CHAPTER 73

STUDY OF TOPOLOBAMPQO'S BAY, MEXICO, ENTRANCE

by

Héctor Ldpez Gutiérrez 1
Daniel Cervantes Castro

SUMMARY

Brief examination of the geomorphological background of the
Topolobampo's bay 1nlet 1s made

A theoretical study of the inlet and spits, based onfield data such
as wind, waves, tides, currents, bathimetric charts from 1875
to 1965, was developed 1n order to determinate the most conve-
nient position of an experimental channel dregged on 1963,

Radoactive tracer studies, photographic and periodical surveys
of the nlet and the charnel gave the information for the design of
the definitive channel, which at present 1s behaving in accordarce
with the predicted way 1n the theoretical study

INTRODUCTION

The economical needs of the northwest of Mexico have led to the
conclusion that a port 1s required at Topolobampo Bay.

1  Consulting Engineers
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The main problem to establish the port has been the existence of a
bar at the entrance of the bay The study of such problem started in
1952 and several solutions have been given, most of them, considering
the use of jetties, but these being so long, the solution have always
been an economic obstacle for the port

Wiith hat thought 1n mind, this study has been carried out, with the
purpose of finding a solution based on a dredged channel across the bar,
which has to be hept by small works or maintenance dredging

I GEOMORPHOLOGICAL BACKGROUND

Topolobampo Bay 1s located at the northwest of Mexico (fig 1), 1t has
an approximace area of 48 85 km? and also has several shallow zones and
secondary irlets It 18 communicated with the Gulf of Californma through
an nlet with a width of 4 5 km which 1s limited at its erds by two sandy
spits called "Punta Copas" and "Punta Santa Marfa" Tnere are two
perfectly defined channels, the main one that covers the whole bay with
NE-SW direction up to "Punta Copas" where 1t changes to an E-W direc—
tion, up to Santa Maria where the second channel, called Lechugulllas,
jowmns it This letter channel 1s communicated with San Esteban Bay
located 1n the northern zone From there the inlet chanrel 1s formed with
a S-SW direction

Topolobampo Bay 1s communicated with Ohuira Bay by a narrow and
deep pass (80 m) The letter bay with an extension o 148 00 kmZ 15 a
very important factor in the bar's dynamics due to the great tidal prism
generated by 1t

The present shape 1s due to an evolution of the "Rio Fuerte" delta,
whose first mouth combined with volcanic action, remolded a great part
of Topolobampo and Ohuira bays (1)

Latest processes determined an emigration of the mouth towards the
North, and its old delta continued as the main source for the litoral
barriers that limic San Esteban, Topolobampo and San Ignacio bays At
the present time the "Rio Fuerte" continues as the main source of beach
materal

Due to the wave characteristics acting 1n the zone as well as the
induced currents produced by flood and ebb of the tide, a sandy bar has
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been formed at the bay's entrance, with a length of 12 Km , a width of
2 Km andadepthof 2 38m 1n a shape of a horse shoe, that joins "Pun-—
ta Santa Marfa" and "Punta Copas"

2 WINDS, WAVES, TIDES AND CURRENTS
2 1 Winds.

The prevailing and strongest winds come from the WNW, their main
influence 1s the formation of seas which act from October to May, and
from June to September there are others that produce swells from the
SE The effect of both of them on the wind transport 1s of a secondary
importance (2)

2 2 Waves,

Table 1
Type Direction H T Acting Time
(r11'/)3 (sec) hr/year
Sea WNW 1.25 5 3720
Swell S30wW 09 12 480
Swell SSE 0.9 12 840

2,3 Tides
They are of the mixed type with a mean range of 0 826 m, and a

spring tidal range of 1 80 m They were recorded simultaneously at
four points 1n order to relate them with the observed currents (fig 1)

2 4 Currents

The tidal currents are significant at the main chamel (8) being the
mean maximum velocity of 1 2 m/sec

From the field measurements 1t was obtained the following descharges
distribution 1n everyone of the section indicated in fig, 2 and table 2 (4).
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Table 2
1 2 3 4 5 ]
Phase Amplitude Section I Section I1 Secton 100 5/0—
m I+I1
Flood 125 66% 38 8% 99 8% 0 2%
Ebb 1.381 44% 81.6% 75 6% 24 4%
Flood 1.128 62% 28.7% 90 8% 9 8%
Ebb 1 087 51% 38 2% 89 2% 10.8%

Discharge 1n Section III = 100%
Column 8 shows that at Lechuguilla Inlet Qflooq = QEDRD

Column 4 shows that the shallow zones have a considerable regulation
effect.

Column 6 gives us an tdea of the regulation capacity of the shallow
zones.

8. LITTORAL DRIFT

The studies of grain sizes carried out 1n the bay as well as in the bar
showed the presence of fine sand with a mean diameter ranging from
0.25 mm to 0.125 mm with a very good distribution

On the bar there are two defined types of sediment transport

3.1. Shoreward transport.

Produced by the swells that with their 1ncidence almost normal to the
shoreline and the bar itself as well as their length and peripd induce a
transport towards the bar

3 2 Littoral transport

Due mainly to waves with a short period which effect 1s located at both
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littoral barriers,

The analysts of these data lead to the computation (4), (8), that the
lLittoral drift along the bar, in the zone 1n which 1t was gang to be dredged,
the channel was of the order of 360,000 m3/year. Larras, Pychkine and
Manohar criteria were used (fig 3 and 4)

3.3 Suspended transport

Suspended transport measurements were made at the different
veloclity control sections, and 1t was found that the amount of suspended
transport varies from 0 mg/lt up to 15 5 mg/lt, depending on the current
velocity and the sections of study, being the maximum recorded values
taken at the channel zone, finding out that at 6 m. depth and a velocity o
0 60 m/sec, the transport was 10 mg/lt, on the otler hand, at 1 m depth
In the same zone, 1t was recorded 5 mg/lt, which leads to the conclusion
that its effect 1s of secondary importance,

4 BAR EVOLUTION FROM 1875 TO 1962

The analysis (4) was made considering the variations of the centroidal
axis of the bar 1n order to study 1ts movements 1n a plan view as well as 1n
elevation (Fi1g 5)

It was observed that

a Between 5° and 45° the bar tended to grow seaward, due probably to
the channel effect of Punta Copas which dissipates the wave action from
the SW, The maximum variation was 1300 metres for 1967

b Between 450 and 75° exists a transition zone, because the bar showed
movements towards WNW as well as to the bay, the reason for this
behaviour could be the gradual disappearance of high ebb currents,
that could appose to the SW waves,

c Between 75° and 1200 the bar tendency was to grow towards the bay,
due to the wave action 1n that zone 1n which there does not exist any
definite active of tidal currents, Nevertheless, due to the sand trans—
port diffusion and the channels that Limit the zone, the movements are,
as an average, 4 times smaller than the ones occurirg between 5© and
45°



1156 COASTAL ENGINEERING

d. From 1270 up to 180° the bar tendency 1s growing towards the sea 1n
a similar way to the first zone considered above, being the maximum
movements between 150° and 1650, which are of the order of 1455 m,
for 1962, This 1s due to the fact that some small bars appeared as a
result of the littoral drift from the WNW and the veryefficient hydrau-
lic grown formed by the main outlet channel,

Depth vamations.

Generally speaking, the wertical movements of the bar are not excesive,
being up wards as well as downwards, these variations being noticible at
radiations 59, 15°, 750, 90° and 105° whose maximum relative values are
1.5mM¢, 1,55m , 0 70m., 1 85 m and 1.30 m respectively,

The rest of the zones tend to keep the same depth that 1n 1875, having
small movements upwards as well as down wards The most stable zones
are the 450, 60°, 127°, 1809, 1500 and 180°

The mean depth 1n the bar varies from 8 m, to 4 m , the 3.90 m
being the most stable depth which 1s located between 105° and 120°, the
smallest depths are between 159 and 75° with a value of 8 m.,

3. EXPERIMENTAL. CHANNEL

In 1962, from theoretical results showed 1n the above pragraphs, the
existing zone between 75° and 120° was closen as the proper place for the
dredging of the experimental channel as this had demostrated the maximum
stability.

The alignment of the channel was made following the tendency of the
natural channel,

The design dimensions were

Bottom width 75 m
Slopes 51
Mean depth 7m

The experimental channel had as a main function the precise evaluation
of the Littoral drift and hence its maintenance cost In addition the channel
would permit the access of small ships to the port,
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From the date of its construction, periodical soundings were made,
and during a four months periwod, 1n 1964, the channel dredging was
suspended 1n order to be able to know 1f 1ts natural tendency would be 1ts
accreation, maintanance or erosion Simultaneously, a radioactive
tracer study, was carred out (Fig 6)

The results of the experimental channel can be divided into two
groups

Channel behaviour
Effects on the bar,

5.1 Channel behaviour

The amount of littoral drift that reached the channel, recorded 1n its
inttial phase, when 1its efficiency and discharge were still low, was of the
order of 820,000 m3/year (860,000 m38/year computed) (fig 7) At that
time, the mean currents velocities 1n the channel was 0 4 m/sec. From
1965 1n which dredging was practicaly suspended, a tendency to increase
the section has been observed In table 3, the results of control soundings
are shown, pointing out that 1n 1966, the channel velocities, for similar
tide conditions were of 0 8 m/sec

Table 8
Date Mintmum Maximum Channel mean
depth depth width at 6 m depth
July 1966 6 15 8 40 50
Aug 1966 6 90 8 65 60
Oct 1956 6 55 8 85 70
Nov. 1966 7 05 8,80 90
Dic 1966 7 10 8.70 75
Feb., 19867 6.95 9 00 100
Mar, 1967 6 80 8 75 115
Apr. 1967 7 &5 9.15 180
Jun 1967 7.20 9 20 120

Sept., 1968 8.50 9 85 150
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5 2 Effects on the bar

Inmediately after dredging the experimental channel, a big shallow
zone started its formation on the NW side of the bar, which was modified
by the changes 1n wave action, but that in general, showned the tendency
to increase 1n si1ze 1n such away that at present i1ts distarce from Punta
Santa Marfa 1s of only 150 m Initially that distance was 1200 m (fig 8)

6 RADIOACTIVE TRACERS INVESTIGATION

During a period of four months 1n 1964 a radioactive tracers investigation
was programmed using a synthetic glass sample with Ta2 Og to obtain

Ta 182 with a 250 milicurie of activity The tendencies showed by the
tracers checked notably with the results of the sourdings 1n the same
period of time (fig 7) The accretion tendency observed at that time
disappeared when the hydraulic efficiency of the channel was improved

7 RESULTS ANALYSIS AND CHANNEL DESIGN

The analysts of the experimental channel behaviour shows a definite
tendency to the increase of tidal currents velocities and hence an increase
of the shear stress which represents a channel erosion This effect 1s
favoured by the shallow zones formed, so 1t can be assumed that the channel
tends to an equilibrium state, due to the increase of 1ts hydraulic efficiency
when the tidal prism diffusion decreases due to the shallow zone and its
concentration into the channel This tendency can be natural or be increased
in an artificial way by means of dredging in the channel so that it can acquire
a stable section

It 1s convenient to point out that 1n the analysed period there was a
season (January to March 1967) in which the channel showed a tendency to
accretion This tendency corresponded to the forecast made by the compu-
tations and radioactive tracer studies, nevertheless, spring tides 1n April
eliminated the accretion (7) continuing 1n such a way the self dredging of
the channel From that date up to now all the dredging work has been
abandoned

Providing that for navigation requirements the channel must have a
mintmum width of 150 m , 11 m depth ard construction slopes & 1 (fig 6),



TOPOLOBAMPO’S BAY ENTRANCE 1159

at present a dredging volume of 1,300,000 m3 1s still required

Considering that the mean diameter of the sandy material that

constitutes the bar 1n the channel zone 15 0 125 mm , 1t 1s required a

= 0 36 Kg/m2 and a velocity of 256 cm/sec (8) 1n order that the bottom
particles start their movements and taking irto accourt that at present,
mean maximum velocities have been measured with a value of 0,8 m/sec
It 15 expectable that for spring tides the mean maximum velocity reaches
similar values to that existing in the present main channel with a value
of 1 m/sec (8)

Therefore, using the mean velocity of 0 8 m/sec. the following
results 1n relation to the self dredging capacity of the channel are obtained

z-

In accordance with Kalinke's Formula

840
202

= 0.815 Kg/m?2

10 D 65/2 _ 10 x 0.56

= 5 - 3
f""DQ XQ (Se=1)° 11 0x125x10 (1000)2 (1 6)°

ds

5 -
= 05 _ 1 6x10 4 m>/seg/m.
3 65x10

- -4
Qs =1 6x 10 4 105 = 814 x 10+ mS/sec

Mg = 495,000 m3/year

Mg _ 496,000
—= = == 1,66 > 1
Me 800,000 2

So the section will tend to increase (9) diminishing the shear stress,
until the equilibrium between the channel capacity for washing out the
accretion and the matermal transported from the bar 1s reached.

With the increased values of the velocities observed 1n the channel
zone, 1t 1s very feasible that it could reach the value of 1 m/sec, and
hence, the required shear stress required for the equilibrium 1s attained
with a much bigger area than the one necessary for navigation purposes.
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In other words, the channel 1n the way 1t has been designed, will not have
any maintenance problems as depth concerns.,

CONCLUSION

From the above study the following conclusions are obtained

1 The applied theoretical and experimental methods have been checked
with nature results,

11 The access channel has a definite tendency to be stable

111 This stable status will be completely attained when, by navigation

requirements, the channel gets at least 150 m. of bottom width and
11 m. depth

v The maintanance dredgings during certain seasons inthe year will be
small and very well located.



TOPOLOBAMPO’S BAY ENTRANCE 1161

BIBLIOGRAPHY

Ayala—Castafiares A & F Pnleger - Informe final del Estudio de
Geologfa Marina del Area de la Bahfa de Topolobampo, Sinaloa
Instituto de Geologfa México 1966

Cervantes C D - Nolas sobre Transporte Edlico Analisis de Di~
ferentes Criterios utilizados para tratar de cuantificar el acarreo
por vierto Departamento de Estudios y Laboratorios, Secretarfa
de Marina Boletin Técnico No 1, Tomo II México, marzo 1938

Lépez G H & J Aguilar — Analisis Hidréaulico del Comportamiento
de la Onda de Marea a través de la Bahia deTgolobampo y sus Efec-
tos en la Barra Proc of the 8th Conference on Coastal Engineering

Lépez G H — Estudio Integral del Acceso a la Bahia de Topolobam-
po, Sin  Depto de Estudios y Laboratorios, Boletin Técnico No 2
y 8, Tomo 11 México, Junio~septiembre 1966

De Alba L P - Estudio General del Acceso al Pwerto de Topolobam-—
po, Sin Apllca016n de Trazadores Radioactivos Tesis Profesio-
nal México 1965

Lépez G H - Aplicacidn de Radioisétopos a Problemas de Ingenierfa
de Costas Estudios en Topolobampo, Sin - Depto de Estudios y
Laboratorios, Boletinh Técnico No 1, Tomo I Mexico, 1965

Cervantes C D - Acceso al Puerto de Topolobampo, Sin = Prime-
ra Reunidn para el Desarrollo del Puerto de Topolobampo (No pu~
blicado) 1939

Larras J - Embouchures, Estualres, Lagunes et Deltas -
Collection du Centre de Recherches et D'!'Essais de Cnatou Eyrolles,
Paris 1964

Bruun P - Tidal Inlets and Lirtoral Drift Vol 2 - Ed Unwversitets
Forlaget, Oslo, 1936






1163

TOPOLOBAMPO’S BAY ENTRANCE

SLNINAUND TVAIL 40 NHILLVL TVHINTD

2 sN Bi4

Bos/cw €66 H=SY

. o,w,v Bos/cw 06GS =dY
Ve
. %’MOOGO \
<&
L
co..,
o>
v’ o> | [Dey/gweseb=sd
3 bos/cw 08b2=dd
@ <2 3
O P ol S
b\ o
. ooo/ »
S$Vd09d R 4%
vid s,
- AR o
-, s <oz es,
Yy 9
>
W
3 P

N
2]
&
&
X
]




COASTAL ENGINEERING

1164

SIAVA

I'l
k. P
-
"'

#}008 |03ydoib

§.1_1 SAAYM MS 131480 TvdoLLiN
0 £ N 03

1414QIVH0L 117 FHL 4O ALISNILNI FHL
SLN3ISIUAIY SMO¥YY FHL 40 HIONIT IHL

/'...%... + ‘ 9\/'\‘!\4\
+? L4, /4

+¢
N~

UODI0] JPUUDYD 3]q}9%0d




TOPOLOBAMPO’S BAY ENTRANCE 1165

NES
":Ecnoﬂ
Possible channel location

g
X

"X\(_xxxunﬂ*“

Surem—
LITTORAL DRIFT WNW WAVES



COASTAL ENGINEERING

1166

w o
SNOILVI¥VA SIXV ¥vE TVGQIOHLNID BN

S
/70
7
VINVA VIS \\ / A SVd09 Vid
pd
g K ()

$961 ul Uoj1s0d s|xy o ° Jﬂ \ \\
/ /T//7

oS/

/ \ /
\ \\ AINNVHO LNIOd SVaQy \
\ ~ ~~ \
\ \\ / \\\ wssn
h / P - %%&.vwo%
//l\\\\\.//w ﬁ / B h%ep
—— <

% ) P
& / AN - / ¥
rd
@@&.. 6095 _ﬂ - @1
\ﬁ LA 1
€ &@0&, / | .
) & ! o
%, © &
© / Pyt 92
W O\
z W Q
/ o8 TP e
/ @9@“&0 ¢ @
- %%
$481 woi) juswesods|p uoey - @«@0// i
/ . X
’ L
oow\\ N o
wop 4Aoq pews
(GG61) WOLp= £0Q xowS

WHt €:2696) P



1167

TOPOLOBAMPO’S BAY ENTRANCE

9 914

LNIOd NOISHINNI =1d
SAUAIITIAN NI SILIALLIY

AINNVHO TVANIWIHIdXS 3HL NI
AQNLS SYIAOVHL 3IAILIVOIQVY




COASTAL ENGINEERING

1168

¥NOIAVHIE TINNVHO TVLINIWIY3L4XI

JANTOA TVANNY
SAVQ 1L NI Q3A¥3S80 INNTOA

(009 €)
00

i
6€2)(( 00861) So:nv:oomnﬂ {00042 );(00¥98) (0Ov6) | (0089€) ; (009€E -
059% | 0S8 | 0509 | 0g80i| 0005!| 08601 ' 0096 | 0GIZ . | oor | ey A%mowm_:roNNE 80ﬁ:TL|J630£

S A A A A T AU O R OO

T _@

0065

0021 00t — -
(0919) (006L)

! 0091 00ve

0ISO!

NOLLIAYD



TOPOLOBAMPO’S BAY ENTRANCE 1169

'.‘0

SHALLOW ZONE TENDENCY TO GROW







