle  degree 
affect the sought-for  relat'ion  between the  head  and  t,he  discharge 1 
He expressed the hope that t,he  tcsts  might  be  rcpeat,ed on small- 
scale  models,  because it was apparent  from  recent  Papers  read 
before  The Institution  that  t'he use of models  was  likely to  prove 
extremely  valuable  in  solving  hydraulic  problems. S n y  chance of 
actual  comparison  between full-scale  a,nd  model  experiments which 
could  confirm the  reliability of models  should not  be  lost.  Usually 
the cost of the full-scale experin1ent)s prcrcnt'ed such comparisons, 
but since in  the  present case the major portion of the cost  had been 
already  incurred,  he  hoped th:.t his  plea  would not  fall  on deaf ears. 

service to  a11 workers in hydraulics by  their careful  carrying  out of 
t,he  experiments  and by building a large-scale hydraulic  laboratory ; 
and  he  hoped  it would  be  possible to maintain that  laboratory  and 
make it available for other workers.  Possibly some memnbers of 
t,he Civil Engineering  Departmcnt of the University of Birmingham 
might  be able to  carry out work there a t  some time  in  the  fnt,ure ? 

Oxley. 

Mr. D. HALTOX THOMSON considered the  experiments  to  be 31~ . ' i i lmson  

Professor C'. BATHO said  the  Authors  had  rendered  considerable Prof. B8tho. 
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Prof. Batho. With  regard  to  the  experiments described in the Paper, he con- 
sidered that  they could  scarcelv be called  full-scale experiments, 
sincr  the lengt,h of the  crest of the m i r  was only 3 feet, and  that 
[-he timber 37alls must h a ~ e  a connidcrable effect on t,he flow. 
Wo'ould i t   not  be valuable t o  extend  the  experiments  by  inaking 
a,nother series of experiments  with different distances  hetween  the 
timber wings ? Possibly curves could be plotted fron; a scries of 
observations of that  kind, and the efifrct of tjhe wing-walls so detcr- 
 nined d. Professor Lea had  rcferrd  to viscosity. A reseerch 
student  at  Birmingham, Mr. Hasan Zakg', vas a t  present  carrying 
out  experiments  with  the  University  experimental  channels  on  the 
rJournbrook-not, a very d e a n  strea~~l-md he had  found  that  the 
viscosity of thc water varied very considerably at  diflermt t'imes. 
The extreme  change  in t h e  lrinrnlatic viscosity \vas about 55 
cent. By plott'ing  the rcs:~lts uf his experiments  in  the  manner 
adopted  by Messrs. Stanton and Pannell, in  their  esperinlcnts on 
pipes, Mr. Znky hat1 arrived at   the  formula 

The lrinernatic  viscosity, v, ranged bctv-een 0.0000285 and 
0.0000155 ; and, taking  that  extreme range and assuming the 
value of cm as 0.695 fect per second multiplied by 0.55 for tho 
hydraulic  mean  depth,  the  value of c' detJermined from the  above 
equatior  ranged  from 93 for t.he highest viscosity t o  102-2 for the 
lowest viscosity-a difference of about 10 p r  ccnt.  The experi- 
ments were on channels,  not on  flow over weirs ; but  he  thought 
they showed that viscosit>y had quite a marked eiicct upon the 
flow. He did  not suggest that   that  vit'iated  in  any  way  the  results 
shown by the Authors, since the  water  in  the reservoir would pre- 
sumably be practically  clear, but he  thought  the  equations for t'lx 
flow over weirs and  through orifices as wcll as along  pipes and in 
channels  should be pnt i:; a form .rt-hicl~ contr,ined the kinematic 
viscosit,y as one of the  ternls. 

Zdr. Ilol:ert,G. Mr. C. H. ROBERTS wished t o  support  other  speakers who ]lad. 
askcd Mr. BIacaulay t o  g i w  ihc rrsult's of the v:orking of his ucw 
coefficicnt in t,he CBE(: oi tho Birrxinghnm Wateraorlis. I n  1919 
Mr. Nacaulay  gave  to The Instit'ution some figures, with reser- 
vations, relating  to t h e  discharge of the  drainage-mea of t>hr 
Birmicgham  Waterworks.  The  evaporation  and percolation worked 
out a t  18% inches,  the average of 5 years. This figure appeared a.t, 

' Xinutes of Proceedings Inst. C.E., vol. cxciv, p. 40. 
-~ 
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the  time 00 be sonwvhat high  in view of the figure of 14 inches 311. Boberis 
very  commonly  used by  hydraulic  engineers ; 12 inches  appeared 
to  be sufficient in some  upland  areas  in  Scotland. It would be 
interesting if Mr, Blacnulay  would state  the  result of applying 
the new coeEcient,  and  say  whether he now found that  it was 
necessary or not t o  correct the previous figures given  relating t o  t,hc 
Eirrr~inglmn X-orks. 

!%inningham n-orks from their  inception  to  their close, a:ld r l o w  
q m j a l l y  with  the Caban dam. 'The crest of t>hat clan1 WBS not 
peculiar, as the  same  crest  pertained t o  the Pen-y-Gareg and the 
Chig-goch  dams.  Katurally  hc  had  had a good deal to  do wit'h 
the  calculatiol~s of discharge from the drainage-arca, and t,he 
quest'ion of d i a t  was likely to  be the discharge orcr the dams. 
A t  the  time when the Caban darn section was being prepared, it 
 as cnnsiciercd that the nlaxirnu!n head t,hat would  ever C O Z E  ovcc 
the darn,  assuming the  length of the m i r  t o  be 600 feet,, ~3-ould 
occcr with a free overflow of 3 feet. Later on, when in charge of 
the  Caban clam, he was brought into personal  relation n-itli the 
floods that  coqdd occur in the Elan \.alley, ancl naturally  nmle 
other  czlculations  and cnilcaT-oured to  see  whether thc  act'ual 
results, as far as could  be  observed,  tallied  with the  theoretical 
prediction.  The biggest, flood that, occurrcd  when he wa3 there 
wasin  July, 18'35, wlicn 3.56 inches of rain fe!l bctmeeu 3 p . 1 ~  and 
midnight.  That flood caused considerable  trouble,  carrying  away 
his tenlporary  dams,  and  transporting  timber 2nd plant  several 
uniles. Thc nest  morning  cross  sections  were taken  at  different 
places, and food-marks mere traced, t'o try t o  calculate the  actual 
discharge,  which  appeared to  have bad a masinmn value a t  any 
one period of flood of about 15 cubic  feet  per  minute per acre ofl 
an area of alsollt 45,000 acres.  Later on, the  question of erecting 
two nbutnxnts  to  the  Caban  dam,  containing  recording-apparatm 
a ~ l d  stairs,  introduced a rcconsidcration of the discharge. It was 
proposed by Incans of the  abutments  to reduce t , te length of the 
w i r  from 600 to  566 feet'.  U!timately it was decided to  adopt a 
cot.F.:cicnt. of 3.1 in a gcneral  formula. He had been intcrested t o  
l1l:nr that, Dr. Unwin gave a coeficient of 3.09 for the broad-crested 
weir. He could not possibly  criticize the  Authors'  experiments ; 
t'lley had been carried  out  admirably, and it ~ 2 s  pleasing t o  
think t,hat,  cngineers vould obtain some reliable  information. 
t i c  glad to knnx that,  even with  imperfect data, the cal- 
culated d i s e h q e  over t'he ('aban danl n-as apparently nearly 
correct,. 

Nr. S. C. I~EWIS observed that  he  had  been  connected  with  thc m .  Imis .  
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Prof.Dixon. Professor DIXON, in reply, thanked  the members for their recep- 
tion of the  Paper. Mr. Macaulay and  he  hoped  that  the  experi- 
ments  described  would  be  only the beginning of a series of cxperi- 
lnents  with  the weir and  measuring-tank. They had  the permission 
of the 13irmingham  Corporation t o  carry  out  further  experiments. 
Unfortunately  the  distance of the  site from  London  and  from 
Birmingham  was  a difficulty. Two or three  days would  be  required 
to  carry  out orle experiment.  The  dam a t  Nant-y-Gro  and  the 
measuring-tank were  permanent,.  Tlle  only  temporary  work  there 
was the t.in1ber flume. They  hoped,  therefore, that  further experi- 
ments would be  carried  out  with  other weirs and  other  forms of 
sluice-gates. Mr. Macaulay  had  often  urged that  such  experiments 
should be undert,aken. Jlr. Lindley  had  criticized  the  plotting of 
the result's in Fig. 4. He  had  unfortunately  forgotten  that  the 
point of the  experimeuts was to  determine  t'heir  constant  in  a 
formula  for  a  particular  rock-faced  dam,  and so there m-ould be little 
use in assuming an  approximate  formula  and  using  it  to check the 
results.  The  Aut,hors  agreed  with R h .  Rice-Oxley tha t  it would 
be  interesting to  determine  the  exact efilects of the sides of the 
weir. In fact,  two weirs were prepared, one (that used)  being 
3 feet wide, and  another 1 foot wide, but  wheu i t  was found  that, 
as Mr. Itice-Oxley  pointed  out,  the  results would agree a t  least as 
far as the  third place of decimals, and  as  the formula  proposed 
would  certainly  give t,hc :llinilnum discharge, the Authors  had  felt 
compelled to  postpoile t o  some  future  date  any  further experiments, 
and  to  bring  forward  the  results  already  obtained. 

3rr. Macaulay. Mr. NACAULAY, in  reply,  said he regretted that he  had  not  come 
prepared t o  speak  about  the  yield of the gathering-ground. It 
must  be  remembered  t,hat  t,he  records of flow over the Caban 
dam (the  crest of which was illustrated in detail in Fig. 7) had 
been  taken since 1905, and t o  work out t,he  yield shown by records 
of more  t,han 20 years  was  rather  a  big  undertaking in a  busy 
Corporation office which was not over-stailcd.  There were other 
factors  in  working  out  yield figures that  made  him  very  chary 
about  giving  results  until  he  had  explored  in  every possible direc- 
tion  all  the errors or all  the  factors which might  tend  to  make 
them  misleading.  With  regard to  the  very high  evaporation 
figure  referred to   by Mr. Roberts,  that m-as one of the  factors which 
had led him to persuade  his  Committee to  allow the expcriments 
to  be  carried  out.  The  only coefficient lie knew of was Dr. Unwin's, 
and,  with the greatest respec.t t o  Dr. Vnwin,  he  had  desired to  
know  how far it applied to   the  Caban  dam. The agreernent  had 
proved to bc remarkably close, but  the experiments  were  a  means 
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of eliminating possible error in that  direction. B s  soon as he  had Mr.Nacaulag. 
the  time  to go into  the yield  figures  closely he  would  be  only  too 
glad to  give the  resuks,  because  he recognized their  importance. 
He  had  just completed a large,  knife-edged  weir of considerable 
length on the Claerwen,  which was the unrescrvoired  stream in  the 
Elan  valley,  and  he  hoped  to  get  direct  measurements,  over  that 
weir, of the yield  from 22,000 acres. Taking tha t  wit'h the weir 
discharges,  he  might  be  able  t,o  get  somewhere  near the  truth i n  

Fig. i'. 

regard  t'o the yield. Hc  had a very  able  Water  Committee to deal 
with,  who  would  spend  reasonable sums on  such  experiments. As 
far as the existing  apparatus  in  the  Elan  valley a t  Nant-y-gro  was 
concerned,  he  thought  the  Committee  had  spent  all that  it could 
be asked t o  spend, but  thcy rrould welcome any competent  experi- 
menter who  would  come there  and  try t.o settle  the  many  points 
that  had been  raised that  evening,  which might or might  not 
vitiate  the  results of the  experiments  that  had  been  carried  out. 
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