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Executive Summary

The need to be able to apply sediment capping agerdefined target areas on the lake bed from the
surface of the lake, necessitates determiningtteagth and characteristics of lake currents thidt w
affect their settling. Bay of Plenty Regional Coliasked NIWA to measure the lake currents in Lake
Rotorua when it was fully mixed and when it washally stratified, and to measure the lake currents
in Lake Rotoehu in summer when the lake was swdtifThis report presents a summary of the
current meter data together with the associatedd wiata to aid interpretation for the three
deployment, Lake Rotorua mixed (July/August 201@ke Rotorua stratified (November/December
2010) and Lake Rotoehu stratified (January/Febrgafi ).

During fully mixed periods in winter, the whole watcolumn of Lake Rotorua moves in the same
direction at the same velocity. Mean water veloewys around 3 cm/s reaching a maximum of 20
cm/s under strong winds. The direction of flow lz¢ turrent measurement sites was in the opposite
direction to the wind direction measured at Rotodirport, implying that the water in the lake flows
around Mokoia Island as a central axle in the létk®ok about 2 days to establish a current floonf

a calm lake, and about 24 hours for the lake ctsrenreverse when the wind direction reversed. the
residual lake currents dissipated after about 3 @éyen the wind stopped.

During thermally stratified periods, the water colu of Lake Rotorua became decoupled at the
thermocline with water in the upper layers movinghie opposite direction to the water in the lower
layers. In general, water velocities were lowemtlrawinter with mean velocities of around 2 to 3

cm/s reaching a maximum of around 15 cm/s. At lomdwelocity, water in the lake appeared to

move in slowly rotating gyres. Threshold conditiosgjuired to establish the decoupled circulation
pattern were a wind velocity of >5 m/s sustainadafdeast 24 hours.

In Lake Rotoehu, the surface waters flowed withwiired. When the lake was mixed the whole water
column moved in the same direction but the curvetdcity decreased towards the lake bed. When the
lake was stratified, the water column became ddedugt the thermocline with water in the upper
layers moving with the wind while water in the lawayers moved in the opposite direction. Mean
water velocities were 1 to 2 cm/s reaching a marinodi around 18 cm/s during strong winds. Under
low wind conditions there was a tendency for théewan the lower layers to move towards the south.
Threshold conditions required to establish the dpleul circulation pattern were a wind velocity &f >
m/s sustained for at least 3 hours.

Current measurements in Lakes Rotorua and Roto@h@i@nd 2011 iv
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1. Introduction

To manage phosphorus releases from the sedimehtkefRotorua and improve the
water quality of the lake, one strategy is to apgtyactive barrier to the sediment
surface i.e., a sediment cap. Typically sedimeppitey agents are applied at the lake
surface and settle to the lake bed forming thevadiarrier against phosphorus release.
However, preliminary data from earlier hydrologydies on Lake Rotorua indicated
that the water column is not stationary and evealldake currents have the potential
to move the capping material considerable distafroes the point of application as it
settles.

To assess the magnitude of this issue, NIWA wasdsly Bay of Plenty Regional

Council to measure the currents in Lake Rotoruanduperiods when the lake was
mixed and again when the lake was thermally skedtifCurrent measurements were
also required in Lake Rotoehu to assess theirylik#lect on the use of aeration to
manage internal P loads from sediment release.

This report presents a summary of the three curme@asurement periods with
graphical interpretation to provide visual repréagans of how water moves in these
lakes and the role of wind forcing. Data preseritethis report is available on CD-
ROM with electronic files of the full data set fragach period and the associated wind
record from Rotorua Airport.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 1
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2. Methods

21

Current meters

Current measurements were made using bottom mouktedstic Doppler Current
Profilers (ADCP) which record the water velocitydatirection at several depths from
about 1.5 m above the sediments to about 1 m b#leviake surface. The current is
measured by bouncing sound off particles in theewanhd calculating the velocity
from the Doppler shift in the return echo of eagin)”. Because the velocity of
sound in water is essentially constant, the reaaim can be timed to give separate
data for selected distances (depths) from the umsnt. However, because of the
variable distances of particles from the acoustiadh the data is recorded for a depth
layer or “bin” of finite thickness — usually 1 orr@. Also because it requires a finite
time for the ping to stop ringing in the acoustéad, there is a dead zone, close to the
acoustic head, in which no data is collected. Téa dlose to the water surface may
also be corrupted by wave action. The ADCP hasthmustic heads which allows
the calculation of flow direction as well as velgciThe software in the instrument
can be set to calculate the velocity and direcardifferent depths in the water
column.

In these deployments each current meter was settwd a burst of data (500 pings
each of 0.5 second duration) and produces an aeralge for these data for each
depth bin from the lake bed to the surface — excludhe dead zones. These
measurements were repeated at 15 minute intexwalsd period of each deployment.

Note: By convention, water flow directions are given as “going towards” whereas
wind flow directions a given as “coming from”.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 2
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Lake Rotorua

Agmpaanar]
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Bathymetry of Lake Rotorua (Adapted from Irwin, 1969).

w ® " =

Site map of Lake Rotorua showing the locationshef ADCP current meters beside
the monitoring buoy [Buoy] and the proposed sedinoaypping trial plot [Trial plot]
relative to the meteorological station at Rotoruigoéxrt.

Currents in Lake Rotorua were measured for fourk&eghen the lake was fully
mixed in winter [27/07/2010 to 25/08/2010] and whdre lake was thermally
stratified in spring [5/11/2010 to 8/12/2010]. Tvetudy sites were used in Lake
Rotorua in July/August 2010. The first was besitke temote monitoring buoy, in a
depth of 21 m, and the second was at the locafianpooposed sediment capping trial
plot site in a depth of 18 m (Fig. 1). The ADCRediy the buoy was intended to allow
direct linkage between water currents and windif@graising the met station on the
monitoring buoy. Unfortunately, the meteorologistdtion on the buoy did not record
during the August 2010 period of monitoring. Consagly, all current data

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 3
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interpretation has used the wind data record fraiofRia Airport [meteorological
station Agent 1770].

A potential problem using bottom deployment is ttiet heavy ADCP instruments
may sink into the soft sediment. During the JulygAst deployment, the ADCP at the
remote monitoring buoy became buried beneath 51 0fcsediment by the end of the
measurement period. Review of the July/August ddtewed a high degree of
synchronisation between the two sites such that#ta fromone site fully described
the other. Consequently, lake currents were onlgsme=d at the trial plot site during
the November/December 2010 deployment.

2.3 Lake Rotoehu

Lake currents were measured in Lake Rotoehu in sm@011 [27/01/2011 to
17/02/2011] when the lake was thermally stratifiéddCP current meters were
deployed at two sites (Fig.2). The mid-lake siteswathe deepest part of the lake at
about 13 m depth. The southern site was at a ddpabbout 8 m on the edge of the
shallower plateau. Wind records were from the Radkirport.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 4
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Figure2: Lake Rotoehu bathymetry with the location of the tADCP current measurement
sites.

Current measurements in Lakes Rotorua and Rotoghiand 2011 5
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3. Resaultsand discussion

31 Lake Rotorua July/August 2010

Lake fully mixed.

311 Current velocity

Current velocity data from selected depth bins.(Blgshow that the lake water at the
monitoring buoy and the trial plot sites moved la same velocity at each depth
through the water column. Maximum current velocggched 0.2 m/s at all depths on
14" August 2010. Water velocities of 0.2 m/s are cépalh suspending sediment,
which may explain why the ADCP at the monitoringphwas buried. The average
water velocity from all data was 3.3 cm/s, with doperiods at about 2 cm/s.
Minimum velocity was below confidence limit but iesated at <0.5 cm/s.

0.2 T T T T T T T

—— Met Buoy
—— Trial plot

Velocity (m/s)
= B

o
-

Day, July/August 2010

Figure 3: Comparison of lake currents at the remote monitdmedy [Met Buoy] and at the
proposed Trial Plot site at selected heights altbgdake bed during the July/August
ADCP deployments. The graphs for each layer havertical scale of 0 to 0.2 m/s
and are stacked to show the synchronicity of threeots at these two sites when the
lake is well mixed.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 6
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Current direction

Current direction data [true north] from selectegtth bins (Fig. 4) show that the lake
water at the monitoring buoy and the trial ploesitmoved in the same direction at
each depth through the water column. There wagladegree of “noise” in the plots
around true north when the direction switched betwslightly above zero to slightly
below zero, represented by 360 degrees.
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Day, July/August 2010

Comparison of current directions at the remote mooed buoy [Met Buoy] and at the

proposed trial plot site at selected heights alibeelake bed during the July/August
ADCP deployments. The graphs for each layer hawertical scale of 0 to 360

degrees true and are stacked to show the synchyoofche flow direction at these

two sites when the lake is well mixed. Verticaklinindicate a direction change from 0
to 360 around true north.

Wind velocity and direction

Wind records from Rotorua Airport met station [Ag&770] (Fig. 5) show that Lake

Rotorua was subjected to a series of high wind tsvemostly from the northerly

quarters during the period of the ADCP deploymefitee most sustained northerly
event occurred between the™and 1% August before the wind switched to a
southerly for about 24 hours (Fig. 6).

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 7
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Wind velocity and direction from the Rotorua Airpomet station during the
July/August period of the ADCP current meter depients. Note that wind direction
is the direction wind is blowing from e.g., the rstoevent around f4August was

from the north.

Wind-water coupling

Wind forcing was expected to cause the water toenwith the wind i.e., a strong
wind from the north should cause the water to fiowa southerly direction. However,
comparison of the wind and water current directienords between f2and 17
August (Fig.6) shows that the water at the ADCEssivas moving in the opposite
direction to the wind at Rotorua Airport.

This apparent anomalous situation can be explaiyeskamining the locations of the
measurement sites relative to the morphometry ddeLRotorua which is nearly
circular and has an island, Mokoia Island, nearctdmre (Fig. 7). Wind measurements
at Rotorua Airport are on the eastern shores ofatkee whereas current measurements

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 8
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were made on the western side of the island. Whennbrtherly wind stress was

applied to the water on the eastern side of tlamdsIthe water would be expected to
flow towards the south. This appears to have indwceeturn flow towards the north

on the western side of the island, as seen at D€FAsites. This implies that the

water in Lake Rotorua rotates around the centiahis

360 + - 18
Wind
Water
wind speed M 16
14
270 H
i [
O 3
e 1 10 2
S 180 3
S °
2 Mo g 2
o v 4 o
= | | =
VVL\ +6 =2
1
90 1 ,M 14
1 +2
lll
0 T T 0
12-Aug 13-Aug 14-Aug 15-Aug 16-Aug 17-Aug
Figure6: Comparison between wind direction (red) at Rotosirport and surface water flow

direction (blue) at the trial plot site, relative wind velocity (green). Note wind is
from direction and water is towards direction.

The schematic (Fig. 7) shows conceptual flow diogxst and includes flow direction
rose plots for the wind and the water currentstieurexamination of the coupling
between wind and water showed that when the windrsed direction, the water
movement also revised direction. The response amasnkably rapid for such a large
body of water with a lag of about 24 hours for are in direction (e.g., Fig. 6; 15
August). It took about two days for lake currergsréspond to wind after a calm
period (e.g., Fig. 6; 12to 14" August), and it took more than 3 days for the eoirr
velocity to return to low background velocity aferwind event (e.g., Fig. 3; 14
August event).

From the current meter direction data (Fig. 4) grelwind data (Fig. 5), under light
winds from the south-westerly quarter, e.g™ 230" July, the expectation would be
to have low velocity lake currents moving in anielotkwise direction around

Mokoia Island.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 9
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Bathymetry of Lake Rotorua (Adapted from Irwin, 1969).
Figure7: Conceptual water flow directions in Lake Rotorudatiee to surface wind stress

during a period of strong northerly wind. Directioare based on wind records from
Rotorua Airport and the current data recorded ley AIDCPs at the Met Buoy and
Trial Plot sites. Water and wind direction plote dor the Trial Plot and Rotorua
Airport sites, respectively, for the period of"1t® 16" August 2010.

3.2 L ake Rotorua November/December 2010

The lake was thermally stratified with a 1°C thective (Fig. 8), and developed an
anoxic hypolimnion during the period of the ADCRremt meter deployment (Fig. 9).

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 10
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Figure8: Temperature profile in Lake Rotorua at the TriadtRlite in November 2010 showing
a 1°C thermocline below 10 m.
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Figure9: Bottom water oxygen (orange line) showing progresslepletion in Lake Rotorua
from saturated to anoxic during the period of tHBG® current meter deployment.
Data from the Lake Rotorua Buoy from the Bay ofnBleRegional Council web site.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 11



—NIWA_—

Taihoro Nukurangi

321 Current velocity

Current velocity data from selected depth bins.(E@®) show that the pattern of lake
water movement at the trial plot site was differenthe upper water layer (more than
6 m above the lake bed) than in the bottom watgerlaAlthough water velocities

were on average around 0.036 m/s throughout therwatiumn, maximum water

velocities were higher in the hypolimnion (max @B19/s) than in the epilimnion

(max 0.158 m/s). The synchronicity in current vélotiming and amplitude between
depths, seen in the July/August deployments (Fjg.w&re no as obvious in the
November/December data. Velocities appeared to deedt just above the

thermocline and highest just below the thermocline.

0.15
Surface

0.10 -

0.05 -

0.00

10 m above lake bed

0.10 -

0.05 ~

0.00

0.15 4
6 m above lake bed !

Current velocity (m/s)

0.10 ~

0.05 -

0.00 L

0.15 4
2 m above lake bed

0.10 ~

0.05 -

0.00 T T T T T T
5-Nov 10-Nov 15-Nov 20-Nov 25-Nov 30-Nov 5-Dec

Figure 10: Current velocity data at the proposed Trial Plag sit selected heights above the lake
bed during the November/December ADCP deployméiitis. graphs for each layer
have a vertical axis of 0 to 0.15 m/s and are stk show the lack of synchronicity
of the currents above and below the thermocline nwhiee lake was thermally
stratified. The thermocline was just above 6 m abine lake bed (Fig. 8).
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3.2.2 Current direction

Current direction data [true north] from same fdepth bins (Fig. 11) show that the
lake water at the trial plot site often moved iffetent directions at different depths.
On the 18 November, water within 6 m of the lake bed was imgpyo the east which
is in the opposite direction to the water nearergbrface which was moving towards
the west. Similar dislocation between upper andelowater layers can be seen
through the data set.

360 - Surface
180 -
0 T T
360 - 10 m above lake bed
180 M\/‘ %
0 T T T T T T
360 - 6 m above lake bed “
I
180 -
0 T T T T T T
360 - 2 m above lake bed
- W \IF
0 T T T T ; T
5-Nov 10-Nov 15-Nov 20-Nov 25-Nov 30-Nov 5-Dec

Figure 11: Current direction data from the four depth binsg(Fi0) showing the lack of
synchronicity between water at different depthge@the bottom water appears to be
moving in the opposite direction to the water ia tayers above.

323 Wind velocity and direction

Wind records from Rotorua Airport met station (Fig) show that the winds across
Lake Rotorua were light, rarely exceeding 8 m/sjmuthis monitoring period. That

is consistent with the lake being thermally stratifand there being insufficient wind
to mix the lake.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 13
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Figure 12: Wind velocity and direction from the Rotorua Airpomet station during the
November/December period of the ADCP current meegroyments. Note that wind
direction is the direction wind is blowing from.

A feature of the wind data during the November/Deloer ADCP deployment was
the apparent regular change in direction and Wiam an almost daily basis. As a
generalisation, the wind direction switched sudgdérdm south to North almost daily
about 8 am and then switched back again overnightital am (Fig.12). In concert
with the wind direction changes, the wind veloditgo changed regularly almost on a
daily basis. Wind velocity was lowest at about 6 @2 m/s) with a low period
between 4 am and 8 am, but was highest about 5 pdn(/s ) with a high period
between 1 pm and 7 pm (Fig.12).

This pattern of regular wind direction and veloatyanges is typical of coastal winds
where the heating and cooling of the land cauggd bn and off shore winds on a
daily basis.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 14
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324 Wind-water coupling

Wind forcing when the lake was fully mixed in wintesulted in the water at the trial
plot site moving in the opposite direction to thendvdirection at Rotorua Airport.
This pattern was still present during stratificateng., the wind coming from the west
on the 14 November (Fig.13) caused the surface water to ftomards the west. As
was found during the mixed period, the response tiras about 24 hours.

360 - “ T12
Il 110
270 |
s @
/q-)\ E
= | £
£ 2
S 180 /\\(\A ’ 16 &
3 2
5 \ g
a L \ e §
90 - \V‘f‘
h \\ “w
| h /j\) /\ | Wind T2
\\l Water
Wind speed
o T T T T o
10-Nov 11-Nov 12-Nov 13-Nov 14-Nov 15-Nov
Figure 13: Comparison between wind direction (red) at Rotohugort and surface water flow

direction (blue) at the trial plot site, relative wind velocity (green). Note wind is
from direction and water is towards direction.

Additional information on the wind velocity threddoand duration is also implied
from these data (Fig. 13). A wind velocity of ardud m/s sustained for at least 24
hours was required to cause the response obseryed ' to 15" November. Wind
pulses of more than 5 m/s but of shorter duratign &d", 11" and 12" November did
not set up a flow in the opposite direction. Indietne flow direction appears to
slowly rotate through 360 degrees over the 24 Ipawiod (Fig. 13). Given that the
ADCP was at a fixed point on the lake bed, thisliegpa “local gyre” rotating in an
anticlockwise direction with the daily wind pulsedping it rotating. There are likely
to be several of these local gyres spaced acrestakie interacting and rotating in
opposite directions where they meet.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 15
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3.25 Water column decoupling

Current direction data for the whole of the Novenibecember ADCP deployment
(Fig. 11) indicated that there were periods when chrrent flow in the upper and
lower water columns were in the opposite directidissamples of this phenomenon
occurred on 1% and 22° November (Fig. 14). In both examples the wind et
conditions exceeded the wind-water coupling thrielshso that the surface water
moved in the opposite direction to the wind. Thé&dia water moved in the opposite
direction to the surface waters with the decouplipbably occurring at the
thermocline. The water velocity at the thermoclapproached zero, consistent with
high stability across the thermocline and indiagtinat these flows were set up over
long distances rather than being local circulapatterns.

Direction (True) Direction (True)
0 90 180 270 360 0 90 180 270 360
0 1 1 | 0 1 1 |
2 —e— Direction 24 —e— Direction
4 —=&— Speed 4 —a&— Speed
~ 6 ~ 61
E 3
£ 8- £ 84
=1 =
[ [
Q 10 A Q 10
12 A 12 A
14 A 14 A
15/11/2010 07:30 23/11/2010 06:30
16 ‘ ‘ 1 | 16 ‘ ‘ 1 |
0.000 0.020 0.040 0.060 0.08( 0.000 0.020 0.040 0.060 0.080
Speed (m/s) Speed (m/s)
Figure 14: Examples of water column decoupling when wind-wateupling thresholds were

exceeded and wind was controlling the surface wigdgr. Each example is one of

many similar profiles from a period of >10 hourseath occasion. The average wind
direction and velocity at Rotorua Airport over fhrevious 24 hours for each occasion
was 247° true (SD = £16.5) at 6.2 m/s (SD = +1r@) 232° true (SD = +28.4) at 6.2

m/s (SD = £2.0), respectively.

3.3 Lake Rotoehu January/February 2011

The ADCP current meters were deployed in Lake Ruto2 days after a major
cyclonic event and before another event with strafigds. Consequently, the lake
was well mixed at the time of deployment but reserto being stratified during the
period of the deployments. The cyclonic event idelli heavy, but warm, rain from
the north, which raised the lake level and tempeeatiuring the deployments (Fig.
15). The thermocline was at a depth of about 5 m.

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 16



—NIWA_—

Taihoro Nukurangi

23.0 - Temp T 103
——Depth
225 | 11025
+10.2
~22.0
S
_ T10.15 __
@ 215 A £
]
= +10.1 £
8 21.0 - §
c + 10.05
5 ‘
= 205 - |
I + 10
20.0 A I + 9.95
19.5 —— — 7 — — — 9.9
27-Jan 1-Feb 6-Feb 11-Feb 16-Feb
2011
Figure 15: Changes in Lake Rotoehu water level and bottommtateperature accompanied the

storm event on 29 January 2011 (mid-lake ADCP data). The warmingais
indication of water column mixing during the evewhile the cooling indicates the
return to stratified conditions. Short duration marg indicates strong wind mixing
events. Similar depth and temperature patterns alesned at the southern site at the
same time.

As two ADCPs were deployed widely separated spatia., a mid-lake site in 13 m
water depth and a southern site in about 8 m wdepth, the data for each site are
presented separately.

331 Wind velocity and direction

The wind record from Rotorua Airport was used beeathere was no wind station
close to Lake Rotoehu. The current meters wereogtedl after an extreme weather
event and shortly before another frontal systenssed the region. A consequence of
this weather pattern was that the wind sequence dinaded into two relatively
distinct phases — persistent wind of medium vejo¢t to 10 m/s) from the west
before &' February and then the pulsed diurnal coastal wises section 3.2.3) with
light winds (<2 m/s) from the south at night switato stronger winds (>4 m/s) from
the north during the day (Fig. 16).

Windrose analysis of the data clearly shows théeifhce before and after"6
February (Fig. 17A and B) and shows the strengtdagf (afternoon) northerly wind
onto the lake (Fig. 17C).

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 17
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Figure 16: Time series wind record from Rotorua Airport foe tluration of the ADCP current
meter deployments in Lake Rotoehu in January/Fep2@l1.
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Wind rose analysis of the wind record A) from™2Fanuary to ® February and B)
after the & February, at the same proportional scale; (C)dene time winds in the
afternoon betweer"8and 18 February 2011.

Mid-lake site current velocity and direction

Current velocity data from all depth bins (Fig. EBpw that the pattern of lake water
movement was highly synchronous at all depths #2@thJanuary to 8 February after
which the water velocity became more variable betwdepths. This is consistent
with the wind forcing being stronger befor® Bebruary than after (Fig. 17). Previous
information from Lake Rotorua (see section 3.2lveed that below some threshold
wind velocity and duration, the lake currents beeatecoupled from the wind as a
driving force. These thresholds may be differentefach lake.

In contrast to the Lake Rotorua lake currents, tvfimwed in the opposite direction to
the wind at the ADCP sites, in Lake Rotoehu theendrdirection in the surface water
was with the wind (Fig. 19) i.e., strong winds froine west caused the surface waters
to flow towards the east. After th& Eebruary there is an underlying current direction
to the south which could be associated with thendiluwind cycle with afternoon
breezes from the north. If this is the driving ®rthe threshold for wind velocity may
be as little as 4 m/s and the duration may begudstv hours.

Of some interest is the propagation of the diusw@itherly current to the bottom
waters (Fig. 19) and that the whole water columvesdn the same direction (Fig. 20
C) when the average current velocity is low.
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Figure 18: Time series current velocity data at the mid-lake & Lake Rotoehu. The data is
synchronous at all depths until about tHeF&bruary after which current velocities
appear to be more variable at different depths@ally below 6 m.
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Figure 19: Time-series current direction data from surface lwitiom layers at the mid-lake site
in Lake Rotoehu. The effect of daily wind pulsesjgparent after thé"@ebruary.

Current velocities decreased with depth (Fig. 2Z8ean and maximum water
velocities before B February were on average 1 cm/s and 2 cm/s fassectively,
than after the '8 February (Fig. 20A, B). Mean current directionsweed with depth
from easterly to southerly beford' &ebruary but were consistently southerly at all
depths after 8 February (Fig. 20C). This pattern of change iatfeseen in the
current direction rose plot for the upper wateelay(Fig. 20D).
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Figure 20: Comparison of (A) mean and (B) maximum current egjoat all depths before and

after 8" February 2011 compared with (C) mean current ties for these two
periods. D) Rose-plot of current direction in thaface layer shows the direction
change after the"&February 2011.

As occurred in Lake Rotorua, the water column wagted from top to bottom under
strong wind-induced mixing, but rapidly became thalty stratified and decoupled
when the wind velocity dropped. (Fig. 21). Essdiytithe water column was mostly
mixed soon after the deployment and in responskeet@trong winds before thé' 6f
February (Fig. 21A). After the"6of February, there were periods when wind forcing
was sufficient to control the surface water flowedtion but not disrupt the thermal
stratification. Under those conditions the wateluom became decoupled with the
bottom water moving in the opposite direction te surface water (Fig. 21B).

Current measurements in Lakes Rotorua and Rotoghi@nd 2011 21



_NIWA_—

Taihoro Nukurangi

Current Direction (true)

0 ) 180 270 360
0 L L L I
1 .
2 -
3 -
E 4]
b=
g 51
a
6 4
71 —e— Direction
8 - A —e— Speed
9 ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Current speed (m/s)
Current Direction (true)
0 90 180 270 360
0 L L I}
1 -
2 -
3 4
E 4
=
g 5
la)
6 4
7 —e— Direction
8 B —e— Speed
9 : : : | | | | |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Current speed (m/s)
Figure 21: A) Mid lake profile of current velocity and direoti showing the water column is

fully mixed under strong wind. B) Profile of curtewvelocity and direction showing
that the water column decoupled at the depth othibemocline (about 4 m) with the
surface water moving to the south while the botteser moved to the north.

333 Southern lake site current velocity and direction

Current velocity data from all depth bins (Fig. 2Rpw that the pattern of lake water
movement was synchronous at all depths frofh Zahuary to 8 February although
the velocity decreased with increasing depth. AéféFebruary the currents became
highly variable between depths and short duratiovdwnduced surface currents did
not propagate down below about 4 m.

Current direction data (Fig. 23) show that the watdumn often became decoupled
with the bottom water moving in the opposite dir@atto the surface layers.
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Figure 22: Time-series current velocity data from the south®DCP site in Lake Rotoehu. The
data is synchronous at all depths until about theFébruary after which current
velocity became more variable at different deptispecially below about 4 m.
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Figure 23: Time-series current direction data from surface lamttiom layers at the southern lake

site in Lake Rotoehu. The effect of daily wind msss apparent after th& Bebruary.
It is also apparent that the water at the bottomasing in the opposite direction to
the water at the surface on many occasions.
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The decoupling of the water column is clearly s&erthe current direction and
velocity profiles (Fig. 24). Currents velocities @b to 11 cm/s at the surface reduced
to near zero at the thermocline before increasmnbesds than half their upper water
column velocities. Flow analysis using rose pldteve that the flow direction in the
upper water column was towards the north-east last w0 the south west below the
thermocline (Fig. 25).
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Figure 24: Current velocity and direction profiles for diffetesurface water velocities at the

southern lake site. At slow velocities, the linkdgdween surface water velocity and
direction was lost in the upper water column witile flow direction in the bottom
water column continued towards the south.
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Figure 24: Current data analysis with rose plots at the sontkiée. Flows in the surface water

(Top) were aligned with the wind while, for a largeoportion of time, the bottom
water was flowing in the opposite direction (Botjom

334 L ake Rotoehu current synthesis

Based on the observations from the ADCP currenersetoupled with the wind
record from the Rotorua Airport meteorological istaf it is likely that the light to
moderate south-westerly wind stress across the dakiace during the monitoring
period caused the surface water to move towardsndmh-east. When the water
encountered the steeply shelving lake shore oedlseern side of the lake, it plunged
and formed a bottom counter flow towards the sduottd-lake site) and south-west
(southern site). Extrapolating these flows to cateh probable flow path, there must
have been a zone of up-welling bottom water indbieth-western corner of the lake
(Fig. 25).

Light to moderate winds from the north would be ented to cause a reversal of this
conceptual flow regime but there was insufficieaitadto check this hypothesis.

Under strong winds, the surface waters move wiehwiind but mix deeply causing
the whole water column to move with the wind. Hdwe tcirculation pattern works
under these conditions is unknown.
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Figure 25: Schematic of the conceptual flow regime that prbpabperated in Lake Rotoehu in
response to the south westerly wind during theajepént of the two ADCP current
meters in January/February 2011.
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4. Summary

41 Lake Rotorua fully mixed

The ADCP data from Lake Rotorua during July/Aug2@10 was for a period when
the lake was fully mixed:

* Current velocity and direction data were synchrenaith depth implying
that the whole water was moving in the same divectt the same velocity.

* The mean water velocity was around 3 cm/s whilenth&imum velocity was
around 20 cm/s. (20 cm/s is sufficient to suspemel $ediment).

» Water at the two ADCP sites on the western sidel@foia Island moved in
the opposite direction to the wind, as recordedRatorua Airport. This
implies that the water was moving around the laken whe island as the
central hub/axle.

 The circulation pattern reversed when the wind diioe reversed. The
response time to the change of wind direction vimsit24 hours.

» After an extended period of low wind velocity thiecalation pattern took 2
days to establish and stabilise when the wind vigloose.

* When the wind dropped after an extended period tosng wind, the
circulation pattern took about 3 days to dissipate return to low current
velocity of 2 to 3 cm/s.

4.2 Lake Rotorua stratified

The ADCP data from Lake Rotorua during Novemberddgger 2010 was for a
period when the lake was thermally stratified beld@m:

* The overall circulation patterns remained the sawith respect to surface
water circulating in the opposite direction to thiad.

» The water column decoupled at the thermocline hadbttom waters moved
in the opposite direction to the surface waters.

» Threshold conditions required to establish the dplam circulation patterns
were a wind velocity of >5 m/s sustained for astezd hours.
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* At low current velocities the water column appeatedoe slowly rotating
through 360 degrees in an anticlockwise direction.

« Wind data indicated that on and off shore “coabtalezes” occurred on a
diurnal basis. Strongest winds were in the aftenrfoom the north.

» Lake currents were generally lower in early sumthan in winter.

4.3 Lake Rotoehu

Lake Rotoehu was initially mixed following a stomwent in mid January 2011 but
rapidly became stratified at about 5 m depth dutivegJanuary/February 2011 ADCP
deployment:

» Surface water flow direction was aligned with thedv

*  When the water column was mixed, water moved in shme direction
although the velocity decreased with increasinglddpis not certain how the
circulation pattern moves around the lake undesdlw®nditions.

 When the water column was stratified, the upper bovder layers were
decoupled. The upper water layers moved with thmelwihile the lower water
layers moved in the opposite direction, presumablg return flow.

» Threshold conditions to establish the decoupled fimttern were for wind
velocities of >4 m/s sustained for at least 3 hours

* There was a persistent southerly bottom water ftbmection when wind
strength was too low to control the direction afface water movement.

4.4 Bottom line

In Lake Rotorua, it will take 3 days of calm weatheefore lake currents are low
enough to allow surface application of any slowtliggt capping agent to reach the
lake bed within a predicted target zone.

In Lake Rotoehu, lake currents are rapidly esthbltiswithin a few hours and equally
rapidly dissipate in response to wind or the latkwind. The implications of the
stratified circulation pattern identified in thidudy should be considered when
installing aeration equipment.
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