
Supplementary report on flood mitigation measures for the
city of Launceston. October 1959.

Author:
Munro, C. H.

Publication details:
Report No. UNSW Water Research Laboratory Report No. 9

Publication Date:
1959

DOI:
https://doi.org/10.4225/53/5795998ef20e7

License:
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
Link to license to see what you are allowed to do with this resource.

Downloaded from http://hdl.handle.net/1959.4/36272 in https://
unsworks.unsw.edu.au on 2024-04-20

http://dx.doi.org/https://doi.org/10.4225/53/5795998ef20e7
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
http://hdl.handle.net/1959.4/36272
https://unsworks.unsw.edu.au
https://unsworks.unsw.edu.au


The quality of this digital copy is an accurate reproduction of the original print copy 



. . 'ftf! .;tJd" 
-·. () 

old!-
J H E 'u N I V E R S I T Y 0 F N E W S 0 U T H W A L E 5 

' 
WAT·ER .RESEARCH LABORATORY 

REPORT No.9~ 

L.. . e , 

Supplem-entary Report on 

f .lood . Mitigation Measures for thel 

City 

hy 

C. H. Munro 

.. · ,pC~O BER, 1-959 
..... ~. . 

https://doi.org/10.4225/53/5795998ef20e7



SUPPLEl~TAI{Y REPORT 

ON 

tillTHODS OF FLOOD IviTTIGATION 

FOR 

TE8 CITY OF LAUNCESTON, TASJ\J.ANI.A. 

Submitted to 

THE LAUl\iCE~TOI~ FLOOD PROTECTIOU AUTHORITY 

by 

C.H. runro 1 B.3., M.I.E.Jmst. 1 P.R.S.A., F.RoS.Ho 
FouJldation PT·ofessor of Civil Engineering 

Honorary Director of nesoarch 
The Water Research Fom1dation of Australia. 

•••••••••• 



SYNOPSIS. 

This report embodies 11Ydraulic model tests undertaken 
to supplement the investigations previously carried out and 
published in Report No.8 71Flood Jl.fi tigation Measures :for thG 
City of Launcestonn~ September 1959. 

The use of curved training levees located in Royal Park 
and breakwaters in the Tamar River to divert the South Esk 
river are investigated as alternative proposals to the straight 
training levee in Royal Park previously recommended in Report No.8. 

. ... . . 



LAU1fCESTON FLOOD PROTECTION AUTHORITY 
~-~-~~ ........... .,.~........-......-::·= .,_. . ·-

In accordance vdth the recormnendation contained in Clause 7 ( j) 
of the Final Report of the Launceston Flood Protection Authority dated 
SeptPvmber 1959, supplementary hydraulic model tests have been carried 
out and are described and analysed hereunder. 

2. HYDRAUI1IC ASPECTS OF POSSIBLE VARI4CIONS OF t}1I-IE PROPOSED S01JTH ESK 
DI~cm STiiUCTU~~~-~ - . --· ~-~-

2.1 Descr:iJ2tton of...,_t_tes~ 

Tests were car:r .. ied out on the model for the various alternative 
types of diversion structures listed in coluim:1 2 of fl1able Sl attached. 

2.11 £Ieight _2f Strai@. .. :t R9]L21 , Park Levee (!,.~st _j)eri~l..?-~1) 

The first series of tests in this table Sl is a refinement of 
model tests No.7 of Section D6.35 of my original r·eport. In these 
supplementary tests, a straight levee was located in Royal I)a.rk as 
shovm in Fig.37 of Vol.2 of my original repo~t, but tho height of the 
levee v.ras :prog.ressi vely lowerE~cl to determine what effect such lowering 
would have upon the height of the su~cround levet::s necessary to protect 

Launceston from the "probable maximum :flood". Such lowering, of course1 
involves the ovr~rtopping of the levee, but this is not consider.ed to be 
harmful as there will be slack wat()r on the eastern side of the leveG. 
Therefore, clamage to the earth levee would be quite minor, and the con
crete levee, which is the basic di vc-;)rsio:rt structw:·o, would be quite 
unaffected. 

2.12 Effect of Curvi_n.tt Royal Park Lovee (Test SeJ:•ies ~1) 

Test Series 17 and 18 were d.esignod. with the objective of improving 
the methods of diversion of tho South Esk jet in the following respects:-

(a) 

(b) 

(c) 

To increase tho b.ycl~ .. aulic efficiency of th~J diversion mechanism. 

To ruduco the high velocity flow along King1 B Wharf which 
occurs f'or the "probable . ma..umum flood" di scb.a.rg~___:'vllhe~ a, 
sti·aight tl·aining 1eveo i D usod. 1:· : :, \· t M'n Of 111 l i~r 

.. . If · · 
( ~' -f, '' f o H[86A f1 i.J!4 . '~ , 

To reduce the sur·ge action along the Invero''Sk-Invdrm~ 
levee between Charles St. J3ridge and King1 s Vv'iJ.arf-;i 't thus ~
reducing tho required height of these levees., '· :--:-_;-----:-.:: ,. 

· Tests worG carried out only for the nprobable maximum flood" as it 
is considered that this is the only considoration requiring invGstigation. 
Two locations were tried, as shov•;n in Figs. Sl and S2. 



Test No.l9 is designed to investigate the effectiveness as a 
diversi-on structure of a curvod breakwator from King' s Bridge to the 
northern end o£"' Royal Park as shown in 1i1ig• S3 attached.. Such a · 
diversion structu.:re mal<es :possible the reclamation of considorable 
areas of the upper reaches of the Tamar for increase in park area and 
provision for better road approaches to the proposed rH3W bridge over 
the Tamar at this point. 

This test showed that greater efficiency could be obtained by 
bringing the northern end of the curved breakwater further west, and 
test sories 20 was then carried out with the breakwater located as in 
Fig• S3 and with the northerly terminating point of the breakvvater at 
progressively shorter distances from Cataract -Bridge. 

For tests 19 and 20a South Esk dis.charges of 1501 000, 200,000 and 
250,000 cusecs were usecl, but for the remaining tests only the llprobaole 
maximum flood" discharge was considored. 

Various arrangements of groyrws projecting from the ba:rik: of the 
Tamar in the vicinity of the Yacht Club vmre tried out, but it was 
ob;v.Lous that theil"' effect in c1i verting tho s. Esk dischn,rgE~ was not 
appreciable, and no ~uantitiative tests wero mado. 

Results of tosts are summarised in Table Sl attached. For each 
proposal flood levels were measured at all relevant points to determine 
its efficiency in flood mitigation. Results are shown in Tables S3 to 
S5 attached, and havo beon summarised for flood levels in the Upper 
NorJGh Esk area, at Ta!T1:1r St. Bridge and in Home fwach in Table No. Sl 
attached for the ttpro-bable maximum floodtt. In ad.di tion, velocity 
measurements were taken where necessary. 

2.3 Discussion of Re~lt~ 

Test No.7 of attached Table Sl shows that, for a straight levee, 
an adopted levee height of RL.32 is the best combination of economic 
and hydraulic efficiency. Tlris provides for 5 feet depth of water over 
the leveel. For this height of straight training levee, the ·required 
levels of surround levees to protect Launceston would be the same as 
those re~uired when a non-overtoppable straight levee is used. 

2.32 ,Q.e_e of Curv~ T:rEL~!lJ:ng Loveo=in Rozal Park 

However, test series 17 and 18 indicated clearly that a curved 
ovc:rtoppable training levee in Royal Park as shovm in Figs. Sl and S2 
is more efficient than a straight training levee a-t the same general 
location. It vdll be noted from Table Sl that if a curved training 



3. 
levee in Royal Park is located as in Fig. Sl att·ached, the heights of 
the surround 1evees for the protection of Lavnooston above Charles St. 
Bl ... idge would bo~ in gonoral, one foot lower than the hGights necessary 
if a straight training leveG at RL. 32 in Hoyo,l Po.l ... k were used. 
Obviously levee hoight s along the lx.1ri!.c of the Tarnar would be unchanged. 

This is a most important r osul t 9 ancl meetns that the use of a 
curved training J.evoe in Hoyal Pa,I·k wilJ. roduco the heights and costs 
of surround. levees belmv the vcJ.ues given in my report of 15th August 
19~59. 

It will be noted from. tho U_pper North Elsk values in Table Sl that 
if the · curved training lovee in Hoyal Park is loca t c(l as sho\\'ll in 
Fig. S2 attached, the surround leveos can l1e roduced in height by a 
furthGr Oo5 feot (22.5-22.0). This location, howev,.:Jr, involves a 
slight projection of the curved levee into the North Esk River at its 
confluence with the Taraar. It is understood that the channe1 used by 
islancl shipping proceeding to the North Elsk flba:rvGs follow·s closely the 
southern bank of the North Er-k and this pr~ojGction might be a slight 
disadvanta{~e. However, it is felt thc;".t this is not a material factor.. 
A more serious objection to this proposal is the fact that relatively 
expensivG sheet piling would be necessary for tho northern extremity 
of the levees foi· the last 300 ft. of construction. 

2, 33 Use _21_'~:·ved ,;Br~_§,te.r _ in_~]J.~ . Ta.t~1_.=£.~J~~nJl_~1. 

The location of the curvod brecikwater sho~m in IPig, S4 attached for 
test series 20 is obviously better than the location for test series 19, 
which is given in Fig.S3, Taking the tost results at their face value, 
it is clear that a curved bJ. .. eakwater located as in J:l,ig, S4 and. of length 
1815 foet is J:"l .. ydreJulically a most effioiont eli version structure?. r.l.1able 
Sl inclicatos that for Uppor North Esk this gives a spectacular reduction 
of 2~6 ft. in the height of tho surround levees adjoining the North Esk 
River an compared with the height (23.5) for a. straight ovortoppable levee 
of PJJ. 32 in H.oyal Park. Tllis is undoubtedly duo to the fact that a kind 
of "e.iector'' action occurs at the confluence of thG North Esk and. Tanmr 
Rivers, due to the high velocity jcjt from the South Esk.. On account of 
this "ejectorn action, flood l ovels in Home Reach for tllis arrangement 
are 2 feet higher than flood levels in the North Esk River. 

In considering the validity of t h nsG rosul t s, it rrn1st be ·borne in 
mind that they are obtained from a diGtorted scale model. libr such a 
model, the total di seharge past a gi. von cross section and. the stage 
dischargo rE~lationship arc corl .. ootly represented, but the velocity dis
tribution across the cross section ma~r not be exactly sinru.lated. In 
other words, the EJ.odel has demonstrated qunli tn.tivoly that e:1,n "ojector" 
action is occurring, but we cannot be cortain that it has expressed 
this action quantitatively. It is quite proba1Jle that the distorted 
model gives flood levels which are accurate enough for this investigation, 



but no certainty could be felt on this point unless a separate lin
distorted model is made of this particular area and the tests repeated 
on this mode.J.. If such a model were constructed, it might be found 
that the reduction in height of -the surl .. ound levees was say 3. 3 feet or 
1.3 feet instead of 2.3 feet. Vfuether -it is worthwhile making this 

additional model depends upon the economic aspects discussed in Clase 3 
below. 

There is another point on wnich the quantitative effect of the 
ejector action :nay be questioned. At the time of the "probable max
imum flood"~ considerable scour may occur in the TamB.r near the con-
fluence of the North Esl~ River. If so 9 stream velocities would be re-
duced and consGquently the efficionoy of tha ejector action "tvould be 
lowered. Movable bed model tests to measure this effect are not 
possible because of the lack of :prototype data, An alternative method 
of assessing· this effect is to carry out borings or 1;robings to determine 
the depth of the likely final bed contours, a~suming that all silt has 

. been scoured out, and. use this bed shape in the moclel. The res-u.l ts would 
be on the nsafe 11 sid.e. 

2.34 Velocity Measuremen~s 

For a curved training levee in B.oyal Park, the velocities in the 
vicinity of the training levee are sinular to those given in Tables 14 
and 15 of rr.ry September report, illhile those along King1 s Wharf are 10 
ft~~ per second at tho Northum end9 a1.1d 3 ft. pe:2 second at the southern 
end for the 11probB.ble maxirrru.m flood", 

The velocity me~surenents for a curved breakwater as in Test Series 
20 arc given in Fig. 841 and it vlill be noted that a VGlj' high velocity 
of 30 feot per seconc1 is obtained o:pposi te the mouth of the North Esk 
River. It is considered that eithor with the curved training levee or 
the curved breakvvator, velocities in the region of King1 s Viha;rf are 
reasonable, bearing in mind that the "probable maxirrn:tm flood" has little 
chance of occurring in the next 100 years,. 

• 



5, 

At the meeting of the Authorit~l held on 17th September~ my estimate 
of cost of £84,700 for a straight training levee was increased to £100,000 
on the grounds that the wester11. side of the tl"aining levee should be pro-
tected against scouro Although I recognise that tho final decision on 
such matters rests vTi th the Authority, :r vri sh to malce it clear that I ad-
hero to my original reco~~endation and estimato of cost. I co11sider that 
protection against scour, other than grassing, is unnecessary for the 
following reasonsg-

(a) Tho concreto levee in Ro;y-al PHrk is quito adequate in itself to 
divert tho South Esk Jet and the oa,rth ornbanl-a."'lont on the vve stern side is 
provided only for aesthetic reasons. The concrete levee is desit';-"Yl8d to 
withstand a static hydraulic he ad equal to the height of tho levee. In 
actual fact, under "pro ba blo mnximlun flood 11 oondi tions 9 this concrete 
levoe will be subjected to a static hGad a~?proximately 1 foet loss then 
it has been desi€,'11Gd for~ because of -tho bacbvator on tho eastern side of 
the levee~ This fact, combined with the weight of tho earth on tho eastern 
sido of tho levee, was consic1eroc1 to be adequate provision for impact force. 
I do not concede that under "probable ma:x:imum flcod" conditions tho earth 
embankment on tho wosteJ."l1 side v-d.ll !Jo cm:1plc3toly scourocl avvay, although 
it may be some".!vhat clarr:aged. Howevur, even if it vmro to completely dis-
appear, the structure wculd still bo r:>table while the flood is in progTess. 
Ad..rni ttodly, if the emba...'1.kment on the "llvestern side is completely vtashed 
away, after subsiclence of the flood the concrete lovoe is supporting the 
earth embankment on the eastern side Yd. thout any bal e.nce of pressure by 
vvator or oarth on tho w·estorn sideG Exaun:lination of this condition may 
shovJ that a :re-desi€)11 of tho concreto levee is nocessary to :p~covide appro-
priate reinforcement. This 1vould not, in my opinion, affect materially 
tho estiraated cost of tho concreto levee. 

In any case, it nmst always be remomborecl that the nprobable maximum 
flood" is most l...U1likel;)T to occur in the next 100 years, so that the danger 
of complete removc;"l of the oarth !J3nk on the western face of tho levee is 
sli@1.t. 

I therefore feel that in comparing the various projects from an 
economic point of 1.riew, my origina.l ostimatos of cost should be usod, and 
in the discussion hel,ounder I have adopted that view. 

As the curved ove:-ctoppable tr&ining levoc is more efficient and not 
much longer than the straight ovortoppable levee, there is obviously no 
point in computing tho estimates of cost for a straight training levee of 
reduced height. 



A detailed analysis and estimate of costs for tho t·wo possible 
locations of this training levee woulcl need to be carried out by the 
Authority responsible for the final constnlction of the flood mi tigntion 
works. With a training lovoe located as in Fig.S2 for test 18, the 
cost of tlle training levee wilJ. bo groater than that of the training 
levee located as in Fig. Sl for test 17 becauE~e of tbe neod for sheet 
piling. On the other hand, tho adoption of the location of test 18 
woulc1 rGsul t in the rod.uction in height of the North Eslc surround 
levees of a:ppro:ximatoly o. 7 feot. Detailocl estimates of cost of the 
two a1 terna ti vo proposals would need to be carriod. out l)y the Author:L ty 
ultimately responsible for the dosig1 of the proposed flood mitigation 
works. 

3.4 Curved Breakwater 

Having carried out tho economic anal:srsis rcforrocl to in 3 .. 3 above; 
it is necessary for the Constructing Authority to IIl.a:ke ctotailed estimates 
of costs for surround. levees o.nd 1)rGDk:water construction for tho various 
lenghhs of breakwater anc.~ tho best of these curved broc.1.k.viator J?roposals 
must be com:parod with the best of tho curved Ro;jrn.l Park training levoe 
proposals. 

As a vary rough and apr·roxirnato ap11roo.ch, it rJ.ig!:1t be assu111.ed that 
the brGakwater for test series 20e of Table Sl is tho r1ost officient 
broekwater proposal,. Mr·.Edwarcls has sup:plioc1 desi5ns ancl approximate 
estimates of cost for a 'broa1nl11ater 2100 ft. long. Details of Hr.Edwardl s 
report aro sumrnarised in .Ap:[lGndix A, the:: estir.1atod coot boing £252,500. 
Assuming that tho reduction in tho length of breakvvatsr to 1815 foot ro
duces tho cost of the bre~lkwc/Gor to ;£.220, 000, an ap})ro::ime.to corJparison of 
capital cost is as followsg-



Proposed Divorsion 
]Kothod 

l.Or±ginol Propo sed 
straight non-over
topped levoo 

2, Curved trc,ining 
levee as sho·vm 
in Fig.Sl 

3.Curvsd trGining 
leveo as shov~n 
in Fig. S2 

4 •. Broakwater of alit-;n
ment sh:,w11 in JPig, 
S4 DXld length 1815 
ft. 

(i) .Assuming full 
ejector effect 
ns sho'vVll "by 
moclol 

(ii) J:t'loc cl lovols in 
:n.Esk River in.:.. 
croo.,sod by O. ·S 
ft. as f actor 
of saf'oty fDr 
scale effects 

Cost of 
Diversion 

Works 

&:84,700 

£.112:7600 

£161,100 

il-::220, 000* 

£22C1 ooo-x-
----------~---~~-------.~·~-~------- .. S . 

Cost of 
Sur~:.'ound. 

Lovoos 

£560,000 

£449,000 

£459,000 

7. 

Tot~l 
Costs 

£644,700 

£610,100 

s:6o9, oco 

* Those costs o;ro fo:r.-- provision of brcakv7ator for flood :protection only and 
do not includo any reclamation costs on t he oastorn side. 

It should bo noted tllc~t if tho curved broal<:wator proposal is used, 
there will be no need to raiso the Patorson St. levoo, and this saving 
of £17 1 000 has been allowed for in the alJovo tabulation. 

It is stros sod th1:1t the estimates of costs of tho surround levees 
in thG above tc.bulation are of an ap:r-,roxima-te nat'lu-e only. Dotailed 
revision of quanti ties would be a major tasl<;:~ and aro more fittingly 
carriecL out by the Constructing Authority. 

It is obvious, hov~JT.)"!/er 1 tha, t for flood_ nrl: tige:;,tion PUJ:Q,£ses onl
4
y, 

proposal 2 is the ·best, costing £20,400 less than proposal 4 (i) • 



It is possible thr.:.t the cost of tho curved brGokvJ8.,tor vd.ll be 
greater than anticipated by j~ir,BG.-..7:--~rds and tl18 C.ifforonco in cost rney 

8. 

be greater thnn £20,400. He has madG it clear in t.is report thr.;;.t his 
estimG te s are very r-..:;;rproximato anci .. no borings have ~boen taken q,ncl no 
detailed dosigns have bo:Jn r:1acte cr q_uo,nti tios c::Llculatecle. As ;Jr. Edwards 
has pointed out in ApJ;.enclix L 9 tho osti~~.:ato for tho ourvod. Dl"oak'Vvatc3:r is 
for that work roquired f or fl oc cl protoction9 as illustl~at ed 1Jy tho left 
ha..-·1.d section of Pro:posa:l II shov:n in Fig. S5. It v1ill be seon JGhat the 
ul timatG clevelopment for parklm1t~s and o:ricLgs ap~;?roaches providos for 
rock protocti on on the river face, roclam.ation bohind tho wall and the 
:provision of anchol .. tics back into tho recl&;::ation as shovvn by the right 
hand section of Pxoposal II of F1g.S5, · The ultimate cost of ~~ch works 
v10ulcl be much g.roator then £2209 000, 2~1d woulcl f0rr:.1 y;a,rt of tho cost of 
constructio~ of tho bridge~ 

In regard to the question of whether an undistGrtod modol should, be 
constructed, this is a matter for tho Authority resrponsib1o for the 
design of tho bridge, The scalG would t~=) 1:150 or thoroabouts, and the 
area covered would be from Chal ... l8s St. Bridge arotm.d Royal Park to 
Catc:.rnct Bridge, and down tho Ta.":'la:r about as far a.s tho northern ond of 
King's Wharf. The cost would bo somo-vvl1at as follo 1;7sz-

(i) Prototype borings - from £1,000 to £3,000 

(ii) Construction of moclol - f:rom £.11000 to £21250 
(iii) Testing and o..nal~rsis of 

rGsults from £300 to £600 

(iv) Incidentals -~_f.220 to £30Q 

Totals £2,550 to £.6,350 

If.ruch of tl1e h.oring exr)encli t1..:cce would be nocossal .. Y in any case if a 
curved brealcwatel .. is to be do.signed., so thnt the net cost of determining 
beyond quosticjn the roq_uirod height of surround levees would be between 
£1,550 a~d £3,350. 

This model is u1mocessn:L'y for flcod rai tit:,'ntion purposes only, but 
if scheme 4 is aclo:ptocl for the reasons g-:i. VGn in Clause 3.5 belov;, these 
additional model tests aro a good business _proposition. In fact they 
are really esS(-jntial for a pro:pcr en£:,1.nGcri:ng invostige,tion1 as the 
difference in cost hstwoon 4(i) :3nd 4(ii) is £701 000. 

3.5 Intan~ble Benefits 

I rea8ily concede that if thG v;hc le Froblom is lookecl at from the 
point of view of the Goverm:nGnt ancl public corporations of Tasmania, 
bearing in mind amenities such as parks, &"'ld transport facilities such 
as the new ~ridg~ D,cross t~e 111GJnD.r Rivor, the curved bre rJcvm,tcr :proposal 
may be conslderGct to have lntangi 1:-le benefits which rendor it profeJ.'a ble 
to the curved training levee proposal. 



9'· 
So far q,s flood protection is concerned, there is .al.so an intangible 

benefit arising from a lowering of' surround levee heights. . Hig:b. levees 
are undesirable aesthetio~:Ly and thi~ ·intangible bene~~t ,-cattsed b;Y t4€) . 
curved breakwater might bo considered in. relat·ion to ~b..<f. flood mi tigatiO.il 
·aspe·ot. Uti:f'ortunately th<j ol!rved b~.eakw~tor do<3,s no.t ;r:e_duce ~evee . or 
;f'lood gate heights along the banks of the Tamar where the~~e are some 
relatively. high ·.sections. 

A further subsidiary benefit of a. curv:ed breakwater is worthy of 
men~ion. The Marine :Board incurs fairly considerable mq,intenanoe cost$ 
in dredging Home Reach and Stephenson's Bend and finds that one of the 
ohea:pest and most effective methods of improving the navigation ch.anne~s 
is to stir up the silt by dra,gg.ing a rak~ b~hind a t~g at t _imes of minor 
freshes in the South Esk. The curved breakwater would possibly improve 
the J;Joouring effect of these freshes. 

4. RECOMI\1ENl>AT!01lS 

4.1 Introduction 

The Launceston Flood Protection Authority was created for the purpose 
of recomL~ending methods of flood mitigation for the City of Launceston, 
and a vary satisfactory method has been developed 1:3ased. on a curved 
training levee in Royal Park and surround levees for the various zones 
of the City. 

From tho point of view of flood protection only, the complications 
of the breakwater proposal are such that tho curved Royal Park leve~ is 
obviously a better recommendation. 

Thi~ is the end of the matter, so far as the Launcoston Flood 
Protection Autho:ri ty, (the invGstigating authcri ty), is concernect. 

However, the intrusion into the problem of the proposed Tamar 
Bridge means that it is not the end of the mattor, so far as the 
general public of Tasmania is concerned • 

.I:f; is q_ui to fi ttin._s~ tbn.t tho· Auth<-:rity charged v-:i"th tha r:rreparation 
o-r d.ctailed ~orking :."l.ra,;-V.:.n...-;:; rm.d th0 cons't::1U.C't1on ot flood pro'tec'H,on-' l 
lf{.)~ke should collfJ;bo!lo.to ~ th tho Public Vlo:t .. ks Department of Ta.sma.."lia 
and tho Launcoston City Council iri un invcstigc .. tion as to \7ays and moans 
by Tihich tho flood protection uorks may be integrated with tho design 
of tho appro~chos to tho proposed now bridge, 

Tho only concorn of tho Launcoston Flood Protection Authority in 
such mnttors of final design ancl construction is that tho basic 
:principles of its recormnondod proposals should bo follovvod. 
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It is quitu concoi vnblo tb.nt tho diroc·t t o,nc;i blo bonofi tG of 
lor,;or costs of bridgo constructi on~ nnd t !.Lo irJ.t·cns"i~blo bonefi ts of 
improvocl parklc,:ncl araoni tics lT'£,y jus"!;if;T thE; adoption of ono of tho 
breokvJat or proposnls of Tost Serios 18 ::·orortGd heroin instoad of a 
curved trcining lGvce in Rcy(.:,l Pc:.,rk, bttt it ·:Jould bo ino,ppropria te for 
tho Launco ston Plood Protection .Authority to ox:p:ross nny opinion on this 
point. 

My :rocol-!1mondatio:ns b.or·oundor a:ro bo,sod. on tho al)vVo aj!:h;rocintion of 
tho situation. 

4. 2l _±)o gr_2_g o~· _ Protocti,.21l 

The bonofit-cost rc~~tio of u5.15n of Clause 7(b) should be C1.rrlondec1 
to road n5. 70" in tl1o Finc.:~l Hoport of tho Authority o:f Soptombor 1959. 

4.22 Divorsion Lovoo 

Clc:;,tlf3L) 7( c) of tho lilincl Roport of tho Authority clatO'l Soptoro.1x~!r 
195 9 shoulrl bo amondod to rend&-

"Tho first stop in fl ocd mi tigr.:. tion shcu.ld bo tho construction1 at an 
ostimntod cost of £1121 6o0 9 of a cttrvod. trnining lovoo in Royal Park 
of loco,tion and hoight shoym in Pig. Sl attachod consisting of o., 
concreto core -;:~all as in Fi ,:::,. 40 of Vol. 2 of tho IPincl Roport of tho 
Authority of Sc~:'tem1Jor 19599 covorocl by a {p:·a s sud ;x,~rth embm'lkment as 
in Fi :;- ~41. 

( n) Clause 7( d) of tho Fina l Ii.o}.1ort should. bo o.mendod by replacing 
tho r:oi·cls "T(.:.1Jlo 27 Vol.II of tho roport by tho Principal Ex:ocutitro 
0fficoJ."' 11 ~by tho norcls ''Ta l)le S2 of t r1o supplemen tc.ry report 1Jy tho 
Principal Exscuti vo Offi ooJ.::' clc,tecl 16th Octo l::Dr 1959. 

(1)) In Cl<1uso 7(cl) (ii) tho fi gure n24.5 f-t." shoulcl rortd "23.0 ft,.". 

(c) Tho ostiE!at ccl cnpit r1l cost s of clo.uso s 7(d) (ii) to 7(d)(v) 
should bo n.mondocl thus g_ 

(ii) £2421000 should. x·oaCl £213,000 
(iii) £12751000 " n £10C1 000 
(iv) (i.939000 " " £751000 
(v) £81?000 n " £71?000 



11. 

"'I1ho attention of tho DirrJctcr of Fu'Jlic W():.C}.:s bo Jrrr1"/n to tho fact 
thn t if tho const~.?llCti on of G ouwcd hrc22-t',;~;,tc:c in tho ohannol of tho 
River T(J.mnr is closirable fol" ·sho efficient d.csi.y0 of appronch l"oacla t.J 
tho proposod nov1 brid/;'O across tho Tcn:nu::· from Hcyal Park and fc.r tho 
:provision of additional lJark:lancls ;::;uoh 1Jru:::~l0.-:a,tcr ccu1c1 be dosis.rnod. to 
act as tho eli version structure of tho l·:Tcposod flo ~)(1 mi tic;ntion ':7orks 
bu.t that any such dual-purposo dcsit:,n must accord ~.7i th tho funclc.,montal 
principles of our· Pinal Ropcrt e<.nc~ this suprlomontc:.1ry ror)ort, and must 
bo based upon tho data contairwd in tho l"Gpo:r.•tz ;submi ttod by tho 
Principal Exocuti vo Officor clu:tocl 15th August and. 16tb. Cctobor 1959, 

MGthcd of Flood Protootion to 'be; ado·otod if t:ho c1.G ~::it~n of tho 
~~-·-.-.--· --~- -..-.- , • - • ~r.·--=-~-· -.;~~-..~----·--·rwc;---.........-.~,.,..""".:.,;;;;,.)"""~---·---

_prS2J~SOd nov brid.:-:·o Gnc1. inoroasucl ·~"lo.:rkln.ncls aro to 1)0 in-
..,_,... ___ _ -· ·--~--~--~""\} ...... -~-..... ----~- ...... -=~~-=-~-IC"!"-"'*"-'~--~·-~----.. ~~--

cox·nora.tod in the Flood Pl:·otoctioY.L schomo • 
..____. .. ,_;;;.h_. __ _ ..._.__-...... ~.-- ..... ,..,...., ___ ~,._.~ .. -~. ----~- ~-:.Q"O"~~~~· :uoa: ·..: ·-~· --

If tho tan(;i blo ·bonofi t s of lo·:~;or 00 st of 1~ridc~c: construction ancl 
th~3 intang"i ble bonof'its of imprcvod pe.rkland.s and brid_go oJr~r::;;o.:Loh roais 
aro deemocl by tho G.Jv::.;rnL1ont of Tasmania to justify 1)lon(dnG tho floocl 
11rotoction c"Livcrsion structu:ro into tho 1Jric1go constrv.ction1 the 
AutJ=.(;ri ty rGSI)()DSi bJ.c fer the dc:::;ic;n cf the l;ridGG sLo:~lc1 bo instru.ctod 
to bnso tho dosign on tL.o foll~JVling fund.amontal oonsid .~;ratiunsg-

(i) 'J.i~1G gonoral fl cocl }_ovols a1)ovo tlw confluc:nco of tho Nc,rth 
ancl South Esk and Tr • .rne..r Hi·v·ars shor!n in '.ra-olos S3 to S5 attached to 
this ro:po:r-t shoul(l bo incroa.Bocl ·by at loast 0.8 ft. fur curved broak
\7atcr Pl':JpCJsals c:.s a facto:e of safoty to p:rcvido fc)r tho cuntingoncy 
tr~.at thG distorted seale mcdcl used in tho hydraulic tosts may not ro
prcduco ·,-,'i tl1 sufficient accuracy the qua,.""lti tati vo offucts of tho 
"ejector" action:? unloss a suppleElontc:~ry unclistcJ. ... tocl il1ccl(jl is con
structo~l to evc.J.uatc oxactly this off'oct. 

( ii) ThG South :Csk d.i vcT·sion rJOl"ks oust ·bo 2.doquatc to eli v<:::ct tho 
0 stirna to c1 H rro ba ole ill(i.JdrJUl1'l flood tt u f tho Sol.:;, th Esk lli vor. 

(iii) The b"Urrcund lovoo s must 1Jo aclog_uq, to to :;:-;rc;toct tho vr1rious 
zones from tlK? estime.tc.::J. "~~)l"'o1x:Jblc mn.:::ir.1um fl Dod" c:ftc; r caking duo 
allo\7anco for tho effect of th\; di vo~rsion structure of (ii) abovo. 

(iv) Tho finc~l closign of the ':1.ivorsicn strv.cturo and surround 
lovc:os must accord \7i th the basic priYlciplGs of my ropcrt dated 15th 
August 1959. 

C • H. ifunro 
J?rinci:;_)D,l Exocuti VG Officer 
16th Octobor 19.59. 



.ASSLJ~iPT IONS g 

LAUNCESTON' FJ./)OD PitOTEC'I'IOl,T 
.A1JTHOlllTY 

-----~~----.:ll'n~~ ...... r- .... ---.. ....... -=ar·----

THl'..TI\TING Vl.i-'J..J; ROYiili P l'JU( 
----~-- ___ ........ .._.,.,.,,~~--~,__,_,_ . ._ 

(1) Q = 250,000 cfs and profile 1?0rallol to lino .. E'ig.36 
Vol.II J?rincipal Executive OfficGr1 s ro:port. 

(2) ~t~. top lovol 

(3) Min. top level 

(4) Avorago top level 
(5) Avorago level of river bod E.~xisting 

on 1ino of \:iall 

( 6) Assur~18d avorage pilo penetration 

( 7) Purely a dcfl ect :_'r unll and not a 
retaining structure. 

(8) Back pressure available f~om vatGr 
bohinrl the Viall and for rough d.esign 
a bydraulic head of 10' 0" aSSUJ."110d ,. 

(9) Total length of wall 2,100 feet. 

(10) Shoot piling - B.H.P. 50 Section. 

(11) Walings 190/t - - 2 E.H.P. seru-finishod 
9-1/ 4" x 9-3/Stt R.S. S1 s. 

R.L. 
HCIL. 

H..L. 

R.L. 

(12) Baking piles o~ local hard~D od ~~11 preserve 
line troatment by pressure impreg.na,tiop.. 

37 .. 5 

27.5 

33.0 

s.o 
20'0" 



(1) Steel Pi lin;,. - ~o Su-rYol y 
--·-~--·.~ .c:,. -~·~~ 

(2) Stool Pile D2:ivi~di 

(3) 

at 8/-cl./foot 

Steel File Handlin~ 
__ ,__"IIIIIU .... ~_;~ 

~.?_,_100 · ~ 58 x _50 at £ 2/-ton 
2,240 

(4) S~l Pile 'Iir(~ttmeni]_,~J~intiJ:}£ 

21 100 x 45 x 2 at l/6d,/sq' 

2 100 .=:.J____ X 65 
12.5 

22100 
12.5 

( 8) Vlaling:_s in Placo 

~.2_0 X 190 
2240 

( 9) R,C. Coj2i11f! . B<?am 

at £1,67/11 

at £30 each 

at £80/ton 

~1_00 X 2.5 X 2 t o35 r! - -· - o, a. :por cu.y.-'-• 
27 

(10) l~isc.items e.ncl contingoncies 
10 poT· cent 

Total -

= £1J.5, 000 

= £38,000 

= £2,720 

= £111 150 c;v,.._-;- 'J 

= 

= £5,000 

= £17,800 

= £13,600,_ 

6:229,520 

___ ?_?..t 25..?._ 
£252,472 



Ttst 

No. 

7 

17 

18 

19 

20 

TABLE No . S I. 

SUMMARY OF MODEL RESULTS. 

FLOOD LEVELS AT 

UPPER NORTH ESK, TAMAR ST. BRIDGE & HOME REACH 

FOR MAXIMUM PROBABLE FLOOD 

Flood L«vtls 

Eltm~nt1 of Plan Trstrd 
Upp « r Tamar St . 

North Esk Br idgr 

Training L~Y~f with lnv~r~sk and lnvrrmay 
Ltvt~l and also City LtVf«l 

(G) Noft Ovtrtopptd LCY~C. Peak WOt~r L«Y~ I • R L 37 23·6 23 · 2 
at Top of LtYte 

(b) Ovtrtoppablr L~Y~f Peak Wotrr Ltvtl = R L 3 7 23·5 23·2 
Top of Ltvee : RL34 

(c) .. " Peak Water Levci=RL 37 23·5 23·3 Top of Levee •RL32 

(d) .. .. Ptak Water Levct • RL37 24·3 24·0 
Top of Levct a RL29 

(C) .. .. Pcak Water Lrveh·RL37 
24·6 24·4 

Top of Levee -.RL27 

(f) .. .. Peak Wot~r Levci•RL 'n 25 · 6 25·3 
Top of LCVtt aRL 25 

C•rved Training LtWt. LOCOt~d a1 in Fig. 51. 22·5 22·3 

Curwa Training LCYCC. Located a1 in Fig. 52 . 22·0 21·6 

Curved Brcakwa ter. Located as in Fig. 53. 22·5 22·2 

(a) Curved Breakwater. LOCGttd 01 in Fig.S4. 
20· 8 20· 3 

Length- 2440 ft. 

(b) " • Length- 2 190 ft. 20 · 9 20·4 

(c) " • Leftgth- 2065 ft. 21·0 20·6 

(d) .. .. Leftgth- 1940 ft. 21.3 20· 2 

(c) .. • Length .. IllS ft. 2t ·2 20·7 

(f) .. .. Length- 1690 ft. 21·7 21 ·3 

at. 

Hom« 

Rrac h 

23 · I 

23 ·IS 

23 ·I 

23· I 

23 · IS 

23·2 

22·7 

23·1 

-
22·9 

22·9 

23·1 

23·1 

23· I 

23. t 

rr .c .•A~ 



Locot oon 

INVER[C:.K - INVERMAY ZO NE 

K~l,.oll and K~mp 

At chong~ on l~vn dlr~Ctoon 

Bou o l Rd bonk 

Bas~ ol bonk 

Edg~ o l bonk 

Edg., o l bonk 

BaH of bonk 

Forstt'r St - north boundary 

Forstt'r St - •outh bount1ory 

G lt'odow St at WE Smoths 

Gl4'odow St ot Kong• Wharf 

Railway to Kongs Whorl 

Lond5oy St ot K'ong5 Wharf 

ACC4'SS Rd to solos 

Cottl« J4'tty 

SW Cnr W4'bSt4'rs Wool Start' 

Chorln St Brodg., 

Roolwoy Brodg., ov«r N Esk 

At onttructoon of Hrrbul St lfvH 

Hl'rb.,rt St 

MAYNE S T SA DOLE 

C nr Moynr St & lnv«rmoy Rd 

C nr Moyn., St a Eddy St 

Nror cnr Moynr 51 a Holbrook- S! 

(ttl 

0 

I :2 5 

635 

648 

690 

73 4 

1ss 

10 6:2 

11 07 

1865 

1960 

:2485 

:2540 

3430 

3830 

4070 

4:2:20 

4470 

4770 

6:200 

7700 

9000 

11860 

1:2100 

0 

375 

750 

Flood 

L4'v~l 

( It obov~ 

SL W) 

:2:2 I 

:2:2 I 

:2:2 I 

:2:2 I 

2:2 I 

22 I 

2:2 I 

2:2 7 

22 7 

2 l 4 

:23 4 

2) 5 

:2 3 5 

:21 8 

:24 0 

:24 4 

:2 4 5 

:24 8 

:2 3 8 

:22 

22 3 

:22 

22 5 

:22 

:21 

:21 

:21 5 

Surg4' 

Amplotudll 

fr o m 

M od <r l 

(It ) 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

N~g 

I 0 

1 0 

1 0 

3 6 

4 :2 

6 4 

I 0 

N.,g 

N~g 

N.,g 

Pr0pos<rd 

Fruboord 

( tt I 

0 5 

0 5 

0 5 

I 0 

I 0 

I 0 

I 0 

I 0 

I 0 

I 0 

I 0 

I 0 

I 0 

I 0 

I 0 

I 8 

:2 I 

3 :2 

I 0 

0 

0 5 

0 

0 

z.,ro 

Zuo 

z.,ro 

TABLE No 5 :2 

PR O PO'>ED LEVEE DETAILS FO R PROTE C TI O N 

AGAINST MAX PRO BABLE FLOOD 
USING CURV ED r~;>A o N I N G LEVEE SHOWN IN FIG 

R L o f Appr o • 

Top o f Pr u.tnt 

L<rvu or ~~~~~k-
(tt obov~ mt'nt 14'HI 

S L W ) It abo~~ w 

22 6 

:2:2 6 

226 

:2 3 I 

:2 3 I 

:2 3 I 

2 3 I 

2) 1 

:23 7 

2 4 4 

2 4 4 

2 4 5 

2 4 5 

? 4 A 

:25 0 

:26 2 

26 6 

:2 8 0 

:25 0 

:2 3 2 

2 :2 8 

23 0 

23 0 

23 0 

21 

:2 I 5 

21 

22 6 

2 0 5 

:2 0 5 

I 5 0 

10 0 

9 7 

I 5 6 

19 5 

I I 6 

I I 7 

I I 8 

12 8 

14 3 

I 7 0 

I 8 4 

I 7 5 

16 

15 0 

16 0 

17 0 

19 0 

18 0 

18 

23 0 

2 I 5 

19 5 

21 

Appro • 

0 

2 I 

2 I 

8 I 

I 1 I 

I 3 4 

4 2 

; ;2 I 

I 2 7 

12 6 

I I 7 

10 2 

7 8 

6 6 

8 7 

10 I 

13 0 

9 0 

6 2 

0 

4 . 5 

0 

0 

2 0 

0 

Loco t 1o n 

RO YAL PARK - WILLI S ST 

ZO NE 

Ro va l Park a t ba umt'nt o l 
Po loc4' Statoon 

Conal St at Ro yo I ~rk 
NW cnr Gum\ Tomb4'r Yard 

S W Cnr Harrop\ Wool Start 

N W Cnr Harraps Wool St a rt' 

N E C nr Horrops Wool Sta rt 

To~manoon Pottt'rn Moktrs 

Chorl<rs St Brodg4' 

Sho llld~ St 

Tomar St Brodg4' 

At o ntllr~c toon o l Wollos St 14'Vt4' 

Co m ot o<rr4' St 

WIL LIS - CYPRES S ST l O N E 

At ontllfS4'Cloon o l Wollo~ St 14'V4'4' 

Railway Brodg., ovt'r N Esk 

Hmry St 

Cyprns St 

MOWBRAY ST ZONE 

At ontl'rs.,ct oon of 1-i«rb«rl St l.,vn 

Mowbray Swamp 

Mowbray Holl 

Me KENZIE ST SADDLE 

Ro~~lyn Rood 

Mowbray St 

McK.,nzol' St 

Mowbray Holl 

ChoonrJq<r 

( t t ) 

0 

510 

10 10 

I I I 5 

1455 

1900 

2380 

3-450 

4 19 0 

51 5 0 

5900 

0 

12 00 

2570 

4500 

0 

:2500 

3440 

0 

730 

1724 

1830 

Fl ood 

l <rvv l 

( t t obrJi f 

51 w ) 

:22 2 

2 2 2 

222 

n 2 

222 

22 2 

22 

22 3 

22 3 

2 2 4 

2 2 4 

2 2 4 

22 s 

2 2 5 

22 

22 

21 

21 

21 0 

21 0 

Surq• 

AmplotUd f 

1 ff)rT) 

M a d il l 
{fl I 

1 8 

I 8 

I 8 

I 8 

I :2 

I 2 

I 2 

N.,g 

N«g 

N«g 

N«g 

I 5 

I 5 

I 5 

I C, 

10 

I 0 

10 

0 5 

() 5 

0 5 

0 5 

0 ') 

0 5 

0 5 

0 5 

Zero 

Ztro 

Ztro 

ll'rO 

z.,ro 
Ztro 

ltro 

:2 3 I 

2 3 7 

23 7 

23 7 

23 ;> 

23 

2 3 2 

2 <' B 

2 2 

2 2 Q 

23 0 

23 0 

23 0 

2:2 

22 5 

22 

21 5 

;." V \ V '.t 

r,, ,) ,r .c 
'>' E.mrJJnr 
~t W-v" l 

\f t fJ b O •t 
'>L N 

23 

1 5 0 

17 3 

I S :2 

I S 0 

I 3 6 

18 2 

16 I 

19 

17 0 

22 9 

17 0 

19 0 

18 0 

:2 3 0 

18 

I 8 7 

22 · 

21 

e 1 

8 5 

Q 6 

5 0 

') Q 

0 

5 Q 

... 0 

5 0 

0 

21 3 7 6 
~~----~------~ 

21 0 s .o 

21 0 21 0 

C E · D ·84'3 



Test 

No. 

19 

' 20· 

Teat 

No. 

19 

EfCMCftts of Proposed 

J-.rowmcnt Pleas 

CurJCd 8reokwatcr Loc.atcd 
·in Fit. 53. 

MODEL RESULTS 

SOUTH UK OISCHARGE • 150.000 CUSECS 
NORTH §SIC DISCHARGE • 13,100 CUSE.CS 

Flood ...... at Gauge 

I 2 3 4 5 6 7 8 

No. 

9 

OS 
18·6 18·6 18·5 8·4 18·5 18·5 18·4 18·4 18·2 

·c~rvcd Breakwater 2440ft. lo.ng 
18· I 18 ·I 18·0 17· 9 17· 9 17·9 17· 9 17·6 17· 6 

Located as in Fig. 54. 

l.tellte:nts Of Proposed 

llriprcwcmcnt Plans 

·Curved 8tcokwatcr Located as 
ift ~ig. 53. 

TABLE No. 54 

MODEL RESULTS 

SOUTH E5K DISCHARGE : 200,000 CU5ECS 

NORTH E5K DISCHARGE • 16,000 CUSECS 

Flood levels at Gauge 

I 2 3 4 5 6 7 8 9 

21·4 l21· 4 21·4 21· 3 21· 3 21·2 21· I 21·1 21·0 

20 · Curved a.rcokwotcr 24 40ft. long 
19·9 19·9 19·8 19 · 8 19·8 19·8 19·8 19·4 19·4 

·Located as in Fig. S.C. 

10 II 12 13 14 15•38 

; ~ - - 17·8 18·4 18· 2 t ..... 
:JR.~ 
!lt!i • • 

17·8 18·3 18·0 
l!!a• - - ·a ..... 

~:~" 
r::~l 
o"'"•o 
~!:!> 

10 II 12 13 14 15·38 

1 -... • 0 

- 19·9 19 ·3 19 · 5 ... ,.. Q. - ~.! -:: 
... -. oc ... -..,. ... 

0 -

21 · 3 21 I 
~cQ"" - 20 ·1 v• ' N - ..;.-l. . : . -..-Jr • . 
11 ..... 
~, ... > 



r Es r ! £. LE MENTS or PROPOSED 
! 

No. IMPROVEMENT PLANS 

7 Troinin9 Leur with lnvrrrsk and lnvcrmoy 

Lf'lffl ortd also City Levees 
(a) Non o wcr toppoblr L rvu P W. L • 37 

I I 2 

M OD EL RESlJ L TS 

SOUTH ESJ( O•SCMA.RGE • 2SO.OOO CUSECS 

NORTH E.SK O ISCHA~E • 18.800 CUSECS 

F'LOOO LE V[LS AT 

3 4 5 6 7 8 9 10 II 

I 
23 6 23 6 23 ·6 23 623 · 6 23 6 23 ·623 ·2 2.3 · 2 -

GAUGE No . 

22 · 5 23·1 23•1 

(b)Onnoppoblc Levu PWL•37 - T.L•l2 23 ·6 23 · 6 23 ·623 · 4 23 · 6 23 · 5 23 ·5!23 ·2 23 ·2 - - 22· 6 23 ·I 23 · I 

(e) PW L• 37 T L • 3 2 23 · 6 2 3 6 23 · 6 ~3 · 5 2 3 · 6 2 3 · 5 23 · 5 23 · 3 23 · 3 - - 22 · 4 23 · I 23 · I 

.. 2.5 ·0 -... 
0 
Q, 

.s& 26 ·0 -

:~(d~)~~~~~"~~~~~~~~-·-· ~~~P~W~. ~L~• ~3-7------~~T~. _L- _·-3~9=:~2-4-_·-4:_2- -4-_·-4:2~4~·~4:2~4~·~3:2~4~·~3:2~4~·~2:2~4~·~3:_2-4~>()~:23~~· -9-t-1----~~:~-~~:2~2~· _s-t-.... 2~3~· -~~1-2~3~·=1 'j l 26.0 , -.. 
PW.L •37 T.L•27 24 ·7'24· 7 24624 · 624 · 6 24 ·624 ·7 24· 4 24· 4 - - 22·9 23·2 23 · I 26.0 -

we'll 

... 42 

- ...,. 

1-------------------------------------+---+---+---+--~--~--~--~r---~--~----~--+---+---~--~~" ~--~--+---~--~--~---+--~.-~ 
(f) , ,, P.W.L•37 T.L•25 257 25 · 725725 ·625 ·6 25 ·625 · 725 ·325·0- - 23· 1 23· 3!23 · ) !~ 27 ·0 -

·r--.~-··----------------------------------r---r---~~~~~~~~~~--~--~--~--~--~--~--~~1 ~--r---~--r---+---+---~~~~~ 
17 'Curud TrotnJng Lnu LOcated a1ln Fig. SI 22622· 622 · 622522· 522·522522· 322 ·2- ·- 22-523·222 · 1 24·5- 27·027·028•026· 52..024 · 5 .,_ 

~--~-----------------------------------4--~---4---4~--~--~--+---+---+---+---~--~--~--~--~~ 0 1----1----+---~--~--~---+--~--~ 
fl Curved Trai ning Lnu Locattd oa in F lq 52 22 · 1 22 · 1 22 0 22 ·0 22 ·0 22 ·0 22 0 21 ·6 21 ·7 - - 21 ·4 23·1 23 ·1 ~,.. 23· 5 - 26-·0 ,24 ·0 24·0 ·a•·S 2.4·0 23· 5 

t---1-----------------------------·------~~~~--~--~--+---+---4---4---~--~--~--~---+---i--~ ~ 0 ~--t----+---4----t----+----+----11--~ 
~:z k• 19 Cvntd &rtokwour Located 01 in Fig 53 22· 6 22 · 6 22· 5 22 5 22 5 22 ·5 22 ·4 22 · 2 22 ·2 - - " .. i"t9·0 -

~--T---------~----------------------·----!I----~--~--+---+---+---~--~---1----I---~_.-+--~--~--~-: ~--~--+---~--~--~--~----1----1 
- 20· 2 22 · 4 22 · 6 i... -20 (.o)Curwcd 8rf.Okwcrtcr (F'9 S4) 2440ft . long 20·8120·7 :20·8 20·8 20·8 20·8 20·9 20· 3 204 -

r---------~~-----------------------i---1--~~--r---~--+---+---4---4---4---~--~--~---+--~ ~= ~~~--~--~--~---+--~~--~--~ 
:1190 ft. long '20 8 20· 8 20·8 20·8 20·8!20·9 20·9 20· 4 20 ·• -(b) .. - 21 · 1 22 ·9 22 ·9 ., fl 

r-----------------------------------+---+---+---+---+---+---+---+---+---~--~--+---+---+-~oz ~~~--~--+---+---~~~--~---1 
- 21 · • 23 · I 23 · 2 ~ ~ 2065ft . long 2 1 0 21 ·0 21 ·0 21 ·0 21 · 0 21 ·0 21 ·0 20 ·620·6 -

~ 

~ ·--~~--~---~-----+--~--~~--+---~ 
(d) • 1940ft . long 21·3 21·3 21 · 3 21 · 2 21· 3 21 · 3 21 · 3 20·8 20-8 - - 22 · 1 23· I 23 · I 
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