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HYDROLOGY AND W ATER RESOURCES

BY

C. H. MUNRO

SYNOPSIS

T his paper a rg u es  that h yd rology , as a sc ie n c e  und erly in g  
the p lanning and d evelop m en t of w ater  r e s o u r c e s ,  has been  n eg lec te d  
in  A u s tr a lia  and that le a d e r s  of the p r o fe ss io n  of C iv il E n g in eer in g  in  
A u str a lia  a re  not su ff ic ie n tly  a p p rec ia tiv e  of the im p ortan ce  of a 
m od ern  approach  to en g in eer in g  h y d ro lo g ic  p ro b lem s, and do not devote  
su ff ic ie n t  r e s o u r c e s  to the in v estig a tio n  of p ro je c ts . It r e v ie w s  a num ber  
o f w a ter  p r o je c ts  c a r r ie d  out in  A u stra lia  in  rec en t y e a r s , and su g g e sts  
that th is  r e v ie w  sup p orts the above argu m en ts. It s ta te s  that expend iture  
in  r e s e a r c h  on w a ter  en g in eer in g  is  inadequate com p ared  w ith  expenditure  
on r e s e a r c h  in  n u clea r  en g in eer in g , w ool tech n o logy , e tc .

A r e v ie w  is  m ade of the e ffo r ts  of v a r io u s  b od ies o v er  the p ast  
few  y e a r s  to  s tim u la te  in te r e s t  in h yd ro logy  and the co n c lu sio n  is  
r ea c h ed  that p r o g r e s s  has b een  d isap p oin tin g ly  s lo w . M ethods of 
im p ro v in g  m a tte r s  are d isc u s se d , such  as the crea tio n  by the C om m on­
w ea lth  G overnm ent of a C entral W ater R e so u r c e s  B ureau, and the settin g  
up o f a D iv is io n  on W ater in  C* S» L> R. O.

The n eed  fo r  r e s e a r c h  groups at v a r io u s  le v e ls  co -o p e r a tin g  w ith  
w a ter  A u th o r itie s  i s  s tr e s s e d , and the su g g estio n  i s  m ade that U n iv e r s it ie s  
have a ro le  to f i l l  in  th is  regard .

The d e s ir a b ility  of includ ing en g in eer in g  h yd ro logy  as an u n d er ­
grad u ate su b ject in  its  own righ t in  en g in eer in g  cu r r ic u la  is  em p h a sized , 
and a su g g e sted  d eta iled  sy lla b u s sub m itted . The a im s and content 
of the U n iv e r s ity  of N ew South W ales M aster  of T echn ology  c o u r se  in  
h y d ro lo g y  and h y d ra u lic s  are  d escr ib e d .



HYDROLOGY AND WATER RESOURCES

BY

Co H. MUNROA

E . T. B enson, S ecre ta ry  of A gricu lture of U .S .A . , in a recen t  
sta tem en t (1) sa id  that the nation n eed s to exp lore a ll the p o s s ib il it ie s  
that natural s c ie n c e  now o ffe r s , or th ere  w ill not be su ffic ien t w ater  
fo r  sh arp ly  r is in g  dem ands. "We have got to stop w asting w ater", he 
i s  rep o rted  as saying. "We have to u se  it  m ore e ffic ien tly  in industry, 
in tow ns and c it ie s ,  in  gen era l farm ing, and in irr ig a tio n , w hich is  
d estin ed  to be adopted in a ll parts of the nation. "

The w ise  planning of the u se  and con tro l of w ater is  undoubtedly  
im p ortan t to U. S. A. . but for A u stra lia , with its  poor endowm ent by 
N ature and its  urgent need  for an in c re a se  in population, th is  application  
of s c ie n c e  is  the life lin e  upon w hich A u stra lia  m ust depend in the next 
few  d eca d es for su rv iv a l as a white nation

H ydrology is  the sc ie n c e  w hich u n d er lies  w ater developm ent and 
co n tro l. It d ea ls  w ith the occu rren ce  and d istrib u tion  of w ater on the 
earth . A s a true sc ie n c e , it  is  one of the you n gest. It b ord ers on and 
o v e r la p s  the o ld er s c ie n c e s  of h yd rau lics, geology, m eteoro logy , 
oceanography, and agr icu ltu re , and in national a ffa irs  it should w alk  
hand in  hand w ith another young sc ie n c e  -  eco n o m ics.

P resu m a b ly  b ecau se of its  youth, it is  a sc ie n c e  w hich is  shockingly  
n e g lec te d  in acad em ic c ir c le s  and the p ra ctica l w orld  of c iv il  en gin eerin g .
It i s  th ere fo re  fittin g  that a C on gress such as A. N. Z. A. A. S. should  
a d d re ss  i t s e l f  to the ta sk  o f exam ining the rea so n  for th is n eg lec t, and 
co n s id er in g  p o ss ib le  r e m e d ie s .

F o r  such a d isc u ss io n , w ith the w ise  developm ent of national 
r e s o u r c e s  a s  the o b jec tiv e , it  is  d es ira b le  to w iden the textbook  
d efin ition  of hyd rology  to em b race a ll the phenom ena a sso c ia te d  with  
w a ter , fro m  the tim e it ev a p o ra tes  from  the ocean  to that when it flow s  

,l?a£k fro m  the land into tfc*£great r e se r v o ir .

T his d efin ition  would em b race such f ie ld s  as irr ig a tio n . When 
w e c o n s id er  the trem en d ou s part th is  a c tiv ity  p lays in our national a ffa irs  - 
fro m  sm a ll fa rm  dam s and sp r in k ler  sy ste m s  to great national w orks -

I
A  The Author is  P r o fe s so r  of C ivil E n gin eerin g  of the U n iversity  of New  

South W ales, and Hon. D irec to r  of R esea rch , W ater R esea rch  Founda­
tion  o f A u stra lia -
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and the heated  and in con clu sive  d isc u ss io n s  vdiich occu r in sc ie n tif ic  and 
p ra ctica l c ir c le s  on the c o r re c t  techn iques for d ifferent p rob lem s, and the 
la ck  of b a sic  p r in c ip les  and r e se a r c h  data to guide such d isc u ss io n s , it  
s e e m s  m ost odd that in no U n iv ersity  in A u stra lia  d oes th ere  e x is t  a 
Chair of Irrigation . On the ten  C hairs of C ivil E n gin eerin g  in A u stra lia , 
s ix  are h eld  by s p e c ia lis ts  in stru ctu ra l design , two by s p e c ia lis ts  in  
Highway and T raffic E ngineering, and two by p erso n s who perhaps  
could  be d escr ib ed  as gen era l p ra ctitio n ers . This m ay not be u n rea so n ­
able in the Old W orld, but the com plete ab sen ce of s p e c ia lis t  ’’w ater"
C hairs in a country such as A u stra lia  is  hard to understand. A s a 
con seq uence, our en g in eerin g  graduates hear m uch of stru ctu res  and 
m a te r ia ls , and litt le  of w ater. This la ck  of balance i s  r e f le c te d  th rou gh ­
out the tech n o log ica l com m unity. By the v ery  nature of th in gs, w ater  
p rob lem s loom  la r g e ly  in the n ation ’s w ork, but the in sign ifican t  
acad em ic in ter e st  in th is f ie ld  m eans that, broadly speaking, we attack  
th ese  p rob lem s in an ill- in fo r m e d  and sc ie n tif ic a lly  s la p -d a sh  m anner.

A ll branches of C ivil E n gineering m ay be broadly divided  into  
th ree  p h ases

(i) Investigation  (including resea rch ), (ii) D esign , (iii) C onstruction .

At the r isk  of incu rrin g  the wrath of h is  m any fr ien d s in w ater  
en g in eerin g , the author su g g ests  that the great m ajority  of w ater  
au th or ities  o f A u stra lia  are "penny w ise  - pound foo lish "  in  th e ir  n eg lec t  
of phase (i), and that the recogn ition  and rem edying o f th is  w eak n ess is  
the f ir s t  requ irem ent in ev ery  State of the C om m onw ealth. The n eg lec t  
of th is  phase c h a r a c te r ise s  m any other branches of C iv il E n g in eerin g .
In som e a c t iv it ie s  th is  m ay not m atter m uch, but in  W ater E n gin eerin g  it  
i s  unpardonable.

F ir s t ly , such w orks u su a lly  em ploy hundreds of m en and dozen s  
of m ach in es, so that a few  additional en g in eer-m on th s o f in v estig a tio n  and 
r e se a r c h  can u su a lly  save v ery  la rg e  sum s of m oney in the con stru ction  
phase. Secondly, and m ore im portant, in v estig a tio n  and r e se a r c h  m ust 
be con sid erab ly  expanded to en sure that our lim ited  w ater r e so u r c e s  are  
developed  in an e ffic ien t m anner.

The sen io r  o ff ic e r s  of the W ater A u th orities, who are  resp o n sib le  
for the d egree o f in vestiga tion  ca rr ied  out, w ill no doubt deny th is  ch arge, 
and point out that it i s  m ade by a P r o fe s so r  speaking from  h is  iv o ry  tow er  
on one of h is  pet fa d s. The defence again st th is  counter charge is  th r ee fo ld :-

(i) The th e s is  that in vestiga tion  is  in gen era l inadequately c a r r ie d  out is  
b ased  on som e ex p er ien ce  in p ra ctica l c iv il  en g in eerin g  b efore en terin g  
the iv o ry  tow er, togeth er w ith recen t ex cu rs io n s  into the hard co ld  w orld
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of engin eerin g  rea lity  such as the in vestigation  into ways and m eans  
of protecting L aunceston  from  floods.

(ii) Senior o ffic e r s  of m ajor authorities have con sid erab le  a d m in istra ­
tive  w ork to do and litt le  tim e to read and think, so that in m atters of 
in vestiga tion  and re sea r ch  there is  a tendency for them  to lag behind 
m odern developm ents, p articu larly  when the younger recru its  to the 
departm ents have com e from  U n iv ers it ie s  w here hydrology is  barely  
m entioned, so that new id eas do not w ell up from  below .

(iii) The training given in U n iv ers it ie s  is  re flec ted  throughout a ll 
la rg e  engineering organ isation s, and the lack  of attention to w ater  
engineering at such sea ts  of learn ing ren d ers many w ater authorities  
unfit to p ass a reason ed  and inform ed judgment on w hether th eir  own 
in vestiga tion  work is  thorough or not.

It is  adm itted that in som e c a se s  sen ior departm ental o fficers  
m ay be thw arted in their efforts to spend m ore in in vestigation  and 
resea rch , because those who control the public trea su ry  p refer  to buy 
con crete  and earthw orks rather than id eas. H ow ever, carefu lly  
reason ed  rep resen tation s would su rely  produce enlightenm ent in such  
c ir c le s .

Many w ater authorities seem  to give an im p ress io n  of  s e lf -  
sa tis fied  com placency, with an absence of the sp ir it of enquiry and se lf  
exam ination. They make little  if any p rov ision  for r esea rch  groups, 
which can read, think, experim ent and plan in a quiet atm osphere away 
from  the hurly burly of a busy departm ent. Even i f  such groups are set 
up within the variou s organ isation s, it is  doubtful whether they would have 
a broad enough approach, or be able to r e s is t  the developm ent of  a state  
of a ffa irs  w herein  they becam e engaged on day to day rather than long  
range p rob lem s.

M ore hope perhaps l ie s  in som e sy stem  of o ffic ia l co -op era tion  
betw een U niversity  re sea rch  team s and the p ractisin g  w ater au thorities. 
The c r o s s  fe r tilisa tio n  of id eas and exp erien ce between the acad em ics  
and p ra ctica l en g in eers would be ben efic ia l to both.

It is  of cou rse p o ssib le  to overdo the in vestiga tion s and planning 
phase, but many A ustralian  en g in eers are quite unfam iliar with what is  
n e c e s sa r y  for a rea lly  thorough in vestigation .

The report by the author (2) on m ethods of m itigating flood dam age 
in Launceston, Tasm ania, illu stra te s  the concept, of thoroughness. A ll 
four p h ases of the study (hydrologic, topographic, hydraulic, and 
econ om ic) w ere given the sam e painstaking attention, and f iv e  p o ssib le  
m ethods of flood m itigation  w ere evaluated by the use of a hydraulic m odel,
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w hich not only gave the hydraulic effic ie n c ie s  of the five  a ltern ative  
p ro p o sa ls , but showed up a new and b etter one. Two y e a r s  w ere  spent 
on hydraulic data co llec tio n  and a n a ly sis . The total co st of the in v e s t ig a ­
tion w as 120. COO and the d ifferen ce in the estim a ted  co st betw een  the 
recom m ended  sch em e and the original prop osa l is  £850, 000.

In 1958 the author (3) made the follow ing r e m a r k s :-

' It is  often sta led  that a period  of 20 y ea rs  e la p se s  from  the 
date of a undam ental d isco v ery  in sc ien c e  to the tim e when  
that knowledge s applied to everyday tech n o lo g ica l work  
This has been w ell exem p lified  in A u stra lian  p ractice  m  
estim a t on of future floods.

Bernard iv: 1944 (4) p ion eered  m axim um  p o ss ib le  p recip itation  
stu d ies, Horton in 1937 (5) dem onstrated  the d erivation  of 
infilloa"ion in d ices, and Sherm an in 1932 (6), propounded the 
unit hydrograph p r in c ip le> These three papers provided the 
basic concepts for the b est availab le attack on the estim a tio n  
of fuTu. e iloods for m ajor w orks. Yet the 1949 R eport of the 
Storm w ater Standards C om m ittee of the Sydney D iv ision  of 
The Institution of E n gin eers, A u stra lia , recom m ended  the use  
of the ’’rational" m ethod for a ll s iz e s  of catchm ents, and took  
no account of the m ore m odern approach.

Such a tim e lag in recogn ition  of new techniques is  too long.
:t is  due to the fa ilure of the engineering p ro fess io n  in th is  
countrv to keep abreast of o v e r se a s  theory  and p ra ctice . M

A fter publication of th ese  rem ark s the author w as taken to ta sk  by 
som e of h is  p ro fess io n a l fr ien d s, who cla im ed  that in som e States at le a s t  
the c iv il en g in eers w ere w ell up to date in  en gin eerin g  hydrology. The 
author is  quite unrepentant. While conceding that in ev ery  State th ere  
are a few  c iv il en g in eers who have read w id ely  in th is  fie ld , they are  
v o ic e s  crying m the w ild ern ess .

To illu stra te  that our hydrologic eng in eerin g  Investigations are  
inadequate Appendix A is  a b r ie f rev iew  of hydrologic a sp ects  of a num ber 
of w ater engineering papers w hich have appeared in the la s t  decade or so  
in the Journal of the Institution.

The n eg lect of the sc ie n c e s  underlying w ater r e so u r c e s  d ev e lo p ­
m ent is  dem onstrated  by the sm a ll expenditure on r e se a r ch . The author 
is  prep ared  to hazard a g u ess that not m ore than £50, 000 per annum is  
spent throughout A u stra lia  on hydrologic r e sea rch . If h yd rau lics, 
m eteoro logy , and som e a sp ec ts  of agricu ltu ra l sc ien ce  are included with  
hydrology the tota l would not g rea tly  ex ceed  £200 , 000 per annum.
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The Hon. the M in ister  . o E xtern a l Af a ir s , Mr. C asey  (7) w as 
rep o rted  a s saying that £ i, 000 000 per annum is  be ng spent on w ool 
r e se a r c h , w hile a ll a e aw are ô ” the la rg e  si m s expended on atom ic  
pow er and n u clear en gin eerin g , rock ets and the like Surely  the 
s c ie n c e s  underlying w ater developm ent are as im po tant to A u stra lia  
as th ese  m ore g lam orous tech n o lo g ies

T here have >een som e m ild  s tir r in g s  f the national co n sc ien ce  
ov er  the la s t  few  y e a r s .

In 1951 The Institution of E n g in eers, A u stra lia , convened a 
co n feren ce  of in te r e ste d  p artie s  to d isc u ss  w ays and m eans of im proving  
our know ledge of our availab le wat r r e so u r c e s . A ris in g  out of th is  cam e  
the W ater R e so u rces  C onference, an annual gathering of rep resen ta tiv es  
of w ater A u th orities , w hich subm its to th ese  A uthorities variou s recom m enda  
tio n s . T h ese  deal m ain ly  w ith departm ental techniques and p roced u res, 
w ith sp e c ia l em p h a s.s  on c o lie c t i n and record in g  of hydrologic data.
T h ere is  no obligation on the variou s A u th orities to adopt any of th ese  
reco m m en d a tio n s. This con feren ce has done som e u sefu l w ork in a 
ra th er  narrow  fie ld , out one m eet ng a year m eans that it goes a short 
w ay in a long tim e . Until recen tly  it w as m uch ham pered by its  lack  of a 
perm anent s e c r e ta r ia l This has recently  been overcom e by the offer of 
the D epartm ent of National D evelopm ent to provide such a s e r v ic e . Each  
A uthority  takes turns to act as host t the con feren ce

T his co n feren ce is  concerned  with the p ra ctica l im plem entation  of 
le s s o n s  to be learnt :rom  b as'c  hydrologic r e sea rc h , but takes litt le  active  
part in in sp ir in g  r e se a r c h  or developing p r in c ip les .

In 1957 T ech n ica l C om m ittee No. 2 of the Institution (Storm w ater  
Standards) co m p le ted  its report on m ethods of flood  estim a tio n , w hich was  
p u b lish ed  by the Institution  (8) I t w a s  c lea r  from  the work of th is  C om m ittee  
that a r e a lly  sa tis fa c to r y  guide to the p ro fess io n  in th is  fie ld  could  not be 
produced  w ithout som e y ea rs  of b asic  re se a rc h  P artly  for th is  reason , and 
p a rtly  to expand the scope of the work, the Institution in 1954 set up 
T ech n ica l C om m ittee No. fe (Hydrology) which m eets  annually at the sam e  
p lace  as and a few  days in advance of the W ater R eso u rces  C onference, 
m any of the m em b ers being com m on to both o rg a n isa tio n s. It has 
appointed su b -co m m itte s  on y ie ld , groundw ater, flood s, data, and 
education . Its work is  ham pered  by its  infrequent m eetin g s, and by the 
fa ct that its  su b -c o m m ittee s  m ust ca rry  on the r b u sin ess  by co rresp o n d ­
en ce  as m em b ersh ip  is  spread  over the va iou s S ta tes .

In  the opinion of the author, the m ain ta sk  of th is C om m ittee is  to 
in sp ir e  and co -o rd in a te  r e se a r c h  in en g in eerin g  hydrology. It has made 
v e r y  u se fu l su g g estio n s  on to p ics  for r e se a r c h , but th ese  have in gen era l
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been litt le  m ore than pious reso lu tio n s, as it com m ands no r esea rch  funds. 
The annual joint "get together"  of the W a'er R eso u rces  C onference and 
C om m ittee No. 6 has b e r  v ery  su c c e ss fu l, how ever, in providing a m ost  
valuable and usefu l m edium  h r  the exchange of id eas and experienc e 
betw een a w id ely  rep resen ta tiv e  groups of w ork ers Ir. w ater. The 1959 
sym p sium  in M elbourne w as a m ost p leasin g  su c c e ss .

By 1954 the Institution had provided wo le g s  of a tripod - f  r s tly  
the im plem entation' leg  in the W ater R eso u rces  C onference and second ly  
the " research  leg  of C om m ittee No. 6. H ow ever, a tripod n eed s th ree  
le g s  if  it is  to stand up, and m 1955 the W ater R esea rch  Foundation of 
A u stra lia  w as launched by a group of public sp ir ited  c it iz e n s , thus 
providing the e sse n tia l th ird leg  - m oney for resea rch . So far th is  
Foundation has aim ed only to co lle c t  m oney for w ater re sea rch , in  order  
to crea te  R esearch  F e llow sh ip s in UnamM*sities, G overnm ent D epartm ents, 
and other appropriate institu tions

The A cadem y of S c ien ces took a hand in 1956, by setting  up a 
Standing C om m ittee on H ydrology. Although th is com m ittee has only m et 
twice* i* has subm itted to the parent body som e im portant recom m endations.

Another forw ard m ove w as the announcem ent by the Hon. Mr. F a ir -  
h all then M in iste’ for th * Interior in 1957, that the Com m onwealth  
G overnm ent had created  a H yd rom eteorological Branch w i:hin the Bureau  
of M eteorology. This branch is  no: yet p roperly  m act on, but is  doing 
som e u sefu l planning and thinking on what m ight be term ed  'engineering  
m eteoro logy  . The author su ggests  that its  f ir s t  ob jective should b e:-

(i) To provide, with the m inim um  of delay, the m eteo ro io g ica l data and 
a n a ly ses  requ red from  tim e to tim e by the en gin eer as d istin ct from  
the c lim a  olog st, and to make it availab le n a form  suitable for engineering  
inve s tig a tio n s .

To fill in the gaps m both rainfall and stream flow  data c o llec tio n  
throughout A ustralia

n regard  to stream flow  data the author r e co g n ise s  that h ereto fore  
th is has been le ft to the State governm ents If they do the job adequately, 
a ll is  w e ll. If they o not, then the H yd rom eteorolog ica l Branch m ust, 
in  ’he national *n e r e s ts ,  step  in and repair the d e fic ie n c ie s .

P resu m ab ly  as a resu lt of a recom m endation  by the A cadem y of 
S c ien ces , the Com m onwealth G overnm ent recent!', re -co n v en ed  the 
in tersta te  ' .round W ater C onference, but no public statem ent has been  
m ade regarding its  proposed a c tiv it ie s .



An in te r e s t in g  new d evelopm ent w as the crea tio n  in 1957 of the 
H unter V a lley  R e se a r c h  Foundation, w hose a im  is  to c a r ry  out 
h yd ro log ic , g e o lo g ic , eco n o m ic , geographic and a s so c ia te d  r e se a r c h  
d ir e c t ly  co n cern ed  w ith a sc ie n t if ic  and in teg ra ted  planning of the 
d evelop m en t of the H unter Valley* It has r ec e n tly  r a ise d  ap p rox im ately  
£100, 000 for  th is  p u rp ose . It i s  lo o s e ly  a s so c ia te d  w ith the N ew ca stle  
U n iv e r s ity  C o llege  o f the U n iv ers ity  of New South W ales, although  
a d m in is tr a t iv e ly  quite independent and sep a ra te ly  housed . In its  e a r ly  
s ta g e s , in  the Opinion of the author, it  tended to b e litt le , by im p lic a ­
tion , the w ork  of governm ent en g in eers  and s c ie n t is t s  in planning  
n ation al w ork s for the V alley . H ow ever, th is  has now b een  se t  right, 
and a ll  i t s  r e s e a r c h  co m m ittee s  include r e p r e se n ta t iv e s  of the 
ap p rop ria te  govern m en t d ep artm en ts, thus en su r in g  co -o rd in a tio n  of 
e ffo r t and an ap p recia tion  of the contribution  by v a r io u s  b od ies.

The v e r y  fact that a r e se a r c h  foundation ap p eals to the public for  
funds in  such  m a tte r s  as flood  m itig a tio n  and w ater r e s o u r c e s  c a r r ie s  
the su g g e stio n  that the governm ent d epartm ents are not doing an 
adequate job in  th e se  f ie ld s , and that if  the public w ill "throw in" the 
foundation  w ill  save the situation . E ven  if  th is  is  true (and the author 
b e lie v e s  th ere  is  often m uch truth in th is  su ggestion ) such im p lica tio n s  
are  g a llin g  to the many governm ent en g in eers  who have done good w ork  
w ith  inadequate r e so u r c e s -  H ow ever, it  is  a ll in  a good ca u se , and the 
v a s t  m a jo r ity  of en g in e er s  in N. S. W. w elco m e the c o -o p era tio n  and 
a s s is ta n c e  of such  fund r a is in g  r e se a r c h  o rg a n isa tio n s, a lb e it w ith a 
w ry  s m ile  at so m e o£ the fund r a is in g  p u b lic ity . It is  not reason ab le  to 
sa y  that the c o s t  o f a ll w ater r e se a r c h  should  be borne by the G overnm ent.
It i s  e s s e n t ia l  that the gen era l public and in d u str ia l f ir m s  d evelop  the 
s p ir it  of " se lf  help" so c h a r a c te r is t ic  c f  the U nited S ta tes . On the other  
hand, i f  the public con tr ib u tes funds to w ater r e se a r c h  foundations, it  is  
up to the govern m en ts to m ake a contribution , say  on a pound for pound 
b a s is .

S im ila r ly , ex cep t for  h igh ly  tech n ica l and r e la t iv e ly  narrow  
s e l f  con ta in ed  to p ic s , r e s e a r c h  foundations w ill have no r e a l e ffe c t  on 
our p r o g r e s s  u n le ss  th ey  w ork i n  c lo se  c o -o p er a tio n  w ith the re lev a n t  
g o v ern m en t d ep artm en ts, a ll pulling togeth er  i n  a sp ir it  of goodw ill 
and c o -o p e r a tio n , even  though th ere  m u st be frank and h o n est a ir in g  
o f op p osin g  v ie w s  on so m e m a tte r s .

U lr ich  E l l i s  (9) and o th ers  have been  ask in g  why C. S .I. R. O does  
not have a " D iv ision  of W ater" in stea d  of trea tin g  h yd ro logy  and h yd rau lics  
a s  an a n c illa r y  s id e lin e . Som e y e a r s  ago the E x ecu tiv e  c a lle d  for a rep ort  
on the n eed  fo r  r e s e a r c h  in h yd rology , but it  s e e m s  to have b een  p igeonholed .
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The above d evelop m ents cetoken nothiiig m ore than an aw akening  
to the lact that som ething is  a m iss  in the State of A u stra lia . P r o g r e s s  
has been lam entably  slow .

If. it is  agreed  that basic and applied  r e se a r c h  is  inadequate in  
the s c ie n c e s  underlying W ater R e so u r ce s  developm ent, the next 
q uestion  is  whaf snouid be done to im p rove m a t e r s .

As tar as e sse n tia llv  tech n ica l p rob lem s in  a sp ec ified  f ie ld  are  
con cern ed , the answ cr is  obvious - tra in  m ore undergraduate and graduate 
students in the appropriate d isc ip lin e s  and provide m ore m oney from  public 
and private funds for r e s^ a rch.

H ow ever, for sound national planning c f  the developm ent of our 
r iv e r  v a lle y s  it is  n e ce ssa ry  to w eld togeth er  b a sic  and applied  r e se a r c h  
and in v estig a tio n  in  hydrology (used in a broad se n se ) , eco n o m ics ,  
agr icu ltu re , and public ad m in istration , and th is  i s  no easy task .

It m ust be done at tnree le v e ls  

(l) R egional

(ii) State

(iii) A u stra lia  w ide.

F or  the reg ion al c a se , a developm ent of the Hunter V alley  
R esea rch  Foundation concept m ay be the an sw er. H ow ever, the 
co n v ers io n  of such resea rch  into tangib le re su lts  such as dam s, 
irr ig a tio n , c lo se r  se ttlem en t and the lik e req u ires  leg a l and ex ecu tiv e  
pow ers which are net appropriate to a r e se a r c h  body. The author in c lin es  
ro the v iew  that the T. V, A. conception  is  the answ er for ad m in istra tiv e  
action  in each  region , with a Hunter V alley  R esea rch  Foundation type of 
org a n isa tio n  as its forw ard thinking and planning m ech an ism .

H ow ever, the o v era ll s ta te -w id e  p o licy  m ust be form u lated  at 
a h igh er le v e l, and the V alley  A uthority m ust operate w ithin  an o v e r a ll  
plan. To u se  an arm y analogy, Brigade H eadquarters are in the V alley , 
but D iv isio n a l H eadquarters m ust be m  the cap ita l c ity , with the P r e m ie r  
as the D iv isio n a l C om m ander, and the H eads of the State W ater A u th orities  
h is  sta ff o f f ic e r s .

At th is le v e l th ere  e x is ts  at p resen t a ser io u s  w ea k n ess. The 
P r e m ie r  and h is staff o ff ic e r s  need a group of ''backroom  boys", 
rep resen ta tiv e  of U n iv e r s it ie s  m  appropriate d isc ip lin e s  and of
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e x p e r ie n c e d  c iv i l  serv a n ts  fro m  the re lev a n t d ep artm en ts, w h ose job is  
to  read , think, a rran ge e x p er im en ts , and plan the p r in c ip le s  of w ater  
d ev elo p m en t for  the S tate, w ith  due reg a rd  for land u se , m ark etin g , the 
d ism a l s c ie n c e  o f e c o n o m ics  and the lik e .

At p resen t th ere  i s  a ten d en cy  fo r  in d iv idual governm ent  
d ep a rtm en ts to  go th e ir  own sw eet way w ithout r e a l co -o rd in a tio n  and 
gettin g  to g e th er  and ask ing  nWhat are  our o b je c tiv e s , what are the national 
p r io r it ie s  and what i s  the b e st  w ay to a ch iev e  our a im ? "  Of co u rse  th ere  
a re  p len ty  of "ad hoc" and perm anent c o m m ittee s  a im in g  at co -o rd in a tio n , 
c o m p r is in g  junior o f f ic e r s  of the v a r io u s d ep a rtm en ts. T h ese  cannot 
s e r v e  the function  the author h as in  m ind. The long range thinking  
m ec h a n ism  should be in the room  adjoining the P r e m ie r  and T re a su r er , 
and independent o f a ll govern m en t d ep artm en ts.

If th is  i s  too a m b itiou s, perhaps r e se a r c h  c o m m ittee s  of e x p er ts  
fr o m  govern m en t d ep artm en ts and U n iv e r s it ie s  could  d irec t the w ork  
of sm a ll independent groups o f r e se a r c h  fe llo w s  at a U n iv ersity . T his  
a rra n g em en t, although ad m itted ly  in  r e la t iv e ly  n arrow  f ie ld s , h as op erated  
v e r y  w e ll fo r  som e o f the r e se a r c h  fellow ships o f the W ater R e sea rc h  
F oundation  o f A u stra lia .

At the F e d e r a l Cabinet le v e l  -  A rm y H ead q u arters -  th ere  e x is t s  
the sam e p rob lem  on a b road er sc a le . C o m m ittees  No. 2 and 6 and the 
Standing C om m ittee  on H ydrology have g iven  som e thought to the id ea  of a 
C om m onw ealth  B ureau of W ater R e s o u r c e s . The m atter  i s  d isc u s se d  m ore  
fu lly  in  A ppendix B. The id ea s  o f U s  fu n c tio n s  va ry  fro m  that of m e r e ly  
c o -o r d in a tin g  and p ub lish ing h yd ro log ic  data to a group o f p r a c tica l th in k ers  
studying the A u stra lia  w ide scen e  to a d v ise  the P r im e  M in ister  in w hich  

iwiwiip ^ ix  ec tio n  to throw  the pow erfu l C om m onw ealth in flu en ce and fin an ce in
n atio n a l w a t e r  d evelop m ent, ign orin g  State b ou n d aries, som ew hat along the 
l in e s  d is c u s s e d  by the author e lse w h e r e . (10)

T h ere a re  at le a s t  two p o ss ib le  c r i t ic is m s  o f the above p ro p o sa ls .

The f ir s t  i s  that they are too id e a lis t ic  and a re  founded on a 
p a th etic  fa ith  in  the r e a so n a b le n e ss  of human b e in g s. H ence we w ould  
do a s  w e ll  in  the lon g  run i f  we barge ahead and build  d am s, one by one, 
on a ll our r iv e r s ,  lea v in g  the resu ltin g  further d evelop m ent to take ca re  
o f i t s e l f .  The author f e e ls  that th is  is  a lto g eth er  too cy n ica l a v iew .

The seco n d  c r i t ic is m  i s  that, so far  at any ra te  a s  h yd ro logy  is  
co n cern ed , the in fo rm ed  th in k ers  do not e x is t  in adequate n u m b ers. T here  
i s  a good d ea l of truth  in  th is  argum ent. In fa ct, the author b e liev es  
th at the f ir s t  e s s e n t ia l  s tep  is  for  U n iv e r s it ie s  and sc ie n t if ic  c ir c le s  to pay
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m ore attention  to such  s c ie n c e s  a s  hydrology. It is  su g g ested  that th is  
sub ject should a ssu m e it s  rightfu l p lace in  undergraduate c iv il  en g in eer in g  
c u rr ic u la  a lon gsid e such  w e ll e s ta b lish ed  v etera n s as T heory of 
S tru ctu res , A su g g ested  sy llab u s i s  given  in  Appendix C.

H ow ever, fo r  the ca rry in g  out of r e se a r c h  w ork we n eed  m en  
who have m a ste re d  the gen era l body of m odern  knowledge in h ydrology.
At the tim e he r e c e iv e s  the. B ach elor s D eg ree  the young en g in eer  knows 
"a bit about e veryth ing and not m uch about anything”. A lm o st the only  
fo rm  of p ost-grad u ate  study ex is t in g  m  A u stra lia  at p resen t i s  the  
candidature tor the conventional d eg ree  of M aster  o f E n gin eerin g  Science*  
w h ereb y the p ost-grad u ate  student " learn s m ore and m ore about l e s s  and 
le s s " , and puts h is  know ledge in  a th e s is .  T here is  a need  a lso  for  
fo rm a l postgraduate c o u r se s  o f study w hich w ill co v er  fa ir ly  thoroughly  
the ex ist in g  fie ld  o f knowledge in som e appropriate sp e c ia lty  of c iv il  
en g in eer in g , sc  that an en g in eer who fe e ls  that h is  c a r e e r  w ill  l ie  in  
sa y  stru ctu ra l d esign  or w ater en g in eerin g  can  c la im  that he has  
m a ste r e d  r e a lly  p rop erly  h is  ch osen  fie ld  of c iv il  en g in eerin g  knowledge

The U n iv ers ity  o f New South W ales has inaugurated such c o u r se s ,  
lead in g  to the d egree of "M aster of T echn ology'1 m  e ith er  "Structures"  or in  
'H ydraulics and H y d ro lo g y 1. The sy lla  us o f -he hyd rology  su o iect in th is  

c o u r se  i s  attached in  Appendix D.

A ll w ill agree, that the e n ic ie m  piannm g 01 our w ater r e so u r c e s  
d evelop m ent is  im portant to A u stra lia . It i s  hoped that it w ill a lso  be 
3-greed that we do not u t ilis e  adequately the aid  of sc ie n c e  in such planning. 
The lo g ic a l c o ro lla ry  is  that we should pm m ore "glam our" into w ater  
en g in eer in g  so that it can com pete w ith such m u ch -p u b lic ised  a c t iv it ie s  
a s  n u c lea r  en g in eerin g .

Probab ly  m o st en g in eers  would a iso  con ced e that a good c a se  can  
be m ade out for  m ore attention being paid to w ater s c ie n c e s  in en g in eerin g  
c u rr icu la . F ro m  th is  point on. how ever, the m ethod w hereby acad em ic  
r e se a r c h  and teach ing can be u sed  to help  ir national planning i s ,  perhaps, 
a co n tr o v e r s ia l subject. The author hopes that th is  paper m ight provoke  
thought in th is  d irection , and perhaps lea d  to v a r io u s fo rm s of e ffec tiv e  
co -o p era tio n  betw een  acad em ic and p ra c tica l m em b ers  o f our p r o fe ss io n .
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A P PE N D IX  A TO PA PE R  ON "HYDROLOGY AND  
W ATER RESOURCES 1 - C. H. MUNRO

R ev iew  of H yd ro log ic  A sp e c ts  of W ater R e so u r c e s  P r o je c ts  m ain ly  
w ith  R e fe r e n c e  to P u b lica tio n s  in  Jl. I. E. A u st. for p er io d  1049~59*

1. "The W orld s W ater Supply and A u str a lia  s P o rtio n . " 
N im m o -  JL R E . A ust. , M arch, 1949-

The sta tem en t is  m ade in  th is  paper that he a v era g e  depth of 
runoff fro m  the w hole of A u stra lia  is  1-1/3 in ch es  per annum , com p ared  
w ith  9 in c h e s  for U. S. A.

W hile th ere  i s  no doubt that the runoff o f A u str a lia  is  c o n s id era b ly  
l e s s  than U= S. A. , the p resen ta tio n  of a fig u re  of 1-1 /3  in ch es  m u st be 
the r e s u lt  o f a good d ea l of in te llig en t gu essw o rk , b eca u se  inadequate  
m e a su r e m e n ts  have been m ade o f s trea m flo w  throughout A u stra lia . One 
w ou ld  e x p ec t ra th er  a sta tem en t such as " a  rough e s t im a te  of A u str a lia 's  
ru n off i s  so m ew h ere  b etw een  3 /4  and 3 in ch es  p er annum . "

N im m o r e c o g n is e s  th is  in  h is  s t a t e  men" that "actual m ea su r em e n ts  
o f  s tr e a m flo w  are good i n  V icto r ia ; fa ir  in  N. S W. ; l e s s  s a tis fa c to r y  
in  Q u een slan d , and a lm o st e n t ir e ly  la ck in g  e lse w h e r e . "

If N im m o m ean s "fair fo r  the p u rp o ses  of e s ta b lish in g  to ta l flow  
fro m  e a ch  r iv e r  sy stem " , th is  sta tem en t m ay be r e a so n a b le . If he m eant 
" fa ir  for d esig n in g  w a ter  r e s o u r c e s  p ro je c ts  then  he is  m uch in  e r r o r . The 
p o s it io n  in  N. S. W. in 1946 fro m  th is  point of v iew  is  b etter  d e sc r ib e d  as  
" v ery  p oor" . A s fa r  a s Q ueensland  i s  co n cern ed , M cCutchan (1) d e s c r ib e s  
a c a s e  a s la te  a s  1958 in  Q ueensland  w h ere  9, 000 square m ile s  of c a tc h ­
m en t w a s not p rov id ed  w ith any p lu viograp h s u n til la te  1955 (and then  on ly  
tw o), w h ile  on ly  two au tom atic  s trea m h eig h t r e c o r d e r s  w ere  a v a ila b le , 
b ein g  in s ta lle d  in  1956.

N im m o and oth er em in en t e n g in ee rs  at the 1940 In stitu tion  of 
E n g in e e r s"  C on feren ce in  P erth  a c c u se d  m any of the g en era l public of 
b ein g  " ill- in fo r m e d  v is io n a r ie s "  who do not d rea m  q u an tita tively .

A p p aren tly , h o w ev er , N im m o and the r e s t  of tne em in en t e n g in e e r s  
(who thus b ela b o u red  the public in 1949 (2) did not p ra c tic e  what they  
p rea ch ed , and m e a su r e  ra in fa ll and s trea m flo w  in  a cco rd a n ce  w ith  
p r in c ip le s  w e ll  e s ta b lish e d  in  1949, in  sp ite  o f the fa c t *hat B u tters  (3) 
in  1926 s t r e s s e d  the n eed  to c o lle c t  data.
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P erh ap s the govern m en ts of the day begrudged the funds for  such  
u n glam orou s and seem in g ly  unproductive ta sk s  as data ‘. e le c t io n .  W hatever  
the rea so n , th is  n eg lec t has led  to m uch w aste  in  subsequent xe^ rs.

2 'A Survey of W ater C onservation  and Supply m  A u str a lia 1'
T .H . Upton Jl. I E. A ust. M arch, 1949»

Upton st t e s :  "One of ’he m o st valuab le though s ilen t s e r v ic e s
being p erform ed  and extended  by he v a r io u s State A u th orities  is  the 
e s ta b lish m e n  ot gaug’ng sta tio n s. '

The h yd ro log ic  de ign  of Wa ragam ba Dam , , e fe r r e d  to by
D r Upton in  th s paper has not been  d escr ib ed  in  the tech n ica l p r e s s .
It i s  known, h ow ever that no p luviographs w ere  in sta lle d  in  the  
ca tch m en t nor w ere  su ffic ien t stream gau gin g  sta tio n s in  operation  to 
en ab le un itgraphs to  be d e n  ed  in  acco  dance w ith pi av iico  w e ll  
e s ta b lish e d  in 949»

The r e a c e r  as fo rced  to the co cl s ion  that D r. Upton w as under 
the im p r e ss io n  tha» stream gau gin g  sta tio n s are only u sed  for  the type 
o f a n a ly s is  d es r ib ed  by W aitt (4) and w as unaware o f the vo rk of 
S h e rm a i, B ernard  and H orton. He would no d ubt have been w e ll  
aw are o f the w ork  of, for exam p le , A bram s an the :oncr< t  r f .e ld . This  
an om aiy  a r is e s  from  the fa ct that Sherm an, H orton and Be r^ard w ere  
n ev er  m entioned  ;n U n iv ers ity  en g in eerin g  c o u r se s , w h erea s  The w ork  
o f  A bram s w ould be w 11 d s c u sse d

.^^-tr^^^^ lP b ten tia l W ater P ow er R e s o u r c e s 1* : *
G albraith  ‘ I. E . A ust , D ec. 1949.

T h is w r ite r  points out that when the Snoivy M ountains in v estig a tio n  
began, the on ly  stream gau gin gs ava ilab le  w ere  thos-? fro m  a d a ily  read 
s ta ff  gauge ai Jindabyne, the iu rth est point dow nstream  at w hich w ater  
could  be u tilized .

T his aston ish in g  state  ol aft a ir s  e x is te d  in sp ite o f the fa c t that 
the Snowy Schem e in  one form  or another had been talked  about fo r  the  
p rev io u s  50 y ea rs-

E ven  in  1954, when Jam ieson  (5) w as w orking on the h yd ro log ic  
d es ig n  o f A dam inaby, the data co llec tio n  netw ork w as quite inadequate  
(see  (Section  9 below ).
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G albraith, in  the sam e paper, s ta tes  that when in v estig a tio n s  
s ta r ted  on the K iewa p roject, th ere w ere no m eteo ro lo g ica l reco rd s  
in  e x is te n c e  for any p lace w ithin the catchm ent, "as it  w as uninhabited"* 
It i s  hoped that he does not regard  lack  of habitation as an ex cu se  for 
not c o lle c t in g  data.

G albraith, in  d iscu ss in g  peak flood d isch a rg es  in th is  paper, does  
not even  m ention  sto rm  m axim ization , although m uch had been w ritten  
in th is  f ie ld  in U. S. A. at that tim e.

4. "F lood  M itigation in N. S. W. "
Reddoch and M ilston, Jl. I .E . A ust. , D ec. 1953.

T h ese authors state "As far as i s  known, th ere has n ever been a 
co m p reh en siv e  d eta iled  in v estig a tio n  of lo s s  and dam age cau sed  by 
flood s in  N .S . W. "

The econom ic phase of a flood  m itigation  in v estig a tio n  is  a twin  
broth er of the hyd rolog ic  phase. The statem ent by th ese  authors is  
th ere fo re  a c lea r  c r it ic is m  of the en gin eerin g  p ro fess io n , w hich is  
r esp o n sib le  for flood  m itigation  in v estig a tio n s.

5. "D am s and R e se r v o ir s  (Big Eildon D am )"
R. G. Knight, P ro c . Eng. C onference M elbourne, 1953.

T his paper i s  in terestin g  as being the f ir s t  which r e fe r s  to 
m odern  en g in eer in g  hydrology, and yet it a lso  contains v ery  con sid erab le  
d isc u ss io n  of ob so lete  m ethods. The B ernard-Sherm an technique, 
although apparently the b a s is  for d esign  of the Big E ildon sp illw ay , is  
not d escr ib e d  in deta il. Burns (6) s ta tes  "nothing is  known of C o llin s5 
m ethod" T his w as at that tim e a w e ll docum ented m ethod of unitgraph  
d erivation , e.g. (7).

It w ould se em , th ere fo re , that the standard hydrology text  
books w ere  not in the lib ra ry  of the State R iv ers  C om m ission  at th is  
t im e . T here can be no doubt that the standard tex t books on, say, 
c o n c r e te , w ere  in the lib ra ry  - why not th ose  on hydrology? The fault 
l i e s  w ith  the U n iv e r s it ie s .

B urns a lso  says: "The conditions w hich produced each  unit
hydrograph a re  not known b ecau se of the ab sence of continuous record in g  
p lu v iograp h s, and the lack  of ra in fa ll gauging sta tion s on a la rg e  part 
of the catchm ent. " A s the e s tim a ted  co st of the dam  w as m any m illio n s , 
it  s e e m s  stran ge that the sm a ll expenditure n e c e s sa r y  to obtain adequate
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h yd ro log ic  data w as not in cu rred . Although the catchm ent w as 5, 000 
sq. m ile s  in extent, it w as apparently not "zoned*1, and m u lti-p er io d  
s to r m s  not co n sid ered  for unitgraph d erivation . H ow ever, B urns' 
w ork  is  notable as being apparently the f ir s t  app lication  in A u stra lia  
o f m odern  techn iques in flood  e s tim a t on.

6. "Upper Yarra D am 11
Caine, P ra c . 19^3 M elbourne C onference

Although the sp illw ay  and r iv er  d ivers*on c o s ts  am ounted to 
£ 2 , 500, 000 out of a to ta l co st of £12, 600, 000. it w as found that a 
sa tis fa c to r y  unit hydrograph could  not be deduced from  the r e c o r d s ,  
and synth etic  unitgraph m ethods w ere  p erfo rce  adopted. Synthetic  
p ro ced u res  are adequate lo r  m inor rural s tru c tu res , but not for a 
m ajor dam . Surely  the dam  w as co n ceiv ed  a good m any y e a r s  b efore  
d es ig n s  w ere  im a lise d , and a d eterm in ed  effort would have co lle c te d  
enough data for d eriv in g  r lia b le  uni*graphs. P robably the im portance of 
such  data w as not rea lized , which is  not su rp r is in g  in v iew  of the n eg lec t  
of hydrology by U n iv e r s it ie s .

7. "A va ilab ility  of H ydrologic Data in  V ictoria . 11
K. G reen, Jl. I .E . A^st. , S e p t., 1956.

T his author s ta te s  "There are  only 34 record in g  rain  gauges in  
the State, 16 of w hich are in the m etrop olitan  a rea . -  The in sta lla tio n  
of autom atic record in g  stream gau ges began in 1935 and today th ere  are  
33 station . "

T his i s  an inadequate num ber, if  a m odern  approach to en g in eerin g  
hyd rology  is  to be u sed  for  the d esign  of p ro jec ts .

8. "D evelopm ent of Unit H ydrographs under A u stra lian  C onditions. 11
P . H. F eK ete Jl. I .E . A ust. O ct. Nov. , 1954.

The author has exam ined  16 ca tch m en ts in N. S i W. to a sc e r ta in  
w hether data ex isted  w hich w as adequate for deriv in g  unit hydrographs.
Of 16 catch m en ts only 6 w ere rated  at high flo w s. One of the 6 
ca tch m en ts w as unsuitable b ecau se of questionab le a ccu ra cy  of the rating  
cu rv e . Of the five  rem ain ing, four w ere equipped only w ith sta ff gau ges, 
w h ile  the rem ain in g  one had in sta lled  on it  a " B r is to l11 p r e s su r e  rec o r d er . 
The netw ork of daily  read raingauges w as good on th ree  o f the four  
ca tch m en ts and poo^ on the other, w hich w as e lim in ated . T his one

U  . . .  S  . /  ; l i  f . v . T S r *  u d i  3 d  1 * . *¥: t z
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in c id en ta lly  had the B r is to l reco rd er . The rem ain ing th ree catch m en ts  
w ere  rea so n a b ly  equipped with p luviographs, i. e . 3 catch m en ts out of 16 
w e r e  adequately  instrum ented .

9» nH ydrologic Studies for Adaminaby D am . ''
L. N. Jam ieson , Jl. I .E . A ust. , Oct. Nov. 1954.

This author had one re lia b le  stream gauging station , e sta b lish ed  
in 1944, and two daily  read rain  gauges on the catchm ent o f 260 sq. m ile s ,  
w ith  four sta tion s just outside the catchm ent, and two pluviographs s in ce  
1951.

In v iew  of the fact that the Snowy Schem e had been under 
d isc u ss io n  in a gen era l way sin ce the turn of the century, and in a 
d eta iled  w ay from  1946, th ese  data are su rp r is in g ly  inadequate.

10. "Pine T ier  D am :t
L. S. W hitehouse, Jl. - I E . A ust. ? Ap. May, 1955.

F o r  estim a tio n  of sp illw ay  d esign  flood  enveloping cu rve and 
syn th etic  unitgraph m ethods w ere u sed . A pneum atic stream h eigh t  
r eco r d er  and a couple of pluviographs could have been in sta lled  for a 
c o s t  of £400  to £600 , and a few  y e a r s  of reco rd  should have p erm itted  
the d eriv a tio n  of re lia b le  unitgraphs. Surely  th is  is  not an unreasonable  
expenditure on in v estig a tio n  for a dam costin g  1-1 /2  m illio n  pounds.

11. "T reva llvn  Pow er D evelop m en t. n
T hom as, Jl. I .E . A u st- , Jan. Feb. 1957.

Although a sta ff gauge has been read  and reco rd ed  in the low er  
r e a c h e s  of the S. E sk  r iv er  s in ce  1900, no attem pt w as m ade to "rate"  
the sta tion  until a few  y e a r s  before T reva llyn  Dam  w as due to be 
com p leted , and of co u rse  Nature turned obstinate and provided  only low  
d isc h a r g e s  until the dam w as com p lete . Incidentally , no attem pt at a ll 
w as m ade to m ea su re  d isch a rg es  in the low er r ea ch es  of the N. E sk  until 
1957

It could  be argued that the fault h ere  l ie s  with the le g is la to r s ,  
but su re ly  it  i s  the ta sk  of the en g in eerin g  p ro fe ss io n  to p r e s s  for  the 
n e c e s s a r y  le g is la tio n .

The sp illw a y  d esign  w as based  on an envelop ing curve m ethod. It is  
m o st su rp r is in g  that a unit hydro graph w as not d erived .
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12. "M areeba »Dimbulab Irrigation  P r o je c tfs
G .E . M cD ow ell and F . J. C alvert. Jl. I .E . A ust. S e p t ., 1957.

The fo llow ing ex tra c ts  are relevan t

"The n e a r es t  station  for w hich evaporation  r ec o rd s  w ere  ava ilab le  
w as at Home H ill on the Burdekln R iv er  about 200 m ile s  south, on the c o a s t”*

”No stream flow  s ta t is t ic s  w ere  ava ilab le  at Tynaroo F a l ls ,  and it  
w as n e c e s sa r y  to  e s tim a te  the d isch arge  at the s ite  fro m  two gauging  
sta tio n s, " one 20 m ile s  d ow nstream  and one 20 m ile s  u pstream -

"The la ck  of re lia b le  in form ation  on w ater req u irem en ts  o f the 
ir r ig a te d  crop s n e c e ss ita te d  an estim a tio n  of the lik e ly  ir r ig a tio n  dem and”.

”It i s  co n sid ered  that the in v estig a tio n s w ere  as co m p le te  a s  can  
n o rm a lly  be afforded up to the stage of • • . * • actu al co m m en cem en t o f  
con stru ction , ”

The con cep t of thorough p re lim in a ry  in v estig a tio n  is  w ell 
r e c o g n ise d  by th ese  w r ite r s , but th e ir  idea  o f what "can n o rm a lly  be 
a fford ed ” sounds m ore lik e  the id ea s  of a State T r e a su re r  than th ose  of  
an in v estig a tin g  en gin ee r.

13* "F lo o d  M itigation  in the L ow er H unter R iv e r "
Ej«W. H arrison . Jl. I .E . A ust. , D ec. 1957.

H ydrologic data co llec tio n  and a n a ly s is  i s  b arely  m entioned  in  th is
paper.

14. "D esign  of Glenbawne Dam"
N~. A. W ilson and H. S» S cott.

H ydrologic data c o lle c t io n  and a n a ly s is  i s  b a r e ly  m entioned  in  th is  
f paper. Why not? Is the h yd rolog ic  d esig n  of a dam  not ju st a s  im portant  

a s the stru ctu ra l d esign ?
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APPENDIX B TO P A P E R  ON "HYDROLOGY AND WATER
RESOURCES" by C. H. MUNRO

Since the end of W orld War II th ere has been a grow ing body of 
thought w hich fe e ls  that on account of the great im portance of w ater  
r e s o u r c e s  developm ent to A u stra lia  the C om m onw ealth G overnm ent 
should  p lay a m ore active  part in th is  field..

Som e argue that if  a C om m onw ealth "Bureau of M ineral R eso u rces  
i s  ju stified  then a Com m onwealth "Bureau of W ater R eso u rces"  is  even  
m o re  ju stified .

E a r ly  thoughts o n  the m atter had r e feren ce  to the r e la tiv e ly  
l im ite d  f ie ld  of c o llec tio n  o f data, and t h i s  concept im p lie s  a C om m on- 
w ealth  Bureau r e s p o n s i b l e  f o r  A c t iv i t i e s  som ew hat along the fo llow ing  
lin e  s : -

(a) To o r g a n i s e  th e  c o l l e c t i o n ,  c o l l a t i o n ,  c e n t r a l i s e d  record in g  and 
filin g , c o - o r d i n a t i o n  a n d  p u b l i c a t i o n  o f  d a t a  rela tin g  to stream flow , both 
su r fa ce  and u n d e r g r o u n d ,  a n d  to  th e  w ater r e so u r c e s  of the C om m onw ealth  
g en era lly ;

(b) To i n i t i a t e  a c t i o n  to  f i l l  i n  th e  g a p s  in  hydrologic data c o llec tio n  
throughout the C o m m o n w e a l t h ;

(c) To provide fa c ilit ie s  for standard te stin g  of hydrologic in stru m en ts, 
and is s u e  appropriate certifica tes*

(d) To encourage hydrologic r e s e a r c h  a n d  the publication of tech n ica l 
reports, a n d  to d i s s e m i n a t e  in  a  s t a n d a r d  m anner the r e su lts  of data 
collection*

M o r e  r e c e n t l y  a  s o m e w h a t  b r o a d e r  conception  of the part to  be 
p layed  by th e  C o m m o n w e a l t h  G o v e r n m e n t  h a s  b e e n  put forw ard.

* \  ‘

T h e  w a t e r  R eso u rces  P o l i c y  C o m m i s s i o n  o f  th e  P r e s i d e n t  of
the U. S. A. , in  1950 reported  as fo llow s

"The Nation should have com p reh en sive , m u ltip le-p u rp o se , 
and co -o rd in a ted  plans for. . . . reg io n s. . . » Each of the plans  
should be c a r e f u l l y  adapted to the p o ten tia litie s  of the reg ion  
as w e ll as to  regional n eed s and should include lo ca l and 
State as w e ll as F ed era l undertakings. Such a plan need not 
in it ia lly  be in  com p lete  d eta il, but it should con stitu te a 
fram ew ork  i n to  which can be f i t t e d ,  in  proper re la tion  to a ll 

.o ther a c t iv it ie s  the p ro jects  and p rogram s as they are further  
developed . "
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It a lso  sa id :-

"Planning for w ater r e so u r c e s  cannot be d is so c ia te d  fro m  
planning for all r e so u r c e s . Nor can it be d is so c ia te d  fro m  
th ose f ie ld s  of econ om ic a ctiv ity  w hich g ive r is e  to the need s  
to be m et by w ater d evelop m en ts. This lea d s  to the fu rth er  
con clu sion  that w ater d evelop m ents should be planned as  
in tegra l parts oi basin  p rogram m es . "

A s a resu lt  of th is  rep ort the w hole q uestion  w as re -e x a m in ed  
by v a rio u s bod ies in U. S. A. , and in 1956 the P r e s id e n tia l A d v iso ry  
C om m ittee on W ater R eso u rces  P o licy  recom m end ed  the settin g  up of 
a perm anent in ter -a g en cy  C om m ittee to ad v ise  the P r es id e n t regard ing  
p rogram m es for b asin  or reg ion a l w ater r e so u r c e s  p ro g ra m m es.
P res id en t E isen h ow er has en d orsed  th is and other recom m end ation s  
of the C om m ittee, and has ind icated  h is  in tention  of recom m en d in g  
le g is la t io n  to make them  e ffec tiv e .

M oreell (1), Hathaway (2), Hoak (3) and Cook (4) have a lso  
d isc u sse d  the U. S. A. scen e .

It is  co n sid ered  that the above com m en ts regard in g  U. S. A. 
apply with equal force  to Australia* although it is  r e co g n ise d  that 
b eca u se  of the great d ifferen ces  m  the a d m in istra tive  pattern  in the 
two cou n tries it would be fo o lish  to attem pt to b ase A u stra lian  planning  
d ir ec tly  on any esta b lish ed  procedure in U- S. A.

It is  su re ly  reason ab le  that at the F e d e ra l C abinet le v e l  th ere  
should be a group of p ra ctica l th inkers who are  arran gin g  for  the 
co v er in g  of o v era ll A u stra lia  wide hydrolog ic  and eco n o m ic  data, and 
studying the com p reh en sive nation-w ide p ictu re in the ligh t o f th is  data, 
w ithout regard  to State boundaries, in ord er that th ey  m ay a d v ise  the 
F e d e ra l G overnm ent of the m anner m  w hich its  in fluence and finance  
should  be d irected  in the developm ent of A u stra lia*s W ater r e s o u r c e s .

While m ost A u stra lian s would agree  that som eth in g  should  be 
done in th is  m atter, it is  not so e a sy  to sp ec ify  ju st e x a c tly  what should  
be done and how it should be done. The question  of State and Com monwealth  
righ ts  and r e sp o n s ib ilit ie s , the varying typ es of o rg a n isa tio n s  a lread y  
e x ist in g  am ongst the S tates, and s im ila r  m a tter s , p resen t any p lanners  
of the functions of a C om m onw ealth-w ide B ureau w ith a ra th er confused  
p ictu re . In the A gricu ltu ra l f ie ld  th is  p rob lem  of State and C om m onw ealth  
co -o p era tio n  w as tack led  in 1934 by Sir E arle  P age , and as a r e su lt  
the A u stra lian  A gricu ltura l Council w as se' up, it s  fu nction s and 
m ethods of operation  being w ell d isc u s se d  by G rogan (5). *
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It i s  doubtful w hether th is  approach would quite f i l l  the b ill 
fo r  the w ater  prob lem .

It i s  th ere fo re  co n sid ered  by m any that the f ir s t  step  in th is  
im portant national p rob lem  is  to appoint a C om m ittee o f Enquiry  
c o n s is t in g  of th ree  sen io r  and ex p er ien ced  o f f ic e r s , one at le a s t  o i 
w hom  sh a ll be an em inent w ater en g in eer , to rep ort to the C om m onw ealth  
G overnm ent on w hether or not a Bureau of W ater R e so u rc e s  or som e  
s im ila r  body should be se t up at the C om m onw ealth le v e l, and if such  
a B ureau i s  recom m end ed , to sp ec ify  its  functions and the m anner in  
w hich  it  should ca rry  out th is  w ork with p articu lar  re fe re n ce  to c o ­
ord in ation  of the a c t iv it ie s  of ex istin g  C om m onw ealth and State 
in stru m en ta litie  s .
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Stream gaugm g - R equirem ents of gauging sec tio n  - cu rren t m eter  
m ea su rem en ts  - record in g  and ca lcu la tion s - float gaugings -  stage - 
d isch arge  re la tio n s  - a r t if ic ia l con tro ls  - rating cu rve ex trap o la tion  - 
stage m easu rem en t and record in g  - sitin g  of gauges and r e co rd s  -  slope - 
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tim e p eriod  u sed  on the derivation .

Flood E stim ation  - The problem  and a n a ly sis  req u ired  fa c to r s  
affectin g  flood m agnitude - em p r ic a l form u lae or  flood  e stim a tio n  - 
envelop ing curve m ethod - flood  frequency stu d ies - prep aration  of 
freq u en cy  cu rves - sam pling e r r o r s  - ap p lication s * R ational m ethod - 
t im e  of concentration  - runoff co e ffic ien t d e fec ts  and ap p lica tion s of the 
m ethod - lo s s  rate - unitgraph m ethod - unit graph th eory  - derivation  
of um tgraphs from  sin g le  period  s to rm s - application  of un itgraphs -  
d istrib u tion  graphs - sum m ary of m ethods of flo cd  estim a tio n  and their  
application .

Y ield  - The prob lem  - w ater balance of a catchm ent - ra in fa ll -  runoff 
re la tio n s  - fa c to rs  affecting lo s s e s  - s trea m flo w  c o r re la tio n s  - fa c to rs  
affectin g  requ ired  storage - m a ss  curve a n a ly s is  and res id u a l m a ss  curve 
a n a ly s is  - storage y ie ld  curve - behaviour d iagram  -  a r t if ic ia l droughts - 
m ention  of probability  approach to storage d eterm in ation  -  e m p ir ic a l  
form u lae for storage determ ination .
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SYLLABUS

1. INTRODUCTION - SCOPE OF HYDROLOGY.

D efin ition  and h isto ry  of H ydrology. R elated  su b jects .
H ydrology in A u stra lia  -  im portance, developm ent and scop e .
W ater r e so u r c e s  of A u stra lia . H ydrologip D esign  - need  for  
sc ie n tif ic  approach D esign  of Urban, sm a ll and large  ru ral 
drainage system s, irr ig a tio n  and w ater supply, flood  con tro l 
w ater s to ra g es  (flood and y-eld), navigation , recrea tio n , f lo r a  
and fauna, ero s io n  control, so il con servation , pollution, 
sed im en t tran sp ortation  and siltation* operation  of w ater sch e m es .

2. CLIMATOLOGY FOR ENGINEERS.

D efin ition s, the A tm osphere m otions of the earth , Solar rad iation  
and te r r e s tr ia l  heat balan e, G eneral c ircu la tio n  of a tm osp h ere, 
In ilu en ces of land m a ss e s  and sea  on c lim a ’e, Influences of  
topography, vegeta tion  and human activ ity  on c lim a te , c lim a te  
ch an ges, c la ss if ic a t io n s  of c lim a te  - Thornthw aite, Koeppen,
C om fort zon es, C lim ate of A u stra lia . A pplied  C lim ato logy  -  
agricu ltu ra l and in d u str ia l u se s  of c lim a tic  data.

3 . METEOROLOGY FOR ENGINEERS.

M eteoro log ica l m ea su rem en ts  - tem p eratu re hum idi’y, p r e ssu r e ,  
wind geostrop h ic and cy c lo stro p h ic , gradient wind, p recip ita tion  
ty p es  orographic, frontal convergent. The c ircu la tio n  o: the 
atm osp h ere and p r essu r e  sy s te m s , a n ticy c lo n es . P h y s ica l  
p ro p erties  of the a tm osp h ere, gas equation, a ltim etry  equation, 
iso th erm a l a tm osp h ere, constant la p se  rate a tm osp h ere . I. O. A. N. 
atm osp h ere, therm odynam ics of atm osp h ere. D ry adiabatic la p se  
rate , Wet adiabatic la p se  rate, sta b ility  of a tm osp h ere, ad iabatic  
ch arts  and therm o dynam ic d iagram s, conditional in sta b ility .
W eather fo reca stin g  for en g in eerin g  - flood  fo r e c a s ts .

4. THE COLLECTION OF HYDROLOGIC DATA.

Im portance of data co llec tio n , M eteo ro lo g ica l data, te leg ra p h ic  
rep o rts , m onthly retu rn s, punch ca rd s , u n offic ia l r e c o r d e r s ,  
extrapolation , c lim a to lo g ica l r e c o r d s , w eath er m aps- 
M eteoro log ica l m ea su rem en ts  and in stru m en ts , sitin g , p lu v io m eters , 
te le m e te r s , storage gauges, sp e c ia l n etw orks, e r r o r s , snow  su rv ey s  
and c o u r se s , p h enological o b serv a tio n s . R ain gauge qetw orks -
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4. THE COLLECTION OF HYDROLOGIC DATA (C ont,d. )

fa c to r s , e r r o r s .  R eco rd s of s tr ea m  flow , a u th o r itie s , h is to r ic a l,  
s p e c ia l rep o r ts . Data from  other co u n tr ie s . R equired  netw ork  
d en sity  for h yd ro log ic  m ea su r em en ts .

5. STREAM  GAUGING.

5 .1  M easu rem en t of D isch a rg e  . Equation of continu ity ,
Q = Z  ( V .^  A) M easu rem en t o£/kA  by graduated l in e s  and 
sounding equipm ent. M easu rem en t of V. by cu rren t m e te r s  - 
ty p es  and d esig n  d iffer en ce s , advantages and d isad van tages  
of ty p e s . A u x ilia ry  equipm ent -  rods c a b le s , b r id g es , 
tr a v e lle r s ,  e tc . R ating of cu rren t m e te r s  - ty p es  of rating  
b a se , rating m eth od s, graphs, ta b le s . Gauging p ro ced u res  - 
m ethods adopted for low  and high flo w s, m ea su rem en ts  at a 
few  depths, m u ltip le  point m e a su rem en ts , v e lo c ity  in teg ra tio n s  
tech n iq u es u sed  w ith f lo a ts , v e lo c ity  rod s, f lu m es , w e ir s .
O ther m ethods of m ea su rin g  V - v o lu m etr ic  m eth od s, co n tra cted  
opening and s lo p e -a r e a  m ethods-

5. 2 R ela tion  betw een  Stage and D isc h a r g e . The con tro l - low  and 
high  w ater co n tro ls , p erm an en ce, s ta b ility  and se n s it iv ity  
of c o n tr o ls . The Gauging Site -  d escr ip tio n  o f id ea l s ite  
Instrum entation  - sta ff gau ges, peak le v e l  in d ica to rs , s tre a m  
le v e l  r e c o r d e r s  - A dvantages and d isad van tages o f d ifferen t  
ty p es  o£ r e c o r d e r s . T ypes of r e c o r d e r s  - d escr ip tio n  and 
com m en ts on su ita b ility  for d ifferen t p u rp o ses . T e lem eter in g  
In stru m en ts. S ta g e -d isch a rg e  (or rating) cu rv es  - s im p le  and  
com p lex; plotting the cu rv e . E ffect of sh iftin g  con tro l and 
c o r r e c t io n s  to rating c u r v e s . E ffec t of un stead y flow  on rating  
cu rve - c o r r e c t io n s  to Q depend on a h /a x , ah/fat, Q and aQ /at;  
s im p lif ie d  c o r r e c t io n s  for  su rfa ce  slop e; u se  of a u x ilia ry  gauge; 
p lotting  of n o r m a l-fa ll co rr ec tio n  cu rve; s im p lified  c o r r e c t io n s  
for rate of r is e  and fa ll; loop  rating c u rv es  and th eir  u se s .

5 .3  O ffice W ork. Com putation of d isch a rg e  by avera g e  d a ily  stage. 
D isch a rg e  in teg ra to r  - d escr ip tio n , advantages and d isa d v a n ta g es. 
E le c tr o n ic  co m p u ters - at p resen t u sed  for cu rren t m eter  rating  
ta b le s ;  p o ss ib le  future u se  in ca lcu la tio n  of s tre a m  d isch a rg e .
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6 ANALYSIS OF HYDROLOGIC DATA .

6 .1  P resen ta tio n  of H ydrologic D ata*

R ainfall - bar ch a rts, m oving avera g e , hyetograph, m a ss  
curve sy n th es is  of m a ss  c u r v es , a n a ly sis  of p lu v iom eter  
ch arts.
S tream fiow  - h ydrog'aph , m a ss  cu rve, res id u a l m a ss  cu rv e . 
Wind - wind r o s e s  for frequency and v e lo c ity .

6. 2 A rea l d istrib u tion  of P recip ita tion .

D eterm ination  of a rea l average p recip ita tio n  -  ar ith m etic  
m ean, T h iessen  m ethod, iso h y eta l m ethod, in c lin ed  plane 
m ethod.
Depth -  a rea  - duration stu d ies.
R elation  o f a rea l average to tocal sto rm  ra in fa ll.
V ariation  of P rec ip ita tio n  with E levation .
M eteo ro lo g ica l H om ogeneity.
Iso p ercen ta l m aps.

6. 3 T em poral D istrib u tion  of P rec ip ita tio n .

V ariations of annual and season al p recip ita tion .
D uration of sto rm  ra in fa ll.
Storm  in ten sity  pattern.
W ater y ea r , storage  period .

6. 4 C o n sisten cy  and C orrection  of H ydrologic Data.

M ethod of r a tio s .
Double m a ss  cu rv es .

6. 5 F req uency  A n a ly sis  of H ydrologic D ata.

T ypes of long term  variation  - tren d s, c y c le s .
F req u en cy  cu rv es , cum ulative frequency  cu rv es  (duration  
cu rv es).
Point d epth-duration-frequency  stu d ies.
D ep th -d u ra tio n -freq u en cy -a rea  re la tio n s .
Station y ea r  m ethod.
R elation  betw een storm  frequency  and flood  frequency. 
R elation  betw een design  recu rren ce  in terv a l and econ om ic  
l ife  of stru ctu re



7. THE RUNO FF PROCESS.

7*1 The Runoff C y cle

7 11 G en eral d escr ip tio n  of Runoff C y c le , and d eta iled  
d isc u ss io n  of the fo llow in g  phenom ena, includ ing, 
w here p o ss ib le , n otes on r a te s  and m agnitudes - 
channel p rec ip ita tio n , in tercep tio n , d e p r ess io n  
sto ra g e , su rface  runoff, in filtra tio n , r a in fa ll-  
e x c e s s ,  so il  m o is tu re , in terflow , p erco la tio n , 
groundw ater

7 . 1 2  D isc u ss io n  of in itia l, supply, a n d  r e s id u a l p er io d s, 
and in itia l lo s s .

7. 2 A n a ly sis  of H ydrograph Shape.

7. 21 F a c to r s  a ffectin g  hydrograph shape
a. Storm  a c to rs . 
b~ Catchm ent c h a r a c te r is t ic s .

(i i Infilt ration  do.
(ii) Phy siograp h ic  fa c to r s .

This sec tio n  to include d isc u s s io n  of the t im e -a r e a  
d iagram , and channel sto ra g e .

7. 22 Separation  of H ydrograph into its  four com p on en ts, 
su rface runoff, in terflow , groundw ater flow , and 
channel p recip ita tion .

7. 3 O verland  F low  Theory
(B rief T reatm ent)

8. INFILTRATION.

8 .1  The In filtra tion  P r o c e s s

D escr ip tio n  oi P r o c e s s .
In filtra tion  C apacity
F a c to r s  a ffectin g  Infiltration  R ate.
T em p ora l varia tio n  of in filtra tio n  rate and in filtra tio n  

cap acity .
M easu rem en t of in filtra tio n  rate and ca p a city .
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8. 2 Introduction to M athem atical T h eo r ies  of S o il W ater M ovement*

Soil m o is tu r e -e n e r g y  re la tio n sh ip s.
S o il w ater m ovem ent.
Infiltration  rate th e o r ie s .

8. 3 Infiltration  Indices and L o ss  R a te s .

T ypes of Ind ices -  0, f , W, W .av m in.
D erivation  of Ind ices.
D ependence on T em poral pattern  of storm .
E ffect of P a r tia l A rea  s to rm s.
T em poral varia tion  of 0 -  index.
V ariab ility  of L o ss  R ates.
S o u rces of D esign  V alues.

9. FLOOD ESTIMATION.

9.1 Introduction

The problem .
A n a ly sis  req u ired .
I llu stra tiv e  M agnitudes.
F a c to rs  a ffectin g  flood m agnitudes.

9. 2 The R ational Method.

Sim ple R ational F orm ula .
T im e of C oncentration.
R ainfall Intensity .
Runoff co effic ien t.
D efects  of Method.
A pplications of Method.
R efin em en ts of Method.
U se of form ula  q = A (p - f)

9. 3 L o ss  Rate -  Unitgraph Method.

D efin ition  of Unrtgraph.
Unitgraph Theory.
D erivation  of U nitgraphs from  sin g le  p eriod  s to r m s.
S e lectio n  of unit period .
Changing the unit period .
A pplication  of unitgraphs.
D istr ib u tion  graphs.
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9* 4 F lood  F req uency  Stud:es.

P rep aration  of F req uency  C urves.
Sam pling E rr o rs  
C onfidence L im its  
A pplications.

9- 5 E m p ir ica l F o r m u la e .

9. 6 E nvelop ing C u rv es .

10. EVAPORATION AND TRANSPIRATION.

E vaporation  as portion ,d the hydrologic cy c le .
P r o c e s s  of evaporation, th eory  and re la tio n sh  ps betw een e lem e n ts . 

E m p ir ica l F orm u lae.
C alcu lat on of evaporation  - surface en ergy  balance, vapour flow , 
com bina on of en ergy  balance and vapo lr f ow water balance  
m ethods Instrum ents for m easu rin g  evaporation, ly s im e te r s  - 
tank fa c to r s .
P oten tia l evap o -tra n sp ira tio n  E vaporation  opportunity).
The e s tim a tio n  of evaporation  and consum ptive u se , - Irrigation  
n eed  - w ork of B laney, C riddle, Van B avel, Penm an, Low ryt and 
Johnson, T horrthw aite.

E vaporation  in A u stra lia  - its  value and v a r ia tio n s.
The M anfield  p r o c e ss .
Sum m ary of F a c to rs  a ffecting  to ta l lo s s e s  for a catchm ent.

il YIELD.

11.1 Introduction

The P rob lem .
D e f i n i t i o n s .
W ater B alance of a catchm ent.

11. 2 R a in fa ll-ru n o ff R e la tio n s .

F a c to r s  a ffectin g  lo s s e s .
F o rm  of R elationsh ip .
Sim ple co rr e la tio n s  - ex a m p les.
M ultiple c o r re la tio n s .

11.3 S tream flow  C o rrela tio n s.

E xam ple s .



-  8 -

11. 4 Storage R eq u ired .

F a c to rs  a ffectin g  req u ired  storage  -  dem and, com p en sation , 
flow , v a r ia b ility  of stream flow , r e lia b ility  o f supply req u ired . 
M ass Curve A n a ly s is .
R esid ual M ass Curve A n a ly sis .
S to r a g e -y ie ld  cu rve .
B ehaviour d iagram .
A r tific ia l droughts.
E m p ir ica l form ulae for storage cap acity .
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A, FLOOD ESTIMATION

1. HYDROME TEOROLOGY .

The p recip itation  p r o c e ss  - storm  m od els frontal, topographic and 
convectiona! p recip itation . M oisture charge of a storm  - b asin  
co n sta n ts, wind v e lo c it ie s  - dew point p e r s is te n c e .
D eterm in ation  c.£ p recip itab le  w ater, E ffectiv e  p recip itab le  w ater, 
M eteoro log ica l b m ogene .ty - A u stra lian  reg io n s. P h y s ic a l upper 
l im its  of p recip ita tion  - m ax im isa tion  of s to rm s, co n sid era tio n  
of e ffic ien cy , m o istu re  charge, inflow  v e lo c it ie s  and sto rm  m odel. 
M axim um  p o s s i b l e  stu d ies'in  A u stra lia . Depth duration area  
a n a ly ses  and th eir  m a x im isa tio n s A u stra lian  data and cu rv es  - 
Data from  ether cou n tries The thunderstorm  m odel and m axim um  
v a lu es . T r a n s p o s i t i o n  of s to rm s. G en era lised  v a lu es  -  form u lae  
m axim um  p o ss ib le  and D equeue - »
Snowm. it - its  com putation.

2. DESIGN STORM SYNTHESIS

C hoice of Method.
S ecu rity  aga in st surcharging.
D eterm in ation  > f m  an in ten sity .
R eduction  cf point in ten sity  for area .
T em p oral pattern
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3. UNITGRAPHS.

H isto r ic a l rev iew  -  Sherm an's b a sic  th eory  - re la tion  to "rational 
m ethod" - th eory  of unitgraph d erivation  - p ra ctica l substantiation  
of th eory  - preparation  of unitgraphs for m u lti-p er io d  s to r m s  - 
data p reparation  - graphical a n a ly ses , F o rt B e lv e ir  m ethod and the 
M cCarthy m ethod - m ath em atica l a n a ly s is , C o llin 's  m ethod, le a s t  
squ ares so lu tion  - u se  of UTECOM to d erive  unitgraphs - advantages  
and d isadvantages of the d erivation  of unitgraphs from  s in g le  p eriod  
and m u lti-p er io d  sto rm s - application  of unitgraph th eory  - 
se le c tio n  of the unit p eriod  - varia tion  of unitgraph ord in ates w ith  
m agnitude of flood  - e ffec t of tem p ora l and a rea l d istr ib u tion s  
of ra in fa ll pattern - se le c tio n  of unitgraph for the d esign  sto rm  - 
unitgraph re se a r c h  being undertaken - further r e se a r c h  req u ired .

4. FLOOD ROUTING.

4 .1  Introduction.

The P r o b le m .
A pplications .

4. 2 Storage E quation.

4. 3 D eterm ination  of S torage-

By Survey.
By hydrograph analysis- 
Interm ediate inflow  or outflow •

4. 4 S to ra g e-d isch a rg e  R e la tio n sh ip s.

Storage as a function of o u tflo w .
P r ism  storage and w edge storage .
Storage as a function of in flow  and outflow .
L inear and n on -lin ear  s to ra g e -d isch a rg e  re la tio n s , ex a m p les . 
M athem atical form  of re la tion .
S to ra g e-d isch a rg e  re la tio n s  in long rea ch es .

4. 5 Storage R outing.

M uskingum  Method.
G raphical M ethods (R epresentative ty p es).
M echanical A nalogues.
E lectro n ic  do.
U se o f e lec tro n ic  d ig ita l and analogue com p u ters.
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U se o f hydraulic m o d els .
Lag m ethod.
Lag and route (x = 0) method-
E xact so lution  in  te r m s  of the en erg y  equation a s  w ell 

as the equation o f continuity*

4. 6 N o n -sto ra g e  R outing.

Stage re la tio n s .
Tim e of tra v e l re la tion s-
C om plex re la tio n s  in 'lv .n g  in term ed ia  e inflow .

5. CATCHMENT CHARACTERISTICS.

Introduction

N u m erica l and graph ical m ea su r es  of *
A rea
Shape
Stream  pattern  
Stream  den sity  
D rainag d en sity  
O verland slope  
Stream  slope  
E levation  
Size of channel 
Condition of channel

6. SYNTHETIC UN1TGRAPHS.

6 .1  Introduction

The P rob lem .
M ethod of solution .
M ethods proposed .
Status of synthetic unitgraph p roced u res.

6. 2 P ro ced u res  based  on the Routing of a T im e-A rea  D iagram  
through Channel Storage.

B a s is  of P ro ced u res.
D eterm in ation  of the T im e-A rea  D iagram .
A pproxim ations to the T im e-A rea  D iagram .
D eterm in ation  of Storage E ffect.
Routing P roced u re.
Sum m ary and E xam ple.
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6 .3  Snyder's M ethod and its  D evelopm ent.

Snyder's Method.
Taylor and Schw arz' m ethod.
Other D evelopm ents - U. S. Corps of E n g in eers , U. S. Bureau of 
R eclam ation , Loden, R eilly , and M inette.

6. 4 Other M ethods. ,

Sherm an, B ernard, M cCarthy, M organ and H ullinghorst.

7. FLOOD FREQUENCY STUDIES.

7 .1  R eview  of f ir s t  year  work, b a sic  p r in c ip le s , freq u en cy  cu rv es , 
plotting p osition .
H isto r ica l rev iew  of developm ent of m ethod.
Curve fitting  - m ethods of H azen, G oodrich, Slade, Gum bel, 
Chow, Jenkinson and Moran.

7. 2 E rr o r s

U ncertainty  as to form  of d istribution .
Sam pling e r r o r s .
C onfidence lim its .
N on-hom ogeneity  of record .

7. 3 R egional F req uency  Studies .

S tation-year m ethod.
F lood  p ea k -a rea -freq u en cy  re la tio n s .
C orrela tion  of flood peak with ra in fa ll and topographic  
fea tu res  as w ell as frequency.

7. 4 Extending the F lood  R ecord .

U se of h is to r ic  flood s.
E stim a tio n  of past floods from  ra in fa ll by ord inary flood  
estim a tio n  p roced u res.

7. 5 C onclusion  and ap p lications of Method.

8. URBAN DRAINAGE DESIGN.

M ethods - rational, overland  flow , synthetic unitgraph m ethods.
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C o e ffic ien t  o f  runoff -  d efin ition , w e a k n e ss  of concept, determ ination , 
s o u r c e s  o f va lu e  s .

T im e  o f  co n cen tra tio n  - o v er la n d  flo w  t im e , gutter flow  t im e ,  
d ra in  flo w  t im e .

L lo y d -D a v ie s  m ethod  -  a lg eb ra ic  illu s tr a tio n  o f p rin c ip les  fo r  
d ra in s  fed  con tin u ou sly  and in te r m itten tly  along th e ir  length. 
T h e o r e tic a l o b jectio n  to m ethod .

T r ia l and e r r o r  m ethod.

P a r t ia l  a r e a  s to r m s .

The tangent ch eck , S - lin e  m ethod.

T em poral v a r ia tio n  in ra in fa ll in ten s ity .

O verlan d  F lo w  m ethod. Johns H opkins, D. S. I. R. m ethods.

9. COLLATION, REVIEW , SUMMARY OF FLOOD ESTIMATION.

P ro ced u re  fo r  lo s s  rate  -  unitgraph m ethod - D esign  storm , 
c r i t ic a l  duration , m ean  in ten s ity  (d esign  frequency or  
m ax. p o ss ib le ) , tem p o ra l pattern , L o ss  rate, Snowm elt, 
U nitgraph or syn th etic  unitgraph, A pplication o f ra in fall*  
e x c e s s  to  unitgraph, G roundw ater flow , F lood routing.

R ev iew  and su m m ary  o f m eth od s o f flood estim ation  and their  
a p p lica tio n s . R ational m ethod, o v er la n d  flow  m ethod, 
e m p ir ic a l fo rm u la e , en velop in g  c u r v e s , probability  m ethod, 
l o s s  ra te  un itgraph  m ethod.

B. Y IE L D #

10. R A IN FA L L -R U N O FF RELATIONS.

10,1 S h o r t-P e r io d  R e la tio n s .

M u lti-v a r ia b le  c o r r e la t io n s , w ith  th e ir  a p p lica b ility  to  
A u stra lia n  co n d itio n s . P o s s ib le  w ays o f applying e lec tro n ic  
co m p u ters  to  m u lt i-v a r ia b le  c o r r e la t io n s .

9 1
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10. 2 L o n g -P er io d  R ela tion s.

G eneral com m en ts on Q -P  graphs - s c a le s , sca tter  of p o in ts. 
Index of sea so n a l w etn ess . D ifferen ce s  betw een Q -P  re la tio n s  
for arid , s e m i-a r id  and hum id b a sin s . B r ie f  r e fe r en ce  
to h is to r ic a l form ulae such as that of Justin  M eyer's  
h yd rop h ysica l m ethod, including d isc u ss io n  on e ffe c ts  of 
evap o-tran sp ira tion . M cD onald's " r e c e ss io n  from  storage"  
m ethod. B r ie f r e feren ce  to certa in  e m p ir ic a l m ethods - 
K hosla, P ark er, O lsen 's  m ethod for a p oorly  gauged c a tc h ­
m ent usin g  data from  nearby catch m en ts. P enm an 's "water 
balance" m ethod involving e s tim a te s  of ev a p o -tra n sp ira tio n . 
A pplication  of "yield  lin es"  in Snowy M ountains area- 
C om parison  of variou s m ethods. E ffect of snow fall on Q -P  
re la tio n s . D iscu ss io n  of actual Q -P  re la tio n s  w hich have 
been m easu red , w ith p articu lar  re feren ce  to A u stra lian  
catch m en ts.

11. PROBABILITY METHODS OF STORAGE DETERM INATION.

11.1 M athem atical Introduction.

H om ogeneity. C orrelation  in t im e - s e r ie s -  Sam pling e r r o r s .  
T heory of d istribution  of ex trem e v a lu es. Queuing theory.
Monte C arlo m ethods. T ypes of flow  d istrib u tion  and 
lin ea r iza tio n . Control cu rv es . E xten sion  o f duration cu rves-  
Trends.

11. 2 A pplication  to S torages.

R eason s for probability  approach. C om parison  with other  
m ethods. R eferen ce  to h is to r y  of probability  m ethods, 
explain ing the techn iques u sed  by H azen, Sudler, H urst,
Thom son and Thom pson, B arn es, Moran, Law (including h is  
r e v is e d  m ethod of 1955), and Gould. The "ideal" m ethod. 
C om m ents on the above m ethods in re la tion  to the "ideal".

C- GROUNDWATER AND ENGINEERING APPLICATIONS
OF HYDROLOGY.

12. GROUNDWATER.

(D etailed  Syllabus to be determ ined).
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13 ENGINEERING A PPLIC A T IO N S.

E co n o m ic  s tu d ie s , flo o d  co n tro l, flo o d  m itig a tio n , flo o d  
fo r e c a s t in g , te le m e tr y , h y d r o -e le c tr ic  e n g in e er in g , dam  
d es ig n , w a re r  supply, w a’e r  co n se r v a tio n , m u lti-p u rp o se  
sc h e m e s , data c o lle c  ion rlann ng, r  ̂v iew  o f  m a jo r  A u stra lia n  
w a ter  p r o je c ts .




