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INTRODUCTION

Phosphate is as essential to life as oxygen, 
water and carbon.  All living cells require 
phosphate, as it is a component of the 
cell wall and DNA. Phosphate cannot be 

manufactured and there is no synthetic substitute 
to replace it. With a growing world population 
incorporating meat and dairy products to their 
diet, phosphorus reserves have become a critical 
aspect of the food security of nations. The ability 
of nations to feed their people in the future will 
depend on their access to phosphate fertilizer at 
HќVYKHISL�WYPJLZ�[V�MHYTLYZ��

For Mexico, less than 60% of the food 
consumption in the country is produced internally. 
According to statistics from INEGI (National 
Institute of Geography and Statistics), the import 
of phosphate stands out from other importations.  
The main countries from which Mexico imports 
phosphate rock are Morocco, USA, Ukraine and 
Peru. Imports continue to increase, becoming 
in this way currently a dependent, valuable and 
strategic resource for Mexico and its agriculture.

The strategic need of Mexico should be self-
Z\ѝJPLUJ`� ^P[O� H� YPJO� ZV\YJL� VM� LZZLU[PHS�
phosphate fertilizer to feed its population over the 
next 100 years.

The environmental impact of performing underwater 
dredging of phosphate sands deposit in Ulloa Bay 
represents a minimal risk as it is similar to dredging 
for marine aggregates that has been carried 
extensively by suction dredgers that are currently 
working in UK waters. This technology, which we 
are proposing to use in Baja California Sur project, 
has been carried out for over thirty years in UK, 
Holland and Belgium, among other countries. 

It is important to note that during the extraction 
process presented here at no time are chemicals 
added; phosphate is extracted solely by mechanical 
TLHUZ�HUK�ZOLSSZ��V]LYZPaL�TH[LYPHS�HUK�ÄULZ�HYL�
returned to the seabed.

0UOLYLU[�)LULÄ[Z�VM�<UKLY^H[LY�
4PUPUN�=:�3HUK�4PUPUN�

0UMYHZ[Y\J[\YL� PZ� UV[� ULLKLK! Since mineral 
extraction is performed with a suction Trailer 
Suction Hopper Dredger (TSHD) and other auxiliary 
ships that are all mobile, no further infrastructure is 
needed, eliminating the huge costs related to land 
mining such as roads, airstrips, camps for facilities, 
workshops, power plants or conducting electricity 
and reservoirs to store water. This design minimizes 
the environmental impact of the project.
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*VTT\UP[PLZ� HYL� UV[� L]HJ\H[LK! Native 
or regional communities do not need to be 
moved, so there is very little impact to society 
and as such and it is not necessary to invest in 
buying land.

5H[\YHS� ^H[LY� ZV\YJLZ� HYL� UV[� HMMLJ[LK! 
Underwater mining does not affect groundwater 
or compete with water reserves that exist in 
land mining. There is no effect on natural water 
sources.

3V^LY� JHYIVU� MVV[WYPU[! Underwater 
L_JH]H[PVUZ� HYL� TVYL� LѝJPLU[� HUK� NLULYHSS`�
use less than half the energy compared to 
their terrestrial counterparts, reducing carbon 
emissions. There is another saving of about 
75% when transporting the materials by sea 
and not by land to the market place. Phosphate 
deposits at this site are in the form of sands, 
eliminating the need for crushing and saving 
ZPNUPÄJHU[� HTV\U[Z� VM� LULYN �̀� /H]PUN� SVJH[LK�
underwater deposits near the regions where it 
will be used results in a further major saving in 
the cost and energy of transportation.

=LY`�SP[[SL�[V�HSTVZ[�UV�V]LYI\YKLU�YLTV]HS!�
This underwater mineral deposit occurs mainly 
as surface outcrops; therefore they have very 
little overburden material, reducing energy 
consumption and carbon emissions. In the 
event that overburden would be removed, 
this can be carried out efficiently by lateral 
transport.

6JJ\WH[PVUHS� ZHML[`� HUK� OLHS[O!�Because all 
Z[Hќ�PZ�VU�IVHYK�[OL�ZOPWZ��^VYRPUN�JVUKP[PVUZ�HYL�
safer than the equivalent land operations.
 
3LZZ� LU]PYVUTLU[HS� PTWHJ[! At the 
present, underwater mineral deposits of high 
concentrations, good quality and grade are 
being selected. These types of deposits have 
been exhausted on land long ago, leading to 
the extraction of lower grade deposits which 
require processing of larger volumes of material 
generating greater environmental impacts. 
This high quality and concentration of marine 
deposit, the relative lack of overburden and the 
proximity to land that characterizes the “Don 
Diego” site result in considerably lower impacts 
than mining on land.

:LH� IV[[VT� JVU[V\YPUN! Using proven 
techniques, the seabed can be left in a form 
that promotes the rapid recovery of the resident 
organisms, improving the speed of recovery of 
the site that has been dredged.

3VJH[PVU�VM�[OL�WYVQLJ[

Project “Don Diego” will be developed in a 
sedimentary deposit of phosphate sands located 
in Mexico´s Exclusive Economic Zone (EEZ), 
VќZOVYL� MYVT� [OL�JVHZ[�VM�)HQH�*HSPMVYUPH�:\Y� PU�
[OL�7HJPÄJ�6JLHU��;OL�JVUJLZZPVU�HYLH�VM�“Don 
Diego” project is close to the continental shelf, in 
the bay between Punta Abreojos in the north and 
Puerto San Carlos in the south. 
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-PN\YL��!�;OL�WYVQLJ[�PZ�SVJH[LK�PU�[OL�,_JS\ZP]L�
,JVUVTPJ�AVUL��,,A��VM�4L_PJV��PU�[OL�<SSVH�)H �̀�PU�[OL�
^LZ[LYU�JVHZ[�VM�)HQH�*HSPMVYUPH�:\Y��;OPZ�THWZ�ZOV^Z�

[OL�VYPNPUHS�TPUPUN�[P[SL�

-PN\YL��!�7YVQLJ[�HYLH�¸+VU�+PLNV¹��YLNHYKPUN��,,A
HUK�[LYYP[VYPHS�ZLH�

The TSHD will extract material 
from an area of approximately 2 
km2 and to a depth of about 2 
meters per year. This amounts to 
dredging in about 1% of the total 
project area per year.

The following image shows the 
location of the project, within the 
Exclusive Economic Zone (EEZ) 
PU�[OL�4L_PJHU�7HJPÄJ�

The minimum distance from 
the coast is 12 nautical miles 
(22.2 km). It is important to 
mention that the project is 
V\[ZPKL� [OL�JVUJLZZPVU�ÄZOPUN�
HYLHZ�� HZ� KLÄULK� HJJVYKPUN�
to CONAPESCA. Additionally, 
based on the considerable 
distance of the project from 
the coast, no impact to such 
remote coastal areas has been 
determined by the extensive 
testing that has been done. It 
should also be pointed out that 
due to the water depth and 
lack of light, there is minimal 
vegetation on the seabed in 
this area.
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Trailer Suction Hopper Dredging (TSHD) 
of the type that is proposed to take 
mineral sands from the seabed at the 
“Don Diego” site approximately 22 km 

Vќ�[OL�^LZ[�JVHZ[�VM�)HQH�*HSPMVYUPH�:\Y��4L_PJV�
is a dredging method that is used worldwide 
for projects including maintenance dredging of 
approach channels to ports, for major reclamation 
works and for sourcing marine aggregates for 
the construction industry. The impacts of this 
dredging method on the marine environment are 
well-established, having been extensively studied 
in European waters over the past decade in an 
approximately US$ 50 million research program 
carried out between 2002 and 2011. 
 
This program was supported by the UK 
Government Department of Environment Food 
HUK�9\YHS�(ќHPYZ��+,-9(���;OL�YLZ\S[Z�VM�[OPZ�̂ VYR��
and other related projects relevant to dredging, 
have been recently summarized in a book by 
Newell and Woodcock (2013) published by The 
Crown Estate in the UK. 

Oceanica has recognized the extensive expertise 
relevant to the “Don Diego” project that exists from 
these and other studies carried out in Europe. 

Therefore the best available expertise from Europe, 
Mexico and elsewhere was sought to assess the 
likely environmental impacts of Trailer Suction 
/VWWLY�+YLKNPUN�VU�LU]PYVUTLU[HS�YLZV\YJLZ�Vќ�
Baja California Sur. 

The purpose of this non-technical summary is to 
summarize the results of these detailed studies 
and to show how the extensive knowledge 
gained for marine aggregate dredging in Europe 
and elsewhere is directly relevant to the dredging 
WYVWVZLK� MVY� [OL� ¸+VU� +PLNV¹� ZP[L� Vќ� [OL� ^LZ[�
coast of Baja California Sur.

PROJECT DESCRIPTION

-PN\YL��
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THE PROCESS OF TRAILER SUCTION HOPPER DREDGING (TSHD)

Primary impacts of dredging

Seabed sediments are removed by a process 
that is essentially similar to a ‘vacuum cleaner’. 
Deposits are removed through a ‘draghead’ 
^OPJO�PZ�Ä[[LK�̂ P[O�H�WV^LYM\S�Z\J[PVU�W\TW�[OH[�
transfers material from the seabed to the cargo 
hold of the TSHD. The draghead is generally 2-3 
m in width and removes sediment to a depth of 
about 30-60 cm depending on the speed of the 
vessel. Normally the TSHD moves at a speed of 
1-2 knots and creates a series of shallow furrows 
in the seabed. Repeated dredging within a small 
area can result in a lowering of the seabed by 
5 m or more. These immediate impacts on the 
seabed within the active dredge zone (ADZ) are 
referred to as ‘Direct’ or ‘Primary’ impacts.

+PYLJ[��VY�ºWYPTHY`»��PTWHJ[Z�VM�KYLKNPUN VU�
[OL�ZLHILK�PUJS\KL!
1. Lowering of the seabed in the working area. 
2. Potential Impacts on seabed organisms.

1. LOWERING OF THE SEABED IN THE 
DREDGED AREA.
The deposits in the license area are estimated to 
be 4-7m in depth. The TSHD is likely to dredge 

along east-west transits to be head-on or stern 
to the prevailing swell and of about 4 km length, 
depending on the location and depth of the 
resource. Sites are likely to be worked over a 
width of 200-300 m and down to the depth of the 
deposit, which varies within the resource area. This 
will result in a lowering of the seabed by between 
����T�PU�[OL�̂ VYRPUN�HYLH�̂ OLU�ZS\TWPUN�HUK�PUÄSS�
of the dredged area is taken into account. Bearing 
in mind that the depth of the water in the license 
area is approximately 50-90 m, there will be no 
impact of changes in bathymetry on wave height 
in the license area or on the coast.

Anecdotal evidence from dredge sites in the 
Netherlands and in the UK suggests that the variety 
VM�THYPUL�PU]LY[LIYH[LZ�HUK�HZZVJPH[LK�ÄZO�KP]LYZP[`�
and catches may be improved at sites where the 
seabed has been left with an uneven topography 
JVTWHYLK� [V�ZP[LZ�^OLYL� [OL�ZLHILK� PZ� ÅH[[LULK�
following cessation of dredging. The proposal for 
the “Don Diego” site is therefore for the active 
dredge zone (ADZ) to be left with an undulating 
seabed and allowed to recover over time whilst a 
further area within the license area is dredged.
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2. POTENTIAL IMPACTS ON SEABED 
ORGANISMS.
Few if any of the seabed organisms that are 
removed under the path of the draghead are 
likely to survive the dredging process. It has been 
estimated that 60-80% of the benthic fauna are 
removed, depending on the intensity of dredging 
within the license area (reviewed in Newell et al., 
1998; Newell and Woodcock, 2013). The area 
that is dredged within the ADZ is, however, small, 
amounting to about 1.2 km2, based on the above 
ÄN\YLZ� MVY� SLUN[O� VM� [OL� KYLKNL� [YHJR� HUK� SPRLS`�
width of the ADZ site. 

Overall, the direct impact on the resident fauna in 
the ADZ is inevitably severe, but is small in area 
and on a biotope that supports a remarkably low 
biodiversity compared with deeper water deposits 
to the west, and shallower waters towards the 
JVHZ[��+YLKNPUN�ZTHSS�^LSS�KLÄULK�(J[P]L�+YLKNL�
Zones that are subsequently left to facilitate the 
recovery of seabed deposits and associated 
biological communities is an integral part of the 
management of this project.

It is has been shown that recolonization and recovery 
VM�IPVSVNPJHS�JVTT\UP[PLZ�JHU�VJJ\Y�YHWPKS`� PU�ÄUL�
sands and muds (for review, see Newell et al., 1998; 
Foden et al., 2009). A recovery time of 2-3 years 
is not uncommon for sandy deposits, and in some 
JHZLZ�ZPNUPÄJHU[�YLJVSVUPaH[PVU�JHU�[HRL�WSHJL�̂ P[OPU�
months of cessation of dredging. 

Some components of the fauna such as larger 

bivalve species may, however, take several years 
to grow to full size after recolonization by juveniles 
(reviewed in Newell and Woodcock, 2013). The 
Gulf of Ulloa is the transition zone between 
the Panamic and Californian provinces, which 
means that typical organisms of the California 
and Norecuatorial currents are to be found in the 
region. This distribution also changes seasonally 
and suggests that the “Don Diego” deposits could 
be capable of rapid recolonization.

:LJVUKHY`�PTWHJ[Z�VM�KYLKNPUN

Once the seabed deposits are transferred to 
the TSHD, it is usually necessary to process 
the material so that the cargo meets customer 
needs. In the case of dredging for phosphate-
rich deposits, part of the dredged material 
comprises sands of low phosphate content. 
This material, including sand and shells, needs 
to be returned to the seabed to allow retention 
of phosphate sands with a suitable content 
for shipment to the market place. The impacts 
VM� VU�IVHYK� WYVJLZZPUN� PUJS\KL� [OL� LќLJ[Z� VM�
deposition and subsequent seabed transport 
of material rejected and mobilized by seabed 
currents. In the case of aggregate dredgers, 
VUJL�[OL�JHYNV�OVSK�PZ�ÄSSLK�^P[O�ZLH^H[LY�HUK�
NYH]LS��[OLYL�PZ�HKKP[PVUHS�ÄUL�TH[LYPHS�LU[LYPUN�
[OL� ^H[LY� JVS\TU� [OYV\NO� V]LYÅV^� MYVT�
spillways located at the top of the cargo hold. 
These reduce the amount of seawater that is 
[YHUZWVY[LK�HUK�HSSV^�[OL�JHYNV�OVSK�[V�IL�ÄSSLK�
with commercial sand and gravel, see Figure 4.
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0U� VYKLY� [V�TPUPTPaL� SVZZ� VM� ÄUL� ZLKPTLU[� MYVT�
the cargo hold of the dredger into the surface 
waters of the dredge area, excess water will be 
discharged down through the hull of the dredger 
and conform with best practice for the most 
modern dredging vessels. The impacts of these 
sources of discharge are referred to as ‘Indirect’ 
or ‘Secondary’ impacts of dredging.

-PN\YL����+YLKNL�OVSK�ÄSSLK�^P[O�JVTTLYJPHS�
ZHUK�HUK�NYH]LS�

-PN\YL����+YLKNL�HUK�WYVJLZZ�]LZZLS�VWLYH[PUN�V]LY�[OL�KLWVZP[�

In the case of the “Don Diego” project, processing 
of dredged deposits and return of excess material 
to the seabed will take place on a second vessel, 
YH[OLY�[OHU�VU�[OL�KYLKNLY�P[ZLSM��;OPZ�PZ�H�ZPNUPÄJHU[�
KPќLYLUJL� MYVT� [OL� Z[HUKHYK� HNNYLNH[L� KYLKNLY�
shown in Figure 4. 

(UV[OLY�KPќLYLUJL�PZ�[OH[�HSS�VM�[OL�YL[\YUZ�MYVT�
the processing vessel that will be used at the 
“Don Diego” site will be discharged through a 
so-called ‘green valve’ located in the hull of the 
processing vessel (See Figure 5). This reduces 
the surface plume in the vicinity of the vessel 
and assists in carrying the dispersing plume 
below the surface waters (euphotic zone) where 
phytoplankton production occurs. 

Nevertheless the secondary impacts of 
dredging and processing at the “Don Diego” 
site will be very similar to those that occur on 
an aggregate dredger; the impacts of which 
are well-known and have been widely studied 
in recent years.
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0UKPYLJ[��VY�:LJVUKHY`��PTWHJ[Z�PUJS\KL!
1. An increase in turbidity which can potentially 

HќLJ[� SPNO[� WLUL[YH[PVU� HUK� KLWLUKLU[�
phytoplankton production in the surface waters.

2. Deposition of material on the seabed which 
can potentially bury seabed animals that are 
unable to resurface.

3. Impacts on marine animals from substances in 
the re-deposited material.

4. 7V[LU[PHS� LќLJ[Z� VU� ^H[LY� X\HSP[`� MYVT�
discharges by the processing vessel.

5. ;OL�WV[LU[PHS�LќLJ[Z�VM�ZV\UK�MYVT�[OL�]LZZLSZ�
that may result in disturbance of marine 
mammals and other megafauna.

1. INCREASE IN TURBIDITY IN THE 
WATER COLUMN 
The predicted fate of material returned to the 
seabed during the dredging and subsequent 
processing of material at the “Don Diego” site 
has been modeled in considerable detail by HR 
Wallingford. This institute has leading international 
expertise in hydrodynamic models for capital and 
maintenance dredging projects worldwide. A full 
report on the methodology used to develop three-
dimensional plume models for the waters at the 
WYVWVZLK�KYLKNL�ZP[L�Vќ�)HQH�*HSPMVYUPH�:\Y�OHZ�
been included in the Annexes of the MIA.

The report by HR Wallingford uses the results of a 
comprehensive series of oceanographic surveys 
carried out from the survey vessel Dorado 
Discovery� I`� 6K`ZZL`� Z[Hќ� PU� -LIY\HY`� �����
up to the present. A full range of relevant data 

including currents through the water column, 
salinity, suspended solids, water chemistry 
WYVÄSLZ��HUK�ZLKPTLU[H[PVU�YH[LZ�MYVT�ZLKPTLU[�
traps were collected in this survey program. 

The information was then used to verify the 
outputs from a multi-institutional generalized 
coordinate ocean model called Hybrid Coordinate 
Ocean Model (HYCOM) (http://hycom.org) that is 
widely used in ocean current models. 

Of relevance to potential environmental impacts 
is the mean increase in suspended solids that is 
predicted to occur in the water column, averaged 
over the whole year. These contours are plotted 
in Figure 6. The footprint shown assumes that 
the dredging would remain in the vicinity of that 
simulated over the course of the whole year. The 
results of plume modeling indicate that typically 
increases in suspended solids from dredging 
operations at the “Don Diego” site will occur over 
a distance less than 4 km from operations.

-PN\YL��!�-VV[WYPU[�VM�WYLKPJ[LK�TLHU�PUJYLHZLZ�
PU�Z\ZWLUKLK�ZLKPTLU[�JVUJLU[YH[PVU�
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The plume model outlined above assumes that 
[OL�V]LYÅV^�HUK�WYVJLZZPUN�^H[LY�PZ�KPZJOHYNLK�
at the surface as in a conventional aggregate 
dredging operation. However use of the ‘green 
valve’ to discharge suspended solids in the 
V]LYÅV^� Z[YLHT�ILSV^� [OL� Z\YMHJL� H[� [OL� ¸+VU�
Diego” site, and the fact that much of the 
material returned to the seabed after processing 
enters the water as a high velocity ‘dynamic 
plume’ will result in the plume being carried well 
below the surface waters where the majority of 
phytoplankton production occurs. 

The majority of primary production by the 
phytoplankton occurs in the upper 30 m of the 
VJLHUZ� ^OLYL� SPNO[� WLUL[YH[PVU� PZ� Z\ѝJPLU[� [V�
allow photosynthesis by the plant cells that 
comprise the phytoplankton. This is known as 
the ‘Euphotic Zone’. The fact that the dispersing 
plume from the return of unwanted material to 
the seabed by the dredging and processing 
vessels is likely to be mainly below the Euphotic 
Zone suggests that dredging and processing of 
sediments at the “Don Diego” site will have a 
ULNSPNPISL�LќLJ[�VU�WO`[VWSHUR[VU�WYVK\J[PVU�

2. DEPOSITION OF SEDIMENT 
ON THE SEABED
The potential ‘footprint’ of deposition of sediment 
from the dredging and processing vessels has 
been modeled using the same techniques as 
those described above for the dispersing plume 
in the water column. The deposition that might 
be expected to occur during a whole year is 

plotted in Figure 6. The plotted deposition takes 
PU[V�HJJV\U[�[OL�YLSH[P]L�MYLX\LUJ`�Å\J[\H[PVU�VM�
south- by south-easterly currents, north-westerly 
currents and northerly currents. The deposition 
is plotted based on dredging throughout the year 
but allowing for downtime for maintenance and 
weather. Dredging is assumed to correspond to 
the removal of around 4.3 mm3 from the seabed 
over the year from broadly the same location. 
6US`� [OL� KLWVZP[PVU� VM� [OL� ÄUL� ZLKPTLU[� PZ�
plotted in Figure 6 as the coarser material will 
fall to the seabed in the immediate vicinity of the 
dredging and processing vessels.

6U� [OL� IHZPZ� [OH[� KYLKNPUN� PZ� JVUÄULK� [V� H�
particular area over the year, Figure 7 indicates 
[OH[�[`WPJHSS`�PU�H�`LHY��ÄUL�ZLKPTLU[��#��эT��PZ�
deposited towards the north-west and east of 
operations. Deposition of 0.01 m/yr (1 cm/yr) 
is estimated up to 7.5 km north-west of TSHD 
and processing (FPSP) operations and up to 
5.5 km east of TSHD and FPSP operations. 

Deposition of 0.05 m/yr (5 cm/yr) is estimated 
up to 3 km north-west of TSHD and FPSP 
operations and up to 4 km east TSHD and 
FPSP operations. The 0.01 m/yr and 0.05 m/
yr contours are equivalent to 5 kg/m2/yr and 25 
kg/m2/yr, respectively. This indicates that the 
predicted deposition arising from the dredging 
outside of the dredge application area will be of 
the same order as, but in addition to, the natural 
rate of sedimentation in the area of 10-20 kg/m2/
yr (0.02-0.04 m/yr).
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Potential Impacts of Sediment Deposition 
on Seabed Fauna

Many of the macrofauna that lives in areas of 
sediment disturbance are well adapted to borrow 
IHJR� [V� [OL� Z\YMHJL� MVSSV^PUN�I\YPHS� �ZLL�:JOHќLY�
1972)1. Studies by Maurer et al. (1979)2 showed 
that some benthic animals could migrate vertically 
through more than 30 cm of deposit sediment, 
and this ability may be widespread in relatively 
deep water. Kukert (1991)3 showed for example, 
that approximately 50% of the macrofauna on the 
IH[O`HS�ZLH�ÅVVY�VM�[OL�:HU[H�*H[HSPUH�)HZPU�^LYL�
able to burrow back to the surface through to 4 to 

-PN\YL��!�,Z[PTH[L�VM�HUU\HS�KLWVZP[PVU�VM�ÄUL�
ZLKPTLU[��#�����T��YLZ\S[PUN�MYVT�ZPT\SH[LK�

VWLYH[PVUZ�

10 cm of rapidly deposited sediment. The Santa 
Catalina Basin is immediately to the north of Don 
Diego project area. 

A good deal of the apparent recolonization of 
deposits following dredging or spoils disposal may 
therefore reside in the capacity of adults to migrate 
up through relatively thin deposit sediments (for 
review see Newell et all. 1998)4. 

An assessment of the likely sensitivity of typical 
invertebrates from the seabed in and adjacent to 
the “Don Diego” proposed dredge site has also 
been carried out by Last and Hendrick (2014) of the 
Scottish Association for Marine Science (SAMS). 
They reviewed the sensitivity of marine organisms 
listed in the Marine Life Information Network (MarLIN) 
which is one of the most comprehensive and freely 
available sources of information on the marine 
biodiversity of North Atlantic species. A review of the 
sensitivity of marine species to sediment deposition 
listed on the MarLIN website suggests that 95% of 
the species are likely to be tolerant of deposition 
at and below the 5 cm/y (0.05 m/y) sedimentation 
JVU[V\Y� PKLU[PÄLK� PU� [OL�KLWVZP[PVU�WS\TL�TVKLSZ�
summarized above. Where increases of suspended 
ZLKPTLU[�VM�#��TN�S� HYL�WYLKPJ[LK�� [OL�ZLUZP[P]P[`�
of benthic fauna is considered to be negligible. It 

1. Schafer, W. 1972. Ecology and Paleoecology of Marine 
Environments. Chicago: University of Chicago Press.

2. Maurer, D. L., Leathem, W., Kinner, P & Tinsman, J. 1979. 
:LHZVUHS� Å\J[\H[PVUZ� PU� JVHZ[HS� ILU[OPJ� PU]LY[LIYH[L�
assemblages. Estuarine and Coastal Marine Science 8, 
181-93.

3. Kukert, H. 1991. In situ experiments on the response 

VM� KLLW� ZLH� THJYVMH\UH� [V� I\YPHS� KPZ[\YIHUJL�� 7HJPÄJ�
Science 45, 95 only.

4. Newell, R. C, Seiderer, L.J. & Hitchcock, D.R., 1998. The 
impact of dredging works in coastal waters: A review of 
the sensitivity to disturbance and subsequent recovery of 
biological resources in the seabed. Oceanography and 
Marine Biology: An Annual Review, 36: 127-78.
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seems likely that a similar high proportion of the 
seabed sediment community at the “Don Diego” 
site will be tolerant of increases in suspended solids 
and sedimentation in the range predicted from the 
plume models described above.

Last and Hendrick (2014) also reviewed the likely 
ZLUZP[P]P[`� VM� ZL]LYHS� ZWLJPLZ� PKLU[PÄLK� PU� 96=�
surveys of the ‘Don Diego’ site and surrounding 
deposits. These included the red tuna crab 
(Pleuroncodes planipes), the warty sea cucumber 
(Parastichopus parvimensis), the ridgeback 
prawn (Sicyonia ingentis) and another prawn 
(Solenocera mutator). 

The levels of suspended solids and associated 
deposition from operations at the dredge site are 
broadly within the range of the natural suspended 
sediment concentrations of 1 mg/l and within the 
natural range of sediment deposition as assessed 
from sediment traps deployed in the survey area. 
The resident organisms are necessarily tolerant 

of this range of suspended solids and deposition, 
HUK� HYL� \USPRLS`� [V� IL� HќLJ[LK� I`� WYLKPJ[LK�
deposition in the plume area.

3. IMPACTS ON MARINE ANIMALS OF 
SUBSTANCES IN THE DEPOSITED 
SEDIMENTS
Many of the sediments that are routinely dredged 
both in coastal waters and harbour dredging 
WYVQLJ[Z� JVU[HPU� ZPNUPÄJHU[� X\HU[P[PLZ� VM� WV[LU[PHS�
contaminants. In some estuarine sediments 
contaminants include man-made chemical 
components such as anti-fouling materials, and 
the residues of industrial discharges such as 
petrochemicals and other compounds. Other 
VќZOVYL�KLWVZP[Z�TH`�HSZV� PUJS\KL�LSLTLU[Z� [OH[�
are potentially harmful if released into seawater, 
although in the case of deposits of geological origin 
such as those at the “Don Diego” site, they are 
usually in an inert form. 

Separation of phosphate-rich material and 
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return of separated sand to the seabed involves 
passing the dredged deposits through a series 
of hydrocyclones aboard the processing 
vessel. In order to assess the potential for 
release of contaminants during the separation 
and processing of phosphate-rich material, 
elutriation tests were carried out based on 
analyses of sediment and water quality. 

The report on sediment and water quality 
analysis is very comprehensive and contains 
considerable information, with appropriate 
quality control, analyses and detectable limits. 
It was undertaken by Enchemica LLC for 
Calscience Environmental Laboratories Inc, the 
full report is included in an Annex in the MIA.

The elutriation tests involved analyzing the 
chemical composition of seawater and then 
agitating with sediment for a set time. The water 
was then re-analyzed to determine whether the 
concentration of any of the chemical components 
had changed. This was compared with the results 
for a blank sample of seawater which has been 
similarly agitated without the addition of sediment. 
A direct method of assessing whether contaminants 
in these deposits are likely to have an impact on 
marine animals on the seabed is to carry out 
‘Bioassays’ involving toxicity tests on selected 
marine species. 

EA Engineering, Science and Technology Inc. 
of Hunt Valley, Maryland USA has carried out 
a comprehensive series of acute toxicity tests 

to determine whether deposits from the “Don 
Diego” dredge site have an impact on invertebrate 
fauna. They used a polychaete worm (Neanthes 
arenaceodentata) and an amphipod crustacean 
(Leptocheirus plumulosus) to assess the impact 
of the dredged sediments on test organisms. 

The results of the toxicity tests show that after 
10 days of exposure to the dredged sediments 
from the “Don Diego” site, survival of the 
polychaete worm (Neanthes arenaceodentata),  
KPK� UV[� OH]L� H� ZPNUPÄJHU[S`� SV^LY� Z\Y]P]HS� [OHU�
the control (p=0.05). In the case of the amphipod 
crustacean (Leptocheirus plumulosus) after 10 
days of exposure there was a 96% survival in all 
test sediments compared with 97% survival in 
the controls. 

:\Y]P]HS�PU�[OL�[LZ[�ZLKPTLU[Z�^HZ�PUZPNUPÄJHU[S`�
KPќLYLU[� MYVT� [OH[� PU� [OL� JVU[YVSZ� �W$�������
These results show that there is no short-term 
damaging impact of the marine sediments in 
the ‘Don Diego’ dredge site on test organisms 
held under controlled laboratory conditions. 
See Figure 8.

A second series of experiments was carried 
out with elutriates of seawater prepared by 
vigorously mixing the sediments with seawater to 
assess whether contaminants were ‘entrained’ 
at harmful levels from the sediments into the 
surrounding seawater during processing. The 
inland silverside (Menidia beryllina) and the 
Opossum shrimp (Americamysis bahia) were 



ENVIRONMENTAL IMPACT ASSESMENT NON TECHNICAL EXECUTIVE SUMMARY 13

concentration, compared with a 98% survival in 
the seawater control. Similarly in the case of the 
opossum shrimp (Americamysis bahia) there 
was a minimum of 88% survival after 48 hours 
exposure to all test concentrations and in the 
seawater control. 

Toxicity tests have also been carried out on embryo 
development of the mussel Mytilus galloprovincialis. 
These stages in the life-history of marine invertebrates 
are more sensitive than the adults, and give a 
measure of potential impacts on planktonic larval 
phases of marine invertebrates. In this case mean 
survival of larvae in control samples was 92% and 
mean normal embryo development was 91%. After 
48 hours of exposure normal embryo development 
PU�HSS�[LZ[�JVUJLU[YH[PVUZ��^HZ�PUZPNUPÄJHU[S`�KPќLYLU[�
from the dilution seawater control.

4. POTENTIAL IMPACTS ON WATER QUALITY 
FROM DISCHARGES BY THE PROCESSING 
VESSEL
A detailed analysis and report on the water 
quality assessment for the “Don Diego” site has 
been carried out by HR Wallingford as part of the 
MIA. This reviews the appropriate sediment and 
water quality standards that can be applied to the 
dredging itself and assesses the environmental 
implications of discharge of process water, based 
on the chemistry of the seawater and sediments.

For sediment quality assessment at the “Don 
+PLNV¹�ZP[L��*HSPMVYUPHU�Z[HUKHYKZ�^LYL�PKLU[PÄLK�
as a suitable benchmark, as California has a 

-PN\YL� ��� ;OLZL� YLZ\S[Z� ZOV^� [OH[� ^OLU� [OL�
KLWVZP[Z�HYL�]PNVYV\ZS`�TP_LK�^P[O�ZLH^H[LY��[OLYL�
PZ�UV�L]PKLUJL�VM�HU�PTWHJ[�VU�[OL�[LZ[�VYNHUPZTZ�
PU� Z[HUKHYK� ��O� [V_PJP[`� [LZ[Z�� 0[� PZ� PUMLYYLK� [OH[�
SLHJOPUN� �LU[YHPUTLU[�� VM� JVU[HTPUHU[Z� MYVT� [OL�
KYLKNLK�KLWVZP[Z�PZ�\USPRLS`�[V�OH]L�HU�PTWHJ[�VU�

THYPUL�VYNHUPZTZ�

6WVZZ\T�ZOYPTW����OV\Y�Z\Y]P]HS�YH[LZ

*VU[YVS 6JLHUPJH�ZPTWSL
90%

 ��

 ��

 ��

 ��

 ��

 ��

 ��

6WVZZ\T�ZOYPTW����KH`Z�Z\Y]P]HS�YH[LZ

*VU[YVS
 ��

 ��

99%

����

6JLHUPJH�ZPTWSL

6WVZZ\T�ZOYPTW�
Z\Y]P]HS�YH[LZ

used as test organisms.  In this case the results 
show that after 48 hours exposure there was 
a minimum of 98% survival of inland silverside 
(Menidia beryllina) in elutriates of 50% and 100% 
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similar marine environment, with 
similar species composition and 
background geology.  Californian 
and Mexican standards for water 
quality are similar to one another 
as shown in the Table 1.

The results of the chemical 
analyses carried out by Calscience 
show that for the contaminants 
cited, all concentrations within the 
in situ sediments are within the 
levels stipulated by the California 
Sediment Criteria standards. 

Table 2 shows the concentrations 
of metals for seawater ‘blank’ 
samples and the peak sediment 
concentrations and peak water 
column concentrations predicted to 
occur in the discharge water from 
the processing vessel in relation to 
the recommended Mexico Water 
Quality Standards. This shows 
that aluminum, arsenic, cadmium, 
chromium and nickel will, even 
for a stringent ‘worst case’ test, 
dilute to levels below the Mexico 
Water Quality Standards almost 
immediately following discharge.
The guidance from the London 
Convention Guidelines (2008) is 
that the uranium content of the 
deposits that are disturbed would 

;HISL�����:LKPTLU[�HUK�^H[LY�X\HSP[`�Z[HUKHYKZ�MVY�THYPUL�
ZLKPTLU[Z�HUK�ZLH^H[LY��

;HISL����,Z[PTH[LK�TH_PT\T�PUJYLHZL�PU�TL[HS�ZLH^H[LY�
JVUJLU[YH[PVUZ��HZZ\TPUN�TL[HSZ�\UPMVYTS`�KPZ[YPI\[LK�

[OYV\NO�HSS�ZLKPTLU[�MYHJ[PVUZ�

Sediment USA National Recommended 
>H[LY�8\HSP[`�*YP[LYPH��эN�S�

US Mexico Water 
Quality Criteria 

�эN�S�

Aluminium ND 200

Arsenic 36 40

Cadmiun 8.8 9

Chromium 50 50

Copper 3.1* 3

Lead 8.1 6

Nickel 8.2 8

Silver 1.9 2

Zinc 81 90

Metal Seawater blank
concentration

Peak concentration 
measured in 

sediment 
 (dry weight)

Peak 
predicted 

concentration 
in water 
column

Mexico 
Water 
Quality 
Criteria

µg/l mg/kg µg/l µg/l

As 1.45 33.3 6.6 40

Cd 0.060 19.1 3.8 9

Cr 0.27 82.2 16.4 50

Ni 0.55 25.1 5.0 8
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be regarded as a de minimus risk to human 
health. 

The HR Wallingford Report also concludes that the 
concentration of biologically available phosphate 
(ortho-phosphate) is considered too small to 
JH\ZL� H� ZPNUPÄJHU[� PTWHJ[� VU� L\[YVWOPJH[PVU�
(phytoplankton bloom) in the water column.

-PUHSS �̀� [OL� ÄUL� ZLKPTLU[� [OH[� ^PSS� IL� KLWVZP[LK�
from the dispersing may (according to HR 
Wallingford prediction models including in the 
Annexes of the MIA) form a thin layer of a few to 
several centimeters on the seabed, depending 
on proximity to the discharge vessels. This 
KLWVZP[PVUHS� SH`LY� VM� ÄUL� ZLKPTLU[Z� ^PSS� JVU[HPU�
only native sediment constituents which were 
initially in the dredged material. The relative 
YLSH[PVUZOPW� VM� LSLTLU[Z� JVU[HPULK� PU� [OL� ÄUL�
ZLKPTLU[� SH`LY� TH �̀� OV^L]LY�� KPќLY� MYVT� [OL�
element ratio found in the native sediment due 
to the geochemistry of variable sediment sizes in 
the matrix.  0[�ZOV\SK�IL�UV[LK�[OH[�L_[LUZP]L�
LJV[V_PJVSVN`� [LZ[PUN� WLYMVYTLK� VU� ¸+VU�
+PLNV¹� ZLKPTLU[Z� OHZ� KLTVUZ[YH[LK� [OH[�
^OH[L]LY� LSLTLU[Z� HYL� WYLZLU[� PU� ]HYPV\Z�
ZLKPTLU[�ZPaL�MYHJ[PVUZ��[OL`�HYL�UV[�SPILYH[LK�
K\YPUN�KYLKNPUN�VWLYH[PVUZ�HUK�PUK\JL�UV�PSS�
LɈLJ[�VU�IPVSVNPJHS�[LZ[�ZWLJPLZ���

5. EFFECTS OF SOUND ON 
MARINE MAMMALS
Modeling Sound in the Marine Environment
;OL�WV[LU[PHS�LќLJ[Z�VM�ZV\UK�VU�THYPUL�THTTHSZ��

birds and other large animals of conservation 
ZPNUPÄJHUJL� OH]L� YLJLP]LK� PUJYLHZPUN� H[[LU[PVU�
in recent years. Studies in the past have been 
generally hampered by a lack of detailed source 
[LYTZ� MVY� ZV\UK� HUK� [OL� KPѝJ\S[`� VM� HZZLZZPUN�
[OL�ZPNUPÄJHUJL�VM�RUV^U�ZV\UK�SL]LSZ�MVY�THYPUL�
animals in the natural environment. 

;OL�WYVWHNH[PVU�VM�ZV\UK�\UKLY^H[LY�PZ�HќLJ[LK�
by multiple oceanographic factors. Changes in 
[OL� ]LY[PJHS� WYVÄSLZ� VM� [LTWLYH[\YL� HUK� ZHSPUP[`�
[OYV\NO� [OL� ^H[LY� JVS\TU� ^PSS� HќLJ[� [OL� ZWLLK�
of sound and the degree to which the sound 
is refracted vertically. The seabed type will alter 
the rate of transmission loss (TL) of propagated 
sound with softer muddy sediments tending to 
absorb sound whereas hard rocky surfaces will 
JH\ZL�YLÅLJ[PVU�HUK�OLUJL�SLZZ�HIZVYW[PVU��>H[LY�
depth is also a key factor altering the propagation 
VM�\UKLY^H[LY�ZV\UK�� PU�ZOHSSV^�^H[LY� �#����T��
propagated sound will dissipate more quickly than 
in deeper water due to numerous interactions with 
the surface and the seabed. 

In order to account for all of these interactions of 
underwater sound with the ocean environment, 
the proprietary numerical modeling tool HAMMER 
(HR Wallingford, 2012, HR Wallingford, 2013, 
Rossington et al., 2013) was used to predict sound 
propagation from dredging operations at the study 
site. HAMMER can predict the propagation of 
underwater sound from one or more point sources 
throughout the water column and for 360º around 
each sound source. 
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Underwater sound is also assessed for discrete 
frequencies of sound and the outputs from 
the model are presented as ‘sound maps’ for 
each frequency showing the transmission loss 
(TL) or received level (RL) from the source in 
decibels (dB). 

An advantage of HAMMER is that the propagation 
of discrete frequencies is modeled rather than 
broadband frequency ranges. 

;OL� TVKLS� KVLZ� [OPZ� ILJH\ZL� KPќLYLU[� THYPUL�
species will be able to detect, and react to varying 
frequencies and the propagation of each frequency 
is also highly variable. Lower frequencies of 
PTWVY[HUJL�[V�ÄZO��MVY�L_HTWSL��TH`�[YH]LS�M\Y[OLY�
underwater than higher frequencies, or vice versa 
depending on the environmental conditions. 
Other modeling approaches often use broadband 
frequencies which aggregate the information over 
a given range potentially reducing the robustness 
of the outputs.

Source terms for sound were based on a study 
of typical TSHD operations dredging for marine 
aggregates in the southern North Sea (Robinson 
et al., 2011) and which will be similar to the 
dredging proposed for the “Don Diego” site.  The 
sound levels at various frequencies measured for 
the TSHD ‘Sand Falcon’ are shown in Figure 9. 

The amplitude of the sound sources at each of 
the frequencies derived from Figure 9 is shown in 
Table 3.

-PN\YL� ��5VPZL�SL]LSZ�YLJVYKLK�MVY�[OL�KYLKNLY�
º:HUK�-HSJVU»�KYLKNPUN�HNNYLNH[LZ�MYVT�

3PJLUZL�(YLH������;OL�NYHWO�ZOV^Z�ZV\YJL�
SL]LSZ�YLJVYKLK�^OLU�[OL�Z\J[PVU�W\TWZ�^LYL�
VɈ��^OLU�[OL`�^LYL�W\TWPUN�^H[LY�VUS �̀�HUK�
^OLU�HNNYLNH[LZ�^LYL�ILPUN�W\TWLK�PU[V�[OL�
JHYNV�OVSK��;OL�IHJRNYV\UK�UVPZL�SL]LSZ�HYL�
HSZV�ZOV^U��-YVT�9VIPUZVU�et al���������

;HISL����:V\YJL�SL]LS�\ZLK�MVY�LHJO�TVKLSSLK�
MYLX\LUJ`

Frecuenciy (Hz) :V\YJL�SL]LS��K)�YL��э7H�

250 175

500 173

1000 171

1600 170

4000 168
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The sounds that will emanate from the dredger 
are regular and continuous and as such are 
SLZZ� OHYTM\S� HUK� SPRLS`� � [V� YLZ\S[� PU� KPќLYLU[�
behavioural responses  compared with impulse 
sounds such as are caused by pile-driving and 

similar activities. The dredger and other vessels 
on site will be slow moving or static and will emit 
sounds that may be in broad terms similar to 
other shipping that is in transit to the west of the 
“Don Diego” dredge site.  

+H[H�[HRLU�MYVT!
� 4LYJOHU[�ZOPWZ���4J2LUUH��9VZZ��>PNNPUZ�HUK�/PSKLIYHUK������
� <UKLY^H[LY�ZV\UK�TLHZ\YLTLU[Z�MYVT�ÄZOPUN�]LZZLS�¸)YLUUOVST¹���/tJ[VY�7L|H��1HU�;VYL��]YLKHS��
� )Q¥YU�;V[SHUK�HUK�5PSZ�6SH]�/HUKLNHYK�(\N\Z[�������
� >OHSL�^H[JOPUN�90)�^P[O�[^PU�@HTHOH�����/W�V\[IVHYKZ�,YIL�¶�4HYPUL�4HTTHS�:JPLUJL������

;HISL���ZOV^Z�H�JVTWHYPZVU�VM�ZV\UK�LTP[[LK�I`�]HYPV\Z�YLSL]HU[�]LZZLSZ�
PUJS\KPUN�[OVZL�\ZLK�MVY�^OHSL�^H[JOPUN�

Details of the bathymetry, as well as information 
VU�[LTWLYH[\YL�HUK�ZHSPUP[`�NYHKPLU[Z�^OPJO�HќLJ[�
the density (and therefore the speed of sound in 
the water column) were compiled from the same 
oceanographic survey data that have been used in 
the HYCOM model for plume dispersion. Seasonal 
variability in temperature and salinity was included 
in the model scenarios by using HYCOM data 

averaged for a representative month during the 
winter (February 2013) and summer (August 2013). 
The physical properties of the seabed sediment also 
PUÅ\LUJLZ�OV^�ZV\UK�PZ�YLMYHJ[LK�HUK�HIZVYILK�HZ�
it propagates away from the sound source. Spatial 
variations in seabed deposits were included in the 
sound propagation model from detailed survey 
information acquired by Odyssey in 2013.

Vessel Ref Frequency Hz Amplitude dB at 1m

Container ship 20Hz – 10 kHz 188dB

Tanker 20Hz  – 10kHz 186dB

Dredger 250Hz – 4kHz 175dB

Fishing vessel 100 Hz – 4kHz 170dB

Whale watching boat 100 Hz - 20.3kHz 145 to 169dB increasing with speed.



ENVIRONMENTAL IMPACT ASSESMENT NON TECHNICAL EXECUTIVE SUMMARY 18

*65*3<:065:�6-�;/,�
:6<5+�047(*;

This assessment of the potential impacts of 
sound from a Trailer Suction Hopper Dredger 
(TSHD) operating at the “Don Diego” site of the 
west coast of Baja California Sur leads to the 
following conclusions:
�� The sound frequencies and decibel level of 

sound emanating from a typical trailer Suction 
Hopper Dredger (TSHD) that will be used at 
the “Don Diego” site may be similar to that of 
other vessels of a similar size that are likely 
[V� IL� PU� [YHUZP[� Vќ� [OL� ^LZ[� JVHZ[� VM� )HQH�
California Sur. They are also compatible with 
that of smaller vessels including those used for 
whale watching and which potentially result in 
little disturbance to marine mammals. 

�� A detailed assessment of the potential impacts 
of sound from the dredging and processing 
vessels on a variety of species of conservation 
ZPNUPÄJHUJL�OHZ�ILLU�JHYYPLK�V\[�\ZPUN�UL^S`�
developed techniques that incorporate sound 
propagation models and information on the 
responses of marine animals to sound. The 
results show that sound levels are in all cases 
well below those known to cause any damage 
to marine life. Contours showing the sound 
levels at which some response, however small, 
might occur have been developed for principal 
THTTHSZ�VM�JVUZLY]H[PVU�ZPNUPÄJHUJL��;OLZL�
JVU[V\YZ� HYL� Z[YPJ[S`� JVUÄULK� [V� [OL� HYLH�
to be dredged and suggest that any minor 
behavioural responses are likely to occur only 
in the immediate vicinity of the dredging and 
processing vessels.
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The potential impacts of dredging on 
ÄZOLYPLZ�YLZV\YJLZ�HYL�YL]PL^LK�PU�KL[HPS�
PU� (UUL_LZ� VM� [OL� 40(�� ;OL� LќLJ[Z� VM�
elevated levels suspended solids on 

IV[O�HK\S[�HUK�Q\]LUPSL�ÄZO��HZ�^LSS�HZ�WLSHNPJ�HUK�
demersal eggs of a wide variety of species has 
been studied in some detail. These studies show 
that very high concentrations of suspended solids 
in the region of 600-2000 parts per million (ppm) 
JHU� PUK\JL� ºJV\NOPUN»� YLÅL_LZ� PU� ÄZO�� HUK� JHU�
OH]L�H�KHTHNPUN�LќLJ[�VU�[OL�KL]LSVWTLU[�VM�ÄZO�
eggs and larvae. However concentrations of only 5 
ppm are anticipated in the vicinity of the dredging 
and processing vessels, and for much of the small 
dispersing plume area the concentrations will be 
between 1-5 ppm – well below those that have any 
KLSL[LYPV\Z�LќLJ[Z�VU�LP[OLY�HK\S[Z�VM�SHY]HS�ÄZO�

Similarly, no impact of deposition of sediments 
in the predicted range of up to 1 cm per 
year are likely to occur under the ‘footprint’ 
of sediment deposition, except immediately 
below the processing vessel where the majority 
of deposition occurs. Extensive studies in 
relation to dredging for approach channels 
and for marine aggregates have also shown no 
impact on fisheries from sound or from habitat 
alteration within the small areas of impact 
associated with dredging. 

;OL� V]LYHSS� JVUJS\ZPVU� PZ� [OH[� PTWHJ[Z� VU� ÄZO�
resources are unlikely except immediately below 
the processing vessel, and that there will be no 
PTWHJ[� VU� ÄZOLYPLZ� VM� LJVUVTPJ� ZPNUPÄJHUJL� PU�
the Bay of Ulloa.

IMPACTS ON FISHERIES RESOURCES
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Potential  methods to minimize entrainment 
of turtles during dredging has been widely 
researched, especially in the U.S.A in 
relation to the Capital and maintenance 

dredging in shallow waters for approach channels 
to ports and harbors. Experience in these projects 
Z\NNLZ[Z� [OH[� [OL�TVZ[� LќLJ[P]L� HWWYVHJO� PZ� [V�
ensure that the draghead of the dredger remains in 
contact with the seabed whilst the suction pumps 
HYL�VWLYH[PUN��;OPZ�PUJS\KLZ�[\YUPUN�[OL�W\TWZ�Vќ�
when the dredger is turning, and ensuring that the 
dredging vessel is stabilized against excessive roll 
^OLU�VWLYH[PUN�PU�H�ZPNUPÄJHU[�^H]L�Z^LSS��
 
Operational management of the dredging vessel 
is clearly an important component of minimizing 
entrainment of turtles on the seabed, and is 
WHY[PJ\SHYS`� PTWVY[HU[� PU� ZOHSSV^� ^H[LYZ� �#��T��
^OLYL�[\Y[SLZ�TH`�ZWLUK�H�ZPNUPÄJHU[�WYVWVY[PVU�
of time on the seabed. Other measures are, 
however, important and have resulted in a major 
reduction of losses by entrainment in the U.S.A. 
and elsewhere. Such measures include use of 
so-called ‘tickler chains’ to encourage turtles to 
move from the seabed ahead of the draghead, as 
well as a wide variety of turtle exclusion devices 
[OH[�TH`�IL�Ä[[LK�[V�[OL�KYHNOLHK�P[ZLSM��

IMPACT ON TURTLES

There is some dispute amongst operating 
dredging organizations on which approach is to 
be preferred. Experience in the shallower water 
KYLKNPUN�VWLYH[PVUZ�PU�[OL�<�:�(���#��T��Z\NNLZ[Z�
that a combination of operational management of 
the draghead and use of a ‘ploughshare’ type of 
KLÅLJ[VY� PZ� HU� LќLJ[P]L� HWWYVHJO� [V�TPUPTPaPUN�
losses by entrainment. This system involves the 
creation of a wave of seabed deposits at the 
leading edge of the draghead which displaces a 
turtle sideways out of the path of the draghead 
with no physical contact with seabed equipment. 
 
Our contractor has been dealing with turtle 
protection in several countries and circumstances, 
and has modern production techniques using 
jetting, with a submerged draghead, whereby 
there is no suction in front of the draghead. Jets 
mounted on the draghead create disturbance 
PU� MYVU[�VM� [OL�KYHNOLHK�^HYUPUN�Vќ� [\Y[SLZ��;OL�
USACE Californian dragheads rest on the seabed, 
as do the turtles, and hence the development of 
KLÅLJ[VYZ�PU�ZOHSSV^�^H[LY�KYLKNPUN�PU�[OL�<�:�(��
 
Our contractors have tested several methods 
�KLÅLJ[VY�� [PJRSLYZ� HUK� JHTLYHZ�� L[J¯�� PU� [OL�
Gorgon project in Australia and the ticklers provided 
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the best results, without the negative impact 
on production. During the whole of the Gorgon 
project in Australia, no accidents with turtles were 
registered and the ticklers performed excellently.  
 
Other forms of turtle exclusion equipment pose 
[LJOUPJHS� HUK� VWLYH[PVUHS� KPѝJ\S[PLZ� PU� KLLWLY�
water dredge sites, such as the ‘Don Diego’ site. 
Boskalis proposes that use of ‘tickler chains’ 
KLWSV`LK�HOLHK�VM�[OL�KYHNOLHK�PZ�IV[O�LќLJ[P]L�
and operationally more suited to the seabed 
environment at the “Don Diego” site. The case for 
use of ‘tickler chains’ rather than a turtle exclusion 
device on the draghead is as follows. 
 

&KRLFH�RI�WXUWOH�GHñHFWRU
Much of the measures are coming from information 
originating from work undertaken by the US Army 
Corps of Engineers (USACE) based on their 
extensive research in the U.S.A. 

Our international dredging contractor has had 
numerous years of experience with dredging 
\ZPUN�[\Y[SL�KLÅLJ[VYZ�� 

Applicability of the USACE studies
Care should be taken when comparing the 
literature from the U.S.A. with the works in Mexico. 
;OL�THQVY�KPќLYLUJLZ�IL[^LLU�4L_PJHU�KYLKNPUN�
projects and dredging in the referred literature are 
listed below: 
�� In Mexico we are carrying out capital dredging, 

USACE considered maintenance dredging;  
�� In Mexico we are in an open ocean environment 

and not in an estuary and river ports (USACE);  
�� In Mexico we will use considerably larger 

TSHD (5,000 to 35,000 m3 hopper capacity) 
and more powerful than TSHDs used by the 
USACE (200 to 5000 m3);  

�� The dragheads are submerged in the material 
to be dredged, and are not resting on the 
surface (as are the turtles) using erosion 
techniques as is the case with the outmoded 
USACE Californian dragheads.  

�� Our contractor dredgers has modern 
production techniques using jetting so there is 
no suction in front of the draghead as is the 
case with the outmoded USACE Californian 
dragheads. The jets create more disturbance 
PU�MYVU[�VM�[OL�KYHNOLHK�^HYUPUN�Vќ�[OL�[\Y[SLZ�
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Turtle ticklers  
The turtle tickler is the best option in 
Mexico where there are soft sediments 
and undulating surface. Using a turtle 
KLÅLJ[VY�PZ�PULќLJ[P]L�HUK�OHZ�]LY`�SHYNL�
risk of getting stuck in the sediments 
resulting in considerable damages and 
delays, creating a hazardous working 
environment. 
 
The main principle of a ticker chain 
(Figure 10) is dispersion of the turtles. 
The tickler chains are connected to the 
dredge pipe and hang approximately 3 
m in front of the draghead, notifying the 
turtle of the draghead’s presence and 
gently pushing aside turtles. The turtles 
^PSS�OH]L�Z\ѝJPLU[�YLZWVUZL�[PTL�[V�TV]L�
V\[�VM�[OL�^H`�VM�[OL�KYLKNL��;OPZ�ÅL_PISL�
dispersal method works in the varying 
undulating conditions of the area.

Monitoring for turtle injuries and turtle 
catches will be done at all times 
during dredging, in order to assess the 
LќLJ[P]LULZZ�VM�[OL�Z`Z[LT�HUK�TVKPM`�P[�
where necessary.  

Tickler chains have been used with 
success in other projects, e.g. in U.S.A. 
and in Australia with the Cornelis Zanen, 
like the Pluto project in West Australia and 
the North West Channel works of Brisbane 
in Queensland.  See Figure 10 and 11.

-PN\YL�����;PJRSLY�JOHPU�KL]PJL�VU�¸*VYULSP\Z�AHULU¹

-PN\YL���!�;PJRSLY�JOHPU�KL]PJL�VU�¸*VYULSP\Z�AHULU¹
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*65*3<:065�6-�;/,�<:,�6-�
;0*23,9�*/(05:

The optimal equipment type for the “Don Diego” 
dredging project is to equip the TSHD with tickler 
JOHPUZ�� ;OPZ� ÅL_PISL� KPZWLYZHS�TL[OVK�^VYRZ� PU�
the varying undulating conditions of the surface 
in the area, and has been successfully applied in 
other projects in U.S.A. and Australia. 

 Proposals from the Don Diego dredge site
 

In light of the recommendations made by Boskalis 
and others, the following methodology is proposed 
and management of dredging operations in 
relation to prevention of entrainment of turtles that 
may be on the seabed in the dredge site:- 
1. The dredging operation will be managed such 

[OH[�[OL�Z\J[PVU�W\TWZ�̂ PSS�IL�Z^P[JOLK�Vќ�̂ OLU�
the draghead is not in contact with the seabed, 
such as during turning or other maneuvers. 

2. The vessel will be operated to minimize roll 
and loss of contact between the draghead and 
seabed surface during dredging operations.  

3. ;PJRSLY� JOHPUZ� ^PSS� IL� Ä[[LK� [V� [OL� KYLKNL�
system as outlined above to minimize the risk 
of turtles being in the path of the draghead. 

4. ;OL�KYLKNPUN�]LZZLS�^PSS�IL�Ä[[LK�^P[O�ZJYLLUZ�
as part of the operational system for separation 
of phosphatite material. We propose that 
a record shall be kept of any turtles that are 
entrained during dredging operations. Because 
the time that turtles will stay on the seabed in 
deeper waters of the dredge site, compared 
with dredging operations in shallow nearshore 
waters such as estuaries and lagoons, the risk 
VM� LU[YHPUTLU[� PZ� ZPNUPÄJHU[S`� YLK\JLK� H[� [OL�
“Don Diego” site. Nevertheless observational 
records of turtle entrainment on the screens 
VM� [OL� KYLKNLY� ^PSS� IL� HU� LќLJ[P]L� TL[OVK�
of ensuring that the tickler chain system is 
LќLJ[P]L��
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In conclusion, this project is of national economic 
and strategic importance to Mexico due to 
heavy dependence on Moroccan phosphate. 
The exploitation of the phosphate sand resource 

H[�[OL�¸+VU�+PLNV¹�ZP[L�HWWYV_PTH[LS`����RT�Vќ�
the Gulf of Ulloa lies outside the territorial waters 
of Mexico in its EEZ and will meet a key strategic 
policy of government in ‘Fight on Hunger’ for at 
least the next 50 years, and probably well into the 
next century. 

The studies that are summarized in this Non-
;LJOUPJHS� :\TTHY`� KVJ\TLU[� YLÅLJ[� UV[� VUS`�
a rigorous program of research carried out on 
one of the most sophisticated survey ships 
available, the Dorado Discovery, but has brought 
together some of the leading expertise available 
worldwide including Mexico on the management 
of trailer suction hopper dredging (TSHD) – a 
technique that is widely used elsewhere in the 
marine aggregate industry. Much of our current 
understanding of the impacts and management 
of this dredging method is based on the results 
VM�TVYL� [OHU� [^V�KLJHKLZ�VM�ZJPLU[PÄJ� YLZLHYJO�
carried out in the UK, which is the second largest 
producer of marine aggregates in the world after 
1HWHU��;OPZ�NP]LZ�JVUZPKLYHISL�JVUÄKLUJL�PU�V\Y�

assessment of the nature and scale of potential 
impacts of dredging by this well-tried method of 
extraction of seabed deposits which is supported 
by research carried out in the UK from 2002-2011 
through an approximately $50 million government 
research program (the Marine Aggregate Levy 
Sustainability Fund – MALSF).

We hope that this brief summary of work that has 
been carried out as part of the MIA for the “Don 
Diego” dredging project will assist the stakeholder 
in understanding both the nature of the dredging 
project itself, and the robust science that underpins 
the assessment of the limited scale of potential 
environmental impacts at the site. We understand 
and respect the views of stakeholders, and have an 
absolute commitment to an open and transparent 
communication with both regulators and the wider 
community to ensure that the results of the rigorous 
TVUP[VYPUN�WYVNYHT�[OH[�^L�OH]L�ZWLJPÄLK�MVY�[OPZ�
WYVQLJ[�PZ�HKOLYLK�[V�HUK�JVTT\UPJH[LK�LќLJ[P]LS �̀�
As part of this stakeholder engagement process, 
it is our intention to establish a fund that can be 
used to address key issues of local environmental 
concern and to ensure that this major project 
ILULÄ[Z�[OL�SVJHS�JVTT\UP[`�HZ�^LSS�HZ�ZLY]PUN�[OL�
national interests of Mexico.

CONCLUSION
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Exploraciones Oceánicas S. de R.L de C.V has 
decided to create a foundation that will be funded 
MYVT�WYVÄ[Z�VM�[OL�ZHSLZ�VM�[OL�WOVZWOH[L�ZHUKZ�
guided towards environmental research projects 
relevant to the Bay of Ulloa. The foundation will 

work jointly with local research and academic 
institutes and with the collaboration of the local 
communities. Regional projects addressing 
communities concerns and necessities will also be 
incorporated into the programs and challenges.

THORNTON LABORATORIES

THE FOLLOWING ORGANIZATIONS WERE CONSULTED IN THE PREPARATION OF THE  MIA


