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ABSTRACT

A series of field measurements was carried out, in 1988 to measure the
migration rates of large scale bedforms (sandwaves) and to obtain
simultaneous measurements of the flow velocities and suspended Eolids
concentrations over the length of a suitable sandwave in a sand-bedded
estuary. The results of these measurements and the initial concluslons
drawn from the results are described in Hydraulics Research Report SR203.
That report describeE in more detail the methodE of analysis used to reduce
the data obtained ln the field and surrnarlseE the parameters measured. Ttre
Purpose of the present report is to tabuLate the reEuLts of the fleld
measuremente of the hydrodynamlc and sediment transport parameters over the
Eandwave, partLcularly for use in the validation of nrrmerlcal models of
Iarge bedform dynamics.
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1. INTRODUCTION

Between 1986 and 1988 the Department of the

Environment (DOE) funded a strategic research project

at Hydraulics Research (HR) into the dynamics of flows

over large bedforms in sand-bedded estuaries (DOE

Research Contract PECD 7/6/83). Large bedforms

include the features known as dunes in river

terminology, and sandwaves in the marine and estuarine

terminology. The project involved detailed field

measurements of the main mean and turbulent

hydrodynamic and sedimentary parameters over the

length of one sandwave. This fieldwork was carried

out in August/September 1988 and the results of the

initial analysis of the data obtained during the

fieldwork conducted during the previous research

contract are presented in Reference 1.

The present data report gives a tabulation of the data

in a form which ean be used for testing and validation

of theories and numerical models of flow over

sandwaves.



2, NOTATION
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3 . SWMARY OF

MEASUREMENTS

The field measurements were made on drying sandflats

in the River Taw in North Devon, see Figure 1. The

bed of the estuary comprises fine sand with a median

diameter of 200pm and during spring tide periods there

are high concentrations of suspended sands having a

slightly smaller median diameter of l65pm with a

sett l ing veloci ty of 0.017rns 
1. 

Ttre part ic le size

distribution of a typical sample taken from the bed of

the River Taw is shown in Figure 2 Figures 3 to 6 show

size distributions of the sand in suspension at peak

flood tide velocity on the upper flank of the

sandwave. The size distribution is almost constant

across the range of heights 0.1 to 0.8m. Ripples

(wave length = A.2m, height 0.02-0.03m) were observed

to be present when the sandwaves were ercposed, but it

is not known if the ripples were maintained throughout

the tide. A11 the measurements were made during flood

tides when there was little suspended clay or silt in

suspension. Due to the strong mixing both ternperature

and salinity are uniform throughout the depth, the

mean kinematic viscosity of the water during previous

measurements at the same site, and a sirnilar tirne of

year ,  was  1 .162 x10 
t  

* r " - t .  Th is  va lue  was ob ta ined

from measured depth-averaged temperature and salinity

va lues  o f  16 .2oC and 33 .6  pp t  respec t ive ly .

The sandwaves nigrate up-estuary due to the strongly

dominant flood tide, with no evidence to suggest that

the ebb tide makes a significant contribution to the

shape of the sandwave. All the measurements were made

during flood tides, and terms such as "down-flowrl

refer to flow in the flood (ie up-estuary) direction.



The measurements were made using instruments mounted

on two streamlined masts rigidly attached to

frameworks which \dere assembled on the sandflats

during low water periods. Apart from the masts all

the elements of the frameworks were circular in

section. A 3m mast was mounted on one framework which
was positioned daily on the down-flow crest of the
serected sandwave and acted as a reference measurement
position. Instrurnentation on this reference mast

conprised 0.15m diameter Braystoke propeller eurrent

meters  (PCU's )  a t  he igh ts  o f  0 .2 ,  0 .4 ,  0 .8  and 2 .5m

above the bed, and punped sample nozzles positioned at

the 0.4 and O.Bm heights. The overal l  height of  the

reference mast was increased to 5.5m by the addition

of a bamboo cane which was graduated so that water

depths eould be recorded.

Ttre instrumentation mast, lm high, was clamped on the
leading edge of a second framework and positioned

daily at the point on the sandwave at which

measurements were required. This mast earried the

main instrumentati-on for the e:rperiments. At heights

o f  0 . 1 ,  0 . 2 , 0 . 4  a n d  0 . 8 m  a b o v e  t h e  b e d  a  5 0 n r a

diameter electromagnetic current meter (ECM), pCM and
pumped sample nozzle were mounted. An acoustie

backscatter probe (ABp) was mounted at the top of the

mast,, pointing vertically downwards to measure

concentrations of suspended sand.

The ABP was designed, built and operated by

Dr P D Thorne of the Proudman Oceanographic

Laboratory, Bidston. Its principle of operation is

described in Reference 2. 3MHz sound is transmitted

in a narrow, downward-pointing beam, and is scattered

back from suspended sand. The concentration of sand

is determined at as many leve1s as required from the

intensity of a back-scattered signal, and the ranges

of the levels from the transducer is determined from



the time delays. In this report measurements from

four heights, matching those of the ECMs, have been

analysed.

The ECMs were two component discus type orientated to

measure velocities in the mean flow and vertical

directions. The manner in which ECMs operate may be

found elsewhere, for example Reference 3. fn order to

prevent interference between the magnetic fields

generated by the ECM heads the frequency and switching

of the magnetic fields were controlled by only one of

the ECM monitors. The ABP was mounted lm above the

mast base and aligned with the vertical axes of the

ECMs and displaced 0.1rn laterally. The ABP beam was

assumed to be close enough to the ECMs to effectively

be measuring velocities and concentrations at the sarne

po in t .

Recordings from the instnlnents on the masts were made

on board a work barge anehored near the measurement

posit ion. A11 f2 analogue voltage signals,

representing the turbulent records of concentration

and two velocity components at each of the four

measurement heights on the measurement mast were

recorded on magnetic tape using a 14 channel Racal

Store 14DS frequency rnodulated (FM) tape recorder, the

use of an FM recorder ensuring the faithful reeording

of the important low frequency signals. ?he recording

systern is shown in schematic form in Figure 7.

In-situ measurements of suspended sand concentrations

were obtained using in-line pump filtration systems.

Ihe sand/water mixture was extracted fron the main

flow at a sampling point and pumped to the surface

where the sample was filtered on an individual 40pn

filter whilst a record was made of the quantity of the

mixLure pumped. Bleed samples of the liquid passing

through the filter were taken to check on the levels



of suspended fine material, whieh had a 1ow and
uniforrnry distributed concentration throughout the
measured heights. Hose sizes and pumping rate were
such that the mixture,maintained a velocity sufficient
to ensure that the sand remained in suspension.

After a suitable sandwave was selected at the start of
the field work a survey line was set up aligned with
the mean flow direction. The mean frow direction was
assumed to be generally normal to the lines of the
crests of the sandwaves in the locality. AII
measurements over the sandwave lrere made along this
survey line. An arbitary local datum for levels \ras-
established by driving a wooden stake far enough into
the sand to be unaffected by the migration of the
sandwave. Daily ground surveys were conducted along
this survey line prior to the measurement period with
bed levels,  referred to the 1ocal datum (LD), being
measured at lm intervals shown in Figure B. The
results are sumnarised in Table )OffI. The reference
mast was laterally displaced from the survey line by
approximately 4m to avoid any wake effects from the
measuring mast and its framework.

Every day the reference mast was moved as the sandwave
migrated up-estuarlr so that its position was always
initially on the down-frow crest of the sandwave. Ttre
smaller mast was moved to a different horizontai
position on the sandwave day by day, so that over a
period of 5 days a series of 5 positions roughly
equally spaced between the trough and the crest had
been sanpled. The order in which the individual
experiments vere carried out was such that
measurements on the sandwave crest and trough, the
most interesting positions, coincided with the peak
tides of the spring tide period when the maximum
sandwave migration and suspended sed.iment
concentrations could be expected.



4 ,

The measurements were made on five consecutive days,

each of which followed the same pattern. On arrival

at the site the boats were anchored and when the water

level had fallen sufficiently to expose the sandwave

the frameworks were dismantled and reassembled at the

required positions. A11 the instruments were then

checked and the ground survey carried out.

Recording data from the instruments began as soon as

the incoming flood tide had submerged the instruments

on the measuring mast and continued up to the slaek

water period at high water if possible. The PCMs were

monitored by hand using a multi-channel counting unit

recording a count period of 4 minutes at 5 rninute

intervals.

Pumped samples were taken in rotation from the four

nozzles on the measurement mast at 5 minute intervals

throughout the measurement period, ie each nozzle was

sampled every 20 minutes. Pumped samples from the

nozzles on the reference mast were taken at 10 minute

int,ervals.

DATA REDUCTION Al'lD

AIIALYSIS

The data recorded in the field, in analogue form, were

digitised back at Wallingford using an Barth Data

Recorder EDR 8000 instrumentation tape recorder at a

sampling frequency of I0Hz. Integral anti-aliasing

filters within the recorder were set to a band-width

of 4Hz and had a high frequency roll-off. The whole

recording system gave negligible attenuation or

amplification of the signals over the frequency range

of 0-4H2. The data were stored in individual computer

files, each file containing the raw data from the

three channels of information at one height above the



bed at a single position on the sand.wave, ie a total
o f  20  da ta  f i les .

A purpose written computer program was then used, to
examine visualry each data fire. This program arlowed
the user to remove any spurious data, usually a short
period "spi1g",  f rom the dlgi tal  records and replace
them with interpolated points.

Daily calibration of each of the ECMs were obtained
using standard techniques which emproyed combinations
of laboratory calibrations and zero data recorded in
the field. Separate calibrations of the mean ABp
signal versus the pumped sample concentration were
made for each height and each day. The intensity of
the backscattered signal (ie square of the logge,il
voltage) was found to calibrate linearly with
concentration, as had been found in laboratory tests.
slightry different calibration constants were found at
each position on the sandwave, because the amount of
attenuation of the signar between the transducer and
the sanple range depends on the intervening
concentrat ion prof i le.  I t  is theoret ical ly possible
that the ABp could be caribrated using an argorithnic
approach based on the strength of the backscattered
signal and knowledge of the vertical profile of the
concentration of suspended sand. As the ABp was in
its early development stage when these measurements
were made were it was considered that the direct
caribration technique described above wourd be more
rel iable in this case.

The data were divided into 5 minute records.
Calibrations were applied to the digital data to
convert them into time series records of longitudinal
veloci ty (U(t)  )  ,  vert ical  veloci ty (w(t)  )  and
suspended sand concentrat ion (C(t)) .  SI uni ts were
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used throughout, giving velocities in ms and

concentrations in kgm 
'. 

Following the application of

the calibrations to the digital data the overall mean

values of the two velocity components, I and fr and

suspended sand concentration, d, were computed from

the 5 minute record. The overbar denotes a mean over

the 5 minute records. A co-ordinate rotation was then

applied to the velocity data to bring them into a

frame of reference such that W=0, ie velocity data

was aligned to the local streamline. Ttre 5 minute

mean values and the linear trends due to tidal

variation were then removed from eaeh of the digital

records to leave time series of the fluctuating

quant i t ies u(t) ,  w(t)  and c(t) .  From each record of

fluctuations the standard deviations rrere calculated

together with the time-averaged estimates of the

momentum flux, - I*, and the longitudinal, II, and

vertical, ;;;, diffusive fluxes of sand.

PRESENTATION OF

MEASURED PAM}IETERS

The parameters which were obtained from the analysis

described in the preceding section are surnarised in

tabular form in Tables I to )O(, each table containing

the results from a single height at one measurement

position. The tables are divided into five groups,

one group for each measurement position, with a

drawing showing the measurement position in relation

to the sandwave printed on the blue sheets preceding

each group of tables. The sandwave plots show the

shape measured at the Low Water inrnediately preceding

the measurement period.

The tables surrnarise the measured parameters and give

information as to the relevant positioning of the

measurement point on the sandwave along with measured

sandwave parameters (see section on notation for



6 . BA}IDED AVEMGING

explanat ion of the symbols used, and Fig 9).  In the

data summaries time is written as the mid-block time

relative to predicted high water at the site when the

measurements lrere made. Also shown is the r.rat,er level

relative to the local datum established at the

measurement site for this work and the local water

depth at the measurement position. The column headed
rrBandrr refers to the band into r+hich the data along

that particular row falls when the banding criteria

are applied, as erplained in the next section.

Tables I to IV contain the results at position L in

the sandwave trough. The co-ordinate rotation was

initially not applied to the data recorded at

position I and these results are shown in Tables IA,

IIA, IIIA and IVA. The data were subsequently

re-analysed with a co-ordinate rotation and these

results are shown in Tables IB, I IB, I I IB and IVB.

Tables V to VIII show results from position 2 at L/4

trough-crest,  tables IX to XIf  posi t ion 3 at l /2

trough-crest,  tables XII I  to I f f I  at  314 crest-crest

and tables )fffl to )O( at the sandwave crest. Tables V

to )O( all have coordinate rotations applied. In

Reference l, the figures show the data without

coordinate rotation for Position 1, but with rotation

for Posit ions 2 to 5.

fn Reference I the resulting pararneters from these

e:qperiments are shown in banded-average form in which

velocities measured at 0.4m above the bed on the

reference mast were used to deterrnine in which band

the results should l ie.  The veloci ty l imits,  ms 
t ,  

of

the bands were:-

Band I

Band 2

Band 3

Band 4

0.1  <  u

0 .3<u

0 .5<u

0 .7<u

l0

RO.4<0 '3

RO.  4<0 '5

RO.4<0 '7

RO.  4<0 '9



The reference mast velocities recorded during the

e>rperiments at the five measurement positions are

shown as time-series in Figure 10. It can be seen

that during the flood tide velocities over the

sandflats are distinctly asynmetric with tfune.

Accelerating rapidly, peak velocities are usually

attained within 45 minutes after starting the

measurements. This is followed by a quasi steady

state period during which velocities are slightly

below their peak values. Velocities then fall

eontinuously until slack water. The banded averaging

process used to show the results obtained removes any

effects of these temporal changes to the flow. Checks

made subsequently to the banded-averaging showed that

in general it was not possible to make any significant

distinction between the accelerating and decelerating

phases of the tide in the banded-averaged means of the

parameters in the cases where blocks fell in both

phases. This is not true however with water depths.

Therefore in the parameters summarised in Tables )O(I

to )O(V the distinction between the accelerating and

decelerating phases is made only by the quoting of

relevant water depths.

The average velocity vectors for bands 3 and 4 have

been plotted over the I'averagerr sandwave in Figures 1l

and 12 respectively. A horizontal shift due to the

net migration has been applied to the individual

profiles, to make their crests and troughs coincide.

These vectors show that in general the flow over the

bed-forn is as would be expected and give improved

confidence in the data. The measured sandwave

profiles have been overlaid and are shown \rith the

"average" prof i le in Figure 13.

1 1
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IABLE xxlA sumary of banded-averaged meesured data,poslrloil 1 [oT RoTATED

Height 0 ou oyy -rw C 0s -"c wc

(m) ( .r- t )  (*- t)  (rs-1) (r2r-2) (rgrn-3) (rgm'3) lkgm-2s-11 1r9m-2s-1y

Band 1
0.8 0.083
0.4 0.045
0 .2  0 .015
0 . 1  0 . 0 1 0

Band 2
0.8 0.297
0 . 4  0 . 1 1 0
0.2 0.034
0 .1  0 .019

Band 3
0 .8  0 .411
0.4 0.207
0 .2  0 .103
0.1 0.068

Bard 4
0.8 0.628
0.4 0.467
0.2 0.296
0 . 1  0 . 2 1 0

llater depth:
0.045 0.027
0.037 0.045
0.043 0.027
0.020 0.018

0.000640 0
0.000940 0.020
0.000220 0.002
0.000150 0

0 0 0
0.028 0.000140 0.005425
0.001 -0-000011 0

0 0 0

uater depth: 5.62 n
0.077 0.054 0.001750
0.071 0.051 0.002450
0.064 0.045 0.000670
0.040 0.037 0.000500

lJater depth: 3.41 m
0.069 0.051 0.000590
0.119 0.057 0.003160
0.124 0.075 0.004060
0.099 0.067 0.002750

tlaten depth: acceterating 1.90 m, deceterating 5.05 m
0.085 0.051 0.001060 0.163 0.129 0.005250
0.099 0.061 0.004040 0.680 0.306 -0.001178

0.086 0.059 0.002180 0.886 0.423 -0.006024

0.059 0.050 0.061180 o.4u 0.203 -0.00299s

0,036 0.034
0 .196  0 .115
0.228 0.148
0.117 0.072

0.319
0.975
1.674
1.020

0.000580 0.000256
-0.001655 -0.000410
-0.003111 -0.001030
-0.000974 -0.000550

0.001602
0.00@15

-0.002150
-0.000850

0.198 0.006580 0.00121
0.467 0.015230 0.005586
0.94E -0.004845 -0.000300

0.490 -0.007330 -0.003090
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TABLE xxlB sr.fImary of banded-averagd measured data,poslrtoil 1 RoTATED

Height U ou oY1

( m )  ( * " ' t )  ( . . - l )  ( ' n . ' t )

-r*
, - )

(m-s *)

-0.000450
-0.000040
-0.000559
-0.000069

;
- , 1

(ksm -)

0
0.020
0.002

0

oc

(kgm'3)

0
0.028
0.001

0

-u"
- t  - 1

( kgm -s  ' )

0.000003
0.000200

-0.000010
-0.000001

wc
. .  - 2  -1 .
(Kgm s  )

- 0.000002
0.000002
0.000004

0

Band 1
0.8 0.098
0 .4  0 .050
0.2 0.020
0 .1  0 .014

Bard 2
0.8 0.340
0.4 0.126
0.2 0.042
0.1 0.027

Band 3
0.8 0.795
0.4 0.2?8
o . 2  0 . 1 1 2
0.1 0.080

Band 4
0.8 0.751
0.1 0.494
0 . 2  0 . 3 1 1
0.1 0.228

llater depth:
0.037 0.027
0.038 0.017
0.037 0.032
0 .021  0 .0 t5

l.later depth: 5.62 m
0.081 0.047 -0.000524

0.079 0.037 0.000067
0.062 0.047 -0.000s31

0.044 0.035 -0.000186

tlater depth: 3.41 m
0.075 0.048 0.000179
0 .121  0 .052  -0 .001112

0.129 0.056 0.000507
0.105 0.058 -0.000005

0.036 0.034 0.000639 -0.000063

0.196 0.115 -0.001651 0.000430
0.228 0.148 -0.003167 0.000849
0.117 0.072 -0.001060 0.000541

-0.003084

0.001624
0.000767
0.000919

0.319 0.198 0.006625 -0.001423

0.975 0.467 0.016129 0.000033
1.674 0.948 -0.004339 0.002234
1.020 0.490 -0.007936 -0.000043

llater depth: acceterating 1.90 m, deceterating 5.05 m
0.072 0.070 -0.002416 0.163 0.129 0.004285
0.108 0.046 -0.000151 0.680 0.306 -0.006440
0.090 0.052 -0.000055 0.886 0.423 -0.006380
0.065 0.042 -0.000019 0.4& 0.203 -0.002979
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TABLE XXII Surmary of banded-averagd measurd data,p0SlTtOll 2

Height U ou

(m) ( rn. - t )  ( r " - t )

Band 1
0 .8
0 . 4
0 . 2
0 . 1

Band 2
0 .8
0 .4
0 . 2
0 . 1

Eand 3
0.8 0.455
0.4 0.502
0.2 0.317
0 .1  0 .26

Band 4
0.8 0.721
0.4 0.631
0 .2  0 .&7
0.1 0.194

orv -uw C oc

(r . ' t )  ( .2 . -2)  ( rg. -3)  ( rgm-3)

-uc wc
- )  - 1  - t  - 1

(kgm -s ' )  (kgm -s ' )

l later depth: acceterating 1.73 m
0.065 0.036 0.001220 0.115
0.088 0.045 0.001920 0.115
0.083 0.056 0.001180 0.104
0.065 0.038 o.obo9to 0.268

Hater depth: 3.00 m
0.068 0.040 0.001400
0.092 0.045 0.001500
0.095 0.060 0.001080
0.086 0.044 0.000900

0.087 0.003060 0.001284
0.058 0.002490 0.000965
0.070 0.001850 -0.000310

0.134 0.001380 0.000289

0.235 0.208 0.006590 0.003042
0.307 0.224 0.009200 0.001480
0.406 0.414 0.013980 -0.000420

0.507 0.399 0.011540 0.001077
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TABLE XXIII Sum€fy of b€nded-averaged measurd data,pOslTl0l 3

Height U og

( m )  ( r " - t )  ( r " - 1 )

vw -uw C oc

('n"-t) (r2" '2) (t<gm'3) (rgr '3)

-uc

. .  - 2  - 1 .
tKgm s  )

wc

lkgm-2s '11

0.001017
0.000275
0.001 143
0.001017

0.001537
0.0017J5
0.002200
0.001424

0.001360
0.001682
0.00?509
0.001499

0.002539
0.001856
0.001952
0.001358

Eand 1 tJater depth: 4.96 n
0.8 0.303 0-091 0.050 0.002370 0.053 0.033 0.002060
0.4 0.247 0.083 0.049 o.oolrco 0.079 0.062 0.000990
0.2 0.209 0.084 0.044 0.001560 0.070 0.068 0.00t920
0.1 0.234 0-077 0.038 0.o0oz0 0.@7 0.116 0.001400

Band 2 Hater depth: 4.59 m
0.8 0.427 0.083 0.049 0.002050 0.080 0.070 0.003160
0.4 0.350 0.08s 0.052 0.001590 0.140 o.too 0.003370
0.2 0.350 0.087 o.o5? 0.000920 0.203 0.194 o.oo3zo
0.1 0.348 0.081 0.042 0.00060 0.267 0.258 o.O032oo

Eand 3 Hater depth: acceterating l.gZ m, deceferating 3.90 m
0.8 0.46 0.073 0.045 0.001480 0.124 0.094 .0.003150
0.1 0.407 0.078 0.045 0.000950 0.205 0.125 0.004070
0.2 0.395 0.079 0.045 0.000820 0.307 0.271 0.005130
0.1 0.390 0.076 0.035 o.obo670 0.525 0.379 0.004450

Bard 4 Hater depth: Z.9l n
0.8 0.612 0.079 0.045 0.001650 0.220 0.163 0.005910
0.4 0.547 0.081 0.044 0.001140 0.327 0.t91 0.006tr80
0.2 0.541 0.0s3 o.u7 0.000900 0.441 0.341 0.008540
0.1 0.s4r 0.079 0.036 o.oo071o 0.507 0.343 0.007580
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TABLE xxtv Stmnary of band,ed-averaged measured data,POSlTIOll 4

Height

(m)

Band 1
0 .8  0 .28
0 .4  0 .174
o .2  0 .194
0 . 1  0 . 1 5 4

Band 2
0.8 0.431
0.4 0.324
0.2 0.333
0.1 0.283

Bard 3
0.8 0.632
0 .4  0 .515
0 .2  0 .525
0 .1  0 .449

Band 4
0.8 0.706
0.4 0.575
0.2 0.634
0.1 0.497

U o u

(m '1 )  (ms '1 )

os -uw C oc

1ms'1y 1m2s'21 (kgr-3) (ksm's)

-uc wc
- ,  - 1  - t  - 1

(kgm -s ' )  (kgm -s ' )

t later depth: 5.04 m
0.051 0.030 0.000450 0
0.043 0.036 0.000380 0
0.042 0.023 0.000210 0
0.041 0.018 0.000180 0.002

l,rater depth: 1.93 m
0.08t 0.045 0.001050
0.083 0.051 0.001140
0.079 0.045 0.000850
0.076 0.031 0.000400

0 0
0 0
0 0

0.006 -0.000018

0
0
0
0

0.000026
0.000096
0.000368
0.000477

0.001069
0.001248
0.001903
0.000685

tl6ter d€pth: acceterating 1.35 n. deceterating 4.67 n
0.058 0.033 0.000440 0.006 0.006 0.000180
0.061 0.038 0.000rc0 0.015 0.011 0.000210
0.059 0.028 0.000550 0.028 0.047 0.000360
0.064 0.023 0.000510 0.058 0.087 -0.000306

lJater depth: acceterating 1.59 m, deceterating 3.32 m
0.073 0.040 0.000870 0.126 0.095 0.003690
0.076 0.049 0.001030 0.167 0.115 0.003900
o.o72 0.034 o.oooao 0.327 0.326 o.oo732o
0.075 0.027 0.000360 0.392 0.N 0.000740

0.156 0.117 0.004590 0.001589
0.213 0.135 0.004020 0.001058
0.378 0.368 0.005170 0.002381
0.343 0.257 0.001670 0.001702

_-l

I

l e
i r
i l

a:t 1r -.1
{ s I-u..1
-t!t I

Ob.g{|m ot t!il

-------->

Hficr t

-r-' -------r-'--------r---- -- ---1---._-------1 I
7A A lxt r' l75 l

It''rn s 

__l



TAELE Sumary of bsnfu-averagd measured dat8,poslTloil 5

Height

(m)

Eard 'l

0 . 8
0 .1
0 . 2
0 . 1

Band 2
0 . 8
0 . 4
o . 2
0 . 1

U o u
- 1  - ' t

(ms  ' )  (ms  ' )
61v -uw C oc

( r r -1 )  ( r2 " -2 )  ( t  g r '3 )  (kgm-3)

-uc wc
- )  - , t  - ,  - 1

(kgm -s ' )  (kgm -s ' )

Band 3
0.8 0.556
0 .4  0 .501
0.2 0.525
0.1 O.46tl

Band 4
0.8 0.693
0.4 0.653
0.2 0.679
0.1 0.643

l.rater depth: acceterating 1.53 m, deceterating 3.88 m
0.070 0.033 0.000680 0.089 0.069 0.002270
0.072 0.031 0.000500 0.212 0.133 0.004250
0.074 0.031 0.000480 0.353 0.290 0.004000
0.075 0.021 0.000310 0.514 0.536 -0.001681

0.000837
0.001 105
0.001255
0.000467

tJater depth: ?.76 n
0.070 0.042 0.001220
0.071 0.037 0.000610
0.069 0.035 0.000310
0.072 0.024 0.000210

0.237 0.163 0.005610 0.002651
0.469 0.269 0.008450 0.001892
0.555 0.425 0.008660 0.001613
0.503 0.324 0.004650 0.000166
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