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INTRODUCTION 

ASl' tC TS OF THE HYDROLOGY OF THE 

MANGERE INLET - WA IROPA CHANNEL AREA, 

NORTHEAST MANUKAU JIARAOUR 

'r M Hume 

December, 1979 

Se veral gas fired combined cycle power stations are proposed for the 

Auckland area. Eac h station is to have a generating capacity of up to 

400 MW(e), be gas fired and utilise straight through cooling by sea 

water, salt water cooling ponds or cooling towers. As the stations are 

to be baseload stations they would have a continuous requirement of up 

to 10 cumecs of cooling water and continuously discharge a similar volume 

of heated salt water to the marine environment. Hot water discharge is 

likely to be 8°c above ambient. Sta tion(s) proposed for the Westfield, 

Pikes Point and Onehunga areas have the Mangere Inlet to Onehunga Bay 

tidal reach as possible sites for marine cooling water outlet and intake. 

The Tamaki Inlet is a further possible site for marine cooling water 

in take (Fig. 1) • 

This report describes a variety of preliminary hydrological studies aimed 

at assessi?g the availability of marine cooling water in the Mangere 

Inlet to Onehunga Bay area. Field studies were carried out by the Water 

and Soil Section, Ministry of Works and De velopment , Auckland, with 

assistance from the Auckland Harbour Board and Bioresearches Limited. 

Raw data are -held by nater and Soil Section , Ministry of Wo rks and 

Development, Auckland. 

BACKGROUND 

Existing hydrological data for the Mangere Inlet-Jairopa Channe l a rea 

are summar t,;cd in Appendix I. 

The investigation a rea lies in the northern Manukeu Harbour (Fig. 1). 

East of Mangere Bridge Mangere Inlet is formed of shallow tidal creeks 

and broad expanses of muddy intertidal flats (Fig. 2 and 11, Pl.1). 

A small 

bay. 

island and crescentic shell banks occur in the eastern central 

The northern border of the inlet has been altered extensively over 

the years by reclamations for motorways, rubbish t ips and wharf and marine 

facilities. The tidal flushing capacity of the inlet has been decreased 
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because of this. Onehung a Bay comprises the area between White Bluff 

a nd Mangere Bridge. In this a rea lhe main channel is flanked by shallow 

intertidal flats (Figs.2&11).West of White Bluff, Onehunga Bay opens into 

the ma in body of the Manukau Harbour and is linked to the Harbour entrance 

Channels (Fig.1). At low water these channels are separated by the sandy 

intertidal Te Tau ba nk. 

Tidal currents domina te the hydrodyna mics of the area. However, a 

variety of minor water movem e nts also occur due to wind generated waves 

and estuarine circulation. Fresh water inflow into the area is generally 

small but ca n increa se markedly for short periods of time due to storm 

wa ter run off from the surrounding urban catchment. Tides are semi

diurna l with a me a n spring and mean neap ranges of 1. 98 metresand 3.42 

metres r espective ly. Measurements ma de at Old Mangere Bridge (Auckland 

Ha rbour Bo a rd, 1978 ; Appendix I) show that for mea n spring ebb tidal 

flow ti da l current s rea ch 0.93 m/sec (mean in vertical), the discharge 

is g rea te s t at 2 hours 20 min a fter high water when it equals 1160 cumecs 

and tha t the total mas s of wa ter exchang ed during ebb flow is 13.054 x 106 

cubic me tres . 

TEMPERATURE AN V S ALl Nl TY 

Te mpe r a ture salinity ( T/S ) surveys were ma de at Old Ma ng ere Bridge over 

a ful l t idal c ycle on 5 June 197 9 a nd quas i-synopt i c measureme nts were 

made be t ween Cape Horn a nd Ma ngere I nle t a t hi gh a nd low wa ter on 6 June 

1979 . Wa t e r temp e ratur es we r e con t i nuously moni tor e d at New Mangere 

Br idge for t he pe riod 3 - 3 1 Ma y 1979 . 

At Mangere Br idge ( 5 J une 1979 ) mean sa l i nity r a nged 26 to 30. 7%oover 

·- t he t idal cycle ( Fi g. 3 ). At h igh wa t e r salinity changed little with 

depth ( a bout 0 . 5%.) but a t low wa t er a ma rke d s tra t i fic a tion i s indica ted 

by the 3 . 5 ·X,0 sa lini ty g r a di e nt. As expec t e d the less sa l i n e water appears 

o n the s u rface . 

Quaoi- synop t ic T/S meaour ement s be twee n Cape Horn a nd the eas t e rn boundary 

of Mange r e I nlet show sa l inity i ncrease d seaward s with a c ha ng e of 7 - 5%0 

(22-29 . 5 Y>,) at low tide a nd 5 - 5% (27-32 . 5%.,) at high t id.e ( Appendix 2 A a nd 

B; Figs 3 a nd 11). Th e change i n sa l i nity b et wee n l ow a nd high tide a t 

the same location was abo u t 3~o west o f Manger e I n le t bu t increase d to 

ov er 7%oinside Ma nge r e I nlet ; probably indicat ive of p oo r er flushing 

within the inlet ( Fig. 5 ). Salinity changes wi t h dep th var ied with 

locati o n , t h e greate s t bei ng r ecorded at l ow t ide (Fig. 5 ). Wa t e r 
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temperature changed li ttle horizontal ly or vertically with values 

ranging from 11-13°C (Appendix 2 A and B; Fi~ 6). The greatest rang e o f 

values occurred in the uppe r Mangere Inlet where day time solar heating 

of shallow waters and mud flats probably produced the increased water 

temperatures at ·1ow water and colder night time air temperatures the 

marked drop in wa ter temperature at high water (Fig 6). 

Water tempe r a tures were recorded continuously at the New Mangere Bridge 

by an automatic chart recorder over the period 3-31 May 1979 . Measurements 

were made at a central channel location by a sensor sited 2m from the sea 

bed. The record shows a wide range in water temperature (8 . 4-20 . 1°c) and 

several marked short term fluctuations of nearly 3°c in 24 hours . The 

more r egula r flu c tua tions in water temperature evident in the record 

probably r eflec t warming of inlet waters on some days and cooling at 

nigh t, a nd exchange of Mangere Inlet and outer harbour waters o ver the 

tida l cycle. 

DROGUE BUOY MEASUREMENTS 

Drogue buoys were tracked over half tidal cycles in orde r to establish 

the pattern of wate r movements in the a rea . Survey con t rol data used in 

these surveys i s li sted in Appendix III. 

Drogues buoys comprising a 1ni2nylon "window shade" suspended 2 metres 

below a surface float (Hume, 1979a) were released from locations between 

Cape Horn a nd Maneere Inle t at high and low t ide and their movement tracked 

using boat a n d sextant for the dura tion of the ebb (28 March 1979) and 

flood ( 5 April 1979 ) t ides . Path-time histories for the drogue buoys 

along with wind and tide conditions are shown in Appendix IV and Fig _ 7 

. Sheet s 1-5 . Tide r a nges shown are those for the predic ted tide as the 

Onehunga tide gauge was not operatio nal during either survey. 

On both the ebb and flood tides the drogue buoys move d in the ma in 

channels (cf Figs 1 and 7 ) indicating the tide dominated nature of the 

flow and little wind influe nce. The peak velociti es obtai n ed by the 

drogues a nd their total distance of travel a re summarised in Table 1 

along with estimates of peak veloc ity and distance of travel for mean 

spri ng a nd mean neap tidal flow co nli tions . 

Ebb flow shows a tendancy to divide at Cape Horn into the Wai ropa and 

Purakau Channels (cf Figs 1 and 7 , Sheets 1-3). Floo d flow shows notic eable 

drop in velocity on entering Mangere Inlet . 



Peak Velocity 

(m/s) 

Total Distance of Travel 

(km) 

Table 1. 

Observed 

I Mean Spring 
(estim.) 

I Mean Neap 
(estim.) 

Observed 

Mean Spring 
(estim.) 

Mean Neap 
(estim,) 

EBB TIDE RELEASE 28 March 1979 

White Mangere Mangere 
Bluff Bridge Inlet 

1 • 11 1.20 1. 04 

0 . 89 o . 96 o. 84 

0.51 0.55 o .48 

12.0 11.8 6.8 

9.5 9.4 5.4 

5.5 5.4 3. 1 

FLOOD TID~ RELEASE 
5 April 1979 

Mange re 
Cape Horn Bridge 

I 
o.48 0.38 

0.91 0.72 

I 0.53 o.42 

5.5 2 .1 

9.0 3.4 

5 . 2 2.0 

Summary of data from ebb spring (tide range 4.3m) and neap flood (tide range 2 . 1m) tide drogue buoy 
surveys in the north eastern Manukau Harbour (cf Fig. 7). Estimates of the peak velocity and distance of 
travel for mean spring (tide range 3 ,42m) and mean neap (t i de range 1,98m) tides have been made 
using the assumption that the velocity and distance on a particular tide is proportional to the 
tidal range. 

+" 
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DYE DISPERSION MEASUREMENTS 

Di sper si o n r a te s were measured a t s ele cted locations in the area under 

flood a n d ebb tide conditions. For e a ch survey an i n s t a ntaneous point 

inje cti o n of a 2 l i tre slug of Rhodamine WT dye (40% liquid diluted with 

metha nol i n a r a tio of R:M = 4:1), then the dye p a tch tra cked for 

approxima tely t wo ho ur s or until i t di spersed comple tely. Re l e a ses were 

made a t bot h s l a c k wate r a nd mid tide . Verti cal c olour photog r a phy from 

a l ight ai r c r a ft (cf Hume and Clay, 1979 ) provided the si z e and sha pe o f 

the dye pa tch a t r egula r i ntervals (Fig, 8 , Sheets 1-3 ), Additional 

photog r aph s o f l a n dma r ~s on either side of the wat e rwa ys provided the 

loca tion of the dye p a tch. The sha p e s of the dye p a tches were drawn 

f r om colour photog raphi c e nl a rgeme nt s a nd p l a nime t ere d to determine area . 

Scale wa s calcu l a t e d fro m lens focal l e ng th a nd plane a ltitude or by 

sca l i ng o f f distances bet we en co-o rdi na ted obj e cts . At s hort ela psed 

t imes the dye pa tch o u t l ine i s sha r p , but a t l a t ter t i me s the outline i s 

no t a lwa ys c lear and s ubj ec tive j udgeme nt i s invo l ved , Bec a us e of high 

levels o f t urbi d ity i n ha rbour wa t e r s dy e can be o bserve d only to a little 

mor e than one metre dep t h . Thu s dy e patch move ment s r epr esent thos e du e 

t o n ea r s urface c urre n t's . Wind wa s s l i g h t ( 0 - 7 knots ) d uring the s urve ys 

t hus its effec ts on surf a c e wate r move me nts a r e assumed to be negligi ble 

( cf Fig. 8 , Sheets 1-3) , 

Flood Ti d e Dispersion - 4 Apr i l 1979 

Dy e r eleased from Pikes Point move d r api dly eastwa rds up-cha nne l wi th 

the p lume sho wi ng so me bifur c a tion a t the junc t ion of th e Anne s a nd Harania 

cree k cha nne l s ( c f F i g. 2 ) . Th e major i t y of the dye s pread up t h e Ha rania 

Cr eek c ha n ne l a n d split into two ribbons t ha t fl a nke d th e sides of the 

. channe l ( c f Fig. 8,Sh e et 1 a nd P l 2 ) s ugges tin~ tha t o n the fl ood t i de 

wa t e r wel l s up o ut o f the c ha nne l s a nd onto t h e ba nks or that higher 

v e loci t ie s i n the ce nt ral cha nne l mov e a nd dispe r se th e dye mo r e r a pi dly . 

Dye r e l ea s e d a t Old Ha ngere Bri dge a t low wa ter ( Fi ~8 , She et 1) moved 

r api dly u p-chan ne l i nt o the centra l Ma ngere In l et forming a pa t ch ova l 

to circ ula r in out l ine . The dye pa t ch mo v e d ont o a cent r a l ba nk in t he 

i n l e t ( c f Fi gs 2 a nd 8 Shee t 1) . 

Dy e r e l ea sed a t Old Man ~e r e Bri dg e a t half t i de s howe d initia l r apid 

di spers ion but th e n sank a s hort ti me a ft e r r e l eas e . 
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The results of the s urvey are summnrised in Fig.9A and Table 2. As 

expected dye released from Mangere Bri dge moves further and disperses more 

rapidly than that from Pikes Point, showing that surface current ve l ocities 

and dispersion are slightly greater in the western compared to eastern 

Mangere Inlet. It is expected that in both areas maximum current flows 

(and therefore dispersion) would be achieved 4i hours (270 mins) after 

low water (cf Fie. 10, Sheet 8). Subsurface dispersion is probably 

greatest in the eastern Mangere Inlet because the water is deeper there 

(cf Fi~ 2). Because dye sank on the ~ tide release it is possible that 

this also occurred to some extent on the full tide release. Thus 

observed maximum dispersion rates (Table 2) are considered to be minimum 

possible values. 

Ebb Tide Dispersion - 10 July 1979 

Ebb tide dye releases made at high water from Pikes Point and Old Mangere 

Bridge showed similar dispersion characteristics. Both dye slugs moved 

seawa rd expanding into broad arcute patch e s (cf Fig. 8, Sheet 2; Pls 3-4 ). 

Both travelled along the line of the major channels in Mangere Inlet and 

Onehunga Bay . 

Dye releases made at half tide from White Bluff, Mangere Bridge and Pikes 

Point were·less successful . All three slugs moved westward but at certain 

stages of tra vel the dye sank below surface waters. The Mangere Bridge 

s lug sank shortly af ter release when it appeared to become entrained in 

turbulent? naters a nd the silt plume in the vicinity of the Onehunga 

Wharves. The White Bluff and Pikes Point dye pa tches appeared to be cut 

along boundaries tha t notably coincided with the bounda ries of silt 

plumes (cf Pl.5). 

The re sul ts from the ebb tide dye survey ri re summnrised in Fig 9B and 

Tab l e 2 . Note that dispersion dntn are minimum va lu~s . 

The high tide dye release data shows that surfi cinl dispersion in the 

Mangere Bridge area is fiv e times tha t at Pikes Point (Fig. 9B) . 

The half t ide dye release data are presented in Fi g. 9B for comparison. 

Because turbulence and vertical shea r re s ulted in the submergence of the 

dye slug the g r ap hed data are unreli a ble. It is nota ble , however, that 

the ma ximum s urficial d i spe r sion observed at Pik es Point on the half 

time release (Fig . 9B ) is nearly two times that observed f or the high 

tid e r elease (Fig. 9A ). Vi s ual observations, ba t hymet ric information and 
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Dis tance of Travel Observed Dispersion 

Flood Tide 4 AEril 1979 

Tide Range 2 . 1 m (predicted) 

Old Mangere Bridge L 'i/ release 

Pikes Point L'/1 release 

Old Mangere Bridge - } tide 
release 

Ebb Tide 10 Jul;l 1979 

Tide Range 3 .71 m (observed) 

Old Mangere Bridge - H'/1 release 

Pikes Point - HW release 

White Bluff i tide 
release 

Old Mange re Bridge - ~ tide 
re lease 

Pikes Point 1 -;,· tide 
release 

Total 
Distance 
Travel 

1. 6 km 

o.8 km 

2.2 km 

1.3 km 

0.9 km 

0.9 

Time 
after 
Release 

122 min 

105 min 

Dye sank 

57 min 

61 min 

24 min 

Dye sank 

32 min 

Max. 
Surficial 
Dispersion 

5.9Dl/s 

4.2nf/s 

41.2ni/s 

8.6n1/s 

Dye 

Dye 

sank 

sank 

Table 2. S ummary of r e sults fr om dye dis persion s tudies 

(cf Figs 8 and 9). 

Time after 
slack water 

104-132 min. 

104-125 min. 

62-72 min. 

72-82 min. 
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tidal velocity data suggest that di s p,0 rsion at White Bluff would exceed 

that at Mange re Bridge . 

It is expected that at both Pikes Point and Mangere Bridge maximum current 

flows ( a nd therefore dispersion) would be achieved approximately 2 hours 

(120 minutes) after high tide (cf Fig.10 , Sheet 8). It is significant 

that dispersion rates observed for ebb tidal flow are larger than those 

for flood flow. 

TIDAL GAUGING 

Techniques 

A t idal gauging was ca rried out at Old Mangere Bridge on the Mangere Inlet 

to determine tidal velocity distributions in the channel and to enable 

calculation of tidal discharge and volume for neap tide flow. 

Measurements were made over a full tidal cycle (Fig. 10, Sheets 1 - 9). 

The channel cross section was surveyed by lead line measurements from the 

bridge (Fig. 10, Sheet 1). 

Gauging was carried out using standard river gauging techniques and 

e quipment employed by MWD. Current velocity measurements were made 

using Gurley bucket wheel meters at 32 verticals (Fig. 10, Sheet 1). 

Measurements were made on a large number of verticals as it is planned to 

analyse these data with a view to determining the minimum number of 

verticals and their distribu tion in the cross section necessary to give 

results of specific degrees of accuracy. 

- Preliminary measurements showed it wa s necessary to make velocity 

measurement at 0.1 , o.4 , o. 6 and 0.9 of the total depth to obtain reliable 

velocity profiles. 

Using 9 gauging team s a complete set of measurements was made on each of 

the 32 verticals within 30 ~inutes. Tide level observations were made 

throughout the gauging (at 10 minute intervals) at the Onehunga Wharf 

staff gauge . 
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Calculation 

The discharge versus stage and time relationships and total flood and ebb 

tide volumes were computed and plotted from the stage, current velocity 

and channel cross section data by the following computer technique. 

1. A stage/time relationship was derived (Fig. 10, Sheet 2). 

2. From the channel cross section survey data (Fig, 10, Sheet 1) a 

stage/area relationship was calculated and from 1. an area/time curve 

calculated (Fig. 10, Sheet 2). 

3, Mean velocities on each vertical were calculated from 11at point" 

velocity measurements and velocity/time curves derived for each 

vertical (Fig. 10, Sheets 3 and 4). 

4, From 3. a mean velocity/time relationship for the section was 

determined for 15 minute increments of time (Fig. 10, Sheet 8). 

5. From the area/time (see 2J and mean velocity/time (see 4J data 

discharge values (area x time= discharge) were calculated for 

each 15 minute interval of time and a discharge/time curve derived 

(Fig, ·10, Sheet 9). The area under this curve was calculated to 

give flood and ebb tide volumes. 

Results 

Physical characteristics of the site and hydrological data determined by 

the gauging are summarised in Table 3 . 

The accuracy of data from the gauging is expected to be high due to the 

large number of measurements made across the channel section (cf. Fig. 10, 

Sheet 1), howeve r, some minor errors would be expected to be introduced 

on the ebb flow by turbulence generated about the New Mangere Bridge 

piles. 
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MANG ERE I NLET AT OLD MANG ERE BRIDGE 

P HYS I CAL CHARACTERI STI CS 

Gaugin g S ite Refere nce 

Ca tchmen t Area 

La nd Ar ea 

Wa te r Area 

Tota l Ar ea 

Ra tio La nd/Wa t e r Area 

Length o f Es tuary a bo ve S ite 

Cha nne l Width a t Si t e ( a t MS L) 

Maximu m Cha nnel Depth a t Si te (below MSL) 

HYDROLOGI CAL DATA 

Date 

Tide 

5 J uly 1 978 

Fu l l Cyc l e , neap 

MR N42: 3 04505 

34 46 ha 

6 60 ha 

4 106 ha 

5 . 2 

4 km 

234 m 

8 . 3 m 

Tide Ra ng e 

Mean Spring Ra nge 

Mea n Neap Ran ge 

1 . 07 - 3.25 - 1 . 2 0 m ( Fl ood 1. 18m ; Ebb 2 . 05m) 

3 .42 m 

1. 98 m 

Floo d Ebb 

Cu rre nt Velocity - ma ximum a t poin t 0 . 53 m/s 0 . 6 33 m/s 

- maximum mean in ve rti c a l o . 4 7 m/ s o . 49 m/ s 

- max imum me a n i n sec t ion 0. 3 5 m/ s 0 . 36 m/ s 

Di scha rg e - max i mum 536 nl/ s 5 60 nl/ s 

Ma x imum Veloc ity a nd Discharg e 4~ h r s a fter LW 2~ hours 
HW 

Tida l Volu me 

Table 3 . 

6 , 655 , ?00ni 6 , 3 82 , 1oonl 

S umma r y of p hy sica l c h a r a cte r i s t i cs o f th e Ma ngere I nle t 
ga u g ing si te a n d hydrolog ica l da t a dete r mined by the tida l 
gauging ( c f Fi g . 10 ) . 

after 
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Isoline plots show tidal velocitie s generated at peak flood and ebb 

flows (cf Fig. 10, Sheets 5 and 6). The flood and ebb tide flow patterns 

(particularly the flood) show marked irregularities in flow near the 

central - bottom channel and two cores of higher velocity flow flanking 

the central area. Stage versus mean velocity and discharge plots 

(Fig . 10, Sheet 7) demonstrate that velocities and discharge are slightly 

greater for the ebb tide than the flood. Mean velocity and discharge 

versus time plots (Fig . 10, Sheets 8 and 9) show that maximum velocity 

and discharge on the flood tide occur 4~ hours after low tide and 

2t hours after high tide on the ebb tide. The period of duration of 

slack water (i.e. velocity less than 0.1m/sec ) is 50 min at high tide and 

2 hr 50 min at low tide. Maximum observed current velocities, and tidal 

discharge a nd volumes are given in Table 3. Neap tide volumes are 

approximately half that obse rved for spring tides (cf p.2). 

Comparison of the flood and ebb tide volumes shows that the flood tide 

compartment was larger than that observed for the ebb. The difference 

(i.e. 273 ,600~) can in l arge part (90%) be attributed to the larger tidal 

range recorded for the flood tide (2.18m) compared to the ebb (2.04m) . 

Interestingly predicted astronomical tides forecasted identical tidal 

r anges for both the ebb and flood tides. Deviations from predicted tides 

of this order of magnitude are not uncommon and may reflect some outer 

ocean disturbance . The larger flood tide compartment compared to the 

ebb is indicative of the large surface to depth ratio of Mangere Inlet 

and the strongly tidal nature of the system. It is also indicative of 

the small volume of freshwater entering the estuary, estimated at the 

time of the ga uging (by measurement and calculation) as being 0.47m/sec. 

Freshwater storage over the tidal cycle therefore approximates only 0.3% 

of the ebb neap tide volume . 

Measurements in Mangere Inlet and other tidal inlets in the Auckland area 

(e.p;. Hume , 1 979b) n ugge s t that a s a crude approxi.mation current 

velocities, discharges and tidal compartments for neap tides are 

approximately half those for spring tides. 
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DISCUSSION 

Combining data from field studies with existing information provides a basis 

for forecasting the effects of proposed power station cooling water 

outfall on the Mangere Inlet - Onehunga Bay area. 

Morphology 

The area under consideration for cooling water outfall is part of an 

isolated and enclosed body of water linked to the outer Manukau Harbour. 

The outer harbour flushes to the Tasman Sea by a narrow deep entrance 

channel (Fig. 1). Depth sounding surveys of the Mangere Inlet - Onehunga 

Bay area include detailed surveys of the Onehunga Bay area by the Auckland 

Harbour Board (1978) with depths shown at 0.1m intervals, more detail 

soundings in the vicinity of the Onehunga Wharves and Mangere Bridge 

(Auckland Harbour Board, 1967) and soundings of the Mangere Inlet area 

(Ministry of Works , 1960 and 1961) (Refer Appendix I). Using data from 

these surveys and correcting for subsequent reclamations a bathymetric map 

was drawn (Fig. 11). The figure illustrates the morphology of Mangere 

Inlet and Onehunga Bay and from the bathymetric data approximations of 

volumes at various stages of the tide were made (e. g . Table 4). No 

allowance was made for sedimentation or erosion subsequent to the above 

mentioned surveys, however, the tidal compartment for Mangere Inlet 

determined from these data compares favourably with that obtained by 

gauging. It can be seen that subtidal areas below chart datum are 

confined to the main channel area in Onehunga Bay and to the central 

western end of Mangere Inlet. Shallow intertidal c reeks , usually off 

the mouths of inflowing streams or culverts, drain the shoal and tidal 

flat areas which flank the main channels. 

Tidal Flows 

Field surveys demonstrate that the lunar semidiurnal tide is the 

principle drivin8 mechanism for waters in the area. In the absence of 

wind, dominant tidal motions appear to be controlled by local topography 

and parallel the major tidal channels and banks (Fig. 1 and Fig. 7). 

Hence tidal motion s are predominantly back-and-for th rather than rotary 

in nature, particularly in deep waters in channels and at lower stages 

of the tide. 



Wind almost certainly exerts a sign ificant influence on any weak net 

circulations particularly for surface waters and in shallow intertidal 

areas, but data on this influence was not obtained, The prevailing 

southwesterly wind may play an important role in confining surface water 

effluent fields to the northeastern corner of the Manukau Harbour 

(Fig. 1) • 

Because of the strong tidal influence, currents measured at various 

locations show marked variations in speed and direction depending on tide 

state. At Mangere Bridge for instance the mean maximum velocity in 

section varies from 0,35 m/s for neap tides to 0.92 m/s for spring tides. 

Furthermore because of pronounced changes in bottom morphology current 

velocity may vary greatly across the channel section, For neap tides 

maximum velocities and discharge at 4~ hours and 6~ hours after low tide , 

and the period of slack water (i.e. velocities less than 0,1 m/s) ranges 

from 15 to 50 minutes at high tide and 1 hour to 2 hours 50 minutes at 

low tide (Fig. 10 , Sheet 8). The shorter slack water periods occurring 

at spring tides. Field surveys show that dye released at slack water has 

a f ar greater tendency to remain as a coherent slug when the current 

begins to flow than dye released into fast flowing water, suggesting that 

Lhermal powe r station cooling water discharge should not be released at 

slack water if pooling effects are to be minimised. 

These data show that spatial and time dependant variations in current 

velocity and discharge are very important factors in determining the 

location of cooling wate r outfall sites. Ideally sites must be chosen 

that make best possible use of h igh current flow regimes and furthermore 

be timed to coincide with periods of high current flow. 

·salinity and Temperature 

Winter (,June) sa linity measurements s how a range of 22 to 33 %., between 

Cape Horn and Mangere Inlet and a 3 to 6 %o va r ia tion be tween high and l ow 

water a t individual sites . Salin ity increases seawards. The fairly 

high salin ities encountered in upper Mangere Inlet are indicative of 

low fresh water drainage into the inlet and tidal exchange with outer 

harbour waters. Marked vertical st r atification is apparen t at low water 

and no doubt results from the longer period of slack water. 
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The data s uggest tha t for neap tides mixing is poorest for one hour before 

and two hours after low water. 

The 5 June 1979 survey showed that salinity varies at about the same 

period as the tides, maximum salinities coinciding with high water and 

minimum salinities with low water (Figs, 3 and 5), When streams 

discharge into the Mangere Inlet and Onehunga Bay area in full flood 

condition s much lower salinities would result, particularly near the 

stream mouths, Because of the fairly long residence time of waters in 

the inlet (see next section) it could take some time before ambient saline 

conditions are returned after excessive fresh water flow subsides, 

Water temperature measurements made over a one month period in winter 

(May , 1979) display a large (8,4 to 20.1°c) range in temperature. The 

record shows quas i-cyclic fluctuations in temperature of several degrees 

proba bly related to warming of inlet waters on some days and cooling at 

night, and exchange of Mangere Inlet and outer harbour waters over the 

tidal cycle. These winter observations suggest large seasonal temperature 

changes will occur in the inlet and marked short term variations can be 

expected particularly on hot summer days when the flood tide advances 

over the intertidal fla ts. A phenomenum demonstrated in part by water 

temperatur~ surveys between Cape Horn and Mangere Inlet on 6 June 1979 

(Fig. 6). Monitoring summer water temperature changes and their duration 

is impo rta nt to determine the order of magnitude of natural fluctuations. 

Little ve rtica l temperature stra tification was apparent. 

Flushing 

Mange r e Inlet and Onehunga Say are estuarine areas characterised by a 

small total volume to tidal compa rtment (the difference in water volume 

in an inlet between low and high tide) indicating the flow is dominated 

by the t ides (Fig. 11 and 12A , Table 4). 
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Mangere Inlet 0nehunga Bay 

Tide Range Mean Neap 1.4 - 3.4 

(m) Mean Spring 0 .7 - 4.o 

Total Volume MHWS 12.517 13.036 

(m3 X 106 ) MLWS 0.936 2 .927 

MHWN 1.720 4. 5 18 

MLWN 9 .054 10.913 

Tida l Compartment Mean Neap 7.334 6.395 

(m3 
X 106 ) Mean Spr i ng 11.581 10 .1 0 9 

Table 4 Tidal volume data for Mange re Inlet and 0nehunga Bay 

The data suggest tha t at cert ain levels a straight line rela t ionship 

exis ts between depth and the total volume of water in the inlet (Fig. 12B). 

The tidal range varies from 1.98 m (neaps) to 3 .42m (springs) and the 

surface areas at hig h and low spring tides are 2 . 7 and 5 .7 km
2
respectively 

for Mangere In let and 3 .1 and 3 . 5 km
2

respectively for 0 n e hunga Bay. 

The ratio volume to tidal compartments varies from 1 . 05 (spring ) to 

1.23 (neap) for Mangere Inlet and 1 . 2 9 ( spring) to 1 . 71 (neap) for 

0nehunga Bay demonstrating the hydrology of Mangere Inlet is more tide 

do~inated than 0nehunga Bay. 

The residence (or flushing) time of waters in the area and the 

._ r elationship between Mangere In l et and outer harbou r waters are an 

importa nt consideration. The residence time of water i n an i nlet is 

the time from its initjal entrance to its final exit and diffe r s for 

different parcels of water de pe nding on their r e l ative densi tie s and 

f r om where they enter. Because the density of water parcels chang e with 

time the residence time is difficult to measure directly . The tidal 

prism and the salt deficiency methods a re considered here (e.g. see 

Bowden, 1967). 
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The tidal prism method is often used where tidal movements appear to be 

the main mixing process. Assuming water entering the inlet on an 

incoming tide (P) is completely mixed with that water in the inlet at 

low tide (V) then the residence time(t)in tidal periods is given by 

t 
V + p 

p 

For Mangere Inlet this gives a residence time of 1.1 and 1.2 tidal periods 

(tidal period= 12.42 hours) for spring and neap tides respectively. 

The overall residence time for waters in the Mangere Inlet - Onehunga Bay 

tidal reach is 1.2 and 1.4 tidal periods for spring and neap tides 

respectively. This method of calculation only gives a lower limit to 

the flushing time because the assumption of complete mixing in each tidal 

period may not be justified, 

An alternative method of estimating the flushing time is the salt 

deficiency method which considers the rate at which freshwater entering 

the inlet from stream inflow is flushed out and therefore its residence 

time (Bowden, 1967 , p.19). Consider a case where the rate of influx of 

fresh water is Rand the total volume of fresh water accumulated in the 

inlet is F. If So i s the salinity of water outside the estuary which 

is availabie for mixing and Sis the salinity at any point inside, the 

fresh water content at that point is given by 

f = 
So - S 

So 

The accumulated volume of fresh water is 

fd (vol), 

where the integration is carried out over the total volume (V). If a 

steady state is assumed where R also equals the rate of removal of fresh 

water from the inlet , then the flushing time t to remove the accumulated 

fresh water present at a given instant at this rate is 

F 

t = R. 
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The salinity survey on the 6 June 1 979 (Appendix II) showed the average 

salinity (mid depth data) for Mangere Inlet to be 28.0 %0 and the salinity 

outside to be 29.5 %0 • The amount of fresh water inflow determined by 

gauging and calculation was o.47 J/s and evaporation was 0 . 04mo/s~ata from 

Mangere Sewage Purification Works). For a neap tide with high water 

4 6 3 
volume of 9 ■ 0 x 10 m, the residence time is approximately 13 days. 

For the Mangere Inlet - Onehunga Bay system the residence time for a neap 

tide situation is calculated as being 33 days. 

These estimates are for mean residence time for all the water in the 

inlet and for neap tides . The residence time would be shorter for spring 

tides. Compared to the tidal prism method the estimates are high and 

further studies would establish the ranges of residence time for a variety 

of tide conditions. Flushing time may also be expected to vary with 

rate of freshwater inflow (cf. Bowden, 1967). The flushing time calculated 

in this way should strictly only be applied to a pollutant if it is 

injected into the inlet in the same way as the freshwater. In the case 

of thermal power station discharge for instance the warm and therefore 

less dense effluent field may remain in the upper layers and be removed 

more quickly. The residence times should be considered to be maximum 

values, During the salinity survey of the 6 June it was noted that the 

less saline water was largely confined to the upper one metre or so of 

water. If this surficial salinity data is used to estimate residence 

time it returns values of 13 days for Mangere Inlet and 20 days for the 

Mangere Inlet - Onehunga Bay tidal reach. These data probably approximate 

more closely residence times of water in the upper layers. 

The relationship between waters in Mangere Inlet and Onehunga Bay can be 

examined on the basis of the volume tric and field data. It is apparent 

- that the spring and neap tide compartments for the two areas are similar 

(Table 4). On the ebb tide the volume of water flushed from Mangere 

Inlet into Onehunga Bay is approximately 1.6 x and 3 ■ 9 x the volume of 

water in Onehunga Bay at neap and spring low tide respectively. 

(Table 4). This suggests that on the ebb tide,water in Onehunga Bay 

is completely -flushed out into the outer harbour through displacement by 

Mangere Inlet water. The large residence time for waters in the area 

demonstrates that this is not the case. Furthermore 
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physical model t ests (Hume, 1979c ) show that a large amount of the tidal 

exchange takes place by strong tidal flushing down the central Onehunga Bay 

channel. This mechanism must become more important at lower stages of 

the tide when a larger proportion of tidal waters become confined to the 

channels . This demonstrates the need for cooling water discharge into 

main channel locations. Drogue buoy data suggest considerable exchange 

of wa ter between Mangere Inlet and Wairopa Channel by means of flow in 

the main channel. It is apparent that while effluent released at high 

tide from the Mangere Bridge and central Mangere Inlet area is likely to 

travel well down the Wairopa Channel, ebb tide releases made at half tide 

from the Mangere Bridge and central Mangere Inlet are only likely to 

reach the vicinity of Cape Horn and White Bluff respectively, then return 

to Onehunga Bay on the flood tide. 

pronounced for neap tides. 

This situation is likely to be most 

Proposed discharge from a combined cycle power station is likely to be 

in the order of 10 cumecs or 447,000 ~ per tidal cycle. This volume is 

quite significant when compared to the neap and spring low water volumes 

in Mangere Inlet, but forms only a small proportion of the spring and 

ebb tidal compartments for Mangere Inlet and the Mangere Inlet - Onehunga 

Bay tidal reach (see below). 

S tation Cooling Wa ter Volume as a 

Percentage of 

Low Tide Volume Tidal Compartment 

Neap Spring Neap Spring 

Mangere Inlet 26 4 8 6 4 

Mangere Inlet and Onehunga Bay 7 11 3 2 
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Figure 1?, a~d b . Pl o ts demo~s tre llng the r e lntionshlp 
between l e ve l nnd volume of water contained in inlet below 
t hat level (cumulative volum e ) . Note the compa ratively 
small volume of Mangere Inlet a nd Onehunga Bay be lo~ cha rt 
datum (Fig. 12a ) and the straight line r elationship that 
exists bet ween level a nd c umula tive volume for certain 
l evels in Mangere Inlet and Onehunga Bay . 

Fig. 12a 

Fig. 12b 



Plate 1 

View l ooking northwest down Mangere Inlet and Wairopa 

Channel. Mangere Inle t lies in the foreground, 

Onehunga Bay is the area immediately beyond Mangere 

Br idge (centre) a n d the Wai ropa Channel curves left 

towards the Y.anukau Heads, 

highwater on 10 July 1979 , 

Photograph taken at 
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Plate 2 

Neap flood tide dispersion of dye (4 April 1979, 1224 hrs) 

r eleased in tidal channel adjacent to Pikes Point 

(cf. Fig. 2 and Fig. 8,Sheet 1). 

Note how the dye patch has split into two ribbons 

that flank the channel borders, Arrows show 

inferred direction of current movements. 

The white shape is a shell bank (Fig. 2) and the 

brown material is algae growing on the intertidal 

mud flats, 
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P l a te 3A 

114 4 hrs 

Plate 3B 

1212 hrs 

Pl ate 3 
Photographic seque nce from 10 April 1979 showing spring ebb 

tide di s persion of dye released from Mangere Bridge area 

(approximately extreme left centre of Pl-3A ). 

Note the arcuate shape that the dye patch assumes as it 

travels westwards (to right of photograph) down Onehunga Bay 

(cf Fig. 8, S hee t 2 ). 
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Plate 4 
Spr ing ebb tide dispersion of dye released f r om 

Pikes Point area (bottom left of photograph ), 

Note that the dye patch assumes an arcuate shape 

simila r to that released in Onehunga Bay 

(cf Pl. 2 ). Photograph taken on 10 April 197 9 

at 1210 hrs (cf, Fig , 8, Sheet 2 ) , 
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Plate 5 
Dye pa tch at 1316 hours release d from Pikes Point 

arpa unr:ler spr ing ebb tide cond i tion s , The top 

bor der of the print parallels the northern boundary 

o f the Mangere Inlet (cf. .Fig , 8 , Sheet 3) , 

Note the dense si lt plumes streaming right to 

le ft (eas t to west) across the area and how the 

low e r pa rt of the dye patch is c ut by one such 

plume. 



5
,. - -

MANUKAU HARBOUR - GENERAL 

~blished Papers, Re ports and Charts 

Hydrographic Branch, Navy Department 1969 Ch 
A h I art NZ 4315 pproac es to Onehunga 1 : 18,000 • 

_________________ 1973: Chart NZ 4314 , 

Manukau Harbour, 1 : 48,ooo 

Auckland Harbour_Board 1974 a: Comparison of levelling and 
soun~ing datums for Onehunga, Manukau Harbour 
Drawing S90/26 of 18.10.74 . 

_______________ 1974b: Chart of abnormal high t ides 

recorded at Onehunga, Manukau Harbour,during the period 
1926 - 1973. 
Drawing S90/25 of 25.1.74. 

Anderson, P . W., Grange, K. R. 1976a : Bibliography of scientific 
studies of Manukau Harbour, Auckland , Miscellaneous 
Publication N. Z. Oceanographic Institute 74. 

Henriques, P. R. 1976 : Manukau Harbour Ec ology: preliminary 
investigations, Report to the Works Division, Auckland 
Regional Authority, Auckland 

Auckland Regional Water Board 1976 : Baseline data on water quality 
in the Auckland water region obtained in 1975 and 1976, 
Report prepared for the ARWB by the Works Division, 
Auckland Regional Authority, Auckland . 84 p. 

_______________ 1977 : Baseline data on water quality 

in the Auckland water region obtained in 1976 a nd 1977 , 
Volume II, Report prepared for the ARWB by the Works 
Division, Auckland Regional Authority, Auckland, 65 P• 

Hendriques, P. R. 1977 : Selected ecological aspects of the Manukau 
Harbour, Unpublished Ph,D . thesis in Botany, University 

Heath, R. 

Other Data 

of Auckland, Auckland , 

A., Greig , M. J. N., Shakespear, B. S. 1978 : 
hydrology of Manukau Harbour, N.Z . Journal 
Freshwater Research 11 (3) : 589 - 608, 

Circulation and 
of Marine and 

Auckland Harbour Board : Tide gauge records from Onehunga Wharf , 
. d 1926 present , Data held 

Manukau Harbour for the perip -
by AHB. 

bl" hed hydrological data 
Appendix I, Summary of published and unpu is 

available on the study area , 
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MANGERE INLET - NAIROPA CHANNEL 

E,::bl ished Papers , Reports and Chart s 

Auckland Ha r bou r Board , 1967 · Onehu 
· nga east of M O. B. C. Reclamation . si ltat1.· a nge re Bridge . 
· on s u r ve y D . of Oc t o be r 1967 . Sca l e 100 f t . • rawing H5/6a 

ee :1 i nch. 

1970a · Ti d 1 t . a s re am obse r va tions in 
vicinity of Puketut u Is l and M k 
!IT 5/1/1 tl1' 5/ / ' anu a u Ha rb our 

-
1 1 7 of De c embe r 1970 • 

the 

Dra wings 
Scale 1 : 18 , 000 . • 

1970b : Manuka u Harbour Puketutu I 1 d s an area , 
Estimated tidal s tream pa t t ern at half f l d • 
Dr a wi ng HT 5/1/9 of 14 December 1970 S0 0

1 
t1.

1
de , 

8 • ca e : 1 , 000 . 

1970c : Ma nukau Harbour Puketutu Island area. 
Estimated tidal stream pat t e r n at half ebb t' d 
HT 5/1/8 of 14 De c ember 1970 . Sca l e 1 : 18~o~o . Drawing 

Bluffs . 
Sea le 1 

1978 : Ba t hymetry of Mangere Br i dge to Wh i t e 

Drawing H5/15/1 of 19 Se ptember 1974 . 
5 , 000 . 

Auckland Regional Author ity 1972 : In vest i gation of d i spe rsi on of 
effluent from Manukau Treatment Wo r ks . I nternal report , 
l'/orks Division , ARA , Auckland 20 March 1972 , 

Hume , T . M. 1979 : Auckland Combined Cycle Power St ation I nves tiga tions 
- Model Tes ts for Siting Ma r i ne Cooling Wate r I ntake and 
Outlet S tructures i n Onehunga Bay . In terna l Report,water 
a nd Soil Sec t ion , M. W. D., Auck lan d. July , 1979 , 18pp . 

Hutchinson , E. G. 1978 : Manukau Harbour Surveys , I nt e rna l Report , 
Works Division , Auckland Regiona l Author ity , Auckland . 

Minis try 

·. Ministry 

10 February 1978 . 

of .'iorks, 1960 : Manukau Mud f lats - Rec lamat ion Survey• 
Comparison survey datum : with datums of: AHB , L & S De pt ., 
AMDB and NZR , Dr awing ADO 29395 of 20 May 1960 . 
Scale 2 feet= 1 i nch , 

of '.'/orks , 196 1 : Manukau Har bou r Mudflat Rec l a ma tion Con t our 
Survey . Draw i ng ADO 29817 of Feb rua r y 1961. 
Scale 4 00 fee t = 1 i n ch. 

Mortimer , D. H. 
other 
Works 

!!arbour ].·n vcs t igatlons - I so t ope and 
·1972 : Manukau 
harbour tests . 1971 - 1972 , In ~e rnal r epor: , 
Di vision, Auc kla nd Regiona l Aut hority , Aucklan • 

hlls-Green , p , 1979 : Port of One hunga - Tidal Model . 
1 1979 139PP• Auckland Harbour Boar d . Ju Y • 

I nte rnal Report , 



Q.!_her Data 

Ha rbour Board : Tidal vo l ume tric gauging a t Mange re Bridge_ 
Auckla

nd 
Spring ebb f l o w 19 J une 1978 , Data held by AHB. 

Current ve l oc ity and water s lope me asurements 
ma de i n t he vic i nity of Mangere Bridge a nd White Bluffs in 1978 , Da ta he l d by AHB . 

Re gional Au thority : Dai l y wa t er tem perature r ecords from 
Auckla

nd 
Mangere Bri dge 1960 - 78 , Data held by Works Division, 
ARA , Auc kland, 



station Time Wate r 
Dept h Observation 

Te5perature Depth Salinity (m) ( C) 
(~ 

1 • Cape Horn 1257 7. 1 T 13,7 28.4 
M 12.2 29 ,6 
B 12.5 

2, White Bluff 1308 5,2 30.0 
T 12.4 28.2 
M 12 .5 29 .0 
B 12 .8 29,6 3. 1317 2.4 T 12.1 27 ,8 
M 12, 1 28.0 
B 12,1 28 .0 

4. Old Mangere 1323 5,9 T 11,8 Bridge 26 . 8 
M 11,9 27 ,8 
B 12 .0 29,0 

5, 1330 7, 5 T 11, 8 26 .6 
M 11. 8 27,7 
B 12.0 27 . 7 

6, 1340 1.3 T 12.0 26 .0 
B 12.0 26 .0 

7, 1355 o.4 T 12,0 25 ,9 
8, 1405 o . 8 T 12 . 5 24 .6 
9, Pikes Point 1418 o.6 T 12,9 22 .0 

Appendix IIA, Temperature and salinity · data from northeastern Manukau 

hrbour at low tide on 6 June 1979; station positions are shown in 

Fig . 3 (T = top, M = middle, B = bottom), All measurements made with 

Yellowsprings SGT meter, 
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station Time Water 
Depth 

Observation 
Temperature 

(m) Depth ( OC) Salinity 

1 • Cape Horn 2005 9,5 T 12 . 8 
M 

32 . 4 
12 , 6 32 . 6 

B 
2, White Bluff 1952 7,5 

12,6 32,6 
T 12 . 7 30 , 4 
M 12.7 31.8 
B 12.8 

3. 1941 6.4 
31 . 8 

T 12 , 8 30, 4 
M 12 , 8 31 ,1 
B 12,6 

4. Old Mangere 1935 7,9 
31 , 1 

Bridge 
T 12 ,7 30 . 2 
M 12 . 5 30,6 
B 12,5 30, 6 

5, 1930 10.4 T 12.6 30, 0 
M 12,6 30,4 
B 12 . 3 30, 6 

6. 1924 2.5 T 12 .5 30. 2 
B 12,2 30, 4 

7, 1918 2 , 8 T 12 . 2 30. 2 

B 12.2 30. 0 
8, 1910 2 . 5 T 12 . 5 29 , 2 

B 12 .2 29.8 

9, Pikes Point 1904 2 , 8 T 12.3 28 . 4 

B 12.3 29 , 4 

10, 1855 1 , 1 M 11.2 30. 0 

11 • 18113 1. 2 M 11, 1 27,9 

12 , 1830 0,7 M 11,5 27 . 2 

Appendix IIB, Tempe r a ture a nd Salinity data from northeastern Manukau 

Ha rbour a t hig h tide on 6 June 1979 ; sta t ion positions a re s hown i n 

Fig• 3 ( T = top, M = middle, B = bottom), All measurements made with 

Yellowsprings SGT meter, 



co-ORDINATED STATIONS NORTHING 
EASTING 

one Tree Hill Obelisk 697 552 . 4 301 662 . 8 
pylon 32 693 951,5 301 913 , 9 
pylon 33 694 082 . 0 301 759 . 6 
pylon 34 694 501 , 8 301 292 , 2 
pylon 35 694 698 . 1 300 206 . 3 
cement Silo North 693 960 . 2 301 878 , 3 
cement Silo South 693 950 , 9 301 875 .1 

Note Origin Mt Eden 700 000 m. N. 300 000 m, E . 

Appendix III. 

Co-ordina ted s urve y control marks in the Mangere Inlet -

Wairopa Channel are a. Additional data given in Auckland 

brbour Boa rd pla ns H MI SC 3 and H MISC 4. 
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,. <...MAIN '~"'° lb wr oso•, 3&<J5 TAUMAT"'RtA , ,. ,,, UJt 2.-t, ,,..
5 
t---+- --f--------L-1 --- __ ;,_ _________ _ 

/J ._u, c,AN r~-,,.. r C,.l"fAI"' IJ,00 lb WT 12.'tJ.•, ~l.9♦ f'Vl<.E,TVTIJ I LT. b,2 119 2.~3 n, , ,. ' t z. --
•~ &Vi(>( C.O N!GAL-. 0:,N I CJII.I... SU"MOUNT 1.3 l nt r" CMAIN ISOOft, WT ;z.1a•, ♦!.) .. :;~~:=~~-~ ~P,~- -r.•::_8~~=~~:;- :N~]~O:::-,:-,,:-:-----+-
lt tl.U) c..N-1 ·~ l ,.. ,..,a• (.HAIN lot. TON WT 1 "?,23•, z.a,o 

~:-~lc.:L , C.0-:~L~ MOU~ I~-,,.. 1V"'~"''N__ ~~ (..:: '::i-,•-,.-,,.-..-0--------+--
16 .. io C.,,.N 15 z..,., ,·c.HAIN lo\. TO"' WT ~sa·,s , i.2.1'9 

'" aur,c_,c C.ONICAL a ,a.05,p1,<E, !,~.., ~ CM.AlN--1.soo--:--~ L~&-. - . -040--- --~1--

• .. , 51& a.., , &&o 

.,2.sn, 2.'t♦ IM 

f,1)1 S•l 2.'U W.~ 

b'3, •1• 2.95 04l ? I t '?,z_ 

1.,, ,.~ 2.'t~ ,,. . " r~ 

...,,~ 2., .. "JOI 

b,2. 2.Sl 2.,♦ oe+ - , 

1.0 l(.0 C,A"1 4,1J~ "180 /1.•9 ..00 ,, . ,-
I.SOO lb WT ~-~0: 2.,so f'\.IIICEJ'VTU I. LT b'1 708 I 1, .. ..,1. q 2 .. , 

I~ "Jm lv(>"'...HAIN 

~-------------~--- -
1L .. £0 r.AM ") ,,, l 300 ,,o ;'..I l -, .:1 I 

'1 TON WT~.,- ,.-,.-:,.- . -!) fi~-~~~1:-,G~.-f---+---
--+------+----'-----+------------+-----' 

tJ l)L.A(.,t(C,ONICJII.L,OONICAl...5,Ull.MOfJ'•-'T 1-,-, m 

1.5 lk,A(.IC. CONICAL . &tlt OS P11<€ 

I' (.r4A/ N 

l.3 "Jn, rGJ..1.AIN 

4A3 02.2. ; 2.,s o.s-i 

... .,,..iS .. , ;: '?: .. ~ 

~t q•& .2.,& 111. 

15 CWT wT 3U0 ,LTI~ PuicCTVTU I LT 

--- - : - F.R. ONE,:;vN(,-~A~--
~TON WT 2.4.3, Ol1 WMAlllF 

l!,00 lb 'NT .3,4-l.0♦5; U.1♦ PUkE11ftU I lJ. 

f,"-)"lt,S 301 150 I. " l!.C -i 
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I 

-------.--____ L ________ J ______ 7~~~~=i.~::r1=],==i1--:-~ ... ~··~··:·~7-;;;;;7 - t~o~"~••~"lo-1--t _;ll---f. I''~":::' ;-;'':-'L---'-- ii _ 
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SITE , 

TIME 

104-9 

I I I 5 

II ff 5 

!IS2 

1200 

/230 

!2~/ 

1300 

!3tJ6 
12£/lEIEf;ffl) 

1,:JOfs 

/.J/9 

/330 

/34.3 

1353 

/4-0J 

142 7 

/44-1 

11,,.43 

1500 

!S/7 

/(,O/ 

1633 

1700 

NORTHEAST l\ 1t\NUKAU HARBOUR 

GRID REFERENCE 

LONGITUDE LATITUDE 

174• 4- 7' 09" 

174 • 1,,-7 · o3" 

174° l;-6 ' µ_· 

114- . M, .l 9'; 

174° 4-6' .l3'' 

;74· 4S . s4·· 
174° 45" . . H," 

I 74° 4S' /4-' 

174 • 44-·s7" 

/74° 4--4'SS" 

174" 4.4., 36 .. 

174"1.;.;_,_'/t," 

/74• 43' 57" 

I 74-" 43. Jf]" 

174 ° 43' 1,1.,.•' 

174' 4./ /4.tf 

114. ' /11· 1:r 

36° Sf,' /0" 

36' 5't; og" 

3c: 5~' 0 7 P 

3r,· St' o9' 

3t:. 0 S6' 10· 

36° S-6' ;t/' 

3;;," St,. g · 

JC 56' IS' 

36' St ' /0" 

Jt' 5t;' 09 ., 

3(,. 5{,' /1:/'. 

3C 56' 14· 

3C 5r,· 23" 

3C5<>'34" 

3&° 5r:;,' 33" 

3t. 0 St' 30" 

3(.'S't ' 39" 

31.,· St' 4 :? " 

36. s-7' os" 
31,· 5'7' ;9· 

j'/,~ -~ /' JJ" 

31.,· S7' ;9· 

3? 0 Sf ,29·· 

J?, r ,S"/' 4.5" 

TV 

R CZ. I Cl.Cl SQ. 

OBSERVER: I',' TM wmu. ~ SciL 

VELOCITIES m/sec 
1 EST' D;:;c--~E-S_T'_D___j 

OBS SPRING NEAP 

0· /0 

O· 9Z 

0 32_ 

0 41 

0 58 

0 ·S'O 

I .2.0 

I 03 

0 75 

0 70 

IOI 

O 73 

0 75 

0 92. 

0 !J7 

0 7/ 

0 /JJ 

0 68 

o JS 

0 08 

0 2 I 

0 7'1 
JJ 

0 4(,, 

0 40 

0 90 

0 82 

0 60 

o-.% 

0 8/ 

0 7g 

o S8 

0 60 

0 74 

0 70 

0 {7 

O J8 

0 2 '} 

0 Jf? 

0 05 

O · IO 

0 42_ 

0 IS 

0 19 

0 7.7 

0 2] 

o-S-S 

O 47 

o JS 

O 32 

0 J;.fo 

o 4S 

0 J4-

o J~ 

O 1,.2 

0 J3 

O J8 

o JI 

o :n 
O 17 

0 /{:, 

--1 --, tn 



TIME 

/048 

110s 

/!J S 

JJOS 

/2/J 

;:u.7 

IJJS 

/21,,.C, 

/]/0 

JJ J') 

/3} .] 

/333 

I 3.56 

11/-0b 

/4-IJ 

/4-7./,;

l44,J 

/l1 SS 

!7oS 

GRID REFERENCE 

LONGITUDE LATITUDE 

174° l+I+ - .44" 

I 74' J,,/2 ' 6/ 

17/,/ 4 -4-' 4- 9· 

174° J,_/,.' 2 9· 

11.1,,-- 0 4-J' SJ" 

174" 4-J ' 3t''' 

/74° 4 _J' 07 ' 

I 74° 1,7 3 2' 

I 74. LI- I' S(;. 

I 74" 4 0 :,'J ' 

114• 1, 0 or 

//// ,s;;· O?. 
,, 

3C 59' 03" 

36° 5l' 13" 

3C g,· ;s· 
36° S?..' 20·' 

_Jt," 56 - ;ff" 

,](.,
0 sr;' 2t'° 

Jt, 0 

St., ' 29" 

.JC st · 37" 

JC s-c· JJ'' 

J{,. St' .?S'. 

]{. " 5(:, ' ;,7.' 

Jt.," ,5(., J I" 

3& 0 5?.,, 4 €' 

31-." 5f 02· 

3?° S7' /J" 

,JC :;I ; ;J" 

JC 5 7' :zf 

.JC !,7 ' -12 · 

36 • S&' ' 10·· 

3t · .58' 20" 

3 6 ° s-, · 3 1· 

J{, • s-& · s.e · 
3t:· 59 ' oJ" 

:Jt 0 S9 ' 01,,-" 

3e, ·5·9'0S' 

OBSERVER : L SR w ;'}~Efl • SOIL 

VELOC ITIES m/sec 

o , Esro ESTO 
BS SPRING NEAP 

0 18 

o OS 

0 2 9 

o N, 

0 /41,,-

0 ss 
0 (, g 

0 JJ 

I 05 

0 5S 

tJ 7(., 

I 02 

I I I 

0 87 

0 [9 

o 87 

O· f,O 

0 SI 

0 36 

O 29 

015 

o 05 

014 

0 61 

o JS 

044 

0 .54 

0 20 

0 &k 

0 /µ/

() 61 

O 82 

O 89 

() 70 

() 7/ 

0 70 

OM 

0 t,I; 

0 41,, 

O 41 

O 29 

0 23 

() I 2 

0 04 

0 Of? 

0 oz 
0 JJ 

o Js 

0 -20 

0 25' 

o JI 

0 15 

0 4f? 

0 2 5" 

o JS 

0 4-7 

o 51 

0 40 

0 J7 

0 ]7 

0 },5 

0 2.J 

0 · /7 

0 /] 

0 07 

0 02 



- 60 -

SITE , 
i'10RTHEAST M A JUKAU HARBOUR . 

Mong,2r-cz.. In lcz. + P,cz lcz.os<2..... 
Cl-'i" 

TIDE : Sf'/.!.JNG- 4 3,,, k/ltiCF 2 ff · · 7 9 ---· 
METHOD OF OBS' 012.oc;.u1: B u o y 

TIME 

104-5 

I1/ S 

114-S 

/215 

;21.;.S 

/J/5 

/317 

!Jlt-5 

li.;.15 

/1.;.l;.5 

/,9,.5 

/615 

164-5 

1715" 

GRID REFERENCE 

LONGITUDE LATITUDE 

174-0 4!?' 42° 

I 74° 4g' .]6" 

I 74r 48' J()" 

111,,. c 47· S7' 

I 74-" 4.7' 12'' 

174,"47'!0° 

I 74 ° _,;,.t , IS" 

174 • ;,,.s ' JJ" 

174° 44' 0'3" 

I 14'· 4- J ' {) 7 

174 ' 41' 42" 

!'71,,. 0 4.!'47" 

/7/,,- 0 41' 1:r 

;14·41'()'} 

.JC S6' oe" 

.J6° s6 ' o g" 

36° !i6 ' 0 7" 

.36° 5t. oS' 

3& 0 56' 08'' 

3t 0 St. ' Off' 

3C se, · 09" 

.J(, 0 56 , ;]'' 

Jt O 5'1,. 2. I , 

3r::· SC 41 " 

3& 0 S7' 02" 

36° S-7' //4" 

J6° s1';2.o" 

:sc· _s-7· ;z1· 

DROGUE DEPTH : 2 Orn 

OBSERVER : 8,ouu~12u-1Es 

VELOCITIES m/sec. 
1 ES T'D ES T'D 

OBS SPRING NEAP 

0 03 

0 03 

O 19 

o 3 3 

o 60 

/ 04 

O 67 

072 

I 02 

O 64 

() JO 

O 23 

0 0 5' 

0 02 

0 07 

o ·IS 

0 26 

{) 4&' 

o 84 

O S!f, 

O Sfs 

0 &2 

0 (;/ 

. 0 24 

0 18 

0 04 

{) 0/ 

0 ·04 

0 09 

O 15 

a 28 

0 J,,.{5' 

O 3/ 

o 33 

0 47 

0 2'7 

0 14 

O II 

0 02. 



- 6 1 -

NORTHEAST MAt 'UKAU HAµ80UR : 
SITE , Cop .. cz_ Hor-n R..., 1 ,......, ,_, __ '?.~,SQ.. - ---- --------

METHOD OF OBS' .DJJrir-:ur B(/oy OBSERVER: MTN WA TH~Su/L 

TIME GRID REFERENCE VELOCITIES m/sec. 

LONGITUDE LATITUDE OBS' EST'D EST'O 
SPRING NEAP 

0945 174 
D 

/,;. 4- 03" 3C 50' 2 (, ' 

/ 0 00 I 71,,.· 4 4-
r· 

0 ..J 3t, D SC :25'' 0 O<o n -; I 0 07 -~--
/0 15 ; 7,e,. · 4 {, 10· JC ,St, , 23 · 0 /0 !) 30 0 I &' 

/04 5 I 74 · 4/,,' 3 0 ' }C 5t' 20 · 0 27 0 S/ 0 .!O 

I I Or.-. I 7<, ,. l;l.t 4 4-" JC 5t,' /{:." 0 JO o S7 0 .J3 
prp, ,, ,-, ~r 

I 74.' I; I,, 4 ;) .JC S(,' ? " 
I I O 5' / ..., 

/I JS I 71,, 
0 lr- 5' 13 :JC S-6' /I o 1,, e 0 9/ o 53 

! J OI I 74 ' 4 . .{ 41· .Jt 0 5{,' /0. 0 .J.0 0 t8 0 l;O 

1222 174" 4 ,c; ·sc 3G~ 5{,,' 05" 0 1,,-3 0 &2 0 4- 7 

/ '1 C• 
A '7"" L 174"1/-'2!.,' 3c' 5t 04'' 0 41.;- 0 i /,, O 4 8 

REt:'r .1/ .rlf.r/J 
.J{,. ,r,t; . N? / 2S/ I 74. ,M, _{() 

" 

!315 J /,; - ;,, ( I ' 
1,",/' I -~(.

0 

SC j() 0 ')7_ f) t/ 2 0 :21/ 

I ?h /-~· 174° 1,f ()~)' JC St.' 1/· o ,s4 () (-,5 o ]7 

/:: (jj ///,· /.;/. ;_<;r JC 5{,· oc;·· 0 G.3 I 7. 0 0 09 
'~1. ,. I .. /,,I 

•' 1r:. ·st · it· 0 3 1 0 !,''7 0 .J4-/. I r, 1 · 
ti,, > / /.1-' I✓- ✓ 

/ 71,,, /, /. / I 
• ' 

:,(t,. 56. IJ 0 17 () J'} () 17 . 
/ ; ;~ " /; /. ; ._~-;; . '// ~- ,21, 0 I{., ') ,_!/) o 1e !/:~(' ( ~·- ....~~ (, 

:,·r:·sc;· :/ 0 I(, ' : r; o 17 
IS 1 I /4. J.;,S O,";· 

•;t,' Sb. ,_,c 0 . - I) ()0 0 o:: 
I 7/4. //F' /.) s" ' , I{, f'c! __j "'I . ,,- {_ l I. .) 



- 6:• -

NoR·r ! !EAST tv '.\!\ JUl<.AU 
.v\onr ,, , ,~Ci. SITE~ I 8 ·- ·-

HARBOUR: 

TIDE: f/£/lf' n_,,,;' ism i'.,.,,· .. •· ,;- 1 ::' DROGUE DEPTH: .::z O m . 
-------------- _:___:....__:__.:....:__....:...:._:.__:_:_:~ 

METHOD OF OBS' DR.rv; uE 6t_;oy OBSERVER: 8t0R£ 5£,.c;fl.u11:s 

TIME 

1300 

1333 

/ /,00 

;src 

GRID REF ERENCE 

LONGITUDE LATITUDE 

1·71, '' I, ·; ' 12•· 30° 5(/ CJ(," 

I 74 ,. It ;~ ,, 

I 7 ,Y 4 C . .. ? 7. 

I 7h-' /; p· 3/4. 

30., sr;· OR .. 

3G" ,,:-(,· 0 7" 

.36" S6 O 7 ' 

VELOCITIES m/sec. 

, EST'O ESTO 
OBS SPRING NEAP 

0 '.Z 9 0 5( 0 .]2. --
o 7.. 5 o 4 e 0 2 8 

0 .] g 0 7 2 o 42 
0 '2 '}_ 0 If 2. 0 ',U / 

0 , r 0 Jh 0 10 

O· IO 0 / 9 O II 

0 Qµ O OS 0 ·04 






