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l i ) 
PREFACE 

This study forms part of a series of hydraulic in-
vestigations undertaken "by the Water Research Laboratory 
of the University of Nev/ South Wales at the request of the 
Electricity Comiidssion of Nev/ South Wales« The study v;as 
coramenced in Jiiarch I96O and completed in April i960» 

Throughout the course of the study^ close liaison was 
maintained with the Electricity Commission through an engineer 
on the staff of xhe Commission's Project Development Section, 
Mr̂  N̂ iLamhj whose friendly co--operation in the supply of a l l 
necessary data i s gratefully acknov/ledged« Internal progress 
reports of test results were made available to the Commission 
as data Toecame available. 

The study was carried out at the Water Research Lahoratoryj 
Kanly Vale, NoS.W»̂  by Mossrsv J.RoToomey^I^R, Wood and 
C.JJiackenzie. The Electricity Commission programme i s under 
the direct supervision of Mx, D.N.Foster of the Laboratory 
Research staffs 

H.R.Vallentine 
Assoc,ProfesFior of Civil Engineering 
Officer-in-Charge of the Water Research Laboratory. 

22.II06O, 
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(iii) 

Bjmim 

As part of the Electricitjr Commission's future expansion programme 
it is planned to construct Power Stations on the Hunter River Valley 
near Ilaitland» For one of these stations it is proposed to huild a 
cooling pond on Gardiners Creek a tributary of the Hunter River, 
Portion of the water for this pond will he pumped from the Hunter River 
and portion will "be obtained from the yield from the Gardiners Creek 
catchment. 

This reportJ which is in two sections^ covers -

(1) the preliminary yield studies for Gardiners Creekj and 
(2) the maximum probable inflow flood hydrographs to the 

cooling pond for various storm durations. 

The yield studies v/hich are based on the results from similar 
catchments close to the Gardiners Creek catchment show that tho estimated 
average flo¥; in Gardiner's Creek is 4«.5 cusecsj this flow being equalled 
or exqc-oded 11 of the tfî.o .iDiii? -jc.rxad* ^ '',5 

The flood studies \?hich are based on maximum probable rainfall 
estimates and synthetic unit graph procedures indicate a maximum inflow 
peak of 33?000 cusecs. 

Very little rainfall and runoff data was available on which to base 
the above estimates. It is therefore recommended that they should be 
regarded as preliminary estimates only and fresh estimates should be 
made when data from the recently installed gauging station on Gardiners 
Creek becomes available. 

In view of the unknown errors in synthetic procedures and the 
serious loss of life that could occur if the Gardiners Creek spillway 
was overtopped^ it is particularly important that the flood estimate 
be checked when data becomes available. 



SECTIOII I 

.GARDIIIERS CRBEK COQLIHG,WATER FOHD YIELD STUI'IBSo 

IITRODUCTIOITg 
The. catchmGnt area upstroam of the dam site i s comparatively 

sml l heing only 28 square miles» No streamflow or rainfall 
records, are availahle on the actual catchment« The only records 
v/hich are of significance are some short term monthly streamflow 
records for Saltwater and Sv/ampy Greeks« The location of these 
two catchments and that of the Gardiners Creek catchments are shown 
on Figure ( l ) « 

The Saltwater Greek records are for a drainage hasin of 20 
square miles and the records commence in 1956» Swampy Creek 
drains a much smaller area (6 square miles) and records of stream-, 
flow are available since liarch 1958. 

The three catchments? Gardiners Creokj Saltwater Creek and 
Sviampy Creek J have similar topography and are close enough to he 
considered as a meteorologically homogeneous area. The flow 
duration curve for Gardiners Creek could therefore be approximated 
"by aonparison with the curves derived for Swampy Creek and Saltwater 
Creek, 

PROCEDUREg 

From the monthly flow data for both Saltwater and Swampy Creeks? 
flow duration curves were plotted (Figijiro 2)- These curves were so 
similar that their average was assumed as a reasonable estimate for 
the flow duration curve for Gardiners Creek» This average curve 
expressed in cusecs i s plotted in Slgure 3» 

RESULTSg 

Figure 3 shov/s that a flov/ of 0,4 cusecs i s l ikely to be 
equalled or exceeded for 50 per cent of the time and that the average 
flow from Gardiners Creek v/ould be 4®5 cusecs» 

COHCLUsSIOITSg 

The estimated .annual flow duration curve for Gardiners Creek 
is in Figu3?o (3 ) , From this figure the average annual flow at 
the storage site v/as calculated as 4«5 cusecsj this flow being 
equalled or exceeded 11 per cent of the time. This indicates that 
the catchment i s "flashy" with negligible groundwater flow^ For this 
reason a large proportion of this flow wi l l pass over the spillv/ay 
du:ping floods and the'water available for use will be somewhat lower 
depending upon the storage available below spillway level . 



SECTION II 

OAEDIISRS CRSSK COOLING WATER FOWD SPILLWAY STUDIES< 

IHTRODUCTIQNg 

It is at prosent proposod that the cooling v/ator pond dam be 
an earth structure. . Thus the overtopping of the spillway could 
cause failure of the dam and considerahle loss of life in the town-
ship of Liddel downstream of the damsite. It is therefore 
essential that the spillway "be designed to safely pass the maximum 
probable flood and this section of the report gives details of the 
•estimates of the inflow hydrographs of the maximum probable floods» 

In the absence of adequate streamflow data upon which to base 
the estimates^ use has been made of the synthetic unitgraph technique. 
For final spillway designs, it is considered essential that the re-
sults of this analysis be checked from observed hydrographs, 
DERIVATION OF THE SYNTHETIC UNIT HYDROGRAPHS s 

The synthetic unitgraphsv/ats." derived by the Taylor-Schwartz 
method (Ref, l)̂ . Details of the derivation are given in Appendix A 
attached and the result is plotted in Fig,4 ^ ^ ' ^ "" <» 
DEPTH-.AREA-DUEATION DATAg 

The United States Hydrometeorological Section has found that, 
except for special areas of high orographic or synoptic influence? 
the convective thunderstorm mechanism is the most rain-productive 
for areas up to about 500 square miles and for durations up to about 
12 hourSi, As both catchments being studied had areas v/ithin this 
range' depth-area-duration curves were based on data published by the 
U,S, Hydrometeorological section showing the maximum depth of thunder-
storm rainfall at sea level over areas of Ij10,200 and 500 square miles^ 
for durations up to 20 hours and a surface dewpoint of 78 F. These 
data were adjusted to accord vdth local conditions for the catch-
ment under study (Ref«2), 

Details of the derivation of the depth-duration curve , are given 
in Appendix B and are shown plotted in Figure (5)» " '' " • 

ESTDmiON OF INFLOW HYDROGRî PHS s 

By application of the rainfall obtained from the depth duration 
curve, to the derived unitgraph , the flood hydrographs resulting from 
maximum thunderstorm rainfalls of various duration were obtained. 
It was assumed that there was uniform rainfall intensity for the 
duration of the storm. These results are shovm plotted in Figure 6 
for Gardiners Creek and they have been tabulated for computer use 
in Table I of Appendix Bo 



PEAK i m o w OF UmiMUM PROBABLE FLOOD s 

In Figure 7 "the computed pea,k discharges .have heen plotted 
against duration of rainfall and the critical storm duration for 
the maximum prohahle infloT̂ ; has "been determinedo These results 
are tabulated belows-

C tchment Critical Storm Pealc Discharge of 
^ ^ Duration Maximum Prohable Flood. 

Gardincrs Creek hrs. 33^000 cusecs 

COIJCLUSIOiJSs 

Before the preliminary spillway design can finally "be ascertained 
it will "be necessary to route the inflow hydrographs shown in Figure 6 
through the appropriate reservoir storage. Storage elevation curves 
have heen prepared (Figure 8) so that this procedure can he carried 
out once the final spillv̂ fay level has "been fixed. 

At the present time there are tvro proposals for Gardiners Creek -
(1) a 1100 megawatt station requiring 1000 acres of cooling pond 

surface area and 10,000 acre feet of reserve storage giving 
a final storage EL of 380 and surface area of 1250 acreŝ  and 

(2) a 2100 megawatt station requiring surface area of 2000 acres 
and 20j000 acre feet of reserve storage giving a final EL of 
380 and a surface area of 2250 acres. The catchment area is 
approximately 17^000 acres. It is therefore expected that 
these storages would reduce the peak of the flood by only a 
relatively small percentage. 

As previously mentioned synthetic unitgraph derivations are sub-
ject to unknown errors and it is important that the above calculations 
bo checked against actual flood hydrographs from the catchment. The 
Electricity Commission has made arrangements vdth the Irrigation 
Commission to instal an automatic recording streamgauging station 
on Gardiners Creek and as floods are fairly rare, it is important 
that this station bo rated during the next flood. 

References g (l) The first report on the Stormwat iJtandards "c.mittee 
on Australian Rainfall and Runoff, 1959 - Appendix F P.59. 

(2) Lovett No Estimation of Maximum Probable Precipitation, 
Journal of the Institution of Engineers Aust.Oct. 1954. 

(3) J.Walpole - Maximum Possible Rainfall in Australia 
Thunderstorm Model, Internal Report, Meteorological 
Bureau, Australia. 



ii??Ei.DIX A. 

Derivation of Synthotic Unitgraph. for 
Gardinor a Gro ok (Taylor-Schwart z Mothod) 

(a) Aroa of datc]±iGnt = 27-83 square milos« 
(Td) Length of main stream (l) = 6« 7 miles« 
(o) Distance from outlet of area to point on main stream 

closest to the centroid of the area and measured along 
the stream (L ) = 3.9 miles,, ca 

(d) Evaluation of S ̂  i«e. slope of uniform channel having 
the same length^as longest water course and an equal 
time of travel from source to outlet, 

r 2 
S St - ^ 

wliere n is the number of oqual reaches of the stream and 
S^ is the average slope of that reach, 

TABLE 1. 
Reach ^ f ^ ^ S. S > sT* (feet) (feet) i 
1 5280 200 0„0378 0,194 5.16 
2 5280 110 0,0208 0,144 6,95 
3 5280 40 0,00757 0,0866 11,53 
4 5280 60 0,0114 0,107 9.35 
5 5280 10 0,00212 0,046 21,7 
6 5280 5 0,00106 0.0326 30,7 
7 5280 5 0,00106 0»03g6 30,7 

= 116,09 

= i - J f 
2 

St Vll6,l 

= 0,0601' 
= 0,00362 

{e) Evaluation of hag t pr 
L,L =72: 3.9 = 27»3 ca 

s ^ = 0,00362 st 
ib:om Fig, F-1 "Australian Rainfall and Runoff" 

t =11,7 hours pr 



1IZ7 

(f) Sv-a3,uation of'feák flow q^^ 

lî om Kguro F^l again^ for L .L^^ = 2?»3 and S ,̂̂  = 0.00362 

^pr ^ ^^ cusecs/square mile 

/ • Peak of unitgraph « 95 x 2To83 

= 29650 cfs^ 

(g) Svaluation of base length of linitgraph (t ) 

^ tr "5 (fc + t ) where t = unit period in hours 
pr r r 

2 

=. 5 ( i l . T + | ) 

= 5 x 1 2 , 7 

s 63«5 hours 

(h) Evaluation of ünitgraph widths at 50 per cent and 75 per^cent' 

of |>eak aeiow. From Fig, F-.2 "Australian Rainfall and Riinoff" 

for = 95 cfs/square mile width of unitgraph at 50 per cent peak: 

flow = 5 .6 hoursj width of unitgraph at 75 V^^ cent peak flow 

= 3»5 hours 

50 per cent Peak Flow = lj325 cúseos 

7 5 t» ti Tí ft « I 9 9 9 O 

( i ) Construction of two hour bnitgraph 

( i ) At conrnencement of excess rain plot t = Oj q = o 

( i i ) Peak flow t = 11.7 hours^ q = 2,650 cusecs 

( i i i ) End of run off t = 63o5 hours, g = 0 

(iv) For 1,325 cusecs plot two points 5-6 hours apart and for 

1,990 cusecs plot two points 3 .5 hours apart« The positioning 

of these points m a t he done hy judgment so as to give a 

unitgraph of reasonable shape in relation to the shape of the 
catchment, 

( j ) Adjust area under hydrograph such that it equals the total 

amount of one inch of excess rain. 

Area of catchment = 2 7 # 8 3 x 6 4 O 

« 1 7 , 8 0 0 acres 

Area under unitgraph should equal 17,800 acre-inches or 

17,800 cusec-hourse 

The resulting two hour unitgraph is shovm in Figure 4« 



•APPMDIX B 

Bétails of Derivation of repth-Duration Curves and 

Inflow Hydrographe ; " " -„ s 

for Maximized Tlmnderstorm Rainfalls 

(a) ib?ea = 2T»83 sq, miles 

(Td) Extreme dew point persisting for at least 24 hours = Tl^F 
•/r. 1 

(o) E^om Fig.9 of "Estimation of Mazimam PossilDle Precipitation" -

liovett Jnl« I»E. Aust. Oct,~Iiov^ 1954 the effective precipitahle 

water at Dnw Point is 71 per cent of that jit 78 F, 

(d) Average height of catchmont' ahove sea level is 500 feet« 
Hence from Figure 10 of Lovett* s paper the orographic 
depletion effect reduces the total precipitahle water in 
the storm to % per cent of that at sea level• 

(e) Total correction to he applied to depth-duration figures 
for storms at sea level and 78 F dew point from (o) and (d) 
ahove is 71 per cent x 96 per cent = 68«1 per cent, 

(f) To derive the depth-duration curves for the catchment, 
, figure 8 of Lovett^ s paper may he used. However, it is 

difficult to use his figure with accuracy so his results 
were pl6tted on other graphs from which depth and area 
could he easily read« 

The following results can he easily read from Lovett's graphs-

Area Area Area 

. Time 500 sq^ miles 200 sq.« miles 10 sq# miles 

Depth inches Depth inches Depth inches 

2 hours • - 8,9 10,2 15 

4 " 14 15.2 20,5 

6 " 16 17.8 24 
8 " 18,5 20 28 

12 21 23^3 31' 

24 " 25 ' 28 35 
30 " 26 29 36 

Area 

1 sq.i mile 

Depth inches 

17 
22.5 
27 
29 
32.5 
36.5 
37 

. from thesy results, on linear graph paper with depth plotted vertically 

and area hori25ontally, smooth curves were drawn for the seven durations. 



(g) 5b?om the previously prepared graph in ( f ) für a catchment of 
. 2T,83 square miles the depth was found for periods of 2^4?6983 

12j24 and 30 hours. These depths v/ere corrected for the 
Gardiners Creek catchment "by multiplyj.ng hy 68«! per cent, 
This gave the depth-duration curve shovm in Figure ^. 

The following results were obtaineds-

Duration Depth over Gardiner's Creek 
(Hours) (inches) 

2 9.55 
4 13.3 
6 15.5 
8 18.0 

12 20,2 
24 22.8 
30 ' 23.8 

,(h) Table 3 "below gives the unit graph ordinate s for storms of the 
various unit periods sliovm.. The tv/o hour unitgraph is from 
Appendix A. Thé four hour unitgraph was derived "by super-
imposing on the 't\7o hour unitgraph the same unitgraph "but 
lagging tv70 hours« The combined ordinate s represent the 
hydrograph for 2 inches of rain over the catchment in 4 hours, 

V I f these "ordinates are then halved the result i s the hydrograph 
for 1 inch of rain over the catchment in 4 hours? or the 4 hour 
unitgraph, 

The other unitgraphs were derived by extending this principle. 

TABLE 3 - UNITGRAPHS FOR GARDNERS CRBÜK. 

Time 2 Hrs, 4 Hrs. 6 Hrs, 8 Î 
0 0 0 0 0 
2 25 12, 8 6 
4 125 75 50 37 
6 310 217 153 1 15 
8 • 760 535 398 305 

10 • 1980 1370 1017 793 
12 2615 2297 1785 1416 
14 1720 2167 2105 1769 
16 760 1240 1698 1768 
18 220 490 900 1329 
20 95 157 358 698 
22 75 85 130 287 
24 65 70 78 113 
26 60 62 ̂  67 74 
28 55 57 60 64 
30 51 53 55 58 
32 
t 

50 50 52 54 

12 Hrŝ  24 Hrss 
0 0 
4 •2 

25 12. 3 
76 38 

203 102 
533 266 
969 485 

1251 627 
1357 691 
1342 709 
1232 717 

914 723 
489 729 
212 732 , 
95 726 
66 704 
60 646 



B3« 

Time • 2 Hrs. 6 Hrs® 12 Hrs. 24 Hrs« 

. 34 : 

36 , 

49 50 50 52 55 489 . 34 : 

36 , • - 46 47« 48 49 52 270 

38 42 44 46 47 49 130 

40 40 41 43 45 46 70 

42 - 35 • 37. > 39 41 43 55 

44 30 32 35 37 40 50 

46 • 25 27 30 33 36 45 

48 20 22r 28 27 32 42 

50 18 19. 21 23 28 38 

52, 15 16, 18 20 24 35 

54 14 l 4 o 16 17 22 32 

56 12 13 14 15 17 28 

58 10 11 12 13 15 25 
60: 5 7 9 10 12 22 

62 2 3 6 7 10 19 

64 0 1 2 4 7 15 
66 0 1 2 5 13 

68 0 0» 3 10 

70 
r\ 1 8 

72. 0 . 6 

74 5 

76 3 

78 2 

80 1 

82 
n 1 r -̂c-

(i) If thesQ unitgraph ordinatos aro each multiplied oy "QIG appropriate 

dept^ of rain over the catchment given in paragraph (g) or Figp^^ 

the follomng inflov/ hydrographs are ohtainedg-



B4. 

TABLB 4o 

HAXIMaM PROSABLS INFLOW HYDROCaiAPHS FOE GARDIWERS OKEaC 

fimo Discharge in Cusecs for Storm Durations of 

Equts . 2 j^g^ 4 5 j^g^ 8 __ hrr,, 24 hJ^s* 

0 0 0 0 0 0 0 

2 238 166 124 108 81 46 

4 1193 . 99T 764 666 505 285 

6 2960 2890 2370 2070 1535 866 

8 7250 7110 6160 5490 4100 2330 

10 18,900 18,200 15,750 14,250 10,770 6,060 

12 25,000 30,500 26,900 25,500 19,600 11,050 

14 16,410 28,800 32,600 31,800 25,300 14,300 

16 7,250 16,500 26,300 31,800 27,400 15,750 

.18 2,100 6,520 13,950 23,900 27,100 16,150 

20 906 2,085 5,550 12,550 24,900 1^5,350 

22 716 1,130 2,010 5,160 18,450 16,500 

24 620 930 ^ :!, 210 2,030 9,870 16,600 

26 572 830 1,040 1,333 4,290 16,700 

28 525 765 930 1,150 1,920 16,600 

30 487 705 851 1,040 1,330 16,050 

32 477 678 805 973 1,210 14,750 

34 468 665 775 935 1,100 11,150 

36 440 632 743 882 1,050 6,160 

38 400 585 713 845 989 2,970 

40 382 545 667 810 930 1,595 

42 334 • 499 6O5 737 870 l?255 

44 286 432 542 666 808 1,140 

46 238 365 465 594 726 1,025 

48 191 299 434 486 646 960 

50 172 252 326 414 565 867 

52 143 220 279 360 485 799 

54 133 193 248 306 444 730 

56 114 173 217 C70 324 639 

59 96 146 186 234 303 570 

60 48 100 139 180 242 502 

62 19 46. 93 126 ?02 433 

64 0 13 31 72 141 342 

66 0 13 36 101 297 

68 
0 

0 9 61 228 

70 0 20 183 

72 10 137 

74 0 114 

76 68 

78 46 

80 20 

82 10 

84 5 

86 0 

mn-v-ir-mrn PVnnfltGd (jj SCharffQ f r o n 
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ESTIMATED ANNUAL FLOW D U R A T I O N C U R V E 
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