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There is a range of hydrocarbon exploration and extraction industrial project activities taking
place on the North West Shelf of the Australian Continent. The shelf is a diverse and important
marine ecosystem, with a number of globally significant shallow coral reefs and marine protected
areas, which are vital for survival of threatened and protected species.

Some of the mentioned exploration and extraction activities, such as offshore drilling, may be
permitted within few kilometres away from sensitive habitats extant near a project resource
extraction area. The habitats may in some cases be presented by submerged shoal ecosystems of
high biodiversity and thus high environmental/ecological value, due to the presence of either or
both benthic biota and fish assemblages.

As part of an environmental assessment program for the industrial activities, some of the
offshore exploration operators examine the effects of drilling discharges on the marine ambience.
This study describes such an assessment. For the assessment, a novel integrated marine monitoring
approach was conceptually designed; the program was then executed in the field using bottom-
mounted equipment and a remotely operated underwater vehicle with sensors mounted on it.

This study focuses on assessing the wind conditions in the project area, sea level and current
velocities, in situ water temperature, salinity, turbidity and acoustic echo intensity, over several
stages of the drilling operations while the drilling cuttings and muds were discharged into the
water column.

The collected during the austral autumn months of April and May winds showed prevailing
east-southeaserlies, which is aligned well with the general understanding of wind climatology of
the area. Importantly, stronger than usual winds may have a defining impact on current speeds and
directions, with the current speeds enhanced by such winds. On these occasions the water
transporting a discharge material may pushed towards the sensitive habitat present in the area.
Normally though the hydrodynamics in the project area are dominated by semi-diurnal tides.

Both vertical current velocity and water temperature distributions indicated the presence of
three layers within the water column over the project site. The vertical distribution of water
salinity was rather homogenous throughout the entire water column.

The monitored by an optical instrument turbidity and acoustic echo intensity from an ADCP
(acoustic Doppler current profiler) showed that tracing discharge plumes with a remotely operated
underwater vehicle is a viable technique, which could be implemented at other locations. Such
independent parameters though need a thorough cross-calibration and inter-validation for the
results to be fully understood.
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1. INTRODUCTION

There is a range of hydrocarbon exploration and
extraction industrial project activities taking place
on the North West Shelf (NWS) of the Australian
Continent. Meanwhile, the NWS is a place where
diverse and globally important marine ecosystems
exist. There are such ecologically significant bath-
ymetric and topographic features as Ashmore,
Scott and Seringapatam Reefs, and Rowley Shoals.
There also are a number of marine protected and
biologically important areas for benthic and pe-

lagic flora and fauna, including such threatened
megafauna species as whale sharks, pygmy blue
whales and flatback turtles. Recognised key eco-
logical features of the NWS also include the An-
cient Coastline at 125 m depth and numerous banks
and mounds that support diverse reef communities
(seee.g.[1, 3).

Notably, some of the industrial activities on the
NWS, such as offshore exploration drilling, may be
permitted within few kilometres away from sensi-
tive habitats extant in the area. The habitats may
in some cases be presented by submerged shoal
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ecosystems of high biodiversity and thus high envi-
ronmental / ecological value, due to the presence of
either or both benthic biota and fish assemblages.

The sensitivity of such habitats to anthropogenic
impacts is due to their remoteness from any popu-
lated areas, tens and hundreds of kilometres away
from the continental coastline. Therefore, such
common in the nearshore areas stressors as degraded
water quality and high turbidity (frequently detected
near coastal towns and cities) are not normally af-
fecting the offshore habitats; since the abundance of
species and diversity of marine ecosystems staying
virtually undisturbed by anthropogenic activities for
prolonged periods of time.

As part of the risk assessment program for the
industrial activities, some of the offshore explora-
tion operators examine the effects of drilling dis-
charges on the marine ambience. This study de-
scribes such an assessment. For the assessment, a
novel integrated marine monitoring approach was
conceptually designed and then executed in the field
using a number of bottom-mounted and water col-
umn positioned sensors and oceanographic instru-
ments. To collect in situ, water column data, such
cutting edge technology as a remotely operated un-
derwater vehicle (ROV) was used with a number of
oceanographic and water quality sensors mounted
on it.

The objective of this field monitoring program
was to assess and understand fates of plumes of
drilling cuttings and muds, and probable environ-
mental impacts from such plumes. This would allow
reducing uncertainty and in turn improving man-
agement of drilling campaigns around/near sensitive
environments, and also assessing any ecosystem
changes associated with drilling activities.

The present study describes the undertaken field
program and desktop assessment components, and
analyses the collected marine and water quality data.

2. PROJECT SITE LOCATION

The drilling project area was located approxi-
mately 120 km offshore off the Pilbara Coast of
Western Australia, on the NWS of the Australian
continent. The precise location of the operations
may not be disclosed due to the project commercial
sensitivities.

The drilling site was located in the water ap-
proximately 80 m deep. The site was at a distance of
approximately 5 km from the closest submerged
reef system, which rises from around 120 m depth
up to 20 m depth at its shallowest point. The reef is
a unique bathymetric feature, which supports
a number of diverse shallow ecosystems in the oth-

erwise homogenous sedimentary continental shelf
setting.

3. EQUIPMENT AND COLLECTED DATA

There were three sets of equipment used to col-
lect the metocean data.

There was a weather monitoring station installed
on the mobile offshore drilling platform. The col-
lected wind data were accordingly processed and
converted to 10 m above water surface before being
used in further calculations.

There was a set of instruments consisting of an
acoustic Doppler current profiler (a 100 kHz Tele-
dyne RDI Workhorse ADCP) and a pressure gauge
mounted on a frame and deployed at the seabed,
200 m north-west from the drilling site. The location
for the frame was selected based on the worst case
scenario for the drilling discharge plumes moving in
the direction of the sensitive habitats.

There also was a set of oceanographic and water
quality sensors mounted on the ROV. The sensors
were collecting registrations of the following marine
environmental parameters;

e In situ water temperature and salinity,

e In situ turbidity,

e Vertical transects of acoustic echo intensity
collected by a 300 kHz Teledyne RDI Workhorse
ADCP.

The turbid plumes from different types of dis-
charge operations are notoriously patchy and diffi-
cult to detect and follow in the field (see e.g. [6-7]).
Therefore the purpose of the instrumentation being
mounted on the ROV specifically for this field pro-
gram was to visually assess the in situ water turbid-
ity and delineate the turbid discharge plumes, and
then follow the plumes when detected. The sensors
operated remotely would in this case collect data
inside such plumes, which otherwise would not be
easily achievable (see e.g. [9]).

All the itemised marine environmental parame-
ters were monitored over the period of drilling op-
erations in progress, in April-May 2017. For the
purposes of the present study, the collected data
were processed and visualised; an analysis and re-
spective discussion are presented below.

4. DATA ANALYSIS
4.1 Data presentation

In the present study, data analysis is based on
wind/current rose and time series plots, as well as
box plots.

The rose plots depict compass points, data per-
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centages and data ranges within the provided colour
scale.

Time series plots present values at specific times,
over the deployment periods.

The box plots provide a visualization of sum-
mary statistics and contain the following features:

e the tops and bottoms of each "box" are the
25th and 75th percentiles of the data, respectively;
the distances between the tops and bottoms are the
interquartile ranges

e the line in the middle of each box is the me-
dian; if the median is not centred in the box, it
shows sample skewness

e the whiskers are lines extending above and
below each box; whiskers are drawn from the ends
of the interquartile ranges to the furthest observa-
tions within the whisker length (the adjacent values)

e observations beyond the whisker length are
outliers marked with red + signs; an outlier is a
value that is more than 1.5 times the interquartile
range away from the top or bottom of the box.

4.2 Wind monitoring

Wind is an important meteorological parameter
due to its contribution to current generation and
water mixing [6, 9, 11]. Figure 1 and Figure 2 re-
spectively exhibit wind rose and box plots of the
wind records collected at the project location in
April-May 2017.

" RGRTH...,

L 20%",

{ WIND SPEED (m/s)

v SOUTH 00-
Figure 1 - Wind rose for winds recorded over monitoring period

An analysis of the figures suggests that the winds
were from various directions, with up to 40-45% of
winds from east-southeast through to south-
southeast. There were winds with up to 12 m/s
speeds observed from east-southeast and south-east.
Such winds are typically observed in the area during
the months of April and May.

Figure 3 presents wind speed and direction time

series from the same location for the period of
oceanographic monitoring. The plots suggest that
there were several instances when 10-12 m/s winds
from the south-easterly quadrant lasted for up to a
day, particularly over the period of 27-29 April
2017. To understand any implications onto transport
processes, these events will be considered in combi-
nation with the monitored current speeds and direc-
tions in section 4.4.
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Figure 2 - Box plot for winds recorded over monitoring period

4.3 Sealevel

The dominant forcing for ocean currents in the
project area is barotropic tides, i.e. water motion
occurs in unison over the entire water column and is
chiefly caused by the gravitational attraction of the
Moon and the Sun.

There was a pressure gauge deployed at the sea-
bed stand; Figure 4 presents a time series plot of
depth logs from the gauge. An analysis of the figure
suggests that the tides at the deployment site are
semi-diurnal. Over the deployment duration, there
were periods of both neap and spring tides, with the
maximal tidal range of 3.1 m, which is in line with
general understanding of the tidal conditions in the
area [1, 10].

4.4 Current velocities

Ocean currents are generally the major factor re-
sponsible for sediment transport in the open ocean
conditions. The acoustic transducer of the ADCP
was positioned 2.0 m above seabed. Due to the in-
strument bin size set to 2.0 m, the first bin (referred
to as Bin 1 and so on thereafter) was located 4.2 m
above the transducer height. A Bin is a three-
dimensional cell (volume) of water in which echo
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Figure 3 - Time series plots of wind speed (top panel) and direction (bottom panel) over monitoring period
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Figure 4 - Time series plots of sea

intensity and current velocity are acoustically
assessed / measured by an ADCP.

An important parameter to analyse when con-
sidering an ADCP performance, is acoustic echo
intensity, which is an indicator of the strength of
the returned signal. Logs of acoustic echo inten-
sity over the campaign period are presented in
Figure 5.

An analysis of the data presented in Figure 5
suggests that there were strong acoustic returns

29/04/17 15:30

30/04/17 15:45

02/05/17 16:00

03/05/17 16:00

26/04/17 15:15
27/04/17 15:15
28/04/17 15:30
01/05/17 15:45
04/05/17 16:15
05/05/17 16:15

Date

level record over monitoring period

centred on bins 36-37, which were located 72.0-
74.0 m above the transducer height. Adding the
transducer height above seabed (2.0 m) to the
distance to the first bin (4.2 m) and to the range of
strong returns (72.0 m) gives the total depth of
around 78 m, which was the depth at the deploy-
ment site. The bins demonstrating high echo in-
tensity values are therefore located in the layer of
reflection of the acoustic signal from the water-air
boundary. There usually are one-two bins, which
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Figure 5 - Acoustic echo intensity over monitoring period

may be affected by the high intensity of the reflec-
tion from a boundary; the data from those bins may
be unreliable and thus should be discarded. This
effectively makes the number of bins from which
acoustic information is useful equal to 34.

A current rose of current velocities averaged
over the mentioned 34 bins is presented in Figure 6,
and Figure 7 exhibits box plots of current speeds
from each of the two metre ADCP bins.

An analysis of the depth-averaged currents sug-
gests that west-southwesterly currents were domi-
nant over the monitoring period.

Current roses for each of the instrument bins
were also plotted (not presented here); the roses
suggested some layering of the water column at the
site. For instance, there were higher percentages of
north-northwesterly and north-westerly currents
within the near seabed water layer, up to the instru-

ment bins 7 and 8, which are located around
20-22 m from the seabed, or at around 60 m depth.
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Figure 6 - Current rose plot representing averaged current
velocities, from near seabed (Bin 1) through to near water sur-
face (Bin 34)
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Figure 7 - Current speed for each of ADCP bins, from near seabed (Bin 1) through to near water surface (Bin 34)
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Above that depth, west-northwesterly currents were
dominant.

Figure 7 shows that the median current speeds
were within 0.15-0.25 m/s. The slowest currents
were observed near the seabed. The maximal cur-
rent speeds were consistently increasing through-
out water column, from 0.5 m/s near the seabed to
around 0.8 m/s, and up to 1.0 m/s in the near sur-
face water layers.

Time series plots of current speeds and direc-
tions for each of the ADCP bins were also plotted
(not presented here). A comparison of the plots
with the sea level record presented in Figure 4
suggested that both current speeds and directions
throughout the entire water column were affected
by the dominant, periodic forcing in the area,
which is barotropic, semi-diurnal tides.

It has been noticed however that stronger than
usual winds of up to 10-12 m/s observed on 27,
28 and 29 April (see Figure 3 for the entire time
series and Figure 8 for a zoomed representation)
did have a defining impact on current speeds and

directions on those days. The current speeds were
higher than just from tidal forcing, which is more
noticeable in the data from bin 34 sampled in the
near water surface layer (Figure 9). This signal
did propagate through the mid water column
bin 17 (Figure 10), to the near seabed layer repre-
sented by bin 2 (Figure 11).

4.5 Water temperature and salinity

The distribution of water temperature and sa-
linity with depth may reveal the presence of ther-
mal stratification or halocline conditions in the
water column. Both thermoclines and haloclines
may lead to density layering within the water col-
umn, which in turn may limit mixing and thus
affect plume dilution and transport. Therefore,
monitoring of the above parameters contribute to
in-depth understanding and better informed analy-
sis in discharge plume transport studies.
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Figure 10 - Current speeds (top panel) and directions (bottom panel) from bin 17, 26-29 April 2017
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Figure 11 - Current speeds (top panel) and directions (bottom panel) from bin 2, 26-29 April 2017

There were a number of sensors mounted on the
ROV, namely, temperature, salinity and pressure
sensors. The pressure logs were processed and con-
verted to depth. The distribution of water tempera-
ture and salinity with depth from the ROV multiple
deployments over the monitoring period are pre-
sented in Figure 12.

An analysis of the temperature and salinity
plots suggests that, based on the temperature dis-
tribution, there was water column layering ob-
served over the monitoring period: from the water
surface (0 m) to 30 m depth; from 30 m to 60 m
depth; and from 60 m down to the seabed. The
vertical distribution of salinity does not indicate
the presence of layers though.

The above are confirmed by the box plots pre-
sented in Figure 13. There is around 0.6°C differ-
ence in water temperature among the layers. The
median temperature of around 28.4°C within the
0-30 m layer is the highest among the layers, fol-
lowed by the 27.8°C median within the 30-60 m
layer, and the lowest median temperature of
around 27.2°C within the near seabed layer.
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Figure 13 - Box plots of water temperature for three identified

Figure 12 - Vertical distribution of temperature (left panel) and  ater layers

salinity (right panel) over monitoring period
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The median salinity does not vary much among
the layers though and stays near constant with the
value around 34.9 ppt (Figure 14).
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Figure 14 - Box plots of salinity for three identified water
layers

4.6 Water turbidity

The variability of turbidity within the discharge
plume was assessed using a turbidity sensor
mounted on the ROV. There were 40 deployment
logs processed and visualised; some sample timeser-
ies of turbidity are presented in Figures 15-18.

An analysis of the obtained results suggested that
the median values of turbidity were in general of
few tenth of an NTU, with the top interquartile
ranges within one NTU. The periods when the ROV
was driven through the discharge plume are charac-
terised by increased medians and a large number of
outliers, with the registered turbidity values from a
few NTU up to 450 NTU, which was set as the top
limit for the turbidity logs.
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Figure 16 - Turbidity timeseries for post-release deployment of 20/04/2017
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Figure 17 - Turbidity timeseries for deployment of 27/04/2017
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Figure 18 - Turbidity time series for deployment of 28/04/2017

4.7 Acoustic echo intensity transects

Acoustic echo intensity data in the marine envi-
ronment may be collected using acoustic instru-
ments, such as ADCPs. Acoustic echo intensity is
measured in counts and is an indication of the
strength of the returned signal. It is represented as a
number between 0 (or 40, which is the floor count
for the acoustic noise) and 255.

The higher the number of counts the stronger is
the return signal. The strength of the signal depends
on the properties of the medium, e.g. water density,
the presence of suspended particles in the water, and
the presence of the density gradients, e.g. due to the
signal interacting with water-air or water-seabed
separating surfaces. For the purposes of the present
study, the higher echo intensity zones would suggest
the discharge plume passing over the ADCP, or the
ROV passing through the plume.

Vertical profiles of suspended sediment concen-
trations may be assessed from acoustic echo inten-

sity records, if suspended sediment samples are
collected for the signal intensity calibration against
the sampled concentrations (see e.g. [2, 4, 8] among
many others). In this study, acoustic echo intensity
data is considered in parallel with the turbidity time-
series, because these two parameters were recorded
simultaneously during some of the ROV deploy-
ments. Note that the ADCP pressure sensor mal-
functioned; it was therefore problematic sometimes
to meaningfully differentiate the higher intensities
from the enhanced sediment concentrations from the
ones due to the presence of the water surface.

In total, there were 33 acoustic echo intensity
transects collected by an ROV mounted ADCP, all
processed and plotted for the purposes of this study;
due to space limitations, only some selected plots
are presented here. An analysis of the plots suggests
that the echo intensity of the return acoustic signal
did sometimes show higher number of counts in the
first several bins (usually within a 10 m and up to
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20 m range from the ADCP) at approximately the
same times when higher turbidity values were
logged. This was the case during the deployments
on 20/04/2017, where the peaking turbidity corre-
sponds to the highest intensity counts logged around
9:26, from 9:58 to 10:08, from 13:38 to 13:39, and
from 13:47 to 13:49 (Figures 15-Figures 16 and
Figures 19-Figures 20 respectively). At other times,
there was no obvious relation between the two pa-
rameters; for instance, the high number of echo in-
tensity counts over several periods from 14:40 to
15:40 on 27/04/2017 does not correspond to high
turbidity records (Figure 21 and Figure 17 respec-
tively). There also were cases when part-time there
was no clear correspondence (from 14:23 to 14:26
on 28/04/2017) but then a correspondence seems
appearing later (from 14:29 to 14:36 on
28/04/2017), all within the same timeseries and
transect deployment records, see Figure 18 and Fig-
ure 22 respectively.

5. DISCUSSION

During the austral autumn and winter months,
from April and May and through to August, winds
over the project area are from various directions
from east through south to west, with east-
southeaserlies (the so called “south-east trade
winds”, see e.g. [5, 10]) becoming dominant. This is
well aligned with the general understanding of wind
climatology of the area, and may indicate that any
discharged material from the project site may be
transported towards the sensitive habitat.

Importantly, stronger than usual winds of up to
10-12 m/s observed on 27, 28 and 29 April did have
a defining impact on current speeds and directions

-
=]
(=]

-]
=

Range from ADCP {m)
= 2

(5]
=

on those days, with the current speeds being higher
than just from tidal forcing. This is a very important
deliberation for the present study, because, as Fig-
ure 8, Figure 9, Figure 10 and Figure 11 demon-
strate, the winds on these occasions were from east-
southeast and south-east, pushing water towards
north-west, i.e. in the direction of sensitive habitat,
with higher than usual speeds. Therefore, such wind
events may result in impacts on the habitat from
sediment plums discharged at the drilling location.

Nevertheless, the presented and analysed results
in terms of sea levels and current velocities suggest
that the hydrodynamics in the project area are domi-
nated by semi-diurnal tides within mesotidal range.

Both current velocity and water temperature data
over the monitoring period indicated the presence of
three layers within the water column over the pro-
ject site.

An analysis of the data suggests that the near-
surface, 30 m thick water layer with stronger cur-
rents and higher temperatures may be formed by the
impact of wind on the water surface and solar irra-
diation and water heating propagating down to 30 m
depth, and even deeper at some occasions.

The near-seabed, 20 m thick water layer may
have slower currents due to the bottom friction, and
lower temperatures due to the relative remoteness
from the source of heat, the Sun, compared to the
near water surface layer.

The middle layer does not appear to be affected
by either the surface or seabed forcing, and thus
demonstrates slightly different characteristics from
those two layers in terms of both currents and tem-
perature.
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Figure 19 - Acoustic echo intensity for mud release deployment of 20/04/2017
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Figure 20 - Acoustic echo intensity for post-release deployment of 20/04/2017
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Figure 21 - Acoustic echo intensity for deployment of 27/04/2017
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Figure 22 - Acoustic echo intensity for deployment of 28/04/2017
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The water salinity was rather homogenous
throughout the entire water column, which is an
indication that evaporation did not play a significant
role in the area over the monitoring period. This
may also be an implicit indication that the oceano-
graphic processes in the area are dominated by the
tidal forcing, and the entire water layer would be
moving as one most of the time.

In terms of inconsistencies in the behaviour of
the monitored turbidity and acoustic echo intensity,
this type of irregular behaviour of two independent
parameters (one from an optical instrument and
another one from an acoustic instrument) may be an
indication that the interrelationship between the two
parameters is non-linear; this is assuming that each
of these instruments performed well and logged data
consistently, without malfunction or gaps in the
records.

6. CONCLUDING REMARKS

An analysis of the wind conditions for the moni-
toring period suggested the winds were from various
directions, with up to 40-45% of winds from east-
southeast through to south-southeast. The results
suggested that there were several instances when 10-
12 m/s winds from the south-easterly quadrant
lasted for up to a day, which may be affecting pat-
terns of transport of the discharged plums/material
within the project area.

An analysis of the sea level registrations sug-
gested semi-diurnal tides with the maximal tidal
range of 3.1 m over the monitoring period.

Current data suggested the presence of a few lay-
ers: there were higher percentages of north-
northwesterly and north-westerly currents within the
near seabed water layer, up to around 60 m depth,
and dominant west-northwesterly currents above
that depth. The maximal current speeds were consis-
tently increasing throughout water column, from
0.5 m/s near the seabed to around 0.8 m/s, and up to
1.0 m/s near the water surface. The data suggested
that, at the site, both current speeds and directions
throughout the entire water column are affected by
the semi-diurnal tides.

An analysis of the water temperature monitoring
data confirmed that there was water column layering
observed over the monitoring period, with three
layers present vertically. The vertical distribution of
salinity did not indicate the same layering, which
may be another indicator of the area being domi-
nated by mesotides, and suggests that evaporation
over the monitoring period was not significant.

The median values of logged turbidity were in

general around a few tenth of an NTU, with the top
interquartile ranges within one NTU; the periods of
passing through the discharge plume were character-
ised by increased medians and a large number of
outliers, with the registered turbidity values from a
few NTU up to 450 NTU.

Inter-comparisons of the acoustic echo intensity
with the turbidity logs did sometimes demonstrate a
good correspondence between the higher intensity
counts and turbidity records, which would suggest
the presence of the discharge plume passing over the
instruments. At other times, however, there was no
obvious relation between the two parameters. This
may be an indication that the interrelationship be-
tween the two parameters is not linear; this is as-
suming that the acoustic and optical instruments
performed and logged data consistently, without
malfunction or gaps in the records.
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Ha mniBHiuHO-3aXigHOMY  mIenbgi

ABCTPATIHCHKOTO

KOHTUHEHTY BHUKOHYETbCS  psif

MPOMUCIIOBUX IPOEKTIB 3 PpO3BiIKM 1 BUHOOYTKy ByrieBonHiB. Lleii mensd sBisie coboro

pi3HOMaHITHY 1

BAXJIMBY MOPCBKY CKOCUCTCMY 3 YHCICHHUMU ri00aaLHO 3HaYyIuMHn

MIJTKOBOJITHUMH KOpaJOBHUMH pH(aMH i MOPCHKHMU OXOPOHIOBAHHMH paiiOHaMu, SKi MaroTh
JKUTTEBO BaYKJIMBE 3HAYCHHS JUTS BHKMBAHHS BUIIIB, IKUM 3arpO)Ky€ 3HUKHECHHSI.

Jlesiki i3 3raaHuX po3BiAYBAIGHUX 1 BUAOOYBHUX pOOIT, TAKUX SK MOPCHKE OYpiHHS, MOXYTh
OyTH I03BOJICHI B MeXaxX KiJIbKOX KIJIOMETPIiB BiJl UyTJIMBUX MiCIb iCHYBaHHS, SIKi 3HAXOISATHCA
moOnu3y palioHy BHIOOYTKY. Y [eSKHX BHIIQJKaX CEpPElIOBHINA ICHYBaHHA MOXYTh OyTH
MPEJCTaBIICHI 3aHYPEHUMH EKOJOTIYHUMH CHCTEeMaMH 3 BHCOKHM OIOpiI3HOMAHITTSIM i, OTXe,
BHUCOKOIO €KOJIOTIYHOIO / eKOCHCTEMHOIO I[IHHICTIO Yepe3 HasBHICTh OCHTOCHOI OioTh Ta/abo

PUOHHX yrpyIyBaHb.

B Mexax mporpamu eKoJIOTi4HOI OLIIHKK HACHiJIKIB IPOMHUCIIOBOT AisUIBHOCTI IESIKi OrepaTopu
MOPCBKHX PO3BIJyBIFHHX POOIT BHBYAIOTH BIUIMB OYPOBHMX CKHIIB Ha MOPCHKE CEpelIOBHILE.

VY 1upoMy  JTOCHIJKECHHI

PO3rIIAAar0TLCA TaKi

OLIIHKH.

Juis  ominku OyB KOHIICHNTYAJIEHO

po3pobneHnii HOBHMH KOMIUIEKCHHM MiAXiM 10 Mopcbkoro MoHitopusry. Ilorim mporpama
MOHITOpPHHTY Oylia BUKOHAHA B MOJBOBUX YMOBaxX 3 BUKOPHCTAHHAM 00J1aJHAHHS, BCTAHOBJICHOTO
Ha [IHI, 1 MIBOJHOTO amapaTry 3 IUCTAaHIIIMHAM YIpPaBIiHHAM 31 3MOHTOBaHUMH Ha HBOMY

JaTYuKaMH.

Jlare mocnimKeHHS MPUCBSYEHE aHaJi3y BITPOBHX YMOB B 30HI IPOEKTY, PIBHSA MOpS, Tedii,
CIOCTEPEKEHb 32 TEMIEPATYPOIO BOAH, COJIOHICTIO, KATaMyTHICTIO 1 IHTEHCUBHICTIO aKyCTHYHOTO
BIJUTYHHS TIPOTATOM JIEKUTBKOX eTamax OypoBHX pobiT, y Toil "ac sk OypoBuil muiam i OypoBHid

PO3YHH CKUIAJIUCA B TOBLIY BOJU.

CriocTepekeHHsI 32 BITPOM B MEpioj OCiHHIX MicsliB (KBiTeHb-TpaBeHb) [liBIeHHOI MiBKyIi
MOKa3aJu MepeBakaHHs CXiHO-MIBJICHHO-CXITHUX BITPIB, 110 JOOpE Y3rO/KYEThCS 13 3aralbHUM
PO3YMIHHSIM BITPOBOTO PEXUMY paioHy. BaxmuBO Big3HAYWTH, IO CHJIBHIMINK, HIX 3a3BHYaH,
BiTEp MOXE MaTH BH3HAYAJILHHUH BIUIMB HA IIBUJIKOCTI 1 HAIIPSIM TEUiH, SKi MOCHITIOIOTHCS TAKUMH
BiTpamMH. Y IMX BHIIQJIKaX 3a0pyJHEHa CKMIAMH BOJHA Maca MOXKE HaOJIDKATUCS O YyTIHBOTO
CepelOBHUINa iICHYBaHHS, MPUCYTHROTO B IbOMY paiioni. OnHak, Hapas3i y IWHaMimi BOX B 30HI
MIPOEKTY MEePEeBaXKAIOTh MMiBI00OBI MPUILTUBH. Sk BepTHKaIbHA MIBUAKICTH MMOTOKY, TaK i PO3IIOILT
TEeMIEpPaTypyd BOOM BKa3yBaJM HA HasBHICTh TPhOX INApiB B TOBLII BOAM HAJ INPOCKTHOIO
JUISTHKOI0. BepTHkanbHui po3nofia CONOHOCTI BoAM OyB JOCHTh OJHOPIAHHUM y BChOMY Miapi

BOOU.

MOHITOpUHTI KaJlaMyTHOCTI 3 BHKOPHCTaHHSIM ONTHUYHOTO TpHIaNy Ta 3a JIOINOMOTIOIO
IHTEHCHBHOCTI aKyCTHYHOT'O BiJUTyHHS-CUTHAJTY, OTpHUMaHoro 3a gonomororw AJIBT (akyctuyHoro

JONIUIEPIBCHKOTO  BHMIpIOBada Tedii),

MOKa3as,

1I0 BIZCTCXKCHHSA UUICH(IB MiABUIICHOT

KaJaMyTHOCTI 3a JIOTIOMOT'0I0 AWCTAHIIHHO KEPOBAHOTO IiIBOJTHOTO O0JIaAHAHHS € KHUTTE3JaTHUM
METOJ/IOM, SIKUM MOKe OyTH peasli3oBaHMi B iHIIMX MicipixX. Taki He3alexHI mapaMeTpH, MpoTe,
NOTPeOYIOTh PETEIBHOT0 IEPEXPECHOr0 KaiOpyBaHHS 1 B3a€MHOI Bajigauii A MOBHOTO

PO3YMIHHS pe3yIbTATIB.
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KuarouoBi cioBa: xoHTHHEHTaNBbHUH menbd, OypiHHA, mutamu, OypoBi po34MHH, HUIEH,
KaJaMyTHICTb, MiJBOJHHHA amapaT 3 OUCTAHI[IHUM KepyBaHHSM, PO3IIapyBaHHS TOBILII BOJIH,
AaKyCTUYHUH JOMIIJICPiBCHKiN BUMIPIOBAB Tedii, IHTEHCHBHICTh BiTTyHHS
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Ha ceBepo-zamagHoM  menb(e  aBCTPAIMHCKOTO  KOHTHHEHTAa  BBINOJHSAETCS  PsA
MIPOMBIIUICHHBIX TPOEKTOB IO pa3BelKe U J00bIYe YIIIeBOJOPOAOB. DTOT HIeib( MpeacTaBiseT
co00i1 pa3HOOOpa3Hyl0 M BaKHYI0 MOPCKYIO 3KOCHCTEMY C MHOTOYHCIEHHBIMH TIJI00aJbHO
3HAYMMBIMH MEJIKOBOJHBIMH KOPaJUIOBBIMH pU(paMH M MOPCKHMH OXpaHSIEMBIMH pailoHamu,
KOTOpbIe HMMEIOT JKH3HCHHO BAXXHOE 3HAYCHHME [UI BBDKMBAHMS BHIOB, KOTOPBIM TPO3HUT
MCYE3HOBCHHE.

Hexkotopble BuABI YIOMSHYTHIX padOT MO pa3BeAKe W A0ObIUE YITIEBOJOPOAOB, TaKHe Kak
MOpcKoe OypeHue, MOryT OBITh paspemieHbl B Ipeiesax HECKONbKUX KHJIOMETPOB OT
YyBCTBUTENBHBIX K UX BO3JCHCTBHIO MECT OOMTAHHUS, PACIIOIOKEHHBIX BOJIM3U paiioHa TOOBIYH.
Mecra 00UTaHUS B HEKOTOPBIX CIIydasiX MOTYT OBITh ITPEJCTaBICHbI SKOCUCTEMaMH MEITKOBOJIBS C
BBICOKMM OHOpa3HOOOpa3ueM M, TakuM 00pa3oM, BBICOKOHW 3KOJIOTHYECKOH / JKOCHCTEMHOI
LICHHOCTBIO N3-3a MIPUCYTCTBUS OMOTHI OEHTOCA W/UIH PHIOHBIX COOOIIECTB.

B pamkax mporpaMMbl 5KOJOTHYECKON OLIEHKH IOCIEICTBUI MPOMBIIIIEHHOHN IesSTEeIbHOCTH
HEKOTOpPBIE OIIEpPaTOpbl MOPCKHX pa3BENOYHBIX paboT M3Yy4aloT BIMSHHE OYpPOBBIX COPOCOB Ha
MOpPCKYIO0 cpefy. B 3ToM mHccienoBaHHM paccMaTpUBAKOTCS Takde OLCHKH. [Isi OLEHKH ObLI
KOHIICTITYaJIbHO Pa3pa00TaH HOBBIM KOMIUICKCHBIH MOJXOA K MOPCKOMY MOHHUTOPHHIY. 3aTeM
nporpaMMa MOHHUTOPHHTA OblUla BBIIOJNHEHA B TMOJEBBIX YCIOBHSX C HCIIOJIb30BaHHEM
000pyIOBaHNs, YCTAaHOBIGHHOIO Ha [HE, M MOABOJHOIO almapara ¢ JAWCTaHIMOHHBIM
YIPaBJICHUEM C YCTAaHOBJICHHBIMU Ha HEM JaTYUKaMHU.

JlaHHOE HCcCleJOBaHUE TIOCBAIICHO aHAIN3Y BETPOBBIX YCJIOBUH B 30HE IIPOEKTA, YPOBHS MOPSL,
TeueHHH, HaOJIONEHUH 3a TeMIepaTypoll BOABI, COJECHOCTHIO, MYTHOCTHIO U MHTCHCHBHOCTBIO
aKyCTHYECKOTO 3Xa Ha HECKOJBKHX dTarax OypoBbIX paboT, B TO BpeMs Kak OypoBOHM HUIaM H
OypoBOIf PacTBOP BHIOPACHIBAIUCH B TOJIILY BOJIH.

HaOmronennst 3a BeTpoM B NEpHOA OCEHHHX MecsleB (ampenb-maii) FOxHOTrOo momymapus
MOKa3any IpeodiiajaHie BOCTOYHO-IOT0-BOCTOYHBIX BETPOB, YTO XOPOLIO COIJIacyercs ¢ OOIINM
ITOHUMaHUEM BETPOBOTO peXrMa paiioHa. BaKHO OTMETHTB, 4TO Ooyee CHIBHBIN, YeM OOBIYHO,
BETEpP MOXET OKa3bIBaTh ONpEICIIONIee BIMSHAE HA CKOPOCTH W HaIpaBieHHs TCYCHHH,
ycuIiBas MX. B 3THX ciydasx 3arps3HeHHas cOpocaMy BOJHAs Macca MOXKET MPUOIMKAThCS K
YyBCTBHUTEIILHOU cpelie 0OUTaHUs B 3TOM paiione. OmHaKo, KaK MPAaBUJIO, B TMHAMHUKE BOJ B 30HE
MIPOEKTa MpeoOIaaloT IONYCYTOYHbIe NMPUIMBEL. Kak BepTHKalbHAs CKOPOCTH MOTOKA, TaK U
pacmpezielieHHe TeMIepaTypbl BOIBI YKa3bIBAIM Ha HalIWYMe TPEX CJIOEB B TOJNIIE BOABI Haj
NPOEKTHBIM YYacTKOM. BepTHkalbHOE pachpesieleHHe COJEHOCTH BOJbl OBUIO JOBOJBHO
OJTHOPOJTHBIM TIO BCEH TOJIILE BOJIBL.

MOHHUTOPHHT MYTHOCTH C HCIIOJIb30BaHHEM ONTHYECKOro TNPHOOpa M HHTEHCHBHOCTH
aKyCTHYECKOro sxo-curHana npu nomomu AJIUT (akyCTH4ecKOro JOIIEPOBCKOTO M3MEPUTENS
TEUSHHMs) TOKa3all, YTO OTCIICKMBAHUE MIIEH(OB MYTHOCTH C MOMOMIBIO ITOJBOJHOTO armapara
SIBJISIETCSL JKU3HECTIOCOOHBIM METOJIOM, KOTOPBIH MOXXET OBITh pealn30BaH B JAPYIHX MecTax.
Takue He3aBHCHMBIC IapaMeTphl, TeM HE MEHee, HY)KHAITCsi B TINATENBHOW NEepeKPecTHON
KaTMOPOBKE M B3aWMHOMU BaMIALUH IS TIOJTHOTO TIOHUMAHUS Pe3yIbTaToB.

KnroueBble ciioBa: KOHTHMHCHTAJBHBIN Ienbd, OypeHue, uuiambl, OypoBBIE PacTBOPHI,
nuteiid, MyTHOCTb, HOABOIHBIN ammapar ¢ AMCTAHLIMOHHBIM YIPABICHUEM, PACCIOCHUE TOJILIH
BOJIbl, AKyCTUYECKUH TOIUIEPOBCKUI U3MEPUTEIL TEUEHUI, HHTEHCUBHOCTD 3Xa.

IHooanna oo peoaxyii : 18. 04. 2019
Haoxooorcenns ocmamounoi sepcii : 24. 04. 2019
Ilyonixayis cmammi : 30. 05. 2019
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