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ROYAL COMMISSION OX FEDERAL CAPITAL
ADMINISTRATION.

REPORT.

6. WATER SUPPLY, POWER, AND MISCELLANEOUS.

To Iis Excellency the Right Honorable Sin Roxarp Cravetnp Mexno
Fenevsox, a Member of Iis Majesty’s Most Honorable Privy Counctil,
Kndght Grand Cross of the Most Distinguished Order of Saint Michuel
and Saint George, Governor-General and Commander-in-Chief of the
Commanwealth of Australia.

Max 11 Prease Your ExceLnesey:

1, The question as to water supply to be dealt with in this final part of the
Report includes charges of default in design of the works now in progress, not only in
respect of particilar matters included in the scheme, but also because it has heen alleged
that the whole scheme of water and power supply was misconceived, and that in place
of the pumping system that has been designed, a gravitation and hydro-electric scheme
should have been adopted. Two such schemes were deseribed in evidence and each
must be compared with the scheme now in construetion, for decision as to their relative
merits must precede any decision upon the charges of want of skill in design made against
the responsible officers. As to the production of power, it is charged that the present
sKstem is and always must be very costly, and that power more than sufficient for all
the needs of the Capital City could have heen obtained at very small cost by using the
Cotter River flow for its production, and that the difference in cost is such that the power
house should be discarded and a hydro-clectric scheme adopted.

CHARGES OF DEFAULT.

2. Tt will be convenient to deal with the matter hy examining fist of all the
charges of default in construction of the water supply works that have been made
against the officers, and then to consider the larger and more important question whether
the projects put forward by Mr. €. B. Oliver and Mr. J. (i. Starr are so far superior to
the pumping scheme, that one of these showld have been adopted originally. Briefly
described, the present seheme includes a conerete overshot dam ab the Cotter River
near its juncbion with the Murrumbidgee, 100 feet high and hmpounding 1,400,000,000
gallons of water, the supply being earried by pipes from the dam to the pump-house
which is on the right bank of the Murrumbidgee just below the junction of the two
rivers. From thence the water is pumped through a rising main to a pipe head reservoir
on Mt. Stromlo, and thence by pipe line is taken by pravitation fo & reservoir on Red
Hill near the Capital site, and is mtended to be distributed by mains connceting with
the Red Hill-Stromlopipe line at a point near the foot of Red Hill and within the city
area. The main chargés of faulty design and wasteful expenditure in carrying out the
existing works, are, first, that it was a waste of money to make a tunnel for the pipe line
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from the Cotter River to the Murrumbidgee in place of carrying it on the surface, and

~econd, that there was u similar waste in earrying the pipe line in a tunnel under the

Murrmmbidgee vather than along the river-bed or upon the bridge which has been erected

at this spot + und third, thut the reservoir at Red 1ill is wholly unnecessary : and

tourth, that exeessive provision for storage at the Cotter Dam has been made.  Many

;ullh_cr rh;ln-gos of less canequence than these four were made, and will be dealt with in
letr arder.

B With regard to the first charge of waste of money in making & tunnel for the
ln]-u line through the hill between the dam and the pump-house, it appears that the totad
cigth of pipe from the dam to the pump-house is 3,967 feet. For the fiest 1,200 feet
trom the vutlet of the dum, the pipe is laid on « beneh cut on the left bank of the Cotter,
then there is o tunnel 1,965 feet long to the left bank of the Murrumbidgee just below
it~ junction with the Cotter ; from there the pipe goes 67 feet down n shaft, G68 fect in
a tunnel nnder the river, and 67 feet up o slm[‘c on the other side,  The total cost of this
wark was £25,210, The cost of the first 1200 feet was £1,333, inchuding pipe, heing at
the rate of £1 25 2L per fool.  The tunnel seetion, 1965 feet, cost £17,815, or £0 Is, 4d.
per foot. It was at first intended by Mr. il that the pipe from the dam to the
Murrumbidgee should be in tunnel throughout 2 but, Colonel Owen's decision was that
the first 1200 feet should follow the line of the Cotter,  The charge mude ngainst this
work i that the pipe could have been enrried much more cheaply it it nd followed the
contonr of the Cotter throughout its whole length, and that the tunnel was unnecessary.
Befure comparing the estimates of cost of the work if caried out in one way or the other,
it i~ necessary to consider points raised by the officers as to certain incidental nd\'untngo;
of their scheme over the other, 1t is nrged that there is very great advantage in having
the pipe in tunnel as it is not then liable to be damaged by falling rocks or by ﬂnuds,::
Irther, that when it is necossary to Iny a second pipe line, this will involve nothing wore
than the coxt of the pipe and labour if'it is Inid in the tunnel, but that it it is to be added
to miother pipe already on the beneh, a fresh beneh will have to be ent, vr the existin
benel extended ‘}nutlmr'llmim not made by the oflicers, but seeming to me to be u%
sunie eonsequence, is that if a supply of water is required greater than vould be earried
in the existing [R-in pipe the tnunel whicl has been lined with conerete and is fully
adapted to. und designed for the purpose, may be used as a closed aqueduct, and 1,965
feet of pipe line thereby saved. "Phese poinfs are of weight, and a further puint ,wn.%
m:gml in favour of th('l funnel on account of its having a straight pipe line as com )m'c(.[
with the ipe following the contour whicl necessarily st have man: (-xlr\'ul and
hends, My, Dixon, who gave evidenee on this point, estimated that the friction |'¢*si|lti1| i
from these eurves and hends would involve an exira cost of Pumping anountin tf‘
160 per annum ona supply of 2400000 gallons per day, which, capitalized at (i'g )c;
cont.. amounts to £2.460° Ve, Starr estimates the cost of pipe line fram t]l‘(‘ dum ll;ll II:h(-
Murrambidgee, 8200 fect, that is 1200 feet to the twnel mouth, and 7,000 feet on 1]
contour line thenee h)_(]l(‘ Murrmbidgee, at £9215; Mr. Hill's t-stinmt’e for 7,000 f K;
is 0480 and asstming that. figure to be correct the cost for colstriction onf\' \\'ngfci
hiwn hm‘n' L8335 less than that involved by the tunnel, or if My, Starr in correct, th
differrneo is £8.600 plus £1.333, the cost of the extra 1,200 feet,  But My, THll's contel’)ti lxc
is that the tunpel is the hetter expedient, hecause as soon as an additional pi]u; is requir Ol)
the eost of Inying that pipe 7.000 feet on the contour line will be £8,180, \\'lu-ro:u tllu. c)(',
of laying that additional pipe in the tuunel line will he only €1,391, and that ther (l“ ‘
.tlu- lllﬂ:l.'l't‘ll('(' in construction cost will be greatly diminished as am‘m O ~euondc o
is required.  As 1 have already suggested, 1 do not see why the extra cost .o[ a pi e
the tunnel need be allowed for, and its cast £1.391 could, I think, he dc(lu;'l:ed \p[l[}q e
this deduction, the relative costs of the alternative methods \\'110;1 a second pi .)c i) e
neeessary would he £17.815 for the tunnel route, and £17,960 for the (-ontr}u{' Iingcm"e

4. So far in this comparison, | have not noticed Mr. Dixon’s factor 3
of pumping eapitalized at £2460, and the further detriment ::'h'ivg‘lll‘tl?é ?xieen\t:z?l: Osg
probably envitation in the pipes at the suction end resulting from the press e
there falling below atmospheric pressure. The caleulation as to incrcasedlc0:tm%
pumping was based upon a plan of the supposed line, showing bends which admit.md?
would eause friction, and Kutter’s formula was used in caleulating the amouﬁt };
such friction.  Assuming the formula to be correct, the caleulation was not questi ?I
but the contest turned upon the neeessity of hends in the pipe line and the ((]:on'c t:nc :
of the formuln.  As to the first point, it was, T think, proved that hy t\ll)llellicllgcﬁ?

places some of the acuter hends conld be avoided, but such an expedient nouhl
necessarily inerease the cost of construetion,  As to the proper formula, Mr. Dixon
admits (16755) * The question of loss of head through curvature s in a very uncertain
state,  Different formulw give different results **, aud there was in evidence a conflict
of highly teclnical evidence, based apon differing opitiuns of engineering authorities.
The points raised ave not, [ think, necessary for decision, hecause in the prosent case it
must be assumed that the dam as designed would always be full, or within a very few
foot of its crest, even if 5,000,000 gallons per diem were taken out, and as there would
be water pressure of 42°8 1bs, in the suction {)ipu. the friction resnlting from corvatire
becomes ne‘zligible, In the pipe line at the Murrumbidgee tunnel there are now fowr
right-angle bends, and these are not alleged to bedet  ental.  Therefore I do not in the
comparison of cost allow any part of the capitalized sum of £2,460 to debit of the contonr

. pipe Jine. The comparison therefore is, taking the cost of the work done. and Mr.

Lill's estimates of work not done: Tunnel line for one pipe £17815 5 for two pipes
£19.206 5 contour line for one pipe, £0480: two pipes, £17960; o difference fur one
ipe of £8335, and for two pipes, £1.246 in favonr of the contour line.  If | am right
n assuming that the tunnel conld have been used as an aqueduct from the first, the
result would be fo make a difference in favour of the tunnel line in the figires stated
of £1,391 for one pipe, and £2,782 for two pipes, The summary of the whole matter i
that for n population of fewer than 12,500 persons the contour pipe line would he the
cheaper: for a city exceeding that population. the tunnel line would he preferable,
the ncidental advantages more than off-setting the excess of cost if any. On the
whele T do not think that the extra cost of the tunnel was justiied. but in justice to
the officers if must he remembered that five years ago it was anticipated that population
at the Federal Capital would incrense much more rapidly than is now deemed probable,

3, The charge of wastelul expenditire with regand to the tunnel for the pipe
line under the Murrumbidgee scems to me tu be completely estublished.  The cont
of this work was £6,061 plus £230 to £450 vequired for tts completion and mure than
£5,400 of that expenditure would have beet avvided by the simple expedien. of carrying
the pipe line along the left bank of the Murrmmbidgee to the bridge of steel girdets on
concrete piers thut has been built there, carrying it along the up-sticans side of the bridge,
thereby strengthening that structure, and then bringing it along the tight hawl bunk
of the Murrmbidgee about 150 yards tu the pump-house. What possible reason
there was for construeting the viver tunnel Fam quite unable to see. The river just at
this place is shallow, and there is no reason why the pipe line should not have heen
taken straight across the river in a conerete bedding, if for any reason none was
suggesied in evidence: it was inadvisable to take the pipe along the bridge.  That
ulternative certainly would have been cheaper and better than the expdient that has
been adopted.  Evidence was given to show that in same instances in Australia, pipes
had been carried under a river or swamp in a tunnel ; but it is evident that, although
this may sometimes be done, it is an expedient that would only be resortea to il no uther
way of carrying the line were possible, ~ A further objection to the tunnel unde the river
is that silt would rest in the pipe, and there would be ne possible way of dearing it out,
as the water could not be discharged into the twmel. "Fo meet this objection it was
wrged that no slidge could be deposited in the pipe because the flun of water  two and
two-fifths feet per second —would be suflicient to carry away pebbles and even pieces
of stone, but even if that i» so in the ordinary cases of flow, there may be, and woull
be, times when the water being still, the sediment would settle, Ao it was suid that
the pipe and tunnel could be cleared by releasing it~ contents of water and then
pumping it ont of the tunnel. This does not seem a cumenient or effedtive expedient,
and 1 think that the objection as tu possible silting up of the pipe is one that has
considerable force; but it is of minor importance contrasted with the main ebjection
to the work. This is not, [ think, a case where engineers might be expected to have
differing opinions as to the proper method of careying the pipe aeross the river, The
expedient of crossing the river by tunnel is one so exceptional and undesirable if it
can be avoided, that it is upon the engineers here to show that no other means of carvying
the pipe was possible.  They have wholly failed in this, and have not shown any reason
for spending £6,061 upon a work that should have been better done for £500.

6. A~ to the reservoir at Red THill, Mr, Hill in his evidence (26248) (.locm'ihcs this
as a * stand-hy.” Mr. Starr condemns it as unnecessary (5896), Mr. Oliver supports
that opinion (J6828). 1 think they are right. The idea of having a reservoir at that
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rite was first recommended by a Water Supply Commission, whos visi

b l 0 ) pply Comminsion, whose members visited
t‘l‘lll;l:le(ll':"ﬂ) t":l 1]91'0 ml order to fm‘ll}l‘llnl(' a scheme for the City, and this recommendation
o (L‘sec 'l)" ]Co on_?l‘()\\'_cn. The Fexervoir cost £13,828, und in the documents it is
Copaly s i )c:;’gg {I “ervice reservoir.”  Itwas not in fact intended for that purposo :
tho pine at t;;l (.r.a )fnu)s that it was always intended that the take-oft should be from
. ﬂ]s ! m‘lc oo[t of Red Mill. 1t has a cipacity of 3,000,000 gallons and was intended
fothey Dﬂmeéms]o‘ tel'npur.ury supply in case of any stoppage on the pipe line from the
of e bon (’)l ‘7 I,L l}“'}'{" w here the service mains were intended to conneet near the foot
g ay ul)t works were designed for 1 supply of 1,286,000 gallons per day, so that
apply f‘ 'nil) l:) ]}pngcs in the ‘supp'l,}' from blro'mln. there would be less than three days'
nim!lxi’r o {"t lo rIom]Rcd I0ill, “The reservoir at Stromlo cost £11877, and was" of
s hlucr’ el )l - In ]t ie event of any stappage between the Cotter River and Stromlo,
o e 'sﬂpp wou d hove been available to consumers, so that the Red Hill reservoir
! n}ndqto' n;g,}reffecm'e service in case of a break hetween Stromlo and the City
s it js di 1c,ult.to conceive of any substantial damage that could occur along
o e, 8 e pipe t{nl\ eraing Jands where no extensive hreak that would take more than
A tharto :e[t)]mr ]xiugi l]tll'm expeeted, or that conld ocenr, exeept upon the rarest oceasions,
;m event o ml'ke; . ill reservoir would appear to be an excessive precaution against
oo eve f\e'r) ll]l_ll ely to oceur, If it had not heen constructed the cost of a considerable
tlmLﬁ thg l.p:po' ine conld also have been saved, and it may, I think, fairly be assumed
! ¢ eservoir is responsible for about £16,000 of expenditure. Incidentally i ma;
he men foned nlso that £13,800 scems an excessive amonnt fo pay for this work, as this
:‘:;]ltli::(:::.ii"::‘l;};(: ;11;1:;{!.‘;!],.’;()() p(;r m’ill‘lliun gallons a figure that is out of all pr(;pt;rtion

v cost of such work, 'This eost is in part necounted for by the fact that th

area of the reservoir hns been obtained entirely by excav ti l) dhe matedin]
exeavated was solid rock throughout, and the \\'r;rko ‘\ltl“:\‘lfl'() ¥ ml“‘ t.lmt the yuaterinl
aerial rope-way,  Whether another sit'o where the exe "'L t'ﬂ N }0 l}lulll the Sontof tha
tractable materinl was available, or whether the n-s'u;'\('""‘"-lmlll“lou e buwo heen in ore
constructed if part of the capacity ed by cley ed conorete cheaply
oo o %0 oo ¢ an dot}e r]]llxlli(llwlfccn obtained by clevated concrete walls, there

7. The charge that those responsi
- h > £ se responsible for the present seheme of water '
:)l;nl(]]l(; ';)\lﬁtl‘:[::]‘); ]]7)11‘0"?!‘"11 f)‘g‘;(‘)‘a‘g‘gellluls inmy Opillljl)ll, been fully proved cl’l:ll:i))():i)pzllgz;
{ ant 1s 1,286,000 gallons in the 24 hours, intended rovi g
Intion of 21,433, on 0 consumpti i por duy. The st JOBL
) of 2 , on ption of 60 gallons per head per day, T ity g
:l:ll]l:ll)ll‘i; hn};::cfl nst;'lt(t:,'lllclltl‘m"ld be 1,400,000 400 gall(u{*, in vound fl‘g\fr"pl:"%fr‘mof-e;l:i
supply.  During the time that records of the flow of the Cotter River have heex kot
:;llclnulx}nn!un flow for any one day was 1,334,000 gallons: but in the l:i‘(:l:ﬂl’ c:ln\\l\l?ﬁ;
“.:,lr,]:iu\lllxn C]()lpt]ljw n;'or;lgto PL&S d)*:]\(‘ was LY96,000 gallons, The supply from the Cotter
uld, Mr., urgh states, (B.206) * he more than suffieient for 8§ '
It i quite true that the data ns to i) atorhd, and g to H Cnpt e
s fall on the watershed, and s k i
flow are even now insuflicient for necurs i A wre g oo v ober River
! Y ° ceurite estimate, and were still less relj
time that this dam was designed, and the desi ; reditod it inble ut the
: d 5 dos signers must be credited with an j| i
to secure the City against water ’fumin(' ns fnrgm thi ibl font, e
eur i a0 A ¢ a3 s this could possibly be don, 3¢
::: ll))ll?)‘\:((lltc“ [;:rtx]xlﬁ Efﬁﬂ:ﬂﬁff l‘t‘;i))])lol)lllfnt"l(()))(l).(m };1&011 assuming t];lmt th{' dam \\'uer; :;:;gn‘(ll]:g
t e supply of 2 000 pollons per day, that is for o cf
200,000 people, and o consum { B o por dny, (hi ety of
00,00 X onsumption of 100 gallons per head per day, thi st
give 70 days’ supply.  As | stated in Part 3 of this R g ‘nf' 7 the tenin
. lny y % s Report, paragraph 87, i i
;x?o;t)ortll‘x :"((l I: :l(: g;lor:‘nlous l;?dy of }mtor Was No part olf the (J)rigiﬁ:xl ](Iosign ﬂl;?ll:]:t\?tmgg
¢ discovery when the work was well o towards complotion, thy i
'11'(1J [oct. ate qust of £3,000, 560,000,000 gallons would he added to élm cup;zctill:\urtufbt); “(zldmg
: we original intention was that 856,000,000 gallons should be provided for, g 1“{ von
lntl.s (l;lllll)flrc}l. \p_th the capacity of the pumps and mains must, T ghink be rg ::r(d clven
:;“ (}%ﬁt ll?ilgﬁ.\:;:&:iltyt:.gll '{lh(;llrmlmmb;e \}’. 1L Kelly had intended that in Iicugof nc((ln{::
{ ] tesigned, the dam should only be carried up to 40) fe ¢
t?tl?w\vl((llo' for‘ this were accordingly drawn, bus for some rex}son the gg’;igx:‘lddgsci“ Pons
;18 ::}\ur]s rc.storcd. One ]ustlﬁulgwn for incurring the cost of this CNOIMOUS gt" 'wns
s }011]{;) y urged by Mr. H. A. Dixon (Assistant Lingincer, mechanical, in th It;mge
4 "él‘“ “I)ffl.'hnent), on the ground that it is necessary that there should alw, e” l())me
{)l?: ‘1\0 (:xllZlull):‘l;)l:?) g]rg:(tﬁlf :;Im(]l the ntmospherflc on the suction side of the pump, xu\';lfl tﬁnrll;
this we 1 I the dam were carried to the full height, which s i
sea-level.  His caleulation is that this positive pressure \\'ouﬁl reduce the é:)(z?;’{)lf‘epeltu?ll;)?x‘::
8
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by £440 per year, but capitalized by § per cent., this would only amount to L8800, n
sitm that represents n ere fraction of the cust of the extra height of the dam. In
justification of Mr, Dixen's calculation it must of course he considered that a dum con-
serving 1,400,000,000 gallons might Le rensonably expected to bo always full ; whereas
u dam conserving say-50,000,000 gallons might—1 doubt if it would=-he liable to fall
ab times below the crest. I cannot think that this matter of muintaining positive
pressure at the suction inlet was an element of consideration at the time of the urigiml
design, or that n city of 200,000 people requiring to be supplied with water was then in
contemplation. L think rather that the one object was to afford o supply of water
that would never fail, and in doing this the designers have provided for an unjustifiable
amount of storage. 1t is true that Mr. Oliver in his evidence admits that the rainfall
records of the lnst three years have compelled engineers to reduce their estimates of
rainfall and run-off by as mueh s one-third, bus even nllowing for this reduction the excess
is still unrcasonable. Nor can the officors responsible justify their action under these
reduced estimates for the dam was designed before this newer knowledge of probuble
supply was available. .

OTHER CHARGES OF FAULTY DESIGN AND CONSTRUCTION.

8, Numerous objections to other mntters of design and construction of works
in connexion with the water supply were ¥aised by one or other of the engineers called
by M. Webster, M, Starr (57761) suid that from his observution of the dum, he came
to the conclusion that ** as regards its strength it is a little bit weak in the outer toe ™;
(5772), ** in working it out by moments it showed a slight weakness at the outer toe ™3
but later, (5774) he ndmits tfmt it ** was not dangerous, and the weakness he mentioned
was a thing that e would not take notice of even if he luud the designing of it himself.”
Later (7083) he states that ** the dam is perfectly safe, but if there is n weakness it is
at the toe,” This charge therefore collapsed. Then it was asserted in evidence that
there had been extravagance in consttueting the dam innsmueh as its thickness
throughout, nnd especinlly at the outer toe, was excessive.  Certain theories hased
upon engincering constructions were advanced in support of this charge, but 1 ind that
it also fails,

9. Another objection with which it is unnecessary to deal at length was that
raised by Mr, Starr as to the need of a hy-wash to the dam so that surplus water could
be led away by a side channel, and not allowed to flow over the notch at the top of the
dam as at present. The objection to the flow of water through the notch was stated
to be that the water at great velocity striking the concrete near the foot of the dam
would in time cause some injury to the structure, The design of the dam was stated
to be faulty inasmuch as no steps had been provided to break the force of the water
flowing down from the noteh, and that no water cushion hed been provided. It was
admitted that a water cushion would obviate any possible detriment or danger,
and it was proved that upon the criginal plan for this dam a water cushion Tud been
provided for by an intended low-level dam’below the main dany, making a pool 15 feet
in depth, Therefore this objection was fully amswered, Mr, Starr's by-wash was
estimated by him to cost £1,000.  The dam to provide a water cushion could be erected
for less than £500, and on the score of cost alone the latter expedient i to e greatly
preferred to Mr. Start’s alternative. Secing the quality of the rock at each end of the
dam and its grade, T am inclined to believe that the cost of Mr. Starr’s hy-wash would
be at least three times, if not five times, as mucl as his estimate of L1000, Mr, Connell
(18034) thinks it would probably cost £7,000,

10. Another objection to the work taken at a very late stage of the inquiry
was that there would he water hammer in the pipe in the pump-house, and in the rising
main, and that this would imperil the pipes and pnmp. T cannot ~ee in the evidence
any seientifie basis for this suggested danger, nor do 1 find any eause of apprehension
as to the sufficiency of the pipes or valves.  Another charge of a character conflicting
with that just mentioned, was that there had been extravagance in the work, inasmuch
as the pipes at the pump-house end of the rising main were of excessive thickness, and
therefore of excessive cost.  Mr., Starr ¥ would not be surprised il one-third of the cost
of rising mains could have been saved” by putting in lighter pipes, but admitted
(5868-77) that this was “ only a guess.”” This latter eharge in my opinion, also fails.
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11, A charge of exvessive cost was also preferred in respect of tho Stromlo
and Red THill reservoirs, These are cach dividc& into three compartments by two
equidistant eonerete walls, and it was contended that ono wall making two compartments
would have been enough; that the walls were unncecessarily tbic’i, especinlly at the
base; and that the conorcte lining of the sides of the reservoir was excessive in
thickness, A to the question whethor there should have been bwo compartments
or thrc&:, L seo no reason why two should not have sufliced, nor was any explanation
offered in ovidence as to the reason for providing three. Jach compartment can only
holl 1,000,000 gallons, and there seems 1o reason why two tments each holdi
L0B000 gallons should not have served all necessary requirements, The work of
scouring and cleaning the eompartments could as easily be done with one pertition in
the reservoir as with two, With regard to the thickness of the walls, it does seem that
the (:lmrf;e of excess las heen established. Of course, the walls had to e built
sulticiently strong to resist pressure on either side, beeause the only test of strength
woulld come when one computtment was empty, und the other full ; [‘:ut on the weight
of evidenee, I am of opinion that G feet of solid conerete were not required ut the base,
and that there 18 unnecessary thickness in the wall throughout, {{n support of the
charga of excessive thickness in the lining, it was stated that eoncrete whero it is upon
r«l)ck. i not required for strength nor to prevent the percolation and eseape of water,
Conerete is not water-proof, and its purpose where it is upon solid rock, 13 merely to
provide an even surface upon which the rendering, which is waterproof, may be put.
As to the lining, it was assumed by tho witnesses called to support this charge of excess,
that it was I8 inches througliont in the case of each reservoir. Upon Mr. Connell’s
:-\'.nlvnco this is not 50 : the tlickness in Stromlo being 18 inches, but 'nt Red HUI onl
inches,  Mr. Stare estimates the excess expenditure from excess of conerete for walls
and lining for these two rescrvoirs nt £6,258, This is based on the assumption that
there is 18 inches of concrete lining in ench reservoir, and in his report on the matter
(KT8) he stated, ** I the excavation is made with reasonable care a bed of concerete of an
average thickness of 6 inches is ample to reecive the rendering.”  Further on in the
same rel)orb he states that in constructing such n worl “ all the inequalities in the rock
should be brought to a straight even face and battered with concrete to receive the
rendering. A foot thick of conerete is generally allowed for that.” Upon these
inconsistent statements as to the conerete necessary for lining T cannot find that 9 inches
was exeessive,  Bven discarding the seeond statement by Mr. Starr as to a foot being
necessary, the question whether 6 inches or 9 inches should be allowed is one on which
there might be a reasonable difference of opinion hetween equally eminent engineers.
So in the Red Hill reservoir, except as to the unnecessary wall, L do not find any excess
in the work. As to Stromlo 1eservoir, Mr. Connell, who designed this work and silper-
vised its construction, states that the neeessity for 18 inches of eonerete in that case
was that the floor to n greas extent consisted of rotten granite, so that the conciete was
not merely required to make an even surface for the rendering, bub was necessary for
strength, * The nature of the rock at Stromlo, is the justification for the extrn depth
of conerete, and this extra concrete was I think u reasonahle precaution taken to u\'l id
a very probable danger. IBxcept as to this reservoir being in three compm‘tme?xtﬁ
'll‘lSt(,’llll of two, T cannot sce any evidence of want of skill in design or construction.
)\ fh(j‘I g@_tsuf tholso('mlld \\l'ulll in ench case was not given in evidenee ; Mr, Starr's estimate
of £6,2H8 was hased solely on excess exeavati int S0 1

o s s hased cxcesz;. excavation and lining, and as to these items I

12. One matter that was very strongly pressed by Mr. Webster )
want of foresight in the construction”of the téﬂnlcl, was tlu{yt when the ttitllle(::irrsil\]rg:f l\?lgne;:
it should be necessary to put in three more 18-in. pipes, it would be impossible by reason
of the dimensions of the tunnel to carry ous this work, He succeeded in sho“?;n that
the space was insuflicient to enable the extra pipes to be placed in position orgto be
repaired after they had been so placed, but the difticulty is wholly artificial. 1f it should
beeome necessary to increase the water-carrying capacity of pipes in the tunnel this conld
be done, not by putting in more 18-in, pipes, but by putting in a 27 or 36 in pipe. This
expedient did not in evidence vecur to Mr. Hill, and the matter as bet\v;:enphim and
Mr. W ebster was contested on the point whether the tunnel could carry four 18-in
Dipes. The difticulty raised by Mr. Webster ean- be still more easily met.” The unnel
is Imcd. with concrete from end to end, and it was intended that ulbimntél the tunnel
should itself be an aqueduct, and the pipes be dispensed with. This of itself is  sulficiens

]

answer to Mr. Webster's ehargo of negligence in failing to provide roum for four sets of
pipes. The point was not raised during the inquiry, but upon later consideration,
I cannot see why the tunnel should not now be nsed ns an agueduct,- of course clased
50 a8 to maintain pressure, There may be a suflicient answer upon some engineering
ﬁromlds to this suggestion, but for 0] that 1 can see at present, the tunnel ought to hinve

cen made an aqueduet from the first, and the expense of laying even one pipe should
huve been avoided, But as 1 have not had an opportunity of having this matter
considered by an expert, Fam unable to put forward my own view except as a siggestion,

13, Criticism was dirceted against the designers of the Cotter Dam, bosed wpon
the contention that the dam as built involves an unuecessary expenditure of fully
one-third of the total cost, The present dam is n geavity dam built straight across the
viver, and it is contended that u enrved dam, by reason of its greater strength, would
have required only two-thirds of the quantity of conerete that has been used,  Mr.
Starr asserted that there would have heen this saving, and that the dam should have been
construeted in that form. e also stated that the site was admirably adapted for a
curved dam, and that le would have built it in this shape. Asaming that o curved
dam las the advantages stated, it is still clear frem the evidence that two things are
absolutely necessary to such a structure; it must have good abutments, and there
must be rock or other solid foundation for the conerete fo vest wpon, Mr, Starr admits
(3793) that he did not examine the bottom to see whether it was suitable fur 2 curved
ddam, and Mr, Connell states (16970) the reasons why the gravity datn was found necessary
1ie shows upon the basis of caleulations made by him that o enrve of abont 230 feet
radius would be here required, and that the coxt of driving into the rock wt each side of
the river in transverse seetion would be very much greater than going in on cross sestion
as for a gravity dam, and that this difference would represent a very considerable sum,
Further, from his evidence it appears that there i« a good rock foundation for the gravity
dam, but, that on the up-stream side, and on the line where the cirve wonld be, the rock
falls away to deeper water, and so in order to got a foundation for a curved dam, 5 feet
or more of conerete would have been required hefore the work would reael the level of
the base of the gravity dam, Rvery phase of the matter scems to ave heen fully
considered by Mr. Connell, and bis evidence and niy view of the site, rati-fy me that the
proper decision was arrived at.  The cost of securing the abutments of a curved dum
was really much greater than had been estimated by Mr. Connell in his enlenlations,
for by reason of faulting in the rock at the right-hand side of the river, it was necessury
to cut into the bank 30 feet before solid roek was reached.  Obvionsly the increase of
eost in making a transverse seetion for the curved dam would have been very much
greater than was assumed, My, Connell, in respect of {his dam, appears to me to have
done his work carefully and well. Much evidence was given as to other ctvved dams,
but their superiority over gravity dams muss still be taken to be doubtful. - One of the
standard hooks, Wegman, cited 7014, states that

“The best way is to design n dam that will resist the water pressuge by s weight, and to curve
the wall ns an additional safeguard.  If o curve is orerted, the material st erush hefore it ran collapse,”

Fhis quotation does not support the proposition that a curved dam requires only two-
thirds of the material of a gravity dam, although there are other anthorities in support
of that proposition.

14, Another objection raised to » part of the present scheme was that the reservoirs
on Stromlo and Red Hill are at an excessive altitude, involving needless cost for pumping.
The water is pumped from the pump-house at Murrumbidgee 820 feet to the reservoi
nt Strotlo, and there is then a fall of 20 feet to the Red il veservoir, Stromlo resery oir
is 2,370 feet above sea-level and 530 feet above the lower part of the (ity aren, this head
giving a pressure of 227 1bs, at such levels.  Colonel Owen ealled evidence to prove the
desirability of having this pressure for the purpose of assisting the work of the fire
brigades, and upon this evidence it was strongly contended that such a pressure was
necessary in the interests of public safety, My, Webster's contention was that the
pressure was altogether excessive, even for the purpose of five-fighting, and that detriment
to the water service would ensue by reason of excessive pressure upon the taps. 1 do
not think that there is mueh force in the last objection, but the attack hased upon extra
cost has weight. Taking the cost of power at 1-3d. per kilowatt, Mr. Starr showed
(5967) & saving of £3,200 per year for 2 ift of 550 as compared with 820 feet. This would
not be the whole of the saving, because there would have been considerable saving in the
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leugzth of the pipe line if the water had not been taken to the taps of these twe hills,
1t 1% not shown that these reservoir sites were the only ones puwibllc, and thattherefore
there was necessity for carrying the water to the present height, and so the question
is whether a right judgment was exercised m providing the present pressure. 1 am
not able to sy that there was error in taking tho supply to the height stated. A lower
pressure would have involved further pumping as the City grew, and its more clevated
hutburhs sere built apon, and su the inerease in future expense might well outweigh the
present saving, Tlis point must be again referred to in dealing with Mr, Oliver's
gravitation scheme,

ALTERNATIVE SCHEMES OF WATER SUPPLY.

15. When Colonel Owen was employed in dcsigning a system of water supply,
hie had available the reports of Mr. E, M. De Bur‘gh, MLC.E,, Chief Engineer for Rivers,
Water b‘uplply, and Drainage in the State of New South Wales, dated October 1908,
dealing with the question of water supply for the Federal Capital, and for the production
of liydra-clectriec power. He favoured a scheme of water supply from the Cotter River,
and suggesied three alternative systems.  ‘Fhe first was o gravitation scheme, the plan
being to impound 653,000,000 gallons at a point 11 miles on the air line above thejunction
of the Cotter and the Murrnmbidgee ; that is, about 10 miles in a direct line above
the present dams, the distance between the two sites on the river line being about 15
miles, e estimated the daily average flow at the proposed site at 59,000,000 gallons,
and the water-shed area at 110 square miles, and proposed to convey the water from
this storage reservoiv in a 27-in. pipe, approximately A5 wiles in length to a service
reservoir nt Canberra.  The cost of this gravitation scheme he estimated at £706,000
for the pipe line, £L00,000 for & concrete dam, £L4,000 for a service rescrvoir, and
interest during one year of construction, £32,000: o total roughly of £850,000.
The distance of 45 wiles is apparently about 15 miles in excess of the real
distance, He himself did not favour this scheme, beeause of the cost of the pipe line
which Le regarded as prohibitive. He suggested a second scheme of water supply by
umping : the dam in that case to be situate at the present site,and to be about 130

}m-t high, and to jmpound 2,688,000,000 gallons. e proposed to erect at that dum
pmps eapable of lifting 5,630,000 gallons per day, six days n week, through a rising
miain to an anxiliary service reservoir situate at a Jevel of 3,100 feet, whenee the water
would gravitate to a service reservoir adjacent to the Capital at a level of 2,0iit) feet.
The estimated cost of this scheme was £339,000 of which sum £94,600 was for o conerete
dam, nnd £158,000 for o steel pipe 11 miles in length and 27 inches in dinmeter.
Another alternative pumping scheme was intended to provide 1,000,000 gallons per
day at a total capital cost of £185,000; the dam to be of the same height, cost and
storage s in the preceding scheme, but the pipe to be 14 inches in dinmeter, and to
cost £37,400 for its 11 miles of length. The pumps used under the second and third
schemes were to be duplicate, one being worked by surplus water from the dam, and the
other to be worked by stenm when surplus water was not available. Colonel Owen also
had access to o report by Mr. Corin regarding the Cotter supply of water and power,
Dis suggestion being that there should he n dam in the Upper gottcn- with * considerable
storage.””  ‘This scheme provided for a city of 50,000 inhabitants and was intended to
supply 5,000 horse-power for electrie Hghting and power, and. 2,000 horse-power for
30 miles of tramway route in the Yederal city and suburbs,  The route of the intended
pipe line had heen surveyed and marked. Colonel Owen seems to have come to the
conclusion that the gravitation schemes were impossible. The scheme he adopted is
the third alternative schieme of Me. De Burgh with some variations. The pumps under
the present system are worked not by surplus water, but by electric power, and the
pipe is 1% inches instead of 14 inches, Another important variation is that Mr, De
Burgh's proposed service reservoir was to be 2,050 feet, 300 fee lower than the
reservoiv that has heen constructed at Red Hill.  Mr, De Burgh's gravitation scheme
provided for only one serviee veservoir, but his second and third allernatives provided
for two at a cost of £20,000.

16. Tt is now contended that a pumping scheme should not have heen adopted,
nx o supply by gravitadon could have been obtained ut less cost and in such quantity
that « large praportion not needed for use in the city could have been applied to the
production of electric power, The first of these schemes now propounded, is that
set ont by v Starr in FExhibit B.110, and explained in his evidence (6895-6933,
7120-7131)  Briefly. his «heme i< to have a storage dam at the upper site indicated
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b?' Mr. De Burgh, to cost £120,000 and to impound 2000000000 gallons, Instead
of bringing the water down by a 27-in. pipe as proposed by Mr. De Burgh, his scheme
is to bring it from the dam to & site on llluck Hill, 13 miles nway, and near the junction
of the Cotter and Murrumbidgee, in open chinnnel,  He suggests n fall of 4 feet tu the
mile, and a width of 5 feet G inches, and a depth of 2 feet 9 inches for the channel, ang
estimates the cost of the channel at £6,000 per mile.  His scheme provides for a reservoit
at Black Hill, and o power-house situate there with Pelton wheels for the gencration
of hydro-electric power, 15,000,000 gallons of the proposed supply of 18,000,000 gallons
heing devoted to this purpose, the remaining 3,000,000 gallons being carried from Black
Hill to a service reservoir in the city, costing £12000.  The whole cost of his scheme
cealeulated to supply 18,000,000 gallons a day, is estimuted at £204,144, and the power to
be produced would be equal to L334 kilowatts delivered in the city, 2,000 kilowatts
being generated at Bluck Hill at a cost of one-fifth of a [)vnny perunit. Mr, Stare had
nob an opportunity of developing his scheme, und had made no survey of the route,
His first item, the dam on the Cotter, to cost £120,000 is not approved by Mr. Oliver,
who estimates the cost of a_dam to provide storage for n daily supply of 20,000,000
rallons at £500,000.  Mr. Oliver has bad the advantage of carelul survey of the whole
h)cnlity and of estimates of cost made by Mr, Percival, surveyor, an oflicer of eonsiderable
experience insuch work, and I accept his estimate as leing u thore avenrate approximation
than that of Mr. Starr of the cost of the dam.  If Mr, Oliver's enkenlation of cost of the
dam is correct, £380,000 for this item alone must he added to Mr. Starr’s total of
£994,000.  Mr, Starr's proposition is not _closely culenlated, and is subject to very
materinl revision in respect of items besides the one already mentioned.  Mr, Oliver
having had gieater opportunities for consideration of the matter, has heen able to
pus hefore the Commission a more closely caleulated and definite seheme.  1is proposal
is to have a atorage dam at Mr. De Burgh's pravitation site, 200 feet high built of
conerete, and a channel down the left bank of the Cotter; Mr. Starr's proposal was
for o channel on the right bank, My, Oliver's preference for the left bunk being that he
* would thereby get 830 fect hend us agninst 600 feet on the left-band bank.”  Tf he is
right in this, Mr. Starr's scheme is impracticable for Mr, Oliver’s service reservoir is
only 50 feet higher than Capitol IIil. The estimated cost of this channel to carry
90,400,000 gallons is £6,000 a mile, and in its course it would take up the wuters of the
Juee and Condor Crecks, tributaries of the Clotter, nnd would lead to n reservoir at Ms.
MeDonald, thence by o pipe-line ncross the Murrumbidgee the water would be carvied
to the present pump-house, and through the pipes of the present system for some
distance towards the reservoirs which Mr. Oliver proposes, one at Black Mountain,
and one at Mt. Russell, of 3,000,000 gallons each, ~The service reservoir would Le on
Southland Crescent, also to contain 3,6‘00,00() gallons, ‘The total cost of this scheme is
stated st £694,000, In this tofal no allowanee is made for the cost of that part of the
present pipe-line that would beused,and I find no item to include thecost of thereservoirs
at Mt. MeDonald, at Black Mountain, at Southland, or at Mt. Russell. My, Till estimated
the cost of Mt. McDanald reservoir at £86,000, but Mr. Oliver while asserting this total
to be wholly erroneous, does not bimself supply an estimate of its cost. Ilis fgures
must, 1 think, be amended by addition of the cost of each of the reservoirs indieated,
Upon evidence before the inquiry, £2,000 for each 1,000,000 gallons of contents would
be an average cost.  Assuming that Mt. McDonald is te be of 30,000,000 gallons contents
and the others to be of 3,000,000 gallons each, the cost would be about X60,000 for Mt
McDonald and £18,000 for the three others : £78,000 in all,  Mr. Oliver's figures of cost
are worked oub on a basis of supply of 1,250,000 to 20,000,460 gallons of water per day,
the latter quantity being sufficient for a population of 200,000 persons, and he neither
takes credit for the value of the power that could be produced, at Mt. McDonald, nor
debits the scheme with the cost of plant necessary for its production. Upon his figuves
(B.114) for a daily supply of 1,500,000 gallons the expenditure would be £107,000
beyond the £262,000 already expended on the pumping scheme. He debits the
whole of this Jatéer expenditure to his scheme, although he would use the work only
so far as it represents £111,000 of the total, and so charges his scheme with the £151,000
worth of works not used, and brings out the cost of the water so supplied at 12-6d.
per thousand gallons. 1€ he had debited his schene only with the £111,000 of warl used
and £107,000 of new work, upon this total of £218,000, the cost per thousand gallons
would be reduced from 12+6d. to 7-4d. Supplying 2,500,000 gallons the total cost
of the new works required for that supply being inereased from £107.000 to £256,000,
and adding the wiole sum of £262,000 already expended, the water would cost 7-8d.
pex thousand gallons, and this cost upan provision for 5,000,000 gallons would be reduced
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to £, amd for 20,000,000 gallons wonld stand at 2:01d. The scheme is progressive
to provide ultimately for 200,000 persons and liko other gravitation schemes (the
capital cost of these being usually high as compared with pumping sl and the
annual cost being low)- -the reduction of the cost of water when the scheme is used to
its full capucity, is constant and considerable. In idering these figures, however,
it must be remembered that the cost of service reservoirs has not heen allowed for, and
that no charge is made for maintenance, My, Starr’s estimate of £1,500 per year may
probubly be taken as suflicient for the latter item.

17. Mr. Oliver (Bxhibit 3.114) contrasts this cost with the cost of pum ping
820 feet, wnder the present system, and upon is figures, for a supply of 1,250,00 nlllons,
debiting power at 2d, per unit, the cost for that item is 8d. per thousand, and for interest
und sinking fund at 6% Bcr cent, on capital expended, is 8-9d., making 16+9d. per thousand
gallons.  For 5,000,000 gallons the cost per thousand gallons for interest and sinking
fund would deercase to 4+7d, and the cost of the water would be similarly reduced to
12:7d.  Healso considers the nlternative scheme of pumping to 520 feet,  1ere a further
adilition would have to be made to the £262,000, the cost of the present work, for two
new reservoirs at 300 feet Jower level must be provided, and these with incidental
expenditure, would cost about £22,000. The cost of pumping for 1,250,000 gallons
would then be reduced from 8d. to 5d., and the total cost to 15+4d., while for 5,000,000
gallons the cost per thousand for %mmping would inerease to 7d., and the cost for interest
and sinking fund diminish to 2:2d., making the total cost of 9+2d., but in these figures
Mr. Oliver omits to add incrensed cost of work for the greater supply. Colonel Owen
puts the cost of pumping at a very much lower figure, for in his estimate prepared on
17th June 1914, the scheme being then based upon n dam on the Cotter 40 feet high,
nnd costing £50,000, the estimate, ** exclusive of interest on capital,” was for 760,000
gallons per day, 4 -4d. per thousand gallons, and for 1,500,000 gallons 3+1d. per thousand
gallons. The difference between Colonel Owen's pumping costs and the costs stated by
Mr. Oliver is to be accounted for by the differing estimates of cost of power, Mr., Oliver
assuming a cost of 2d. per unit and Colonel Owen caleulating upon o basis of *75d. or
~#5d. Clolonel Owen produced in evidence (C.82) figures stating the relative cost of
the construction of works for n pumping scheme, £274,196 ; and of u gravitation scheme,
L485,000. the latter total including only £95,000 for a storage dam at the Cotter. Upon
these figures and in the case of pumping, allowing for power at the rate of *75d., and
interest and sinking fund at 6} per cent., wages and maintenance, he shows an annual
cost, on §ho basis of 1,060,000 gallons, of £24,329 for the power scheme and £32.569 for
the gravitation scheme. Through all the 25 years of his comparison this cost of the
gravitation seheme is invariable, the pumping scheme varying merely by the additional
power required for the increasing quantity of water to he raised. According to his
comparison during the 25th year, for an assumed population of 18,000, the annual cost
of pumping would be £28,164, and the gravitation cost £32,569. Dutting it on the
basts of eost per thousand gallons, his estimate is that for 1,060,000 gallons daily, pumping
would show a total cost of 1s. 3d., gravitation 1s, 9d., and in the 25th year that the
cost of water pumped would be 10:3d., and of water brought by gravitation 11-9d.
Swmming up she master in u separate return, his contention is that the saving in cost
by pumping s compared with gravitation would in 25 years amount, with 34 per cent.
interest to £254,000. Two points, however, must e noticed in his calculations, One
is that the whele cost of the completed gravitation scheme is debited at the outset,
whereas Mr. Oliver proposes that the work should be progressive ; the other point is
that Clolonel Owen's comparison only extends o a supply of 1,800,000 gallons per day.
Lven on his own figures if e had warlked out the comparison on a basis of 26,800 popu-
ltion. the eost of water by gravitation and by pumping would be equal, and after that
the gravitation cost would be less than the cost of pumping. Mr. Star’s estimate of
cost is for pumping 1,250.000 gallons per day, £28,000 per year, and this rate is not much
above Colonel Owen's estimate of ihe total cost of pumping 1,060,000 gallons, One
diffieulty arising on consideration of these figures is that no two of the calculators have
adopted a common hasis.  For instance, Mr, Oliver's estimate of cost of power is 2d.
per unit: Colonel Owen's i< -75d., and they also differ as to the storage to he provided.
and on other equally essentinl points,

18, Before entering upon i elose comparison of cost. some itefs in the ealeulations
have to be considered, and the fitst is the proper sum for power to he charged against
pumping. The cost ol producing power at Canberra up to the present, is stated ab

13

2d, per unit rising sometimes to 2+27d., and therefore Mr. Oliver was justified in using
the fower of theso costs for his present enleulation ; hut with the very small requirement
for power at the present tinie, 1t is obvious that this charge will be tuch reduced when
the plant is used to an extent more nearly appronching its capaeity,  Colonel Owen'’s
eatimate (7466) is that the cust of power will be reduced to -0d. per unit, and Mr. Oliver
concedes that the reduction may Ilm to *8d, per wnit, but does not think that it can he
brought below that figwre,  Mr. Smith, electrieal engineer, (16619, i contident. that
*76d, will he reached, and he presses the contention that power nsed for pumping should
not be churged ab anything like the rate that is paid or estimated in respeet of other
services, This view seems to he very commonly adupted by companies producing and
supl:lying power, and it rests upon a business hasis. The plant must be equal to the
peak Toad and this oceurs usnally between H and 10 pm., when there is the greatest
requirement for lighting and traction power, At other times in the 24 hours the loud
falls off very considerably, and the want of demand in the slack perivds of the 24 hours
reduces the load factor and mnkes for higher cost of producing power, When the
load diminishes, the power not then required can be used for pumping, an vperation that
can he carried on during any part of the 24 hours, ‘The advantage 1o plant in having
such o demand at a time wlhen there is no other use for the power, is shown by the facts
in evidence that it is & common thing fur a power company to ehge 3d, o dd. per unit
for lighting and as little as +6d. for power produced at times of lightest load.  Mr, Smith
therefore contends that if power can he produced at - 75, the power applied to pumping
should not be charged at more than Bl the cost of conl and wemr and tear, | think
that it would be a fair thing for the purpose of Mr. Oliver’s comparison to accept the

_figure of +75d,, and then the cost for pumping is reduced from K. o 3d. per thousad

gallons, and the total cost from 16-9d. to 11 9d., hut un the other hand, to get at o
fair comparison of what would have been the cost of water if Mr. Oliver's scheme had heen
carried out instead of that of Colonel Owen, une mmst deduct from the 3600 the cost
of the first stage of his scheme, the £151,000 of expenditure incurred upon the pumping
scheme and not wsed in connexion with gravitation, Muking that deduction the cost
of water by gravitation per thousand gallons is reduced from 12-Gd. 10 7-4d. Making
similar_adjustments in respeet of the lnrger quantities, 5000000 gallons pumped is
reduced from 12°7d. to 7+7d,, and by gravitation from 4 -9, te 3 T8 Making similar
adjustments in respeet of water pumped from the resery oirs 300 feet lower than those
used under the present scheme, reduces the cost of pumping LI50.000 gallons 16 1-87d,,
and the total cost per thousand gallons to 12°27d. ¢ the vost of panping 3000600 gatlons
would alse be veduced from 7d. to 2-6d. per thowand.  Upon these tigures allowing
C'olonel Owen’s scheme the full benefit of the lower extimate of the cost of power, it
would appear that the gravitation scheme, whateyer the quantity supplied would produce
water more cheaply than could be done by pumping: Int there ure two olher matters
affecting the comparison, The one jtem of estimated vost of Mi. Oliver's scheme that
has been strongly contested is in respect of the rave fram the storage dam to Mt.
McDonald. My, Oliver'’s estimate for this is £90,000 heing 15 miles at £6,000 per mile ;
My, Hill estimated the cost of this item at £166,843, £11,120 per mile : aml Mr, Oliver
in reply produced detailed figures of costs and quantities showing o total of £88,2067.
This raised o very important guestiun for decision, and at the desire of hoth parties
1 hiave visited, not only the Cotter River, following as nearly as pussible the course of
this channel, but also for the purpose of comparison, the greater part of the Marvondah
line and the (’Shannassy, the cost of these completed works being used by My, Oliver
to support his estimate for the Cotter line. A it is three years since the O’°Shannassy
line was constructed, and wages in the meantime have advaneed, full weight must he
given 1o this increment of cost, and Mr. Oliver asserts that he has allowed for it in his
estimate.  Mr. Hill has also taken into consideration the rate of wages now ruling and
part of the excess of his figures over those of Mr. Oliver is accounted for by the fact that
lie has made more liberal allowance on this score than Mr. Oliver.  Both in support of,
and against Mr. Hill's estimates there must be considered the fact that Mr. Till had in
mind the cost- perhaps excessive cost -of other works carried out at Canberra, and
allowed for this work on the same basis, In support of his estimates the distonce of the
route from the railway and the difficulty of obtaining the necessary supply of efficient
labour must be allowed for. But the main question raised by the parties was whether
the Cotter line is by reason of its ruggedness, quality of surface, and prevalence of rock
and other difficulties impeding the. construction of the line, a muclh more costly project
than the Maroondah or O'Shannassy lines.
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L4, My elear determination upon view of the Cotter i it i g
costly country for chiannel coxwtmcﬁ(}n than cither the O'SIc " tlmtD:Lu:: {l'm(h \dh,
do nat overlook the Donna Buang Tunnel on the O'Shannassy nes, nor the tunnels
on the Maroondal, nor the quality of rock that they pierce, but the most important
factor of increased cost on the Cotter, ave the greater proportionate length of solit
.‘f"'k at the su’r'fnco. und the stcc]l)er average slope of the hil}n upon which the ehannel
is to be eut, The proportion of ploughable Jand on the Cotter s }nr below that of cither
of the other lines, and in some places sheer rock faces oeeur, which will involve very
'lx‘en\'y cost whatever engineering experiment—flume, syphon, or twnnel, is adopted,
The steeper nvernge slopo is very important ns involving more extensive excavation,
and on the steepest grades the cointry is usunlly solid rock to within 2 or 3 inches of the
surface. At the dam site the country rock is sandstone, presently changing to granite,
with very steep slopes where traversed by the surveyed }inc. Quartzite, sedimentary,
and some )llltox)l(' rocks oceur lower down the line, and wherever rock is at the surface
1t 1s usually so)}d; some'tuncs *“flonters’* oceur, but not often. Another item of cost'.
is in the y throughout n ble part of the route for side drains and flumes
to carry storm-water clear of the channel. There is very little scrub or other vegetation,
and the run-off would be rapid and charged with débris. Another important item is
the distance from the milway, the nearest station, Canberra, being about 27 miles from
the place where the route crosses the Urriarra rond. Taking all these things into
consideration, and also the fnct thas 1s. a day extra pay for work at the lower Cotter,
hins been paid, and would certainly be demanded for work on the upper Cotter, 1 think
Ar. Oliver’s estimate of £90,000 is too low ; in arriving at this figure lxc takes the average
on the O'Shannassy and adds 25 per cent. : £72,000 plus £18,000. 1 think 50 per cent.,

£16,000, should be added, bringing the cost to £108,000. T do not overlook the fact

that both Mr. Percival and Mr. Oliver had had much experience in similar work, and that
Mr. Percival has taken out quantities for the work, but all their caleulntions are based
on an assumed similarity of the country along the two routes. 1 was asked to look
at the two routes to ace thnt they were comparable. T find that there is no comparison
but only contrast, and so T come to the conclusion that 1 have stated. )

20, Therefore 1 think that Mr, Oliver's statement of relative costs should be
mncm}cd; (l)rl)y reducing the cost for power charged against the pumping scheme
from 2d, to *76d.; (2) by adding £18,000 to the estimate of cost of channel for the

gravitation scheme for supply exceeding 1,250,000 gallons; (3) by adding to the cost -

of that scheme £60,000 for a 30,000,000 reservoir on Mt. McDonald for 2,500,000
gallons or more, as well as £6,000 for another 3,000,000 gallon service reservoir, and by
deducting in ench ease £151,000 for cost of work not used ; and (4) by adding to the
gravitation scheme £1500 per year for maintenance, 1f the latter item is excessive in
case of the smp]lcx: supply, it is balanced by the omission of one of the reservoirs provided
for in Mr. Oliver's scheme. The amended figures then compare as follows :—
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GRAVITATION.
|
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21, From n comparison of these figures it is clear that if the gravitation schieme
had been adopted, it would have been, even from the eutset, cheaper thun the pumping
scheme, If it had been intended from the first to pump only 520 feet. the cost might
have been brought helow the cost of gravitation, breause the capitnl cost wonld then
ave been below the £262,000 that Ias been incurred, as & certain amount of pipe line
up to and down from the higher altitude would have been saved. That culnparison,
Lowever, is not now of importance, Colonel Owen must be judged by the pumping
sehiemo that ho Das earried out, and not by the pumping scheme that he might have
adopted, and the alternative of reducing the level Ly 300 feet, is not now of any value
beeause it is elear that it would cost almost ns much for the first 1,250,000 guflmm to
deliver water at 520 feet under an altered scheme as it now custs to deliver it from
a point 300 feet higher, In justice to Mr. Oliver it was nercmu"y in re-stating his figures
for the purpose of making comparisun between the cost of his scheme and that of Colonel
Owen to deduct the sum of £i51,0()0, which was no part of the necessary expenditure
for gravitation, as the matter now stands the £151,000 having been eapended and being
a charge on water supply in the future, for the purpuse of considering the present
cost of earrying out a gravitation scheme, that amount must be tahen into consideration,
Adding 6} per cent. on £151,000 to the annual cost of supplying water under the
gravitation scheme, 5+16d. must be added to the cnst of £1,250,000 gallons, increasing
this cost to 14-197d. per thousand gallons: 2.58d, must be added to 7-15d. making
9-73d. 5 and 1-29d, added to5-28d. bringing that total to 6-57d. 17 Lam right therefore,
in my treatment of the figures, the cost of water supplied under the gravitation scheme
would be greater thun the pumping cost for any quantity wnder 5000000 gallons ;
above that quantity it \\'oul& De less costly.  Under all these cireumstances it seems to
me —(1) thata mistake was made in adopting & pumping scheme instead of gravitation ;
and {2) the money having heen spent it will be less costly to supply the water by pumping
than by gravitation ; until the requirements of the Capital City exceed 5,000,000 gallons
per day.

99, Tt is to be remembered with respeet to Mr, Oliver's scheme that the delivery
from the Southland reservoir would be at an altitude of 2,05 feeb; this would be 50
feot above the surface of the Capitol Hill, and would (Exhibit B.JL4) ** command
3,371 acres out of the 10,240 acres in the city block, or 82 per cont. of itanven,”  The
other 18 per cent. could not be reached from Southlund, nor could some other very con-
siderable areas of suburban land close to the city. The most desirable suburban_lands
are those on the slopes and ridges running down from Red 11ill and the Mugga Mugga
Mountain. 'These sites are perfectly sheltered from the west winds, and have a fine
outlook over the Molonglo Valley, and although well within the reach of supply from
Ted TTilL, could not be supplied from Southland. 1f the gravitation scheme were to be
substituted for the pumping scheme, it would be necessary to provide an auxiliary
pumping plant to supply these and other areas of similar altitude,

POWER-HOUSE AND PRODUCTION,

93. The power-house is stated to have cost for erection £39,506. As stated
in Part 3 of this Report, it was valued by Mr. Hiscock at £20,125. Tn order to try
and get some explanation of the contrast of these figures T have looked closely into the
items of cost as supplied by Mr. Hill, compiled by Mr. Rolland (Exhibit C.36).
The yearly totals of these are taken from the Authority book. In 1915-16 they do
not agree with the figures stated in Exhibit B.00, as there is a sum of £49 in excess
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in that total,  Where that amount comes from I cannot find out. Taking the figures
of the total of £3,647 as supplied by Mr, Hill there must first bo deducted the cost of
the dam across the Molonglo erected to supply water for the cireulating pumps, "Flits
work cost for naterial, £799 12, and 'or wages £227 05, 11d., making a total of
LLO07 Is. 11, so that deducting this sum, the cost of the power-house stands ag
L850, 1t is staterd on Exhibit C.21 that there nre in the power-house 4,705
cubie yards of conerete.  This conerete was L in &, or 1 in 10—evidence did not serve
to establish the exact proportions, ~and it was also stated that the cost per yard of
the concrete could not be given hecause it varied from time to time, Concrete nt
Canberra sy o vurl\' cheap item; sand and gravel could always be obteined
conveniently and at little cost for Inhowr, and an exceedingly advantageous contract
for the purchase of large quantities of cement at 14s. 9d. per eask to be dehvered over
an extended period had been mude,  Conerete at the Cotter River dam 16 nules
away, the men there reeeiving an extra rate of s, per day, is said to have cost from 265,
to 375, Gd. per cubie yard, It should have been very much cheaper at the power-house.
The cost ol coment as shown in the particulers furnished, totals £3,490, At 20s, per
yard the concrete in the building would have cost £6,116 10s. 3,221 cubic yards of
concerete were in the foundations, 1,484 cubie yards in the walls, The conerefe above
ground was not required for strength, but merely ns o sheathing for the steel structure
already erected. It kad been intended to sheath this structure with expanded steel,
then brick was intended, and concrete finelly adopted, partly because it was said to
be cheaper.  The total cost of cement in the conerete represents s, 8d. per cubie
vard, leaving 11:dd, o yard for gravel, sand and iabour, Other items of cost of
erection are steel, £6,635, besides some £150 spent upon steel bars ; and it is claimed
that the expenditure on this item was £3,000 less than if the work had been doue by
contract, Materials are stated to lave cost £16,834, and the amount charged to freight
was £3,958 s, 1d. That sum did not inelude freight on the eoment, that cost being
included in the total of £3,490 (16859), nor freight on piles, In 1013-14 the value
of goods other than cement and piles debited was £6,979, and the freight is stated at
£3.559  more than 50 per cent. on cast. Wages are stated at £15,820, and it is hardly
conceivable that this amount was spent in labour on the power-house. If it is assumed
that the difference between the cost of cement, £3490, and the value of concrete,
£6.116. is all represented by labour, that aceounts only for £2,626, leaving £13,194 as the
the cost of lnhour expended on the excavation, steel frame work, tile roof, and interior
work. The work of bringing in the boilers and putting them on their beds was all
done by the contractor : the cost of fixing other machinery is debited to ** power-hoise
plant.” Mr. Hiscock’s estimate of £20,125 includes overhead chavges, and is at the
rate of 5d. per cube, 1t will be seen according to the officers’ figures that the wages
paid amounted to within a fraction of 4d. per cube; the other charges represented
a cost of 5id. per cuble foot. As I have already mentioned, Mr. Hiscock was fully
qualified to estimate the value of this building because as a member of the Malvern
and Prahran Tramways Trust, he had had to de with the ereetion of a power-house
of similar material and dimensions, and he also had been cognisant of the cost of erection
of tramway sheds near Melbourne involving similar work, and also had knowledge of
the cost of erection of a power-louse at Geelong. His evidence was attacked on the
ground that the plan of the power-house that he had seen did not show the full amount
af canerete that was in the foundations, but he had been apprised of this fact and of
the amount of the difference before he made his valuation, The contrast in the estimate
of value and statement of cost js incapable of any reconcilintion upon the evidence s
oven deducting all freights from the hook cost of the building it still would stand at
£34,000: that is, 83d. per cube foot, and this considering the Tow cost of the concrete
is beyond explanation  at least none was suggested in evidence, 1 have closely looked
at the items in the Authority hook, but can find no evidence of any item having been
wrongly eharged. T accept Mr. Hiscock's valuation of £20,125 as being the reasonable
cost of this building at Canberra, and therefore have to come to the conclusion that
£18,000 of Commonwenlth money has been unnecessarily paid away. What the cost
of this huilding was according to the Works Brandi accounts s not given in evidence, and
I did not realise before the ingnivy closed the possible importance of these figures in
aflarding o solution of the mysteyy. Mr. Connell in his evidence relied entirely on the
figures of cost stated in .21 un(i’ (.36 to show the error of Mr. Iliscock’s estimate,
hut as the question hefore me was what the building should have cost, his evidence
and the figures of expenditure disl not go far in furtherance of their intended purpose.

Ve
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1. ‘Fhe plant ab the power-howse s stated 1o have cost £38,.250, and the mainy
£32 :}&'?,‘éi\%illl\?; lx:‘tl::ltnl cost url! £1J0.211, for the entire work.  Power is now uu'pph_ed flnr
ligh'ts and hieat to Acton and Duntroon, and is alw used for motors omnluwl' in ; e
construetion of some of the works.  With the very light load that the plant is now unc L'Il:
its cfliciency cannat well he judged.  Up to the present ll{f cost of generation .mul. supply
hias been about 2d. per unit, inereasing on occastons to 2-27 0., but with o more ewnom}tl
Joud factor when o greater amount of power will be required at the ¢ npu'ul_, it {s exglll_lr'l?l:-(‘
by Colongl Owen that the cost will be vedueed to »75d. per wnit, w liile .lr(. l;lu 5
entimateis *8d. Under Mr. Slurr»hydm-ele_ctru-wlmnw providing for 18,0000 lIU a u'nt:
of water to he brought from the Cotter River, 15,000,000 gullons to be usd | or t u]
production of power, l:]u elarges p«:wur p‘ru‘ductmn \\'llt]i ﬂfteon-olght("enlg;:duf I:]:(Ln ltultlrils

charges, including interest, nance, and nagemont |

uc::‘l:'l\ll‘]llllu(")l::lz lee l-ol.:t of dcx\"i\»orixlg 1334 horse-power at the Capital City \\'ﬂihl he -Idf
per unit. Mr. Oliver (36117) states the cost of producing power under Jis scheme at
“&1d., u fraction nbove lis estimate of future cost of puwer at the power-house. .'l uum'ul»,
for reasons already stated, accept Mr. Starr’s estimate of cost of hydro-clectrit puwer.
To supply hydro-cleetric power under Mr, Oliver's scheme would Tequire so lurge n:i
expendititre us to bo unnvailable for consideration for very many years to comie, an
would ot be advisable unless it could be produced more cheaply thun‘ he nnmllpntcné
For these reasons, therefore, 1 think that the power-house i the best and cheapesd
source of supply.

95, No eritieism was offered as to the cost of the plant or s o its offidency.

At tlm-t;m:‘i)t ‘\r:ﬁs purchased it was of the best type obtainable. The rapid pru[.u"t‘-»tslol:
seience in the development of eleetrie power has cenabled the production of power by
means of turhines so superior to the present mchinery that it must be (-um'm-(l ulx out-
of-date, but not to such an extent as (o justify its remos al and replacement by muachinery

of a newer type.

26. Jus elose of the Inquiry it was suggested that the power-house would
have c(%?t: ll:s":ti[u;.\'t.[‘)‘;l\t({:‘jdchtcel lind llmen used fustead of conerete as Nll(‘(ll!llf_l;.{ I'u'r ”llc(i
steel ; but ealeulations were not available to show what the cust of auc h eov ering \\(l.lll’ d
be. On the evidence I cannot come to any determination aginst the office respunsil :.
in respect of this contention. It was also urged that by another method of llll‘lmlg("l_llt n
it would hinve been possible to obtain sufficient 'n‘ccuuu_nml(m\.m' for all the u}ld “'l:]I l‘l.
reduction of Lf feet in the height of the walls.  The evidence is insuflicient tu m\\f vl“'lll'
the present design for power-house and plant indicates any negligence or want of ki
on the part of the officers responsible. ,

.
MISCELLANEOUS, .

97, There are now only six questions of those stated at the first sitting _(f[“t'he
Conmission that have not heen specifically denlt wn!‘| in this Ropur(‘.7 “()m\~ i o "I
the site chosen for the purpose of the Small Arms Factory suitable ‘ ti s {9 ‘;h"l :
think there is no contention now by any one that cither the Nu. 1 «ite u:l the i~('.b; b‘i](
were at all appropriate to the purpose of the Factory, A lillatqkp wu; ma l( und un Ln “_\(‘
in cach ense in selecting such sites, and there ean be no qu(-?tm!} 1 Imt the ]l)lgnclll ;] ¢
at Tuggeranong is infinitely preferable to cither, Whether it will \m f;n}m o be t \ll
best available is a question which 1 am not called upon to ansver. . .nut .1\]1 \m‘n?m\t e t'k'
question is : ** Was the milway to the power-house built in accordance \\‘IIC I, or “{]t‘l ”t]l ¥
{0, the decision of the Minister 27 Ehe answer iy that it was in accordance i llt] ‘u;
ultimate decision of the Minister, the Honotable King O Malley ]m'\ u!g'dvt(:xmu.u.i ! 11
the railway should be up to the standard of New South W uilt-». Gov umu}(.nt llﬂ]l ‘;ut)hc:
No minute or record for this (lem:iion (:un“be fuundt,' bu(i,‘qtllo‘x‘o“l'sl :l(t-l&lezz:s;“&?o" e

sision, was made and announced, Another questiun 1s: as the construction o

;11(::’:51‘:1'11\\‘:‘1:‘ at o cost of £49,000 in lieﬁ\ of a; li;lghi \':t\lil\\' uyl oy lﬂ'ﬁlnn’x\g’] 1] \‘“&ﬁi‘tb(}e(ﬁ\‘é?:g&“: )(}

ic moneys 2" It is not alleged that there had been any waste or excess ol
:z).ttpl::lnlll()lliltture uvdn this railway and \vlﬁ:tller the decision of the ]h{nuru?lo ]\u}g ()“‘2‘]:2::’(3
was vight or wrong is a question not dealt with in evidence.  As tolt' 1!(" next g .ﬂ"co;'
“ \Was the expenditure on the railway in excess of the estimate, and if so\.' is 83’?1’ o :\ o
culpable in respect of the estimate, or in respect of the equx‘uht\\m..l R ofeu 'T\?ce«
any estimate of the standard railway was given and there is no evidence of any exces:

TSy
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in the expenditure. Two further questions remain. They are: ** Whether the facts
with regard to certain builllings are s nlleged by the Honorable William Webster in his
speech reported in Hunsard, pages 7963, 7969 7% and, (2) ** ) there is any default in
vespect of any of these matters, upon whom does the responsibility rest 2 No avidence
has been given as to these buildings, and as Mr, Webster desires that inquiry as to these
matters slhould be abandoned, I assume that T have Your Excellency’s authority to
refrain from proceeding further in reapect of them,

1 have the honour to be, '
Your I3xcellency's most obedient servant, .
. WILFRED BLACKET, ‘
Commissioner.
Melbourne, 17th April, 1917,
'
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