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ABSTRACT

The constantly inereasing urban and industrial de-
mands on Texas shorelines have placed great stress on a
delicately balanced enviromment. There aré tremendous
political and economic incentives for the development of
methods which will predict the reaction of the coastal
system to planned man-made changes on or near the coast-
line,

This thesis examines = method for shoreline stablli-
ty analysis which could be used_in conjunction with con-
ventional studies of beach erosion rates to provide a
more thorough understanding of the interaction of waves,
the longshore current, and the coastal sediments, A
method for the prediction of erosion and deposition rates
related to the interaction of longshore currents and the
sediment discharged at the mouth of a river 1s developed,
and this method is applied to the new Brazos River delta

near Freeport, Texas,



v

The votential for sediment displacement by the
longshore current 1s calculated usling the assumption that
all of the wave energy dissipated in bottom friction is
transferred into potential energy by causing the shore-
ward movement of sediments., The result is later corre~-
lated with observed rates of erosion caused by the long-
shore current at the Brazos River delta to show that the
actual amount of sediment movement caused by wave energy
dissipation is dependent upon the water depth and the
bottom slope.

The potential for deposition of river sediments 1s
modeled by a combination of diffusion processes whereby
the bedload is deposited near the river mouth and the
suspended load 12 distrivuted over a much wider area.
Obzerved rates of deposition at the Brazos River delta
are used to correct the predicted values,

The method is successful for predicting the trends
of deposition and erosion in the Brazos River delta area
for one and two year periods. It is postulated from the
results that in some instances, the construction of dams
on & river may seriously affect the balance between
erosion and deposition on the coastline near the river
mouth, In particular, it appears that a 50% drop in

the calculated bedload of the Brazos River resuliing



from dam construction since 1929 is partially responsi-

ble for accelerated erosion rates of the beach near

Sarzent, Texas, since 1930,
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INTRODUCTION
Introductory Note

The Texas coastline is a 400-mile long arc with
barrier iglands separating the Gulf of Mexico from large
bays and lagoons along 320 mlileg of thisz length (Fig. 1).
This coastline is not static; rather, recent studies have
determined that most of the Texas coast 1s presently
retreating, and has been doing 80 for at least the past
century (Seelig and Sorensen, 1973). Figure 2 shows the
rates of change that have been estimated for various
parts of the Texas Cozst. The highest rate of shoreline
advance ig immediately southwest of Freeport, Texas, and
reflects the development of the Brazos River delta since
the diversion of that river in 1929. Scuthwest of the
new delta, near Sargent, Texas, there is an extensive
area which has a high rate of shoreline retreat--13 feet
per year according to Plgure 2, Mozt of this retreat
has occurred since 1930, while the recession rate shown
in the figure is the average rate for the years 1353 to
1946, The rate of shoreline retreat at Sargent is shown

in more detalil in Figure 3. Public and private land

The citatlions on these pages follow the style of
The American Assoclation of Petroleum Geologlists Bulle-
tin.
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losses of this kind have become increasingly important
during the last decade because of the continually
greater demands placed on coastal areas by urbanization,
industrialization, and tourism. Accordingly, the ero-
sion of coastlines has come under intense study by
engineers and geoscientists in the last few years, with
the major emphasis falling on the causes and rates of
ercsion of sand beaches, In the particular case of
coastline retreat at Sargent, Texas, it has been sug-
gested (Sorensen, personal communication) that the delta
development at the new mouth of the Brazos River, fol-
lowing the diversion of that river in 1929, might have
altered the nearshore circulation pattern in the Sargent-
Freeport area so as to cause the accelerated erosion
rates depicted on Flgure 3. The beach erosion at Sargent
is therefore thought to be & small part of an overall
change in the sedimentation pattern of the area. A study
of the supposed cause of this change-«the shift of the
Brazos River mouth and delta--was proposed to reveal

the extent to which the delts development and beach

erosion might be related.

Statement of the Problem and Objectives

The Brazos River was diverteg 7.3 miles zbove the



[k}

mouth in 1929, =so that the river now enters the Gulf of
Mexico 5.5 miles southwest of its original mouth. When
the diversion was completed, a delta began to develop
at the new river mouth, and the delta at the original
mouth began to erode ilmmediately., It was nearly con-
pletely ercoded by 1952, and has not undergone any najor
changes since that time.

This thesls presents a sinplified mathematical
analysis of delta formation in which river deposition
takes place in a tideless basin with wave induced long-
shore currents. The actual conditions of river sediment
load, wave action, and bottom configuration at the site
of the new Brazos River delta are then applied in the
model, and the change in the nearshore circulation
pattern in response to the growth of the new delta is
examined., The results of this study are only generally
applicable to the eroslion at Sargent, as the available
hydrographic charts limited the study to the area im-

mediately around the two deltas. It is hoped, however,

rthat this work may be useful in leading to the later

development of a model which could be applied more uni-
versally and successfully to the problem of gross changes

of offshore sedimentation patterns,



Application

The major contribubion of this study is its
gystematlc analysis of the natural processes lnvolved
in delta formation; it emphasizes 1) the degree to which
a natural phenomens of this type may be approximated by
simplified models, 2) the precision of the data avail-
able in such a large-scale sedimentological problem, and
3) some of the simplifying assumptions which can render
such a system amenable To analysis,

More specifically., however, thiz study zlso contri-
butes data to The problem of coastal erosion at Sargent,
Texas, and should also be useful in land-use planning
in the study area, where the use of the delta as a park
is being considered, and in the Texas Gulf Coast ag a

whole.
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PREVIQUS WORK

The importance of waves in beach erosion and in the
nearshore transportation of sediments was first de-
seribed by G. K. Gilbert (1885) in one of the earliest
modern studies of shorelines, Gilbert's work was
followed by that of Douglas Johnson (1919) whose genetic
classification of shorelines was commonly accepted until
F. P, Shepard®s (1948) redefinition and reclassification
of shorelines and coastal processes, Shepard?s book in-
cluded a discussion of wave properties, but did not
fully examine the physical relationshlps between waves
and beach development. He did, however, summarize the
exlisting knowledge concerning seasonal beach profile
changes, size distribution of beach sediments, and the
theories of formation of beaches, |

Several semi-analytical treatments of coastline and
beach development followed Shepard; especially note-
worthy are those by C.A.M. King (1959) and V. P, Zenko-

vich (1967), which contain lengthy discussions of sedi-

ment-wave interaction on beaches,

The author found it more useful to go to hydro-
dynamics Texts for full discussions of theorlies of fluid
and wave motion pertinent to sediment transport, and for

explanations of refraction, shoaling, and breaking of



waves, Especlally useful were Ippen {1966), Lamb (1924),
and Graf (1971).

Recently some work has been done toward the pre-
diction of changes in shape of originally straight
beaches with uniform depths offshore (Grijm, 1960: Grijm,
19643 Bakker and Edelman, 1964)., This work has thus far
been completely theoretical and has not yet enabled the
prediction of shoreline shape changes in actual fileld
tests,

A model predicting the growth of a river delta into
a2 long narrow body of standing water is gilven by Fowler
(1957); this model does not allow for the effects of

wave~induced erosion,
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HISTORICAL BACKGROUND
Development of the Texas Coast

A number of the larger Texas bays are actually
estuaries formed when rising sea level drowned Pleisto-
cene river valleys at the end of the last glacial stage.

Corpus Christi and Galveston bays, estuaries of the

Nueces and Trinity rivers (Fig. 1), are examples of this.

It is thought that the Colorado and Brazos Rivers
discharged into similar large estuaries after the last
sea level rise, AV that time the Colorado flowed in a
wide river valley northeast of its present course, and
the 3razos and Colorado river valleys merged near the
coast. The Brazog and Colorado Hivers both developed
extensive deltas which filled their estuaries and then
coalesced, building a composite deltaic plain. This
composite deltale plain continued to develop until the

naetural diversion of the Colorado RBlver & few hundred

vears ago.

Diversion of the Brazos Hiver

Now only the Brazes flows across the composilte
Brazos-Colorado deltaic plain, and until the Colorado

River delta's recent aggrsdation, the Brazos was the



11

only river to discharge directly into the Gulf (Leblanc
and Hodgson, 1959). For thls reason, 1t was inevitable
that attempts would be made to use the Brazos for trans-
portation between the Gulf and the interior of the state
and that the river mouth would come into use as a harbor.
There were, however, meny problems encountered in these
attempts.

The 1858 Coast Chart number 106 (Fig. 4) shows a
subaerial bar about three quarters of a mile long and
100 yards wide southwest of the mouth of the Brazos
River. The submerged extension of this bar formed a
semi-continuous shoal around the river mouth, especially
following flocding of the Brazos when the river's high
sediment discharge exceeded the capacity of the long-
shore current (Wisner, 1891). A pass sometimes extended
through the bar, but its course and depth changed con-
tinually. The first harbor improvement work at the mouth
of the Brazos was an attempt to stavilize the pass; two
Jetties were constructed from the shoreline through the
bar. Work began in 1880, but was unsuccessful and was
abandoned in 1887 (Fox, 1931).

The beginning of sulphur production from the Bryan
and Hoskins mounds and the development of the town of

Freeport (Flg. 5) led to increased use of the lower few
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miles of the Brazos as a harbor. It was then seen that
flood stages caused silting up of the entire harbor,
sonetimes decreasing depth as much as twelve feet in a
few hours (Odem, 1953). Dredging provided only temp-
orary relief because flooding sometimes occurred imme-
diately after the harbor was deepened or a channel
through the bar was established., Jetties were construct-
ed, but they were not completely successful in stabi-
lizing the channel. The Corps of Engineers was called
upon to solve this problem, and decided upon the diver-
sion of the river, leaving the lower few miles at the
original mouth as a tidal basin and harbor. This work
began in August, 1928, and was completed in September of
1929 (PFox, 1931). The diversion site is 7,3 miles above
the mouth of the old Brazos., The diversion channel is
29,000 feet long; the first 23,000 feet trended 3 129,
and the lower 6,000 feet trended S 6°E (Fig. 6). The
channel originally crossed the Gulf Intracoastal Canal
at an angle of 63°, but the portion of the canal southe
west of the charnel was later rerouted to a2 more land-
ward position, and the canal was then positioned to cross
the Brazos at right angles. The current velocity of the
Brazos was too great for canal traffic to cross at this

angle and new crossings had to be constructed (Fig., 6),



15

Dam
Canal
Freeport .0
Original
Natural
Diverted Channel
Brazos

River '

-

12
Miles

Fig. 6, The Brazos River channels (from Odem, 1951,
figure 1).



The canzl now intersects the Brazos at an angle of 60°
from both sides and the new mouth of the Brazos is 5.5

miles southwest of the original mouth.

Construction and Desgtruction of

the Brazoz River Deltas

A brief chronological history of the area following
the diversion of the Brazos Hiver 1ls now given; this is
essentially as given by Seelig (1973).

1930, Aerial photographs of the study area (Tobin
Surveys) show the o0ld Brazos River delta extending one
mile further into the Gulf than it appears on Coast
Chart number 106, The shoreline at Sargent had undergone
an average rate of erosion of 10 feet per year when Com=-
pared with their 1856 position,

1933, Army Alr Corps photos show a shoreline re-
treat of 100 feet at the old delta, from 1930, with con-
tinual construction at the new delbta zite,

1937. The first complete hydrographic survey in
.the study area showed the submerged portion of the delta,

lg&é, U.S. Department of Agriculture photographs
show very little change in the subaerial aspects of the
delta since 1937.

1948, U.S. Air Force photographs show that the



subaerial portion of the new Brazos River delta grew
8,000 feet into the Gulf from 1946-1948. The old delta
continued to erode.

1952, The subaerial portion of the old Brazos
delta was almost completely eroded, so that the shore-~
line was very nearly the same as in 1852,

1967. Surveys by the U.S. Army Corps of Engineers

show an erosion rate of 70 feet per year at Sargent,

17



MODELING THE IDEAL DELTA

For the purposes of this study, it is assumed that
the inltial construction of the delta is entirely a
function of river discharze and that the destruction of
the delta is dependent on the erosive capability of the
waves and the resulting longshore current., Once the
delta has actually begun to form, this asgsumption will
no longer be valld. Changes in shape of the depth con-
tours will cause chanzes in the refraction of the waves
and of the power of the wave propazation into shallow
depths., 3uch changes cause the waves to have greater
erosive carabllities in some areas than in others and
the longshore currents will be, therefore, both destruc-
tional and constructional in nature for different areas
of the delta,

The numbers calculated in the following discussion
of erosion and accretion rates are obtalned using the
characteristics of the waves ilmvpinging on the RBrazos
‘River delta and the discharge rates of the Brazos River,
It is not the intent of the author to imply here that
the 3razos River delta can be modeled so simply, because

the Brazos River delta is not ideal,



19

Longshore Sediment Transport

Surface waves produce oscillatory motlions in water
particles near the ocean bottom whenever water depth
ig less than one-half of the wave length. When the
velocities of these motions exceed the critical erosion
velocities of the bottom gediments, oscillatory motion
will also be initisted in the sediments resulting in
most cases in net sediment movement in the direction of
wave propogation., If the direction of wave approach is
not perpendicular to the depth contours, there will be
a component of motion which is parallel to the contours
(Pig. 7}, which could be termed the longshore component
of oscillatory sediment movement.

As waves propogate into shallower water and finally
break, the undissipated energy of the wave causes a
run~up of water on the beach. If the breaking waves
and the run-up do not approach the beach from the per-
pendicular, a component of movement of water and sedi-
ment parallel to the beach results; this movement is
commonly known as the longshore current. For the purpose
of modeling the development of a delta, it will be

assumed that the combination of longshore current and

the longshore component of oscillatory sediment transport
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21

is responsible for all sediment erosion and transporta-

tion.

Longshore Transport Potential of Waves

The longshore transport potential 1s defined as the
amount of sediment by welght that the waves entering the
3razos delta area are capable of transporting out of the
area, The potential will be calculated in two parts: 1)
for the area of offshore of the breaker zone, and 2) for
the area between the beach and the breaker zone.

The breaker zone. When the oscillatory, wave-

Induced velocity of the water particles at the crest of
a wave approaches the velocity of wave provagation, the
crest tends to become steepened, If this trend continues,
the wave oversteepens and "oreaks", This has been found
fo occur when

u = 0.,73C
where U = water vparticle veloclty on the cress

C = wave propagatlon velocity.

A solitaxry wave (a standing wave) is the wave type for
which there 1s the best agreement between vredicted
behavior, and the behavior of a breaking wave, The
equation for the maximum orbital velocity in a solitary

wave 1o



_HC
el

where H = wave height

and h water depth.

Thus the depth at which a wave breaks iz ziven by

h = H/0,78. 3Six feet is considered to be the breaking

depth for all of the waves here, because the resoclution
of most of the avallable charts is to the 6-foot depth

contour.

Offshore of the breaker zone, The motion of indi-

vidual water particles affected by a wave in intermediate
depth or shallow water can best be examined using the
veloclty potential for a small amolitude wave:

Eq. 1 &= ag cosh K(h+z} cos (kx - & t)
ag
e cosh kh

where § = veloclty potential of Alry {small amplitude)

wave moving in the x direction

o
kK = wave number = =L

a2 = wave amnlitude, 3 of the wave height

21

o = wave anzular frequency = 5
h = water depth
T = wave period
L = wave length

W3
i

= gecceleration due to gravity

X = horizontal direction, direction of wave
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propogation

t tlme

z = vertical distance, with origin at surface
The velocity with which each water particle moves in the
horizontal vlane is given by the first partial derivative

of this velocity potential with respect to the x axis:

- - d k3 = a&k cosh k(h"‘Z) gin{kyx- o t
£9. 22 u D x (=) Soem ¥h ( :

Tr
¥ =~ 28T cosh 5T hez sin 2T (x/L-t/T
2b u T Y Ef? 5 (x/ /T)

where u = veloclty in the x direction,
This velocity 1s higher at the water surface than at the
vottom, as is seen by substituting in z = 0 for the

veloclty at the surface:

Eg, 3a u = az] cosh'%ﬁ: h sin 2w (x/L-t/7)
L cosh zgr h

3b  u = agT sin 27T (x/L-t/T).
L
substitute z = -h in Eguation 2b to obtain the velocity

at the hottom:

Za, 4a  u = agl cosh 0 sin 2 W (x/L-t/T)
L cosn 2L h
T
bn  u = a3T 1 gin 2 1w (x/L-t/T)
L cosh 2{; h

3ince co~h 13 always larger than one, the velocity
ziven by Zquation L4b must be smaller than that glven by
dnuantion 3k,

Theoretically, the decrease in the horizontal comvonent



of orbital velocity 1ls exponentisl, with the largest
part of the decrease occurring in the first few feet of
deoth; however, the sediment-water interface is not
frictionless, so there is a drastic decrease in orbital
velocities from the non-moving bottom to the freely
oscillating water particles. This velocity gradient and
The resulting oscillating pressure gradient initiate
movement in the bottom sediments,

The most straight-forward means of estimating the
size of sedlmentary particles which can be eroded by
these local water particle movements is a comparison of
orbital velocities with critical erosion velocities,

The horizontal component of orbital velocity glven by
Zguation 2 is the velocity most likely to effect erosion,
The form of thls eqguation most often used is given bhy:

9. 5 w= 7T H ocosh v (h+z) ecos 2T(x/L - t/7)
T sinh }g; h

where H = wave heizht,

This is obtained from Equation 2 vy integrating with
respect to t, using the identity (T2 = gk tanh kh, and
differentiating the result with respect to t. Equation
5 gilves the instantaneous horizonmtal component of velo-
city of the water particles. The maximum value of hori-

zontal velocity is given when:

cos 2 Tv(x/L - £/7) =1 so that
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Ba. 6 Up,p = T H cosh ¢ (h+z)

T sinh 27T h
[

It 1s well known that velocities necessary to entrain
sedimentary particles are much higher than those neces-
sary to transport them. It i1s assumed here that the
maXimum velocity will 1imit the size of the materials
which can be eroded, while the average veloclity, glven by:
Eaq. 3 Uave = %g cosh 2ﬂ1g%@

sin h 2+ h
L

will 1imit the particle sizes which can be transported,
The sediment sizes which can be eroded or transvorted by
glven velocities can be estimated using Hjulstromts

curve (Fig, 3),

Erosive capabllity of waves offshore from the

breaker zone, The wave enerzy per unit length of wave

crest is given by:

- ¥g°
R

e
L4]

TFe 7

where I = wave enerey per unit crest length

¥

It i1s usually assumed that diffraction (lateral disver-

sveclific weight of water

slon of wave enerzy) is neglizible as a wave moves across
parallel or near parallel contours., Thus the total

amount of wave energy along a wave crest between two
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orthogonals to the wave front remalns constant, 1f there
are no ener:sy losses due to friction or reflection. In
Figure 9, wave refraction over a submarine low is shown:
the wave energy originelly concentrated along a wave

crest of length bg*(total energy = b0 Eo’ since Eo is
slven 1n energy per unit lenzth of wave crest) ig now dif-
fused alonz a crest of length bl (total energy = blEl).
From this, bOEO = blEl’ thus EOT?El, In units of energy

ver unit crest length., Wave power, P is given by

0!
b CG where CG 1s the celerity of the wave group. Thus,
Ta, 3 b =B = = E

qQ, 3 Pobo oboCGo Plbl blbch
a:ain neglecting reflection and friction losses. A5 a

wave vrovazates from deep water into shallow water,

groun veloclity chanzes according to

[Ssl] v =
e, 9 CG nc
where n = 4 (1 + 2 o 3)
g{nh 5 LEZh

Thian fo = aODOCOnO, and Pl = ulolclnl. Taking the ratlos
of these enuations,
“a, 10 31 _ EQ nOCO Plb1

%o o1 1403 Pgbg

Thwt the enerzgy El at any glven denth can »e ohtained in

terun of the energy at deepwater conditions, & , if

o

*Hote: The susscrivt o usually indicates deevwater wave
conditions,
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Pig. 9, Wave refraction over a submarine low,



bo/h, noco/nc, and Pb/PobO can be found.

The first of these factors, known as the refraction
coefficient, kK., can he salculated easily after refrac-
tion diazrams for a glven wave have bpeen drawn., The
second, known as the shoaling coefficlient, ks, can be
computing using Equations 9 and 11.

g. 11 C =C_ tanh 2 1T h.
© i

The last factor is the friction-percolatlion coefficient
Kfp; this factor 1s often ignored, as the value of the
coefficient is a function of several emplrical factors,
For this study, enerzy losses due to percolation will be
Lgnored, whlle those losses due to bottom friction can
be plcked from the graoh in Figure 10,

Assume that the frictional energy iosses of a wave
moving into shallow water from devnth h2 to depth hl

(h1<h?) can e related to the erosion of bottom sediments.

wq. 120 2, = 3, EE EEEZ_ P10y

by 70y Bpbp
sives the wave energy per unit crest length at the
snallow depth; if the frictional losses Were zero, then
the shallow depnth enerzy would be:

" n l " i
sa, 1 g = B ] 1n,C
q 3 1 5 2 »Co

thuz, the total enerzy dissipated »etween denths hyand
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1

hl is given by &R = El - E19
qu 1“’ E = Ez b2 1’1202 “Ez EJE n2c2 Plbl
b1 ™0y by mCy Fpby

It 1g assumed here that & E 1s the energy avallable

for sediment erosion and transportation.

Method for the calculation of possible sediment

transport. Figure 11 shows the orthogonals of a wave
propagating shoreward from deep water. Assume that the
direction given by length S 1s the direction of wave
movenment and thus i1s the direction of net waber and
sediment particle transport by the waves. Length A then
indicates the net longshore movement of the sediments;
length B the net onshore mo#ement. Let length B equal
one-half the distance between the depth contours h2 and
hy, or (LB'LZ)/z‘ As some unit volume of sediment is
mnved a net distance S by waves, it moves a distance 3
onshore, and, since the bottom i1s not of constant depth
(h3 > h2 >-hl) the sediment moves upward relative to sea
level., For the averaze sedlimentary particle found be-
tween the deopth contours h3 and hz, the gain in elevation
caused by a net movement equal to 8 is hz-h3/2.

If this unit volume of sediment weighs, for instance,
one pound, then the net movement of S will result in a

gain of potential energy by the sediment equal to
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(ny=ny) /2 ft.-lbs. Let the lines Ni-N, and M -N_, the
shoreline and line NZ—ME define the region of interest
in a particular problem., To find the amount of sediment
which can »e eroded fromr this area by wave actlon, look
first at the sediment found bhetween the h1 depth contour
and the shoreline., The average unit weight of sediment
in that area gains h1/2 ft.,-1lbs, of energy for every
length C that the sediment moves in the direction of
wave vrovagation. This net movement alsc results in a
longshore movement equal to that given by length A,

dhen the sediment has moved from the depth hl to the
shoreline, it can no longer move in the onshore direc-
tions it can, however, move in the longshore direction.
Por every h1/2 ft.-1lbs, of wave enersy dissipated in
frictional contact with the bottom, it might be sald
that one unit weizht of sediment moves a distance A in
the lonsshore direction. The averase distance the
sediment must move 1in order to ve transported out of the

ares of interest is 3 the distance between the lines

N1_N2 and M1~M2, thus the ratio:

*Hote: Rememdering, however, the buoyant affect of
water, the unit weizht (one pound) of sediment
will actually be a mass of sedlment so that
(> -, ) a3 = one nound, where _o = density of
the” >ed¥ment and A2y density ofSsea water.



A
Distance (Nl—NZ) - (Ml-M

o)

2
enables one to calculate the total energy necessary to
move the unit weight of sediment out of the area of
interest.

The relationshlp between the amount of wave energy
dissipated in frictional contact with the bottom and the
amount of sediment which can be eroded and transported
by the waves is unknown. It will be assumed here that
the relationship is linear; that is, that one hundred
percent of this dissipated wave energy is spent in
sediment erosion. This ls, of course, not true; energy
15 lost as heat due to internal turbulence, wind frice-
tlion at the free water surface, and so on. However, the
ercosion predicted by a direct comnariéon of the energy
dissipated in friction (A E) with that enersy necessary
for sediment erosion can be comvared with measured ero-
sion rates for the 3razos River delia in an attempt to
calibrate the relationship. This calibration provides
an idea of the actual percentage of dissipated wave
eneray which tends to cause sediment erosion and dissi-
pation,

To find the amount of sediment which can be transe

ported from the area and between the depths h., and h. or

1 2



35

h2 and h3,

barrier, shoreward of which the sediment cannot move,

assume that the shallower depith contour iz a

much as 1f 1t were a shoreline; thus the analysis is the

same ag that Jjust discussed.

Velocity of the longshore current. In this portion

of the nearshore circulation system 1t is also necessary
to determine the sediment sizes which can be erocded,
Zven though there are waves inside the initial bresker
zone, the oscillatory action of the waves on the bottom
1s not the agent responsible for particle erosion and
transport. Rather, there is usually a type of flow
which approximates a unidirectional steady current.
Comparison of the mean velocity of this current with the
critical erosion velocity (Fig, 8) will give the grain
sizes which the current 1s capable of ercdlng and trans-
nortin.,

There are several methods of computing the velocity
of the longshore current which are discussed in Ippen
(1966}, 3hepard (1963), King (1959) and Zenkovich (1967).
Galvin (1967) presents an anslysis of these methods and
the data uvncon which they are based, and concludes that
the best avoroximatlon of longshore current velocity is

zilven by



(W

[oa)

1 2
BEq., 14 V = Kk@BB.Z {bottom slope) (Hb) (cos-@b) +
1
2.25g H, sin 8]

o=

1
(216.6) (bottom slope) (Hb) {(cos ﬁb)

where H_ = the height of the wave at breaking
%B = the angle that the breaking wave makes with
the shoreline
g = the gravitatlonal constant.
This equation relies on enmpirical correlation for the
vague factors such as Yamount of enerszy dissipated in
oreaking", and so on, which are usually found in theore-
tical equations but which cannot pe measured precisely.
The wvelocity of the lonzgshore current in the study
area was calculated for several widely diverszent values
of slove, H_  and €y, and varied only between 114 and 1283
centimeters ver second, Comparison of this velocity to
Figure 8 shows that nearly 2ll sediment sizes can be

eroded and transported by these velocities,

Erosion of sediments inside the breaker zone. 3Sedi-~

ment erosion and transporbation onshore of the wave
oreakinzg zone might also ce estimated hy 2 comparison of
avallavle enersy with that necessary for sediment move-
ment. In this zone, however, there iz an added compli-

cation of ener:y dissivation by wave breaking.



37

Figure 12 shows that the energy of a wave imme-
diately prior to oreakinz can be calculated in terms of
the deep water wave energy and the shoalinz, refraction,
and friction~vercolation coefficients. Not all of this
enerzy, however, l1s propaszated toward shore. As the
wave breaks some of the potential energy of the wave is
converted into kinetlec energy, =and some is lost as heat,
The manner in which the wave breaks (plunginz, surging
or snilliing) influences the amount of energy which is
disszlivated in breaking, but no quantitative relationshivs
have yet been established., Unfortunately, there is no
tnown certain way to calculate the amount of remnant
enersv which moves onshore.

if some arbltrary vortion of the energy of the wave
2t sreaking is assumed to be dissipated in the breaking
procesg, then the remnant enerzy (that which vrovagates
~horeward fromn the breaking zone) can be calculated, =ns
can the amount of sediment which can be eroded by the
friction dissipating process hetween the breaking zone
"1d the shoreline. The correlation factor found for
the aner ¥y dlssinatlon-sediment erosion relstionship in
the offshore zone can then be avpplied in this near-chore
zone. Then, the erosion rzstes meazured in the Brazoz

iver delta ares can »e comvared to the predicted erosion
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Flg. 12. Diagram showing wave energy at various depths.
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rates in an attempt to correlate the assumed energy
loss in breaking with the actual energy losses, Obvi-
ously, the precision of this correlation depends on that

of the former correlation factor.

Sediment Load of the Delta Building River

River-trangported sediments may move either in the
suspended load or the bedload. If suspended, the weight
of the particle is counterbalanced by turbulent velocity
gradients and the attendant pressure gradients, In the
bedload, the sediments roll and saltate along the channel
bed, and the bed suvports the particle weight,

The United States Geological Survey maintains
gauging stations on major streams which make measurements
for the purpose of calculating the stream discharze and
susvended sediment load. The stations rarely measure
nedload transvort rate, because no reliable measurement
techniques are yet known. In Texas, stream gauging
statlions are operated by the Texas Water Development
Board, This agency has compiled monthly discharge and
suszpended load data for every Texas River. The length

of these records varles from station to station.

fleasurements of 3tream Discharge

Non-soluble and non-colloidal sedimentary materials
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in natural streams and rivers begin to move whenever
a certain critical flow velocity or shear stress i=
exceeded, Once motlon is inltisted, these materials
are subject to two main modes of transport, The sedi-
ments are called suspended load sediments if, during
thelr motlon, they are completely surrounded by fluid
at all times, or bedload sediments, if they roll, s=lide
or saltate over the bottom. There 1s no universal
dividing line in size between sediments which will be
transported in the bedload and those transported in the
suspended load, as slight variationz in the hydraulic
conditlons of a stream may cause the suspension of
certain bedload sizes, or the precipiltation of certain
suspended load sizes. The equations that predict the
downstream movement, the dispersion, and thus the dis-
charge of the two load types have completely different
physical bases, and wlll be discussed later,

When 1t becomes necessary to compute the sediment

discharze, the empirical and theoretical mathematical

formulas are useless without knowing the size ranges

present in the sediment, the relative percentages of the
load carried as bedload, or suspended load, etc., Direct
measurements of the total discharge can only rarely be

made, In order to get an accurate measure of stream dis-
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charge, 1t is necessary to take bedload and suspended
load discharge samples, and using the predicted sediment
concentration distributions, calculate the sediment
discharge over the entire cross sectional area of the

stream.

Susvended Load Discharge

Factors affecting suspended load concentration., The

effect of turbulence on a sedimentary particle is analo-
zous to the effects of diffuslion processes on a molecule,
In a fluid which moves particles at a velocity v, the
concentration of a particular molecule or of & sediment

size 1is given by:
2

Bg. 15 3Cp = -V UC, +€,V Cr
ot
where Et = the ceoefficient of turbulent diffusion
Cr = concentration
T = tims

v = flow velocity.
That 1s to say, the change of the concentration Cr of
zediment at 2 given point in a 3 dimensional reference
system with respect to time, 1s equal to the sum of the
changes caused by the convective motion, vvcr and the

change due to turbulent diffuslon. For a turbulent flow
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field, v will have different values in different direc-
tions, as will t. Experiments have shown that the
equation 15 will give valid predictions of é}gg for
sedimentary particles, Combining this equation with the
logarithmic velocity profile expected in open channel
flow, the concentration at any distance; from the bottonm

in s channel of totsal depth D can be found by:

Bq. 16 C_ (D-,j a \2k
= j D-ﬂ&
ra

where Cra = the concentration at a standard depth a
from the bottom
Zk = gettling veloclty , a constant for a particu-

o Un
lar =situation.

The concentration as a function of depth and Zk
according to equation 16 is given in Figure 13 as a
graph of j-a/D-a versus CI,/G‘I‘a (Vanoni, 1946). The
coarser the sediment fractlon under consideration, the
greater the variation in concentration with depth; that
is, with high ZK’ the concentration 1ls much greater
close to the bed (low values of j) than near the free
surface (high values of j). As the magnitude of Zk
decreases, Cr becomes closer in value to Crg throughout

the stream depth, so that very small varticles have a

nearly constant concentration distribution (Task Commit-
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tee, 1969, p. 1478).

The varlation in Cr with U, makes the choice of the
position (both in the cross section and long section of
the stream) of the point of measurement of‘Cra very
important (Task Committee, 1969, p., 1430),

The concentration at ] = 0 should be infinite,
according to equation 14, but this equation is baszed on
the particle belng completely surrounded by the fluid,
and thus does not apply at 1 = 0.

The total suspended load discharge, should be

ggs?

equal to:

j==

fg:ﬁf“ “
for a vertlcal section. Einstein has shown that by com-
bining the equation for GT/Gra with that for g _, an
equation is derived which gives the suspended load rate
per unit time and width of vertical channel section for

A given size fraction (Graf, »., 191),

(=D T z
Bq. 17 355 = Jjag fécmgé@;j Dfaé )

Suspended load measuring devices, There are essen-

tially three types of sampling mechanisms which can be
used to sample suspended load: 1) the instantaneous
sampler, 2) the integrating sampler, and 3) the continu-

ously recording sampler (Gral, 1971).
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The instantaneous sampler 1s an ovnen contalner
which can be lowered and oriented with the flow direction
so that water flows through the sampler. A messenger
causes both ends to close, capturing only the water and
gedinent flowing at a2 known depth and a particular
instant in time.

The integrating samplers are of two types. The
polint intezrating sampler is in essence a bottle which
is lowered into vosition and opened; it fllls slowly
and thus will contain the water sediment mixture which
flowed nast the sampling voint for an extended time period
giving » sediment concentration averaged over that time
neriod. The deoth intezrating sampler is an open bottle
which 1z lowered into the flow and withdrawn, resulting
in a concentration averaged over a ziven depth range.
joth tThe instantaneous and integrating tyre samnlers
zive =z,mmle which must be taken to a laboratory for
adaditlionnl nrocessing to determine the sediment concen-
tration,

Continuwously recording samnlers wWwork by measuring
the difference in the properties of clear water and those
of water containing suspended sediment, in which the
attenuation of lizht, =sound, and x-rays are measured,

An 1lTuminator or fransducer is used in conjunction with



a pumping apparatus which draws off a continuous sample,
These samplers glve a direct measurement of sediment
concentration in parts per million, or like units,
without further lab work (Graf, 1971).

Once the samples are taken, they must be correlated
to zlve a concentration distribution for the entire
stream cross section., If single samples are taken in =
vertcical section, these sample concentrations are then

taken as ¢ and the Cr throuzhout the rest of the

ra’
vertical section height, from j near zero to J =D,

is calculated for every size range present, because each
size range will have a different exponent Zk’ Varla-
tions in averaze velocity and in turbulence across the
width of a stream require measurement of several verticsl
sections at one position in the stream; this can be done
by lowering instantanecus or time integrated samplers,
Then the total susvended load discharze is:

9. 13 Gg, =d§%ﬁth Ess

Tor every size range vresent,
RFedload Discharze

Factors affecting bedload discharse., The bedload

sediments are all materials which move in more or lessz

constant conbact with each other and with the bed. Sinece
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the velocity at the bed is essentially zero and in-
creases rapidly upward to the water-bedload "interface®,
the bedload sediments may experience large velocity and
vressure heads gradients. These zradients would act to
lessen the magnitude of"T; opit (critical bed shear)
necessary for movement initlatlion. Assuming that the
nedload discharze rate 1s related to'Tb, and approxi-
mating this relationship by a power function so that:
9. 19 ag =K ¢ T Kk T 04

where | | = shear stress at bed

o sedlment discharge

then if T, = 0 at some layer within the bedload, q, must
also equal zero, and so must K. If T, ='T; orit? Og 1S

still zero, for |  must be greater than T ,nq¢ fOT

motion. Thus,
2

T orit = K3 (o orit)
L5 = K3 Ty orige
#or sand-sized nartiole897'o is a low value, and the
hizsher order terms of the serles can e ignored. Thus,
0. 2 o 7 -
1 0 9 {3—ro (—T; Hyo orit)

his is »n duBoys equation for bedload movement using 2

Ly

C

r

critical shear stress criterion (Graf, 1971). The dis-
char:e of ~»ed material depends on the differences ove-

twecen the tractive stress set up by the stream and the
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tractive force necessary to inltiate motion. The shear
stress however, in an open channel, 1s rarely, if ever,
uniformly distributed over the wetted perimeter, and
distribution appears Lo be dependent upon the slope of
the channel walls, the ratlo of channel width and depth,
and the overall shape of the channel.

Existing samplers and sampling schemes for the
measurement of bedload discharge of a stream are innaccu-
rate and difficult to use; as a result, knowledge of the
bedload discharge of a stream 1s based on empirical
estimates, There is doubt as to which empirical method
i1s most reliable, even though some methods require much
more precise data for their application, and thereby may
be assumed to be more accurate, One of the simplest and
most accurabe methods is given by Colby {(1957). Using
data from selected natural streams and from flumes, he
found the relationships between stream veloclty and
sediment load shown in Figures 14 and 15. These figures
give the concentrationg of suspended sediment and the
vedload discharge expected for a glven stream velocity.
The geolosy of the stream valley defermines to a certain
extent the amount of sedimentary particles available for
transport. Therefore, not all streams will have the

values of sediment discharge given by Figures 14 and 15.
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1957, figure 7},
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Colby uses the ratio of the estimated suspend load con-
centration to the predicted suspended loasd concentration
to arrive at a correction factor (Fig. 16). When this
correction factor is applied to the predicted bedload,

a corrected and supposedly more accurate value of bedload
discharge is obtained.,

A more convenient method for calculating bedload
discharge in most cases involves a relationship between
river discharge and bedload transport, because discharge
is the most commonly measured river characteristic. A
few such equations exist and have been applied to par-
tieular rivers (Graf, 1971), but the equations were
developed using empirical data from tests involving pri-
marily coarse (granules, etc.) bed materials, and should
not be applied inéiscriminatély to =sand bed rivers,

Hegardless of the method used to calculate streanm
bedload, the results are usually subject to dispute,
Several of the empirical correlations of stream flow
characteristics with bedload discharge discussed by the
Task Committee (1971) were evaluated by the author in
collaboration with W, N. Seelig of Texas A&M University,
and the results were found to vary by amounts ranging
from 100% to 1000%, Most discouraging Was the fact that

In every correlation tested, the ilncrease of bedload
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transport with increasing flow veloecity or increasing
discharge was exponentlal rather than linear. Measure-
ments recorded at most gagihg stations give, at best,

a daily average of stream flow; there is no way of egti-
mating the frequency or periodicity of intervals of high
velocity or discharge, or the bedload discharge during
those periods, It seems that until some reliable
measurement techniques have been developed, the best
estimates of bedload discharge that can be obtained are
minimum values based on daily, weekly, or monthly stream
flow averages, Seelig (1973) has found for example,
that in at least one case when instantaneous measurements
of stream veloclty taken daily for a month are used to
compute the bedload discharge for that month, the re-
sulting discharge values agree to within five percent

with those obtained by using the monthly velocity asverage.
Digtribution of Sediment ILoad at the Mouth of the River

When the total sediment load of a river is known,
the pattern and rate of deposition of thisz load at the
river mouth must be determined in order to compare the
deposition of river sediments to the wave-induced sedi-
ment erosion.

Bates (1953) has shown that for a river flowing into
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more dense basin wabters, the stream does not immediately
lose its integrity, rather, it propagates oubward with
the width at any given dlstance from shore approximately
equal to 3 X until the ecurrent ls dissipaﬁed at:
Eq. 21 Xy = 2000 (W)
where X = distance from shore

W = channel width at mouth.
The velocity of the stream flow is given by Figure 17.

Bates states that in most cases the bedload sedi-
ments begin to be deposited at a disgtance from the mouth
equal to approximately 4 times the channel width at the
mouth. He shows that for most rivers flowing into saline
basins the vertical nmixzing of fresh and salt waters is
minimal, with the stream flowing out over the top of the
basin waters, If this is generally valild, then it may be
assumed that the deposition of suspended sediment is
proportional in some way to the decrease in stream tur-
bulence,

As sediment escapes tThe influence of the river it
is not lmmediately deposited; rather, it probably tends
to diffuse away from the mouth as a function of wave-
generated turbulence. With these factors in mind, the
deposition of the suspended load of a river is approxi-

mated in thig thesis usling steady state diffusion patterns
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of sediments diffusing from a successlon of point sources
having source strengths inversely proportional to their
distance from the river mouth. This principle 1is applied
to the Brazos River in a later section.

The diffusion of sediment away from the mouth is

given by:

Bq. 22 9 Cs =€p V% ¢
3%

concentration of suspended sediment

8

)
=
@
2]
@
Q
i}
!

ct
i

time
diffusion coefficient

and <72 = 3 2 4 452 + 2
dx<  dy” Oz

After a certaln length of time the diffusion pro-

M
&
lf

cess must approach equilibrium, so that Tor any given
element of volume of basln waters offshore from the
river, the concentration must change very little with
advancing time, Therefore,

= 0 and

Ea. 23 Y?ZCS = 0
To simplify this equation further, assume that the

diffusion is essentially two-dimensional as shown in

Fizure 18, When the river discharges into the basin, the
lower specific gravity fresh water will float on the basin

water, and the density contrast between the waters will
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dampen vertical mixing (Bates, 1953). The Laplacian in
equation 23 then reduces to:
2 2
> s 3 %,
D) x d ¥°

where the x-y plane 1s the plane of the surface of the

basin,

The diffusion pattern resulting from this type of
model is shown by Figure 19, The concentration at a
particular point in the basin will depend on the distance
of that point from the river mouth, and not on the direc-
tion of the point from the mouth, assuming no coastal

currents., With this in mind, equation 23 reduces to:

Bq. 24 5203 + 1 3Cs = 0
B RE R é R

where B =V x% + yz, the distance of the point from the
origin, (river mouth). Iﬁtegrating equation
24 twice ylelds:

Eg. 25 Cg = & lnR + b

where a and b are constants of integration. To solve

‘these constants, the concentration, Cs, must be known at

two points, The first point at which the concentration

is known 1is where B is very near zeroj; here, the concen-

tration will be given by the measurements of the river

sediment concentration., There is no other point at

whlch the concentration 1s known, but obviocusly the use



Biver Channel

fig, 19. Diagram showinz sediment concentration in
bagin waters decreasing as a function of
distance from the river mouth.
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of the model can proceed no further without at least an
estimate of concentration at some point. This estimate,
however, must be tempered by the knowledge of the rela
tionship of the concentration at some point to the depo-
gsition rate at that point. Figure 20 illustrates an
example of the steady state concentrations in a basin
resulting from diffusion away from a river mouth. The
contour lines connect polnts at which the estimated
concentration is 50%, 25%, and 10% of the concentration
at the river mouth. If the concentration in the river
were such that 100 tons of suspension were discharged
from the river in a year, the steady state diffusion
pattern shown in Figure 20 might be interpreted as
showing that of thig 100 tons, 50 tons are deposited
yearly within the area defined by the ghoreline and the
50% contour line, and that 75 tons are deposited within
the area defined by the shoreline and the 25% contour,
and so on, If Thls model is to be applied to an slready
existing delta for purposes of growth rate prediction,
the sedimentation rates at the periphery of the delta
should be examined through the use of isopach maps
showing delta thickness, so that a conceniration st delta
periphery can be estimated, That is, if a delta is

nearly symmetrical and the influence of the delta extends
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61



62

seaward to a point 5 miles from the river mouth (R = 5},
and the deposition rate at that polnt is some number of
pounds of sediment per year, then the approximate concenw
tration at that distance cen be determined if the con-
centration of suspended sediment at the river mouth is
known,

If a diffusion model having point sources of de-
creasing strength with increasing distance from the mouth
were desired, equation 25 must be solved for seversl
values of Cs where R is very near zerco., The simplest
example of the procedurs is o model the dlffusion from
two points. On Figure 17, 2t a point a distance Trom
the mouth given by E% = 25, the velocity of the river is
approximately % the velocity at the mouth, Agsume that
a distance from the mouth of fﬁ = 1000 iz basinward of
the delta periphery. b mightwbe assumed that at
%y = 25, the concentration of the stream is 3 the origi-
nal value and that 1% is 1/10 the original value at
Xp = 1000. At least 1/10 of the suspended sediment load
12 lost to the delta. If the diffusion of % the sus-
pended sediment load from the mouth is modeled (solve

Equation 24 using CS = & for a value of R very near

80

zero), and the diffusion of 4/10 of the suspended load

from a point Eg = 25 from the mouth 18 modeled, a
W
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pattern similar to that given in Figure 21 results.

Figure 2la shows the diffusion away from the mouth
of & of the sediment load; the percentages represented
by the contour lines are percentages of the total sedi~
ment load, not of % the load. Figure 21b shows the dif-
fusion of .4 of the sediment load away from the second
point, which 1s a distance f% = 25 away from the mouth,
Again, the percentages shown are of the total sediment
load, rather than of .4 of the sediment load. When
these two are plotted together, the distance E% = 25 in
21b may be larger than R in Figure 2la, and thus Flgure
2lec results. When this occurred in modeling the Brazos
River delta, the author drew an ellipse with a semi-minor
axis given by R and a semi-major axis given by E% = 25+32
with an averaged interior concentration; this was found
to be the simplest and most direct way to average the
concentrations between the two source points. The result
is shown in Filgure 21d.

The stream loses contact with the bed when the
stream waters begin to float on the denser baslin waters,
As a result the bedload would not tend to undergo diffue-
slon away from the mouth as is shown by Figure 21d. The
constant wave and longshore current action at the river

mouth would tend to make the bedload move away from the
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mouth in a manner similar to diffusing. However, it is
assumed that the dispersion of tThe bedload would be in a

spherical pattern, as ls shown in Figure Z2la.
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APPLICATION OF THE DELTA MODEL TO
THE NEW BRAZOS RIVER DELTA AREA

The theory and assumptions on which a simplified
model of delta development is based have been enumerated
to this point. Now this model will be applied to the
development of the Brazos River delta. This is done for
two reasons: 1) to provide an example of the method of
application of the model; and 2) to examine, within the
framework of the idealized model, the relationships of
delta growth at PFreeport with erosion at Sargent Beach,

The available data concerning the wave climate at
Freeport and the sediment load of the Brazos River are
first presented and discussed, and then the caleculations
of erosion and deposition are given.

As a basis Tor comparison Wifh predicted erosion-
deposition rates, isopach maps were constructed for the
Intervals July, 1930 to July, 1931: July, 1931 to June,
19323 June, 1932 to October, 1934; October, 1934 to
August, 19373 and August, 1937 to May of 1973. There are
no reliable maps of the area for the years immediately
preceding the diversion of the river, so that it was
lmpossible to draw an lsopach for the first year of delta
development.

The 1973 chart was constructed on the basis of field
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work by the author and W. N. Seelig of Texas A&M Univer-
sity during April and May of 1973. This work was done
with the assistance of the Oceanography and Civil Engine
eering Departments of Texas A&M University; both of which
provided a shlp with continuous depth recorders for
various phases of the work.

All other flgures are based on work done by the
United States Coast and Geodetic Survey as reported in
USCGS Chart No, 1283 (January, 1931, December, 1931,
March, 1933, October, 1934, May, 1940) and in Nienaber
(1963). Editions of USCGS Chart No. 1283 are available
for dates after May, 1940, but the data on these maps
for the area near the new Brazos River delta were mea-

sured in 1937,
Sediments of the New 3razos River Delta
Offshore Sediments

The sediments offshere from a 25 mile-wilde-strip of
shoreline around the old and new 3razos River Deltas were
studied by Nienaber (1963), Hisg is the only major sedi-
mentologleal work in the area. Nienaber?®s study in-
cluded zraln size, heavy mineral and clay mineral analye-
ses for samples on 5 traverses which extended from the

surf zone to the 100 foot isobath, Sediments at depths
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greater than 60 feet reflect the presence of a topo-
graphic high--a relict feature of unknown origin--rather
than the influence of the Brazos, and will not be dis-
cussed.

The sediments from the shoreline to the 60-foot iso=-
bath show a decrease in mean grain slze with increasing
distance from shore. The mean graln size ranges from
4 to 10 ¢, where @ is an expression of grain size equal
to the negative logarithm, to the base two, of the grain
sigze in millimeters (¢ = --1032 dmm)e The mean grain
size trend 1s shown in Figure 22, Plgure 23 shows the
standard deviation of the diameters of these sediments,
The most noticeable characteristic of the two maps is
the similarity of trends; the coarser sediments are the
better sorted, while the finer ones are poorly sorted.
The nearshore sands are unimodal, generally leptokurtic.
Further offshore, the sediments guickly become bimodal,
with one mode in the 3¢ size range and one in the 10-14¢
range, The clay mode, which is first seen at water
depths of about 20 feet, becomes increasingly dominant
offshore, but there are no pure clays being deposited in
the sbtudy ares,

Although the mean grain size map shows a predominance

of 8ilt sizes in the aresa, none of the individual samples
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actually had a mode in the silt size range, Dabta in
Figure 24, a frequency distribution curve for all of
samples taken by Nienaber, iliustrate this polnt, but
there 1s reason to question its validity insofar as the
hydranlic characteristics of the sediments are concerned,

Matthews (1972) states that clay minerals (illite
and chlorite) in a channel on the Yukon River are floce
culated into particles of a much larger equivilent diaw
meter as the river comes into contact with marine water
along a salt wedge, This same effect has been noted in
the Mississlppi River (Ahr, personal communication).
Studies currently underway at Texas A&M University
(Mathewson, personal communication) show that in the
Orazos River a majority of the clay particles in suspen-
sion have flocculsted far upstream from the salt wedge.
The mechanism of the flocculation is unknown, and is
proba»ly unlike that of the flocculation seen on the
Yukon and the Mississippl. If further flocculation
occurs at the salt wedge, almost all the clays should be
aggregating into larger particles, but this has not yet
been documented (¥athewson, personal communication). In
his analysis, Nienaber wet sleved his samples and added
a dispversant to the fine fraction, thus destroying all

flocecules, He did note, however, that illite and chlorite
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all sediment samples taken by Nienaber,
(from Nienaber, 1963, Figure 18),
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were usually deposited closer to shore than other clays
(especially montmorrillonite). These data compare
favorably with those of Matthews (1972).

Using a scanning electron mieroscope Mathewson
(personal communication) has seen that flocculated clays
in the upper Brazos River form essentially two-dimensional
sheets. The median diameter of these sheets reaches 5-6(
but low density clay szgregates have fall veloelties more
in the 7-8¢ range. This range includeg fine and very
fine silty thus it seems probable that these flocecules
may have acted as silts during transportation and depo-
sition.

Nienaber (1963) noted a divergence between depth
contours and the contours of mean grain sizge and standard
deviation. The rate of change of grain slize (or standard
deviation) with depth along line A-B is much different
than that along A-C (Fig, 22, 23). Seelig (1973) points
out that the pattern of the grain size contours is that
expected when the effect of longshore drift on river
outflow is taken into account. However, this asymnetric
nattern vresumably would relate to standard deviation and
to rates of deposition as well., For exemple, depositlion
could bhe expected to be Taster downdrift than updriflt

from the river mouth, and the grain size {and standard
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deviation) contours should roughly parallel the depth
contours., It seems that this probably happens, with the
deviations of the contour lines from the depth contours
in Figures 22 and 23 resulting from the difference in the
dates of Nienaber's work, which was done in 1958, and
that of the hydrographic work, 1933. In 1938 the old
3razos River delta still exerted considerable control on
the depth contour shapes, especially in the area north-

east and east of the new rliver mouth.
Beach Sediments

Seelig (1973) collected beach sediment samples at

i

mile intervals from 3rown Cedar Cut to San Luis Pass,
The unver centimeter of sand in the zone of wave run-up
was scraped into a jar for snalysis in the visual accumu-
lation tube, which measures the speed at which varticles
fall through =2 water column, thus their "fall-diameter®,
This analysis assumes svhericity, which i1s reasonable
for beach sands, and alco that the density of the par-
ticles 18 close to that of gquartz. These beach sands
are abhout 95% quartz (Nienaber, 1963) so hoth assump-
tions are reasonable,

Seelig's analyses show that the mean graln size of

the heach sands from San Luls Pass to the mouth of the
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San Bernard River is approximately .15 mm (2.75¢), and
increases to .3 mm (1.75%) at Sargent. These values are
the same as thoze glven by Odem who took four foot cores
near the water line on the new and old deltas. Odem
found that these cores were compozed almost entirely of
fine sand (78-944), and very fine sand. None of Odem’s
samples contained sand larger than 2¢ in dismeter. Seelig
(1973) examined Odemfs core logs, and has estimated that
the delta i= composed of a minimum of 90% of fine sand
(2.5=3¢ diameter); beach sands north and soubth of the

delta area average 3-3.50 in dismeter (Odem, 1952).
Sediments Available for Erosion

Nienaber shows that there iz not a continuous range
of graln sizes avallable for erosion in the area. Figure
22 shows mean graln sizes ranging from less than 4¢ to
8@, but Figure 24 pointe oub that these are mixbures of
3-U@ and 9-137% modes. Using these two figures, the grain
sizes available for erosion from depths of 6-12 feet,
12-18 feet, 18-2L rfeet and 2430 feet, have been esti-
mated, and the values are given in Table I. As an exam-
ple of how these wvalues ware calculated assume that al
depths greater than 48 feet, the average grain size is

9%. The sediment in this sample ig probedbly a nearly



Table I

Sediment Sizes Avallable for Erosion for Various Depth

Intervals Offshore from the Brazos Hiver Delta

Depth Mean Graln Components
Interval Size Present _ (percent by weight)
(feet) (4) 26 3¢ 4 79 11.50
O~6 2.5 20 80 0 o 0
6-18 3 15 80 5 0 0
18-24 4 10 40 50 0 0
24.30 5 0 20 65 15 15
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even mixture of 9 through 13¢. Choosing 11.5¢ as an
average size of the clay mode, the sample must be appro-
ximately 70% 11.5§ in size and 30% 4¢ in size. The con-
ponents by weilght of the other samples are-estimated on.
this same principle, assuming that the coarser sand,
2-30 in size, increases in abundance nearer the beach,
The column in Table I labeled 7@ shows that in the
opinion of the author the 9-13¢ sediments are deposited
as 7@-sized flocculesg, and therefore thiz is the size
which must be eroded, rather than the 11.5f average of

the clay mode.,
Wave Data

Two sets of wave data are avallable for the study
areas 1) hindcasts of deep water wave parameters for
Caplen, Texas averaged for the years 1950-1952, and 1954
(Bretschneider, 1956), and 2) zauge messurements made
at Galveston.

To compare the data from these two sources, Seelig
(1973) has refracted the hindecast deep water waves into
the gauge at Galveston. The %total energy of the hindcast
waves at the gauge was 25% higher than that measured by
the gauge, but Seellg states that this difference could

be caused by the use of different measurement techniques,

e e vmrm e e, B
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Because the data seem to agree, it is assumed that the
wave climate at PFreeport can be approximated through the
use of the data from Caplen. Galveston is closer to
Freeport than Caplen is but no wave direction is available
for the gauge measured waves. A general direction of
wave approach is given in the hindcast data, however.
These data, given in Table II, show the average number
of hours of occurrence per year of waves of a given period
and mean height. The original data were tabulated for
wave heilghts ranging from 1-2 feet to 12-13 feet and for
periods of 3-4 seconds to 11-12 seconds, Weighted
averazes of the data are given here., All wave types in
the original data which occur less than .1% of the tinme
were lgnored in the compilation of Table II. It is
assumed that their contribution of energy to the coast-
line is negligible.

To simplify the modeling process, two typical waves
are constructed from the waves listed on Table II, one
causing lonzshore flow to the northeast, and one causing
longshore flow to the southwest. To do this, the annual
longshore component of enerzy of each wave tyne was cal-
culated using the formula:

Eq. 26 B =_ﬁ3§? (sin 6 (Total hours per year)

where € can be read from Figure 25,



Table IX

Characteristics and Longshore Component of Wave Energy

of the Average Waves in the Brazos River Delta Area

Longshore Component

e omes 5w R
Approach foot of wavecrest)
£ .839 3.6 303 2.6347 x 10"

o .839 6.1 110 2.7462 x 10%

E .839 7.7 8 3,1824 x 107

Sub Total 21 5.6991 x 10"

SE ,208 3.2 1105 1.9056 x 10"
SE .208 &,7 587 2.1567 x 10%
SE .208 6.1 73 4,5180 x 10°

Sub Total 1765 4.5142 x lOQ

TOTAL 2186  10.2133 x 107

3 552 3.2 939 4.2557 % 107
3 552 5.1 500 4,5391 x 107
3 . 552 5.76 19 2,7834 x 103
sub Total 1358 9,1179 x 10%

S .980 3.3 173 1.4769 x 10%
SW .980 6.4 52 1.6697 x 10
Sub Total 225 3.1464 ¥ 10

M

s

]
=

TOTAL 1583 12,2643




s3horelline

East

Southwest Southeast
$=33.% o=12
South N\
Perpendicular to
shore

The angle of approach of the wave ray is
measured from the perpendicular to shore.

Fig. 25. The angle © for the four major directions of
wave approach,

31
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Refraction was ignored, because it causes 8- to change
both in space and in time. The calculated values of B
are given in the right hand column of Table IXI. Con-
centrating Tirst on those waves causing longshore drift

to the southwest, note that waves from the east contrie
bute a total of 5,6991 X 104 ft.-1lbs, per year to this
simplified longshore system pictured here, with 421 hours

of occurrence, while waves from the southeast contribute

Iy

b,5142 X 107 ft.-1lbs, per year, occurring 1765 total

hours. The combined tetal is 10.2133 X 10“ ft.=1bs,
annually, and 2,86 hours. Working equation 26 backwards,

72 = (10,2133 X 10 £i..1bs.) (8)
gin o

We see that if € ils lmown, H can be celculated. The

energy contributions from the Two directions are nearly

equal., Therefore, assume that the typlcal wave approaches

shore from the sast-gcuthessterly direction. Referring
to Figure 25, sin @ is seen to be ,566, and H is then
found to be 3,2 feet. The period is found to be 5.83
‘seconds by taking a welghted average of the periods of
the waves from the east and southeaszty; then, since Ly =

5,127%

, the wavelength iz found %o be 174 feet, and this
wave type occurs 2186 hours annually., The "typical®
wave causing longshore drift to the noritheast was found

in a similar way to have a helight of 4.2 feet, a period

'
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of 5.62 seconds, a wavelength of 161.7 feet, to occur

1583 hours annually, and to approach from the south.
Sediment Load of the Brazos River

The stream discharge and suspended load calculated
from the measurements made at each gauging station on
the Brazos River and its tributaries can be found in
Cook (1967, 1970), Adey and Cook (1964), and Stout and
others (1961},

The values calculated from measurements at the
Rosenberg~-Richmond gauging station, which 1s approximately
100 miles upriver from the mouth of the Brazos, are given
in Appendix I. It is assumed here that the values of
gstream discharge and suspended load given in Appendix I
reflect the stream discharge and suspended load of the
Brazos at the river mouth. No other gauging station is
useful in terms of estimating the sediment load dis-
charzed into the Gulf, as all the others are upstreanm
from a dam or natural reservoir which would remove sedi-
ment load carried by the river to that location,

The guantity of suspended load of the Brazos River
ag reported by the Water Development Board is based on
three measurements of concentration of suspended sediment,

one each at points located 1/6, 1/2 and 5/6 of the width
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of the streamflow. The average of The percentage by
weight of suspended sediment of these three samples is
then multiplied by 1.102 to obtein an average concen=
tration of suspended sediment for the entire stream crossg
section. The grain sizes of the suspended sediment are
not measured. This is a much shorter method for calcu=-
lation of suspended load than that outlined earlier, and
is based on correlations of these three measurements of
concentration with the concentration as caleculated using
the method previously discussed.

The Wabter Development Board does not specify the
method used for computation of stresm dizcharge. It
seems reasonable to assume, however, that the streanm
velocity is measured at a number of points, and the
average then multiplied by some empirically derifed COon=
stant similar to the 1,102 sbove to give an average velo-
city for the entire stream. This veloclity 1s then multi-
plied by the cross sectional area of the stream flow to

obtain the discharge,
Relationship of Stream Discharge to Suspended Load

It is generally assumed thet the suspended load disw
charge is directly proportional to water discharge. To

examine this assumption, look first at Figure 26, a plot
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of the annual totals of water discharge, These totals
seem to show a periodicity, the trend of which is outlined
by the sinusgoidal curve superimposed on the plot. The
amplitude and nodsal points of this sine curve can only be
estimated because the record iz not long enough for the
characteristics of the period to be more clearly dis-
cerned,

For further discussion the discharge record will be
divided into time periods A, B, C, D and E (see Figure
26) coinciding with the years 1924-28, 1928~37, 1937-46,
1946m55 and 1955-64, respectively, where periods B and D
are low discharge portlons of the period and A, C and E
are high dilscharge portions. The averages of annual water
discharge for these intervals are shown in Table IIT.

The annual totals of the suspended zediment dis-
charge are plotted in Figure 27. This figure shows that
the suspended load totals do not completely reflect the
periodicity of the water dizcharge. 0On a year to year
basis, high water discharges yields a high sediment dis-
charze, but the amount of sediment discharged per unit of
water dilscharge decresses Trom interval B to intervals
Cy, Dand E, This is shown in Table IV, where we gee that
the low discharge interval (interval B) has the highest

ratio of suspended sediment discharged per unit of water
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Table III

Average Stream Discharge of the Brazos River

Average Stream
Water Years Interval gischarge
(10° acre feet)

192428 A 5.978
1928-37 B 5.300
1937-46 c 7229
1946-55 D 2.745
1955~64 E 6£.278




88

*IDATH s0zBIg 2Y3 JO oFIBYUOSTP jusmipes popuadsns JO sSTe40] TBNUUY ° /A2 °*F1d
1898 I928M

046T mm@ﬂ ooma mm@H om@ﬂ m#@ﬁ OH6T mmmﬁ ommﬁ mmma

0%

(suo3 ~0T)

ON_ BOT
pepluedsns Jo
sT¥104 TBnUUY

1 00T



T6°2 g°G1 Cl H9=GG6T

g8°e g°d a G5=9H6T
Ge*9 6° Gty o Ot=dE6T
26*9 L°9E d LE-G2Z6T
£0° & G0°0¢ v g2=hz6T
(1@9F 8I0® mOHv JIBUDSTO WesIqg (SU0T o0T)
(suoq o0T1) azaevyosTd pwo TeAIsqUT sIge}l I23eM
2pIeyosTd peod vovmmnmsm adeIany pepuedsng sd¥visay

I8ATH 50zZBIE 8Yj3 JO a3x8YoST( DPBOT JULLIPsS popusdsns asdelasy

AL =TC8L



90

discharge, with this ratio decreasing steadily. For the
cause of this trend, look at PFigure 28, the plot of anw-
nual averages of suspended sediment concentrations. This
figure and Table V show a nearly constant suspended sedi-
ment average for the years 1924-1943, after which the
concentration drops to approximately 50% of its former
value,

In the opinion of the author, this decrease was
caused by the construction of dams on the Brazos River
and its tributaries. These reservoirs would tend to trap
all of the incoming sediment, reducing the suspended load
concentration without affecting the discharge, because
reservolr capaclity is usually very small compared to the
total stream dlscharge. The first large dam bullt di-
rectly on the Brazos was the Possum Kingdom Dam, which
began to impound water in 1941, Figure 27 shows that by
1943 the suspended load concentration of the Brazos had
been cut by approximately 50%. Earlier workers (Odem,
1953: Nienaber, 1963) stated that dam construction had no
.effect on the suspended load. These studies, however,
were made during interval D, a low portion of the dis-
charge cycle, and these workers might have assumed that
this was the cause of the low zuspended load concentra-

tions,
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Table V

Average Suspended Sediment Concentration

of the Brazos River

Suspended Sediment

Water Years Interval Concentration
(percent by weight)
1924-28 A 552
1928-37 B 478
1937-46 ¢ 469
1946-55 D .185
1955«64 B . 164
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By 1964, 24 dams had been constructed on the Brazos.
Not all of these dams affect the sediment load because
some have been bullt upstream from an existing danm,

Bight major dams which could affect the sediment load
were built after the Possum Kingdom Dam. The capacity

of these dams and the date on which they began to impound
water, are given in Appendix II.

Dams would reduce the total suspended load in two
ways: 1) by providing a reservoir in which the sedimen-
tary particles can settle out, and 2) damping the peak
streamflow by storing water during high rainfall cycles.
Figure 14 shows the effect of the demping by showlng
that small increases in stream velocity give an order of
magnitude change in sediment concentration.

Dams thereby reduce the total suspended load by re-
ducing the concentration of sediments in suspension. The
total suspended load discharge in some unit time, how-
ever, is stlll proportional to the total stream dis-
charge in that unit time. Assuming that the proportion-
ality of sediment discharge to water discharge of inter-
val A 1s unaffected, the reduction in load caused by the

upstream dams is summarized in Table VI,

Suspended Sediment Size

The slizes of the sediments carried in suspension by



Table VI

Progressive Decrease of Suspended Sediment Discharge

per Unit Stream Discharge for the Brazos River

Water Year Interval Percent Decrease
192428 A ———
1928-37 B 0
1937-46 c 8.3%
1946-55 D 58.3%
195564 B 63.8%
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the Brazos River vary with the discharge, with the geolow-
gy of the chammel, and so on. There are no records of
sediment size comparable to the continuous records of
sediment load or discharge; the few measurements avail-
able are summarized in Table VII.

For the grain sizes finer than ,008 mm, the range
of reported percentages were extremely wide, and were not
averaged, for, as stated previously, it is the opinion
of the author that a majority of the particles in the
fine 211t and clay sized ranges are actually carried as
floccules of 5-6f size, Assuming that most material
finer than 7¢ is carried as 74 floccules, the percentages

of each size are given by Table VIII.
Bedload Discharge of the Brazos River

There are no published measurements of the bedload
discharge of the Brazos River: to estimate the amount of
material carried by the Brazos as bedload, Colby's {1957)
method was used. C. T. Welborn of the U.3, Geological
.Survey, In Austin, Texas (personal communication) has
used Colby's method to construct Figure 29, which gives
the bedload discharge in tons per day as a function of
mean daily veloclty. This work is based on suspended

load and stream flow measurements taken recently, however,



Table VII

Grain Slzes of Sediment Carried in Suspension

by the Brazos River at Richmond, Texas

Grain Sizes Average Psrcent
(&) by Weight Coarser than

2.0%
10.7%
21.9%
31.97%
40.3%

~ O W W




Table VIII

Appnarent Grain Sizes of Sediments Carried in Suspension

by the Brazos River at Richmond, Texas

Grain Diameter (&) Percent by Welght
3 2.6%
4 8.1%
5 11.2%
6 10.07%
7 63.03%
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Bedload

discharge
{tons per

day per
foot of
stream
width)

Pig. 29.

800,

508

208

100,

201

ol

1 2 5 10
Velocity (feet per second)
Bedload discharge vs.mean daily velocity for

the Brazos RBlver at Richmond, Texas., (from
Welborn, unpublished figure).
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so that the availability ratio factor (Fig. 16) which he
used to predict the bedload shown in Flgure 29 probably
is correct only for the years after the dams began to
decrease the amount of sediments in suspenéion.

Welborn constructed a chart, (Fig. 30) for the con-
version of the published values of stream discharge at
the Rosenberg~Richmond zauging station to mean daily
velocity at that station. Xnowing the mean dally velo-
¢ity, one may obtain the bedload discharge in tons per
day per foot of width from Figurse 29. PFigure 31, also
from Welborn, shows the correlation between stream dis-
charge at the Richmond-Rosenberg gaging station and
stream width at that station, Using these three figures
one may obtaln the bedload discharge of the Brazos for
the years 1923 through 1972, Seelig (personal communi-
cation) has calculated the daily bedload discharge of
the Brazos for several one month periods. He found that
the predicted discharge was unaffected regardless of
whether dsily or monthly mean discharge values were used
in the calculations. The calculated values of bedload
discharze are glven in Table IX. The nredicted discharze
values for the years prior to 1943 are probably lower
than the actual value because, as was mentioned above,

Welborn's figures are based on data taken recently and
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100 ¢
90 ¢
30T
70 b
60 F
Mean daily
Stream dis-
charge
(104 cubic #
feet per 50
second)
Lo
30 r
20 k-
10 ¢
0

0 160 500 300 %00 Z00 800
3tream width (feet)

Flz. 31, Hean dally stream discharge vs. stream width for

the Brazos River at Richmond, Texas., (from
Welborn, unpublished data).



Table IX

Uncorrected Annual Bedload Discharge of the Brazos River

Bedlo=ad

oar Bedload

(;g?i;eii?t Year {(cubic feet

per year)

1923 426 4
o
1925 .14030 x 107 19%9 34905 ¥ 107
1926 .11665 % 10° 1921 47292 % 107
1926 11665 x 10, 1951 .11725 x 107
1928 36831 x 107 igsz 15855 = 107
1929 99495 x 107 1953 38165 = 107
1930 .98157 x 107 o2 17045 * 107
1931 shh27 ¥ 107 igsg 20025 x 107
1532 93234 x 107 195 s X 103
1933 31074 x 107 525 LT
9% 21074 x 107 1958 10221 ¥ 10
1935 .15362 x 10° 1929 36402 x 10/
193% 259827 % 107 o0t 70126 x 108
1937 57194 x 107 Togs hores T 10
1938 73704 x 107 1962 (40158 x 107
1939 21576 % 107 963 23239 x 10
1939 21576 x 107 1964 213333 x 1o§
1941 30613 x 108 1925 32380 x 10
1042 12453 ¥ 108 1966 196880 x 107
L2 12453 x 100 1967 .15280 x 107
194L .12802 x 108 1928 ‘Ghias I 102
1945 14371 x 108 1950 Cyoa3 T 10
r S BRI
Toun : o x 10

65102 x 107 1972 235303 % 107




thus his correction factors would not be applicable to

flows before dam construction. To correct these values

go to Flgure 16 which shows the correction factor as a

function of the avallability ratlo.

Uzing. this correc-

103

?

tion factor, the values prior to 1950 were recalculated.

W. N, Seelig and this writer found that the following

equations gave the best it of the curves relating Brazos

bedload sediment discharge with streamflow:

Eq. 27 Qug

~.5775 X 103 + .3519 Q -.3334 X 1077 @2

i

+.1459 % 10~8 @3 - ,2148 x 1013 Q% +
,1048 X 10718 @5

Eq. 28 Qug = + @

Eq, 29 Qg = 1.5 Q
B _

Egq. 30 Qus = 1.2 Quse

In these equations,

Qs =

D
i

A

bedload sediment discharge in tons per day
for water years 1950 to present,

streamflow discharge

bedload sediment discharge water years 1923~

1940 in tons per day

= bedload sediment discharge for water years

1940-1950 in tons per day.

Equation 27 applies only for 3000<Q<77,500 cublc feet

per second, while equation 28 applies for lower flows,
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Corrected values of bedload discharge are given in Appen-

dix I.

Use of the Modeling Procedure at

the Brazos River Delta Area

If the data on sediment size, wave climate, and
sediment input in the area of the mouth of the Brazos
River are kmown, there remains only the task of incor-

porating these conditions into a workable model.
Sediment Erosion

Before modeling the sediment movement caused by wave
erosion, it is first necessary to insure that the orbltal
velocities and longshore velocities caused by the waves
are sufficient to erode the sediment sizes present.

Table X shows the average and maximum velocitles caused
by the two characteristic waves at the 6, 12, 18, 24, and
30 foot depths, and the grain slzes which can be eroded
and transported by these veloclities, These glzes were
found by a comparison of the velocitles with Hjulstrom®s
curve (Fig, 8). A comparison of these sediment slzes
Wwith those in Table II shows that in every case the wave
induced velocities are capable of eroding and transporting

the avallable sediments,
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Caleculation of the Sediment Displacement Potential

The calculated sediment displacement potentlal is
defined as the number of feet of sediment which the model
predicts will be moved to or from a given‘area in a given
unit of tinme.

The first step in this calculation is the construc-
tion of wave orthogonals for the years of interest; tThis
was done for the charts dated June, 1930, June, 1931,
July, 1932, October, 1934, August, 1938, and May, 1973.
The orthogonals arrays were constructed for both charac=-
teristic waves using the wave~front method described in
Ipven (1966), in which the advance of the wave front
during one wave period is a function of water depth.
These wave orthogonals afe shown in Figures 32 through
43, In the construction of these figures, wave refrac-
tion seaward of the 30 foot contour was ignored for two
reasons: 1) the new data on most of the charts was land-
ward of this depth, and 2) the wave directions given by
the wave hindcasting method and those calculated for the
characteristic waves of the area are very generallzed, and
are not well enough known to make use of refraction data
outslde the 30 foot contour.

Bach map has a baseline and z north arrow for easy

comparison with other charts: the variability of the
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shoreline and of local land features would make this come
parison difficult otherwise.

The numbers inside each area or "compartment®
formed by the wave rays and the depth contours on these
wave ray charts will be discussed later,

Having constructed the wave orthogonals, several
parameters must be measured for each compartments 1) 65
the angle between a normal to the contour and the ortho-
gonal, 2} b, the distance between rays, measured perpen-
dicular to the wave orthogonals, and 3) X, the distance
between contours, measured along the wave orthosonals.
The measurement of the values is depicted in Fizure 44,
After the measurement of all these values, an average
value of each parameter for each compartment is taken;
Xy and XBC in Figure 44 are averaged to zive XB’ Like-
wise, the -O-measured on the two sides of compartment B at
the 30 foot contour is averased to give 3'6308’ while the
two measured at the 24 foot contour are averagzed to zive
Bong. Note in Figure 44 that while the wave orthogonals
striking the depth contours and forming compartments B
and C show a wave regime causing longshore movement to
the left of the page, the wave orthogonal at the right of
the page shows a wave regime causing longshore movement

to the right.
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These measured parameters along with the parameters
of the characteristic waves, are sufficient for the cal-
culation of the wave energy dissipated in frictional con-
tact with the sea bottom in each compartmeht° In Pigure
4L, the total wave energy entering compartment B iz
b A ksBO kprO krBO (see Egs. 10 and 12). Refraction
seaward of the 30 foot contour has been ignored here and
this expression simplifies to bo Eo ksBO kprO' The
term ks is calculated using Equations 9 and 11: kfn is
assumed to equal one, and kfp at the 24 foot depth was
consistently found to be .98 or higher, Thus the total
wave energy entering the compartment B along a wave crest
of lenzth b, (bBO) is by, E, ksBO' The amount of this
energy which would be propagated shoreward of compart-
ment 8 if there were no frictional dissipation of energy
is (kgoy kr24) (by E, k830)° Again, ksza can he calcu-
lated from Zguations 9 and 11, while kr24 is taken here

to be:

o
2l

bBO

3,
Taking frictional dissipation of energy into account

changes the energy brovagated shoreward to-:

“rpah (Kazy Xppp) (by Eg kggp).
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Here, kfp can be found using Figure 10 and XB. Figure 10
is based on bottoms of constant depth, s¢ one must assunme
for use in the figure that the water depth in compartment
3 is 24 + 30/2 = 27', The total amount of energy dissi-
pated in bottom friction inside compartment is then found
to be:

(kgoy ko) (b, B xgao) (1~kpon) e
The enerzy dissipated in bottom frictlon in compartments
shoreward of B is then calculated in the same manner.

It will be assumed that all of the wave energy dils-
sipated in bottom friction causes sediment movement. The
initial sediment movement will be in the direction of the
wave orthogonals, Under the assumption stated earller,
however, the sediments in compartment B of Figure Ll cane
not move shoreward of the 24¢% contour. The average one
pound mass of sediment can gain only three feet of eleva-
tion in moving from its position inside compartment B to
the 24¢' contour, and thereby gains three foot-pounds of
enerzy., Because a one=-pound mass of sediment welghs only
.622 pounds in water, the actual gain in energy is 1.866
footwpounds. After the initial expenditure of 1.866 foot-
pounds of wave enerzy moves the average one-pound unit of
sediment to the 24¢ contour in Figure 44, every addition-

al 1.866 foot-pounds is capable of moving the wave a dig-
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tance parallel to the 24 contour given by Xy cos -8y
(see Fig, 11). Therefore, to find the total number of
one-pound mass units of sediment which can be moved out
of compartment B, take the ratioi

Bnergy expended in bottom friction in compartment B

by
(XB°°S'9B 1.866)

where bp = the average width of compartment B

b
B
EEEBE-GB = the number of 1,866 foot-pound units
necessary vto get the sediment out of the
compartment (the number of movements of
length Xy cos Oy necessary to equal bB)°

After this procedure was followed for each compart-
ment in each of Figures 32 through 43, the result was
adjusted to account for the total number of waves which
propagate into the area per year; these numbers are found
by dividing one year by the periods of the two charac-
feristic waves,

This answer is then divided by 90 pounds per cubic
foot to zive the final result, l.e., the number of cubic
feet of sediment which can be transported out of each
comvartment by the friction dissipated wave energy. These
are the values written in each compartment on Figures 32

through 43. Negative values are those in which the move-
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nent of the sediment is opposite to the normal longshore
flow, similar to that in compartment A of Figure Wi,

Tt is necessary to make some assumption as to the
amount of wave energy which is lost in breaking. Because
there are no zguidelines to follow, it was assumed that
approximately 1/2 of the wave energy at the 6' depth con-
tour was lozt in breaking (Galvin and Eagleson, 1965),
and for the sake of consistency it was assumed that none
of this energy would cause sediment transport, l.e., it

is all lost in heat in the breaking process.
Longshore Movement

The values recorded on Figures 32 through 43 could
be termed the gross potential for longshore sediment dis-
placement from each compartments; however, the sediment
transported from one compartment moves into the next,
where it either is deposited or transported onward to
the next compartment. Thus, one cublec foot of sediment
eroded from compartment B {(Fig. 44) must also be eroded
from compartment C. The net erosion from compartment C
is the difference between the gross displacement poten-
tials for compartments B and C. Figure 45 shows the
values obtained using this procedure for the chart dated

June, 1932, for the waveg from the East-Southeast. The
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negative value in the 189-12¢ compartment at the far

weest means that the gross value in this compartment 1is
larger than the gross value in the compartment to the
east, and thus more gediment can be eroded than is trans-
ported in. This negative vealue will correspond to a
negative isopach value.

When the gross longshore displacement potentlials of
any of the compartments in Pigures 32 - 43 1s negative,
there is no longshore flow through this compartment. In
Figure Y46z, let the %aiﬁés given be the gross longshore
sediment displacement potentials for the compartments D,
E and F. The direction in which the gsediment of each
compartment moves 1is shown by the arrows. Figure Léb,
shows the net longshore sediment displacement potentlal;
compartment E has a positive value, showing that sediment
eroded from D 1s deposited in Ej that 18, the waveg could
erode only 5000 cubic feet of sediment from compartment
E, but 7000 cubic feet were transported into E, leading
‘o the deposition of 2000 cubic feet, The sign of the
value is positive to coincide with the positive isopach
value resulting from deposition. The 5000 cubic feet
which are eroded from compartment E, however, are not
transported into compartment Fj; in F, the flow 1s in the

opposite direction., Thus the net loss to compartment F
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Depth Contour
= PDepth Contour
Depth Contour

Wave Rays

Fig. 46 a. Diagram showing gross longshore sediment
movement in opposite directione.



128

Depth Contour
= Depth Contour
Depth Contour

Wave Rays

Fig. 46 », Diagram showing net longshore sediment
movement and the development of s locallized
rip current,
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is the same as the gross loss, The sign of the value is
nezative to colncide with the negative isopach value re-
sulting from erosion. In this way, the model has shown
the development of a localized rip current.

Thus far the longshore sediment displacement poten-
tials calculated for the two characteristic waves have
been kept separate, The next step is to superimpose the
two figures (of Figs. 32 through 43) that are drawn for
each year, The valuesg of net longshore sediment dis-
placement potentials are added algebralcally; the result
of such a procedure is shown in Figure 47 for the chart
dated July, 1930, On this figure, one added step has
been taken; the longshore sediment displacement potential
values have been converted from cubliec feet to feet of
thickness coverlng each small compartment by estimating
the area of each compartment. Once this is done for each
of the charts, any two of these resultant potential maps
can then be overlaln and algebraically added to obtain
the longshore sediment displacement potential for a given
'time interval. Figure 48 shows the result of this pro-
cedure for the time interval July, 1930, to July, 1931,
Flgures 49 throush 53 are contour maps of the szediment
displacement potentials calculated for the time intervals

July, 1930 to July, 1931; July, 1931 to June, 19323 July,
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1930 to June 19323 June, 1932 to October, 1934; and
August, 1937 to May, 1973. Figure 54 is a similar map

contoured on the values calculated for 1973 alone.
The Erosional Correction Factors

One of the original assumptions made in this ap-
proach was that 100% of the friction-dissipated wave
energy caused sediment movement, with no energy loss,
This was obviously not a valid sssumption, and a correc-
tion factor must be found which correlates the actual
sediment erosion and deposition rates to those predicted.
To facllitate this process, 1sopach maps have been drawn
from the charts for time periode which coincide with
those in Figures 49 through 53. These are given in
Figures 55 through 59.

In order to choose a correction factor Figures 50
and 56, the actual and predicted depth changes for July,
1931, to June, 1932, were compared. This time interval
was chogen at random as the control interval. The depo=-
sition of the Brazos River has not yet beepn added to the
sediment displacement potentlal map, so that the areas
which should reasonably be expected to colneide are those
negative values on the two maps. Note that the ratio of

the predicted erosion values to the actual values is much
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higher nearshore than offshore. This 1ls an would be ex-
pected; much more of the wave energy disslipated at the

6" depth should be lost in internal and surface turbu-
lence and heat than is lost in this menner at deeper
contours. For this reason, different correction factors
were applied to Figure 57 for each of the depth intervals
0-6 feet, 6-12 feet, 12-18 feet, 18-24 feet and 24-30
feet; the contours used were those of July, 1931. The
correction factors were found to be 2/150 X 106L

2450 X 106L 2/25 X 106k 2/6 X lOé)and 2/107, where the
shallow water correction factor is listed first. These
correction factors were then applied to each of the
Figures 55, 57, 583, 59, using the bottom contours of the
first year of each time interval to determine where the
correction factors should be applled. The results, cor-
rected sediment displacement potentials, are shown in
Figures 60, 61, 62, 63 and 64, Figure 65 is the corrected
sediment displacement potential based on the 1973 map

zlone,
The Depositional Correction Factor

The patterns of deposition of the suspended load
for each of the time intervals were calculated using

Zquation 27, with the distribution as was shown 1in Figure



145

*TE6T ‘ATng o3 0€6T “A£Tny Tesaxsaut
SWT] SY]q JoJ pejeinoIes Tvliusiod JUSWSOBTdS TP JUSWTIPOs DP8309II0N 09 214
aTTH T

1883 Uug
UsAT? ‘oTqBTJIBA
TeAJIR4QUT JInoquod

- JIATH
S0ZBJIY
PTO TY3noK IoaTY }/ SuiTexous
. S0Z3%.dd MSN
sutlessey VA

N



146

*2EET feump 09 TLAT ‘AIne
TeAds3Uu} SWI3 Y3 J0J TBTIUS%0d JUSWLOBTdSID JUSWTPSS PSI08IIO0)D *19 °¥14

BTTH T

3893 Ut
USATT *oTaBTIBA
TBAISUT JINO0LUOD

2:z_zmowahm PTO

suiTesed




147

. *ZE6T ‘eunp 04 0CET ‘ATur
TBAI93UT oWI] ayj J0J TBTIUS304 4UsWS0BTASTR QUSWTPSS P3408I1X00)

9TIN T

A9 uy
U24ATT *8TqBTIBA
TeAID3UI INOJUCD

sozeld PO

UANOK IoATH
S

*29

*3Td

PuUTTesed mﬂi



143

*HEAT *a800400 09 ZEAT fauny

TBeAISIUT SWIY] 9Yq J0J TeiilUsqod UsWeoBTASIP QUOWIDPOS DPSIDOIIOD
OTTH T
0 n»\ ,, g
)
198 UT
usAld feTgBIIBA
TBAISQUI JINOJUOD
oL= G-
UANOH JISATH oi-
~ sozelg VIO
UINON “8ATH) /~ SUTL[oIoyg

gozedg Mal]

*€9 514

-

sui1esEq kﬁ“



149

*CLGT ‘BN 049 ACAT ‘asnsny
TeAISqUT SWT3 3Y3 I0J TeTluslied quUausoeTdsTp qUSNIPSS PRl0sII0)

1MW T

O

199J UT
UsATE ‘aTg®TIBA
TBAI®AUT INOAUOH

e

!iw &

T BULT [ eIoyS / Yanoy hmme;wk\\%I

sozexg MaN

AT,

auTIesByg kﬁu
N



150

“C€L6T I0 Tetausisod quUsWeOBTASTD QUSWMTPSS pPaloaIlod
@TTH T

usAl? ‘oTqBTIBA
TBAIS3UT AN0OLUOD

et — : s..“,"“_ “.‘..A..,, gﬂ-ﬁoz
—— y -

| dozeag mel

ST Ted0uS

amo

UTT2EEY Nul

N



151

21d. The bedload deposition pattern wasgs also calculated
using Bquation 273 however, it was assumed that bedload
deposition pattern would be circular rather than ellip-
tical, as the entire bedload would tend o be deposited
at the river mouth where the streamflow becomes com-
pletely separated from the bed by denser Gulf waters.
The deposition patterns for the time intervals July, 1930
to July, 1931; July, 1931 to June, 1932: July, 1930 to
June, 1932; June, 1932 to October, 193%4; and August, 1931
to May, 1973 are shown in Figures 66, 67, 68, 69 and 70.
Comparison of Figures 66 through 70 with the isopach
maps (Figs., 55 through 59) shows that the predicted de-
position rates are much higher than the observed rates,
This discrepancy has two probable causess 1) the assump-
tlon that deposition is linearly related to decreasing
velocities, and 2) the assumption that 10% of the total
sediment 1z lost in the delta. Insvection of Figure 8
or Figure 14 shows that ztream velocity is not linearly
related to the suspended sediment concentrationg thus it
13 not correct to assume at the point in the Gulf where,
according to 2ates (1957), the "stream" has a velocity of
VO/2, that the suspended sediment concentration will bve
equal to 080/2, There is no known way of estimating a

true relationship. Therefore, the method chosen was to
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Fig. 66, Isopach map of the deposition of the Brazos
River sediment load for the time interval
July, 1930 to July, 1931,
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Fig, 67. TIsopach map of the deposition of the Brazos
River sediment load for the time interval
July, 1931 to June, 1932,
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Fig, 63, Isopach map of the deposition of the Brazos
Rlver sediment load for the time interval July,
1930 to June, 1932,

_‘hhﬁﬁxﬂhﬁx\\\\\\ Contour Values
in feet
(O
River 7\\>
Channeljgi;:>
20 1 Mile
30

fiz, 69. Isopach map of the deposition of the Brazos
River sediment load for the time interval
June, 1932 to October, 1934,
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Fig, 70. Isovach mé§ of the deposition of the Brazos
River sediment load for the time interval
August, 1937 to May, 1973.
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assune direct proportionality and then to use a correc-
tion factor for correlation of the predicted and ob-
served values. The second cause is related to the first:
if the sediment does not fall out of suspension at as
fast a rate as has been predicted, obviously more is lost
to the delta reglon, either through the Bates stream type
flow or through a diffusion process, The correction
factor method does not point out the cause of the dis-
crepancies,

To apply a correction factor, the time interval
July, 1931 to June, 1932, was agaln chosen as a control
year, A comparison of Figures 67, 56 and 61 shows that
a best fit is obtained if it is assumed that 23% of the
predicted deposlition actually takes place; this means
that approximately 20.7% of the total sediment load is
depositedy the rest being lost to the delta., This would
seem to indicate that much more sediment than was initi-
ally assuned flows out past the delta with the river flow,

It was noted that in most cases the isopach manps
showed the hlighest rate of deposition offshore from the
mouth rather than directly at the mouth; therefore, to
achieve a best fit of the predicted and observed devosi-
tional patterns for the control year, it was assumed

that the baseline in Flgure 67 was approximately 1/2
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mile directly offshore from the river mouth. Thils same
correction factor was then applied to figures 66, 68, 69
and 70, After contouring to the points of intersection
of the contours on two or more figures, the corrected
Figures 66 through 70 with Pigures 60 through 64, the
final results shown in Figures 71 through 75 were 0b-
tained. These are the ealculated iszopach maps for the
time intervals July, 1930 to July, 1931; July, 1931 to
June, 1932; July, 1930 to June, 19323 June, 1932 to Oct-

ober, 1934;:; and August; 1937 to May, 1973, respectively.
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RESULTS

The calculated and observed isopach maps {(Figs. 56
and 69) for the control year, July, 1930 to July, 1931,
are very similar. They differ only in the thickness of
the center of deposition furthest offshore; the thickness
(12¢) of the predicted isopach map is due to deposition
by the longshore current, as is shown by the high posi-
tive values in this area on Figure 50, The broadening
of this positive area on the isopach map is related to
longshore current actiéity because the area is too far
offshore to be directly related to river deposition,

The close f1t of these maps is to be expected in that
the calculated map was corrected to give as close a it
as possible. However, the closeness of the trends,
regardless of the =scaling effect of thé correction
factor, indicates that the method used in this thesls is
effective in delineating the areas in which deposilition
and erosion should ocecur,

A comparison of Figures 68 and 55, the maps for the
year July, 1930 to July, 1931, once agaln shows a general
sinilarity in trend between the calculated and observed
isopachs. Both maps show an area of erosion offshore
from the area of primary depositlion, with a wide area of

deposition to the northeast of the river mouth., The cal-
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culated isopach map shows the erosion which would be ex-
pected at the site of the old delta; this erosion iz not
observed on the isopach map, however,

The maps calculated for the time period July, 1930
to June, 1932, were made independently of those for July,
1930 to July, 1931, and July, 1931 to June, 1930, i.e.,
they were not constructed by cross-contouring those two
maps. The calculated and observed isopach maps for thie
time interval, Flgures 57 and 73, show & similarity of
trend, bubt the fit is very poor. The calculated isopach
map shows erosion at the site of the old Brazos River
Delta, as does the observed isopach map. The observed
1sopach map shows a very broad positive area and a small
negatlive area seaward and northeastward of the river mouth
but on the caleculated isopach map, the negative area is
much broader and shows much more predicted erosion off-
shore from the river mouth. Nonetheless, the trends
shown in both maps are similar,

The caleculated and observed 1sopach mape for the
.last two intervals, June, 1932 to October, 1934 (Figs,.
74 and 53) and August, 1937 to May, 1973, are in no way
simlilar in trend or in scale of erosion and devosition.
There are several possible reasons for thiss 1) the

displacement correction factor applied may cease to bhe
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applicable after a radical change in the shape of the
contours when, for example, the slopes of the various
depth intervals may be considerably different than tThey
were in 1930-19323; 2) it is possible that the corrected
annual bedload figures {Appendix I) are not high enough
for years prior to 1945, and that the deposition correc-
tion factor, based on low numbers, led to an inordi-
nately low estimate of deposition for the years following
1945; 3) the hurricanes which struck the Sargent-Freeport
coastline during both of these intervals may have caused
a complete reversal of normal deposition-erosion patterns,
at least temporarily. Severe storms are thought to be
the cause for the disparity bvetween the calculated and
observed isopachs for 1932 to 1934 because reasons (1)
and {(2) would have had little effect during that time in-
terval, Seeliz (1973) states that in September of 1933,
a two-day hurricane may have moved as much sedlment along
shore as would normally have been transported in an

entire non-~hurricane year, Only the most zeneral of

parameters have been measured for hurricanes, none of
which can easily be correlated to sediment erosion,

Very little can be sald concerning loss of energy
during wave-breaking, because of the scale at which this

work was done. However, the very large correction
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factor (2/150 X 106) in the 0-6' depth interval shows
that there is very little agreement between the aszump-
tions and the observed behavior; obviously in this depth
range the fit of the model is very poor, probably be-
cause; 1) the energy dissipated in breaking is lost as
heat and causes very little actual sediment erosion (al-
though 1t may cause the suspension of large amounts of
sediments which is then moved by the open-channel flow
style of the conventional longshore current), and 2) wave
reflection, diffraction and absorption increases near-
shore and may dlssipate large amounts of energy.

The charts and maps showing the offshore topography
of the Sargent-Freeport area are reworked only occa-
sionally, and there 1s no map showing the confizuration
of this entire segment of the coastline for any one date;
it was therefore impossible to extend the prediction
procedure all the way from the Brazos River delta to
Sargent, Based on comparisons of the calculated and ob-
served lsopach maps, however, a few general observations
are possible, Even though the total amount of sediment
which is transported through the Brazos River delta ares
by the longshore current is very large, the difference
in the cavaclty of the current from one place to another

was iniltially very small, therefore the corrected sedi-
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ment displacement potentials for the first three time
periods show the erosion or deposition of only a few
tens of feet. These amounts are comparable to the cor-
rected river deposition thlcknesses, The -same phenomenon
vrobably obtained at the site of the old Brazos River
delta, so that the river and the longshore currents may
nave been in near equilibrium. If, however, the river
devosition rate were decreased by dam construction which
dampened the hydrologic cycle, the longshore drift would
determine shoreline stability. The longshore current
would then become sediment starved as 1t flowed south-
west and throuzh the delta area for two reasons: 1)

the continued deposition by the longshore current; that

is, the deposition trends shown ln the corrected sediment

disvlacement potential maps (Figs. 60 and 61) should be
unchanzeds and 2) the decrease in erosion rates in some
of the areas furthest offshore, because of a lack of
easlly erodable sediment. In areas where the longshore
current must erode mud bottom rather than loose silt,
more enerzy will be dissipated in erosion, and smaller
amounts of sediment can be moved, It seems likely that
the increase in erosion rates downdrift from the 3razos
River delta are causally related to the delta. The ero-

sion i3 probanhly much more related to dam construction
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on the Brazos than to the diversion of the river and the
resultant shift in the position of the river delta.
Finally, it has been determined (Fig. 65) that the
delta is a barrier to longshore current flow to depths
as great as 30%, This observation and the fact that
erosion rates seem to be lower on the crest of the delta
than on the sides, may explain why the delta has conti-
nued to grow subaerially since 1937, but has remalned
essentlally statie at the thirty foot depth., It may also
explain how the new Brazos delta has grown at a much
higher rate than did the o0ld, even though the sediment

load has been cut drastically.
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CONCLUSIONS

The method developed here for the prediction of de-
position and erosion caused by river sedimentation and
longshore currents is successful for shorﬁ-term predic-
rions in the Brazos River delta area in that the pre-
dicted trends approximate the observed trends of erosion
and deposition. The control was insufficlient to account
for long term sysbematic changes, such as the inferred
changes in the values of the depositlon and eroslonal
correction factors. The method does not account for
catastrovhic changes such as those caused by hurricane
waves and winds. If future studies reveal a relationshlp
hetween hurricane-caused erosion and deposition and some
combination of hurricane‘parameters, then a method simi-
lar to the one used in this study might be used on a
much larzer scale to predict coastline stability, 1f
there is sufficient conbtrol to establish the trend of the
correction factor changes. In the meantime, this method
seems best sulted for areas where there are no catastro-
nhic inputs of sediment and energy resulting from hurrl-
canes,

The success of the predictions for the first three
time intervals shows that a combination of some process

similar to the one developed here with the more typical
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engineering studies of beach erosion rates might lead
to a greater understanding of shoreline dynamics than

1s currently achieved from beach eroszion studies alone.
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" APPENDIX T
STREAMFLOW AND SEDIMENT LOAD DATA
FOR THE BRAZOS RIVER, 1924 - 1972
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These data are glven for each "water-year®", which
vegins October 1 and extends through the following
September 30, and is identified by the year in which it
ends., “

The columns giving stream discharge, suspended
sediment discharge, and suspended sediment concentration
are from publlcations of the Texas Water Development
Board and its predecessors,

These data are thoze given for the Brazos River at

Richmond in the publications of the Water Development
3oard. The gaging station is located on a bridge on

U.3. Hizhway 59, on the northeast edge of Richmond, Texas,
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APPENDIX II

DAMS AND RESERVOIRS WHICH COULD
SIGNIFICANTLY AFFECT THE SEDIMENT
LOAD OF THE BRAZOS RIVER
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Capaclty
Name Completion Date (acre feet)
daco Dam 1929 " 22030
Possum Kingdom Dam 1941 724700
Camp Creek Dam 1948 8550
Leon Dam 1951 2017500
Belton Dam 1953 27290
Smlithers Lake Dam 1954 1097600
Palo Pinto Dam 1957 18000
3tillhouse Hollow Dam-' 1963 34250

Somerville Dam post 1963 630400
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