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PREFACE 

1. The Corps of Engineers, through its Ci vi 1 Works program, has sp(ln
sored, over the past 23 years, rese ar ch into the behavior and characteris
tics of tidal in lets. The Corps' int r est in tidal inlet research stems 
from its respons ib ilities fo r navigation , beach erosion prevention and 
control, and flood control. Tasked with the creation and maintenance of 
navigable U.S. waterways, the Corps dredges millions of cubic yards of 
material each year from tidal inlets that connect the ocean with bays, 
estuaries, and lagoons. Design and construction of navigation improve
ments to existing tidal inlets ar a important p a~~ t of the work of many 
Cor ps' offices. In some cases, des i gn and construction of new in lets are 
required. Development of information concerni ng the hydraulic character
istics of inlets is important not only for navigation and inlet stability, 
but also because inlets, by allowing for t he ingress of storm surges and 
egress of flood waters, play an important role in the flushing of bays 
and lagoons. 

2. A research program, the General Investigation of Tidal Inlets 
(GITI), was developed to provide quantitative data for use in design 
of inlets and inlet improvements. It is designed to meet the following 
obj ecti ves: 

To determine the effects of wave action, tidal flow, and related 
phenomena on inlet stability and on the hydraulic, geometric, and 
sedimentary characteristics of tidal inlets; to develop t he knOWl
edge necessary to design effective navigation improvements, new 
inlets, and sand transfer systems at existing tidal inlets; to 
evaluate the water transfer and flushing capability of tidal 
inlets; and to define the process es controlling inlet stability. 

3. The GITI is divided into three major study areas: (a) inlet 
classification, (b) inlet hydraulics, and (c) inlet dynamics. 

a. Inlet Classification. The objectives of the inlet classifi
cation study are to classify inlets according to their geometry, hydrau
lics, and stability, and to determine the relationships that exist among 
the geometric and dynamic characteri s tics and the environmental factors 
that control these characteristics. TI1e classification study keeps the 
general investigation closely related to re~d inlets and produces an 
important inlet data base useful in documenting the characteristics of 
in l ets. 

b. Inlet Hyd~aulics. TI1e objectives of the inlet hydraulics 
study are to define tide-generated flow regime and water leve l fluctua
tions in the vicinity of coas tal inlet s and to develop techniques for 
predicting these phenomena. TI1e inlet hydraulics study is di vided into 
three areas: (1) idealized inlet model study, (2) evaluation of state
of-the-art physical and nwnerical models, and (3) prototype inlet 
hydraulics. 
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(1) The I dealized Inlet Model. The objectives of this 
model study a r e to det ermine the effect of in l e t configurati ons and 
struct ures on dischar ge , head los s and ve l ocity distribution for a num
ber of r ealistic i nle t sh apes and t i de conditions. An initial set of 
test s i n a t rapezoi dal inlet was conducted between 19& 7 and 1970. How
ever, in or der t h at s ubsequent in l et models are more represent ative of 
r eal in l ets, a number of "ideal i ze d" models representing various in l et 
morphol ogical cl as ses are being developed and tested. The effects of 
jetties and wave a cti on on the hydraul ics are included in the study. 

(2) Evaluation of State-of- the-Art Model i ng Techn iques . 
The ob j ectives of this part of the i nlet hydrau l i cs study a r e t o deter
min e t he use fulness and reli ab ility of existi ng physical and nume r ical 
mod-e ling techniques in predicting t he hydr aulic characteristics of inlet
bay systems, and to determine whether si mp le t es ts, performed rapid l y and 
economically, a r e useful in t he evaluat ion of proposed inlet improvement s. 
Mas onboro Inlet, North Carolina , was se lected as the prototype inlet which 
woul d be used along wi t h hydraul ic and numerical models in the evaluation 
of existing t echni ques. In Septembe r 1969 a complete s et of hydraulic 
and bathymetri c data was collected at Mas onboro I n l et. Construction of 
the fix ed-bed physical m;:; .fel was initi at ed in 1969, and extensive tests 
have been perfo rmed since then. I n addi ti on , t hr ee existing numerical 
mode ls were app lied to predi ct the i nlet's hydraulics. Extensive field 
data we re col lected at Mas onboro In let in August 1974 for use in evaluat
i ng t he capabilities of th e physical an d numerical mode ls. 

(3) Prototype Inlet Hydraul ics. Field studies at a number 
of inlets are providing i nf ormati on on prototype i nle t -b ay tidal hydraulic 
relationsh i ps and the effects of friction, waves, tides, and inlet mor
ph ol ogy on t hese r e lationships. 

c. InZet Dynamics. The bas i c objective of the inlet dynamics 
s t udy is t o investigate the inte r act ions of tidal flow, inlet configura
t i on , and wave action at tidal inlets as a guide to in~rovement of i nlet 

hannels and nearby shore p rotecti on works. The study is s ub divi ded 
into fo ur specific areas : (1) mode l mat erials evaluat ion, (2) movable
bed modeling evaluation, (3) reanalysis of a pr evious inlet model study, 
and (4) prototype inlet studies . 

(1) Mode l Materials Eval uat ion . This evaluation was initi
ated in 1969 to p r ovide data on the response of movab Ie-bed model mate
rials to waves and flow to a ll ow selection of the optimum bed materials 
fo r inlet modelS. 

(2) Movable-Bed Mo del Evaluation. The objective of this 
study is to evaluate t he state-of-the-art of modeling techniques, in 
this case movab le-bed inlet mode ling . Si nce, in many cases, movable-bed 
mode ling is the on ly tool available f or pr edicting the response of an 
inlet to improvements, the capabilities and limitations of thes e modelS 
must be established . 
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(3) Re an a l ysi s of an Earlier Inle t Mode l Study . In 1975, 
a r eport entitled , "Pr e limi nary Repo rt: Lab oratory St udy of the Ef fect 
of an Un ontro lle d Inlet on the Adjac n t Beach ," li as pub lishe d by t he 
Beach Eros i on Bo a r d (now CE RC). A r ean a l y· is o f t he o riginal data is 
being perfol~ed to aid in pl ann i ng o f additi n al GITI e fforts. 

(4) Prototype Dyn ami cs. Field an d offi ce studies of a 
number of in lets are prov iding i nformat i on on t he effects of phys ical 
f orces an d r tificial impr o vemen s on inlet morph olo gy . Of p articular 
import ance a r e studi e s to define the me ch anisms of n t ur a l san d byp as sing 
a t i n lets, th e Tesponse of in le t n avi g tion channels to dredging an d 
nat ural fo r ces, and t he effects of inle ts on a dj acen t be ches. 

4. This study p r esents th e r e s ul t s of an office study of ava ilab le 
fiel d data collect ed at Port Man sfiel d chann e l, Te xas , f rom construc t ion 
i n 195 7 to 1975. The study c on st itut e s a pa r t of Prototype Dynami cs 
discussed ab ove. 
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CONVERSION FACTORS, U .. CUSTOMARY TO METRIC (S]) 
UNITS OF MEASUREMENT 

U.S. customary units of measurement used in this report an be COny rted to metric (SI) 

units as follows : 

MultipJy 

inches 

square inches 

cubic inches 

fee t 

square feet 

cubic fee t 

yards 

~quare _ ards 

cubic yards 

mile 

square miles 

acres 

r ot·p und ' 

oun s 

ounds 

ton, Jong 

ton, short 

degrees (angle) 

Fahrenheit degree 

by 

25.4 

.. 54 

6.452 

16.39 

30.48 

0.3048 

0.0929 

0.0283 

0.9144 

0.836 

0.7646 

1.6093 

259.0 

0.4047 

1. 558 

28.35 

453.6 

0.4536 

1.016 

0.9072 

.1745 

5/9 

To obtain 

millimeters 

centimeters 

square centimeters 

cubic cen timeters 

centimeters 

met rs 

square meters 

ubic meter ' 

me ters 

quare meters 

cubic met rs 

kilometers 

he tares 

hectares 

ewton ielers 

grams 

grams 

kilograms 

metric tons 

metric tons 

radians 

Celsius d gre 5 or Kelvins l 

I To obtain Ceh;ius (C) tempera ture readillgs fr m Fahrenheit (F) readings, u,;e form ula: C = (5/9) (F - 32) . 

o obtain Kelvin K) readings, use formula: K = (5/9) (F - 32) + 273.15. 
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A CAS E HI STORY OF PORT MAN SF IELD CHANNE L, TEXAS 

by 
James M. Ki esZich 

1. INTRODUCTION 

TIle Willacy County Navigation Di s t rict in Sep t ember 1957 dredged a 
43,OOO-foot - lon g (13, 106 met ers) channe l from the Gul f Int racoas t al 
Wat erway near Por t Mansfi e ld, Texas, t hrough the l agoon and barrier is
l and system to the Gul f of Me xico (Fi g . 1). A pai r of paral lel jetties 
was cons t r ucted at t he gu lf ntrance t o t he channel . Since the initia l 
dredgin g, t he channel has shoal ed a t he gulf end and the beaches on 
both side s of the c anne l ent rance have undergone s i gn i f i cant changes . 

Thi s r eport presents t he r esul ts of an analysis of the behavior and 
characteri s t ics of Por t Mans fi e ld channe l, and provides useful informa
tion to en gineer s concerned with inlet des i gn procedures , and to scien
tists invo l ve d in studie s of co astal and ti dal inle t processes. 

II. REGI ONAL SETTING 

The p r edomi nant fe at ure of the l ower Texas coast is the a l most con 
t inuous chain of bar rier isl ands (Fi g. 1). Pa r e Is l and, 115 mil es 
(185 kil ometers ) i n lengt h , is the longe s t of these natural coas t line 
f eatures, extending f r om Corp us Chri sti Bay to Brazos San t i ago Pass. In 
t he Por t Mansfi eld ch anne l ar ea , Pa re Isl and is about 5, 000 f eet (1,524 
me ters ) wi de and var i es in elevat i on f r om 2 to 16 feet (0.61 to 4.88 
me t er s ) above mean low water CMLW) . Sand dunes back the gulf beaches in 
t his area and exten_ive gr ass fie lds and mudflats compr is e th ar ea 
separating the sand dunes from the i nterior bay, Laguna Madre . 

La guna Madre is a narrow lagoon extending for 118 miles (189 .90 kilo
me ters) from t he Encina l Peni ns ul a at Baffin Bay to Port Is abe l , Texas ; 
depth s in the lagoon range f r om 1 to 9 f eet (0.30 to 2.74 me ters). The 
l agoon is effec t ively divi ded i nto two bays by ext ensive mudf l ats 20 miles 
(32 . 19 kilometers) north of Port Mans fiel d channe l. Genera l ly, t he only 
connect ion between t hese bays is t he Gul f Intracoastal Wate r way dredged 
through t he mudflats. The s outhern bay covers an are a of about 280 
square miles (725 square kil ometers ) and the northern part, inc l uding 
Baffin Ba~ covers about 215 square mi l e s (557 square kilometers ). 

Port Mans f i e .. d channel is l ocated i n an are a known as the Lower Rio 
Grande Vall ey whi ch has a subt r opica l , semiari d climate, characterized 
by short , mild winters and lon g, hot s ummers. The aver age annua l t em
perature is approxi mat ely 74 0 Fahrenheit (23 0 Celsius ) , although dai ly 
temperatures of 100 0 Fahrenhe i t (38 0 Ce l ius) are not uncommon in the 
we s tern regions of t he val ley dur i ng the summer (Orton, 1967). 

The ave rage annua l rainfall in the Por t Mansfield area is 18 inches 
(45 .72 cent i eters), with the gr eatest amounts of precipitat ion from 
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Figure 1. Port Man sfi e 1d regional sett ing (Hansen, 1960). 
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th tm dersto r ms and hurr icane s. The maximum average monthly rainfall of 
4. 65 inches (11.81 centimet ers) occurs in September; the minimum ave r age 
monthly rainfall is 1.15 inches (2.92 cent i meters ) in February (Orton, 
1967) . 

The predominant wind di rections in the Lowe r Rio Grande Valley are 
southeast, south-sout heast, no r th, and north-northeast. Winds from the 
south and south-southeas t occur 41 percent of the ti me and have a mini
mum monthly freq uen cy of occurrence of 26 percent dur ing December 
(Orton, 1967). Winds from the north and north-nort heast are generally 
associated with the passage of strong f rontal sys t ems which occur pri
marily between No vember and February. 

Hurricanes are i~)ortant agent s in the climatic complex of the lowe r 
Texas coast; the greatest effects to the nearshore environment result 
from wind-driven \vaves and storm surges. Hurricanes Carla (1961) and 
Beulah (1967) played a major role in sed: ltlent tT3.nsport in the Port 
Mansfield channel area. 

The dominant direction of \.,rave approach at Port Mansfield channel is 
from t he southeast , with a mean significant deepwater wave height, He, 
of 3.5 f eet (1.07 met ers) and a mean significant wave period, Is, of 
6 seconds (Bretschneider and Gaul, 1956 ). The second major direction of 
wave approach is from the northeast, with a mean dee:"~;lter He of 3.5 
f ee t (1.1 meter ) and a mean Is of 5.5 seconds. These two predominant 
direct ions of wav e approach corre late with the predominant local wind 
direct i ons discussed earlier. The mean significant deepwater wave height 
and p~riod for ach major onshore di rection are shown in Figure 2. 

The tides at Port Mansfield channel are chiefly diurnal, with some 
mi xed semidiurnal periods. The average diur nal tidal range at the gulf 
entrance to Port Mansfield channel is 1.40 feet (0.43 meter). The mean 
ti de level is 0.7 foot (0.21 meter) above !V\LI'i. Tidal ranges in Laguna 
Madre are generally less than 0.5 f oot (0.15 meter) except near inlets. 
Sustained winds from the south can cause \",ater levels in Laguna Madre to 
increase 1 to 2 feet (0.30 to 0.61 me ter) above normal level for 2 weeks 
or longer ld:Jrtsen, 19(0). 

Port Mansfield 
September 1957 to: 
for commerci al and 
migrations of fish 
Me xi co (Texas Game 

II I. CHf.~j'l[ L DES I GN AND CONSTRUCTION 

channe~ was ori ginallY dredged through Padre Island in 
(~) Provide a navi gable outlet to the Gulf of Mexico 

recreational ves sel s, and (b) enhance t he seasonal 
populations e tween t he Laguna Madre and the Gulf of 
and Fish Commission, 1956). 

The channe 1 was dredged 10 feet (3.05 meters) deep, wi th a bottom 
width of 100 feet (30.48 meters), from the Gulf Intracoastal Waterway to 
the gulf side of Pad re Island (Fig. 3); from this point to the 16-foot 
(4.88 meters) depth contour i n the Gu l f of ~1exico, the chanr..el was dredged 
16 feet deep and 250 feet (76.2 meters) wide at the bottom. Material 
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removed from LagLU1a Madre was placed in equally spaced piles 750 f eet 
(2 28. 6 meters ) sout of the chann 1 (Fi u . 4) , anticipat ing its use as fill 
material fo r a propose causeway conne ting Padre Island with t he mai n l and 
(Texas Game an d Fish Commi ssion, 1956). A l-mile -'"ide gap in t he dredged 
material near the Gulf Intracoastal Waterway was desi gned to provide for 
the free flow of water wi thin Laguna Madre and also to' p rmi.t easy pas
sage for mi grat ing fi sh (Texas Game and Fi sh Commission , 1956). 

The material dredged from Padr I sl a d wa used to construct l eve s 
on the island along the north and sout h sides of the channe l. The 1 vees 
had a minimum crest elevation of 8 f ee (2 .44 meters ) above 1Ll~ an wer 
of fs et 700 f eet (213.36 meters) from t he channe l cent erline to pr vide 
protect ion from deposition result i ng from storm tides (U.S. Army Engi nee 
District, Galveston, 1958). The photo in Figure 4 shows the levees . 
Gulf entrance jetties were const ructed par al lel to, and offse t 500 feet 
(152.40 meters ) from the channel c nter l i ne ( i g . 5). The north jetty 
extended seaward approximately 1 ,600 f eet (487 .68 meters) to the IS-foot 
(4. 57 meters) depth contour; the south jetty, about 900 f et (274. 2 
me ters) long, extended to the 10- foo t (3.05 meters) depth contour 
(Ha sen, 1960). The crown e l evat ion of both jett ies was approxi mate ly 
5 feet (1.52 met ers) above ·1Llv (Han en , 1960) . Precast concrete t tra
pods weighing 5, 8, and 16 tons were used to construct each j et ty because 
their porosity (about 50 percent) enhanced mi gr ation of small fish through 
the jetty (Tex.as Game and Fi sh Commi _ ion , 1956). Local interest s con
sidered longshore transport rates to be small enough to warrant por ous 
j et ty structures (U.S. Army Engineer Di t rict, Galveston, 1958). 

Shortly after the project was co mp leted in Sept ember 1957, storm 
wave action and scouring currents caused the landward ends of both the 
north and south jetties to be fl anked , greatly de creasing t heir e f fe c
tiveness. ~urveys made in February 1958 to de t er mine the ext ent of damage 
to the channel entran ce indicated extensive subsidence of the jett' es 
resul t ing from channels scoured 2 to 4 fee t (0.61 to 1.22 meters) be ow 
the natura l bottom a l on g bot h s i de s of th north jetty and along the 
channel s i de of the south j et ty (Hansen , 1960). At the shorel ine , the 
north jetty crown was f r om 3 to 7 fee t (0.91 to 2.13 meters ) underwater 
with settleme t progressive ly greate ' seaward (Hansen , 19 60). The entiLe 
south jetty had al~o subsided although many of the tet rapods remained 
above water. This rapid s ubsidence was attributed to the tetrapods be ing 
placed on the sandy gulf bottom witho t a stone blanket to distribute the 
load and prevent erosion (Hans en, 1960) . The extensive subs idence of the 
t et rapods coupled with the high-voi d r at io , pe rmitted rapid shcaling cf 
t he channel entrance. TIle channel entrance was completely closed by 
January 1% 1 . 

On 9 September 1959, Con gre ss uthor ized Federal i mp r ove ents and 
maintenance of the Port Mans f ield channel and jetty system. Construction 
on the neN channel began in 1960, and the oc ean entrance was ",i d ned and 
deepened. From stations -10+00.00 to -05+ 00 .00 (negative st at ions are 
seaward of the 1957 shoreline), the aut horized pro j ect dimens i ons were a 
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Figure 4. Port Mansfield ch annel, 15 March , 1957. 



Fi gure 5. Port Mansfie d hanne l entrance , No'ember 1957. 



28- fo ot. (8 . 53 met rs ) de tlL and a 250-£oQt (7 6. .2 me ters.) hott Jll \.,r i dth 
(Fi g. 6 ) ; between stat ion s 30+0 0 . 0Q and - 5+00 . 00 the d imen i a n s w r e a 28 -
f oo t. 8 . 53 me t er s) depth and a lO G- foo t 30. 48 ~et r s) Dot tom wi d t h. The 
·hanne l flared to a bottom width of 300 f e t 91 .44 met ers ) near s t a t ion 
20+ 00 . 0 to provide a t ur ni ng b s in. All de s ign dimensi ons were d t er 
mi ned fo commercia l nav i gation r equirement s and hydr aulic and s t abi li ty 
cr i t er ia er s e ondary or none istent . From stati ons 30+00 . 00 to 
400+ 0 . 00 , t he chan el was dredged t o depth of 18 f e t (S. 49 me ter s) 
Id th 2, 30 ,00 cubic yards Cl, 758, 580 cub i meter s ) of sand re Dved . The 
sand dredged from Laguna Madre \.,a s pl aced i n t , dispo sa l area de ignat ed 
in L 57 . The mater i a l p l aced on adre I land was us ed t o r epair the stor m 
ro tect i on l evees which paralle l the channe l . Sand dredged f r om t he chan

ne l entranc was pl ac ed i n t he Gu l f of Mexico beyond the 2S- f oot (7. 2 
m t r s ) d pth contour ~-Ihere it 'a s fe t t ha t little o f the re ged Tn t e-· 
r i a l wOlld r et ITn to th channel . 

Impermeab le , r ubbl-m nd j ett i es rep l ac d the t et rapo ds I.,.h ich by 1962 
had set t l ed comp let e l. in to t he andy ~J lf bo t tom . The new north jetty 
was of fse t 450 f ee t ( 137 .16 me t ers ) fr om the channel centerline and 
extende 2,3 00 fe et (70 .04 p.le t er s ) s awar d f r om s ' a t i on 08+5 0.00 (F i g . 
6) ' t he n w south j etty \ 8 S off s t 5 f eet (1 7 . 64 met er s) f rom the 
channe l ent er line ffid . tended 2,2 70 fee t ( 9 .9 me t 1' 5 ) from station 
03+3 0.0 0 . Lengt h of t he north j et t y wa ~ det ermined by its requ irements 
as a break\'Ister ; l engt h of t he s outh j et t was pr i mar ily determ ined by 
ant 'c ipating t he amount of _and that woul c c.umul at e on the beac.h adja
c en t to t he j etty dur i ng a IO-year per i od (Han en, 160). The chan el 
entrance wa s opened in May ] 96 2. In 1965 , r i prap revetment was ti ed 
into the toes of the north and south jetties to prevent wave-induced 
eros ion of the shor el ine ins i de the jetties. 

IV. I LET HYDRAUL IeS 

The characteristics and onfi guration of Port r~an sfield channel are 
control led by wave action and by t he flow of water between the gulf and 
Laguna Madre . Th e quant ity of Hater exchanged and t he v locities att a i ned 
Hi t hin t he channel ar e dependent upon the gulf tidal range, bay geometry, 
and cI ann 1 hy r aulic res i t ance characteristics. 

The quanti ty of water exchanged through the i nl e t, the maximum current 
veloc i t i es a ttained over a t i a l cyc l e, and t he r a t i o of the bay to ocean 
tida l ampl itude are us ed in th i s sec t i on to det ermine the efficiency of 
the inle t in fi lling and dra i ni ng the bay . The capabi lity of the inlet 
to fi ll the bay is investi ga t ed by es tabl iShing Keu l egan' s (1967) co eff i
c i en t of r epletion for th e inlet-bay sys rn . Records of tide gag es in
sta lled in the Laguna r-.ladre are us ed t def ine the surface area of the 
bay infl uenced by the tide. Veloc ity da ta obta ined over four separate 
tida l cycles permit accur a te determi nat ion of the tidal prism for the 
per iods of meas urement . 
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1. Tide Data. 

Six tide gages were operated in 1962 and 1963 at the locat ions shown 
in Figure 3. Records from the Laguna Madr e gages were analyzed to delin
ea te the effective area of the bay, A , i.e. , t_he sur face ar ea of the 
bay infl uenc ed by tidal exc~ange through the channel. Gages A, B, and 
C showed little i ndicati on of di urna l tidal r ange , and thus were t aken 
to be the northern, western, and sout hern limits (respectively) of the 
tidal pr ism. Gage C was moved to locat i on C-I in April 1963 and for some 
reason the fl uctuations of gage C-I exceeded t hos e at locat i on C (Tabl e 
1). Ba sed on these limits the ef f ective area of the bay is appr ox imat el y 
2.2 X 108 square f ee t (2.04 X 107 square met ers). This value may be too 
l arge (per haps as much as double t he actua l value ) since the negligible 
tidal ranges over severa l months at gages A, B, and C indicate that the 
gages are outside the influence of the tidal prism. Lack of add itiona l 
bay tide gages also prec lud ed definition of t he bay area u s ing t i da l 
discharge measur ements and bay tida l r an ge records. 

2. Ve l ocity Data . 

Tab l e 1. Mean tidal ran ges of 
Port Mans field gages. 

Gage Me an range 

A Negl i gib I e 

B Negli gible 

C Negligible 

C-I 0.20 ft (0.06 m) 

D 0. 85 ft (0.26 m) 

F 1. 40 ft (0.43 m) 
. 

A current ve l ocity measuring s tat ion wa s est ab l ished in the land-cut 
part of Port Mans f i e ld channe l near stat ion 100+00.00 (Fig. 3). This cur
rent monitoring stat i on was us ed to obt ain current measur ements over f our 
separat e 25-hour period s during 1962 and 1963. The dat a are shown in 
Appendixes A to D and are discus sed in th i s subsec tion. The tide records 
did not indicate any significant wind setup in the bay during any of the 
f our measurement periods. 

Ve locity profi l es were t aken on 12 and 13 May 1962 foll owing the inlet 
opening on 5 1vlay. Velocity measurement s, a d i scharge curve. and tidal 
data for this period are given in Appendix A and summarized in Table 2. 
The winds dur i ng this period wer e f r om the southeast with an aver age speed 
of about 17 miles per hour (27.36 kilomet ers per hour). The data show 
that ebb discharge conditions domi nated , with a total ebb-flood discharge 
ratio of 6.8. The maximum velocity occurr ed during ebb discharge and was 
1.73 fe et per second (0.53 meter per second). 

21 



Table 2. S.-ry r velocity 5l1rVf'yS lor Port .field ~hann. l. 

Duration Max v~l o ty M.u disc harlle Tid. Th 
(h ) ( f t / s ) Tate (ft 3 I s) f tl X 10' 

Date Flood Ebb Flood Ebb Flood Ebb Flood Ebb Ratto An be1CIW 
Ebb-Fl ood ~L l ft2) 

12 and 11 May 62 5.5 18 . 5 0 . 80 1. 7 ~ 2 , 500 S ,500 J. 9 27.0 6 .9 3 ,146 

1 ""d 2 Au, . 62 14.0 10.0 1.10 2 .• 6 3 ,20 7 , 200 9 . 18.3 1.9 2 , 92 

18 and 19 Dec. 62 13.0 11.0 2.67 I. 33 ,000 4,000 19. 0 .84 0.4 3 , 000 

12 and 13 J""" 63 10 . 5 13.5 2.22 2 . 40 5,500 6,000 13, 50 22 .2 1.6 2 ,471 

A se em d s et'ie '- of veloci t y measuremen i n the chan nel was taken 
d r i ng 1 and 2 August 1962 , about 3 months aft I' t he i l et 0 ening . 
o r in g t h i s pe r iod t he prevai l ing wi nds we e f om t he sout heast , wi t h an 
aver age spee of appr oximately l~ miles per . our (2 . 9 ki om t el'S per 
h Ul'). The data f or t h is s ur e y are gi ppen ix B. Th maximum 
ve l a i t y was 2.46 fe t per secon (0 . 7 meter pe se and) lr i g ebb f low; 
t he tot a l ebb- f lood di s charge rati f 1. 9 i ndi c t ed ebb f l ow a gain domi
nated . 

The ne xt set of ve l oc i t y me asur ements was made 18 and 19 December 1962 ; 
th e dat a are gi en ' n Appendi x C. Wi ds for t his eriod a er aged 1 miles 
per hour (19 .31 ki l ometers per ho 1') f r om t he s outhe as t. The maxi mum 
'el oci t y 0 er t he ti dal cyc l e \~as 2. 67 f eet per second ( .81 me t er per 

second) during fl oodflow . ' ontrar y to pr i ous condi t i o s) t he fl ood 
di schar ge exceeded ebb as i ndi cate by an e - fl ood di s har ge r atio of 
0. 4 . 

Th f i nal ve l c' t y meas r e ments in t e chan e l ere t aken the follow
i n g ye ar on 12 an d 13 une 1963; data for t his surve pe r i o are pr ese t ed 
in Appendi x D. The rna i mum ve loci t y over t he t i dal cycl e as 2. 4 feet 
pe l' second 0 .73 meter p I' s e con ) durin g ebb di schar ge . Th ebb is
char ge agai n exceeded t he f l ood du r ing t i s p r i od by a r a t i o of 1 . 6 . 

3. De t r mi nat i on of Keul e gan Repl t i Dn Coe f fi cient. 

One of the mos t genera l and e asily applied appr oaches to t he I' b l ern 
of ti a l fl ow through i n l .t s was gi ven by Keule gan (1967). e u egan con 
sider e t he hydraul ic char c t e ri s t i cs of a s imp l i f ied i nl e t -bay s ystem to 
be gov rned by the " s o- call ed s t orage l aw )" and made t he fo ll owi ng s i m
plifying as s ump tions conce rn i n g the phys i cal condi t i on s of t he in le t - bay 
s ys tem: 

(a) Th e oce an ti de is s i nus oidal, 

(b) t he i n l e t ch anne l . s pri s matic, 

(c) the in le t dept 1 is gre at compared to the tidal r an ge , 

22 



Cd) bay walls are vertical, 

(e) inertia of the flow is neglig i ble, and no densi t y cur 
rents are present, 

(f) inflow into the bay from other so rees is ne gl igible , 
and 

Cg) the length of the bay is much less than t he tidal wave 
lengt} . 

By simultaneous application of the equatio s f continuity and con
servation of energy, Keulegan developed an expression relating th t ime 
rate of change i the bay water surface elevation to the instantaneous 
seawater elevation. The express i on contained a factor which he t ermed 
C!oeffiaient of filling Or' 2'epZetion that expressed the in let ' - c pabi li ty 
to fill an empty the bay during a tidal cycle. This repletion oe f fi
d ent "summarizes the effects of the channe l and the basin dimensions , 
of the roughness of the walls, and of the period a d range of the t idal 
fluct uations on the limits (an phases) of t he water 1 e l changes in 
the basin" CK t gan , 1967). An accurate determination of t he rep leti o 
coeffi ient is i mportant in defining the hydraulic s and s t abi li t y of 
ti a l i l ets, because predictions of bay water surface eve ls are affect e 

y changes in the repletion _oefficient , i ncluding estimat es of ve 1o~i ti es 
t hrough the inlet and the phase lag of the bay tide. The co f f i cient f 
repletion, K, is given by: 

TAe / 2g 
,. - 21iA.B-v'ao (Ken + Kex + L/4R) 

where: 

C inlet cross-sect~onal area below MSL (2.886 squar , fee t ; mean 
area from survey i n Appendixes A to 0), 

ay area in square feet (2 . ) by 108) . 

T - tidal period (86,400 seconds; diurnal tide) . 

:~ acceleration of gravity (32 . .2 feet per second squared) , 

ao = ocean tida l amplitude (0. 7 foot ; gage F). 

Ken = entrance loss coefficient (0.1). 

x = exi t l oss coeffic i ent (1 .0). 

f Dary frictio .actor (0.0 ), 

1) 

L i n1 t length (15,000 feet; from channe e trance t h ough tidal 
flats) , 
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and 

R hydr auli c r adi us (1 4 f et ; mean f rom ' urvey in Appendixes A 
to D). 

Using the give val es for Port Man fi I d , a Keulegan coeffi ci fi t of 
0.57 is computed, indicating that f i ll i ng of he bay will be · ncomplet e . 

Two t ypes of f ield observat i ons ar e avai abl e to validat e the Keu legan 
coeffi cient , K. The firs t is the r atio of the bay tida l ampl i tude , ab , 
to t he oc an t idal amp l itude, av o The r a t io of ab /ao is a fun t i on of 
K (Fig . 7) and f or K = . 57 , ab / ao = 0. 60 . Using t he ab determine 
f rom gage D of 0.43 foot an d ao from gage F of 0. 700 yields n ab1ao 
ratio of 0.61. 

A second in epen de t ap roximation of K an be made us ing the maXl 
mum velocities, Vmax ' over a t idal yc le (0 1 Bri en and Dean , 1972) : 

U A 
1 ' max ....£. T 

27T ao AB 
Vmax = 

wher e : Vmax> a dimens i on less maxi mum veloci ty coe f fi cient, is a 
of K (Fig . 7) and f or K = 0. 57 , Vmax = 0. 49. A mean va l e or 
of 1. 84 f ee t per se cond (0 .67 meter pe r econd ) f r om Table 2, an 
.ty; of 2., 886 square fee t (259 . 7 square me t ers) for the f ou surve 
yi eld a Vmax of 0.47. Tabl e 3 shows t e per ent difference from 
measured parame ters an t hose predi ted f rom K. 

Tab le 3. Comp ari son of predicted and mea ured 
hydr ul ic parameter s. 

ompari son ab/ao V~a:c 

Pr edicted 0.60 0.49 

Actual 0.61 0.47 

(pct diffe r e > 
act ual-Eredicted) 

ac tual by 100 , 2 -4 

V. SHORE LINE CHANGES AND CHANNE L SHOALI NG 

(2) 

f unction 
al l Vmax 

a mean 
periods 

t he 

This sect i on summar izes t he inl et channel and adjacent shore line 
changes f r om 1957 to 1975. A det ai le di scussion of short-term chan ges 
and re lated f i gures is in Appendi x E. 

As shown in Figure 8, a fil l et of ~and an t he south Cupdrift) s ide 
of the channel accumulated r apidly f rom t he original shoreline cond ition 
(1957) to the time of complet i on of t he impermeable j etties (1 962). 
fhere after, tIle rat e of migrat ion of t he MHW contour- j etty i nt ercept 
decreased s i gnificant l y. By 1975 t hi s interc ept was 1,250 f e t (381 
met ers) seaward of the original shor l i ne . 
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On the north Cdowndrift) s i de of t he channel , landward migratio of 
the ~n-1W contour-jetty int rcept genera l y OCCUIT d , with a net movement 
of 320 feet (97 .6 meters) between 95 7 and 1975 . Thu s , the familiar pat 
tern f accumu l at i o on the updr ift s "de aI d erosion on the downdr i f t 
s i de f a j e t i ed inlet is vident at Port Mansfie ld. 

As discussed previously, th lengt h of t he sout h j etty was dete r mined 
primar ily by s timat in g t he amoun t of rna er ial that would accumul ate i n 
the f i lle t duri ng a 10-year period, based on an s t i mated net no t her l y 
tra sport rate of 300. 000 cubi yards (229 , 380 cubic met ers) per year 
(Hans n, 1960 ). Duri g the 10 y ars (1961 - 1971) aft er jetty constr uct i on 
s t arted , the advanc o . th fi llet was doub le the r ate predi t e J and 
the act ual 19 71 ~G-n~ line was 10 ated at the pr di ct d 20 - year posit " on 
(F · g . 8) . 

Oetai of changes in t he channel ydr graphy are discuss ed in Appen 
dix E using fi ll and scou maps and aeri al photos . I n the period etw en 
t he in i t i a l cons t r uction of t he channel i n 1957 an the com t i on of he 
Federa l p r oj e c t i n 1962 , sl i ght ly 0 er 1 milE n cub ic yards of mat eri I 
accumu lated in over 7 miles o f chan e l l andward of th e gulf sho eline. 
The greatest rate of depos i t i on 0 curred in t he l and -cut part of t he chan 
ne l where materi 1 was car r ied f rom t he gulf by waves and cur r ent s (Table 
4) . An un 'nm\fn part of t he depos i t i on a lso r es ulted from ind-blown sand 
deposi t s . Far ther landward in Laguna MadTe . wind - driven w ve and currents 
pr6 ably er ded t he dredged ma t eri a l t hat was depos ited on the s outh s ide 
of the channel an transport t he mat e ial i to t h eha nel at an aver ag 
rate of about 5 ' ubic yar ds per yea p r foo t of channel. Un f ortunate ly, 
data are not avai l a Ie t o ca l cul ate t he depos ition rate in t h se ar eas 
aft er 1962. Howev r , ma i ntenance d ed gi ng of t he s eawar d part of the 
channe l began in 1962, and the ann ua l dredged vo l umes are given in a Ie 
5; l ocat i ons and dates of th e dredgi ng are given in . ppen ix E. Tab l E-3. 
Sa ed on these vol mes , and as sumi ng that the am un t dredged i s the min i
mum amount of de] os ' tian i n th gu f entranc a r ea, an average annua l r ate 
o depos itio of 32 cu "c yards er ye ar per f oot of channe l was c om ut ed . 
This deposit i on is f our time s th e maximum at e of th e inter ior channel 
re gi ons , and corr espo ds t a to tal annual r ate of about 355 , 000 cubic 
yards (27 1, 433 cub ic meters ) per year, mos tl y all li t tor al mat erial t rans 
porte to t he i nle t y \~ ave and ~urrent ction . 

VI . LO GSI [ORE TRANS ORT 

Op imu t "dal inlet d s i gn and main enance require ade uat e know led ge 
of t e lon gsh r transp rt rat e . Estimate s of t hi s rate for the Port 
Man s fi el d ch ann e l area are developed in this se ction. 

Han ' en (1 960 probab l y gav _ t he f i rs t s t i mat e of the long. ha r e trans
port r at es for the Por t Mansfi 1 c annel ar ea, whi ch he obtained fr om 
mainte an ce dredgi ng r ~ords f or Grazos Santi ago Pass . Hansen ass umed 
the sh r e line or i e tat i on and 'ave energy distrib ution \Vere the s ame at 
both s i te s , an d repor ted a ne t northe1'1y t r ansport rat e of 300,000 cubic 
yards per ear (229 , 380 cubic me t ers pe r ye ar) . 
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Table 4. Deposit i on i n Port Mansfi eld Channel , September 1957 to 
April 1962 . 

Amount deposited Depos i tion rate 

Station yd 3 m3 yd 3/ yr / ft 

10+00 t o 150+00 512 ,960 392, 209 8.0 
(Padre Is l and) 

50+00 to 320+00 370,270 283,108 4.8 
(eastern Laguna Madre) 

320+00 to 400+00 223,120 170 ,598 
(western Laguna Madre) 

Total 1,106,350 845 ,915 
Average 

Table 5. Annua l maintenance 
dredging in gulfward 
channel se ction , 
1962 to 1973. 

Amount dredged 

Year yd 3 m3 

1962 1,238, 0001 946 ,000 

1963 236,159 180,560 

1964 303, 140 321 , 780 

1965 201,130 153,780 

1966 409 , 390 313,430 

1967 516,190 394,680 

1968 395,620 302 ,490 

1969 217,940 166 ,640 

1970 341 , 590 26 1, 180 

1971 394 ,390 301,550 

1972 61 7,500 472, 140 

1973 277 ,900 212 , 480 

6.1 

6.2 

Tot al l 3,910,980 2 ,990,330 

I init i al channel dredging not 
included in tota l aaintenance 
&a:lunt . 

2 8 

m3/yr/ ft 

6.1 

3.7 

4.7 

4.8 



Anothe r est i mate of the lon gshore t ransport rate is det rmined frorr: 
the l ongshore componen t of energy fl ux in the sur f zone, P, \.,rhich can 
be approximated by ass uming cons ervat ion of energy flux in shoaling I-caves, 
using the small- amp litude wave t heory , and evaluating the energy flux 
rela1:ion at the breaker pos i t i on (U.S. Army, Corps of Engin ers , Coastal 
Engineering Re search Cente r , 1975). 

P is given by: 

P ( 3) 

where: 

p water density (2 slugs per cubic foot), 

g = acceleration due to gravity (32 feet per second squared), 

T wave period (seconds), 

Ho significant wave height (feet), 

Kp re fr action coe f ficient , 

ab = angle between breaker and shoreline (degrees), 

and 

p = in foo t-pound per foot- s econd . 

Us ing the wave hindcast data by Bret schneider and Gaul (1956) for the 
Gul f of Mexico off Brm'ffisville, Texas, and equation (3), the annual lon g
sh ore components of energy flux were cal culated (Table 6). Since 
Bretschneider and Gaul repor ted signific ant wave height, the values in 
Table 6 were divi ded by two because values computed using the significant 
Nave height are approximately t\>lice the value of the exact energy flux 
(U.S. Army, Corps of Engineers, Coas tal Engineering Research Center, 1975). 

P 

p 

Table 6. Longshore components of 
wave e ergy (foot-pound 
per s econd per foot of 
beach). 

Components Values 

(northward) 83.7 

(waves from north) 61. 8 

P ne t 21. 9 
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The l'e1a ionshi p b t~een longshore transpor t rate, Q, ubic yard s. 
per year, and P i s gi v n b y (U. S. Army, Corps of Engineers , Coastal 
Engineering Research Center 1975 ) : 

o = 7500 P 

Tabl e 7 s ho 5 t h s t ima t longshore t ransport rat e 
chann el us i ng equa t ion (4). 

T ar t Ma ns f i el d 

Q 
Q 
Q 
Q 

Table 7. Es timated lon gshore t r an sport 
rat es f aT Port Mansfie d 
channel . 

Rate s 

Di r ect i on yd 3/yr m3 /yr 

northward 627 75 0 480 , 000 
southward 463, 500 354, 392 
net (to north) 164,250 12 , 586 
gross 1, 091,250 834 ,370 

VI I. I NLET STABIL ITY 

[4 ) 

The fill and scour maps and aer i a l photos (Sec. V) i nd icate the 
mark ed t endency of Port Mans f i e ld channel to f i l l . Annua l dredging ha s 
been necessary to maintain a navigabl e channel. Wi th this document ation 
of actual inlet instability, several ana lytical methods for predi ct i ng 
channel stability can be tested. 

The first of thes e methods us es observed channel properties to est ab 
lish equilibrium criteria. J arrett (1 976 found that when a gulf coast 
inl et was in equ ilibrium wit h i ts hydrau lic environment, t he ar ea of the 
throa t was r e lated to the tidal prism by: 

AC = 5 X 10- 4 p O.84 (5) 

where AC is the minimwn flow area below HSL (square f ee t), and P is 
the tidal prism for a spring or di urnal range ( Cll ic f eet). The validi t y 
of equa' tion (5) may be questionabl e f or small gulf inlets such as Port 
Mansfield Channel, since the associated maximum velocity is signifi can l y 
less than that of other U.S. coasts due to the diurnal gulf ti de . 

The fo ur velocity s urveys discus s ed in Section IV yielded an average 
ti da l prism of 1.52 X 108 cubic feet (4. 30 X 106 cubic meters). There
fore , accor ding to equation (5), the equi libr ium throat area shou ld be 
3,730 square f ee t (347 squar e meters ). A single throat cr oss secti n 
was avai lab le for May 1962, i mmediat e ly af ter the channel was dredged , 
and i ndi cated a cross-sectiona l are a of 5,1 00 square f ee t (473.79 square 
meters). Thus, from equation (5) it appears t hat the channe l wa s dr edged 
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t oo large for the ti da pr i sm to rna ' nt ain t he ros s -sectional area, whi h 
cau ed t he obser ved deposi t i on , 

Bruun and Gerri t sen (1960) present ed a second method to channel sta
bi l i ty wh ' ch rel ated t he t i dal prism, P (in cub ic yards) , to t he ne t 
l on gs aTe tran sport, ( i n cubic yar ds per year), by the r at i o P/ M, 
Chann ,Is having a va l ue of P/M great er t han 300 were ve r y stable , and 

hann Is wi t h r i M val ues l e s t han 100 t ended to be unst ab le. Port 
Mansfiel d channe l with a riM value of 38 is we ll with 'n t he r ange of 
unstab l e in l e 5 , t nding t oward deposi ti o , and t he channe l en t r an ce 
shoaling i s co rectly pre di ct ed . 

The t 0 ana l ytical methods presented i ll g 've a gross i nd i cat i on of 
channe l stability. For a detail ed anal s is of wh y the ch anne l is lli1stab le , 
equilibri um r iteria p ropos d by Escof.. ... ie r (1940) and ampli fi d by 0 ' Brien 
and Dean (197 2) can e us ed. Esco f f i er as sumed a critical ve locity, Vor ' 
exi s t ed which was just suffi ci ent t o i nitiate bedload trans port in m1 

inlet ch anne l . If the mean vel o i t y at the peak of th e ebbt i de and flood
ti de, Vmax ' t hat develope in the channe l as l ess t han Vcr' the cl annel 
woul d fill ; howe ve r , if Vmax \ as gr t er t han Vcr' the ch anne l \'I' oul d 

rode . Es coffier's stab i l i t y con cep t is sh own in Figure 9 , whe r e Vmax 
is plot t ed agai ns t t he in let cros s -sect ional ar a , AC' Es cof f ie r sug
gested a va l ue of 3 fee t per second f or Vc~ ' 

Cons ' dering the Vmax vers uS AC curve, if t he channe l ar ea lies on 
the B s egrne t of t he curve, any de r ase in channel ar a will r esul t 
in a decre se i n Vmax and a f urt her decre ase in channel area to\oJard 
clos ur e. I f the channel are a lies on segment CD, the channel will erode 
t owar d point E; if t he ar ea l i e s on segment E;7, the channel will 
shoal t oward point E. Thi s sugge st s po' nt E is the stabl e channe l 
cr oss-sectiona l ar ea . 

Figure io is a Vma::J versus AC curve for' Port ~( ns field cha nne l. 
K values were ca lculated from equation (1), using the values of t he var
i aule s listed on page 23 , but varying AC ' and substituting (AC/j etty 
5 cing) for t he hydraulic r adius, or i n effect holding the channel width 
cons t ant and varyi ng the channel dept h . ThB K valu~s were used in 
Fi gure 7 t o det ermine appropriate va l ue s of V/nax . Vma:c values were then 
cal culat e us i ng equation ( 2). 

The critical ve l oc i t y for r t Man s f" el d channel i1\3.y be estima.ted 
f r om Bruun and Ger Ti t sen 0 9 0 

Vor = C,,/ ' s l pg 

wher e , 

C Che zy coeff i ci ent , 

'[a stabi li ty bot tom shear stres ( .092 pound per square foot), 

p density of sem'l'at er (s lugs pe r cubic f oot ), 
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and 

g = accelerati on of gravity (foot per second squared). 

Us ing equation (6) ith (Chow , 1959): 

c = 1. 49 Rl /6 
n 

wher e, 

n = Manning's coeff i ien (assumed 0. 0 4) 7 

R hydraulic radius in f eet (area at eak of urve in Fig. 10 
di vided by jetty spacing) . 

(7 ) 

Vcr was calculated as approximately .2 fee (0 . 8 meter) per second. 
This gener 1ly agrees with t he val es sugg ste y scof f i er ( 1940) for 
Vcr' Since a Vcr val e of 3.2 feet per second is much r ter than the 
peak of the act ual curve for Port Mansfi ld (F' . 10), a stable cro s 
section is imposs i ble to ach ieve with the resent j tty s aci n . E ren 
if the jetty spacing was reduced to SO feet, sufficient ve ocities c u1d 
not be developed to provide scour of the channe Fig. 1 , d h1 ine). 

The instability of t he channe l res It s f r om the l arge head loss due 
to fri cti on in the xtreme ly l ong channel , e.g., in cal culatin the c an 
nel length r equired for s tabi l i ty assumi g a Vmax = Vcr of 3.2 fe et 
(0.98 meter ) per second and equation (2) to s ol e for V~ax ' These yield 
a stab i l i ty K value of 1.2, and solving fo r channel l ength in equation 
(1) gives a va ue of 1,755 fe et (534 .92 meters). Comparing this with t he 
land- cut part (wi th AC = 2, 886 square f eet) of the channe l (15 , 000 feet 
or 4,5 72 mete r s ) shows the pres 'ent channe l length is t oo lon g and is t he 
maj or f actor prohibi ting natural channe l stabili ty. 

VIII. CONCLUSI ONS AND RECOMMEN DATI ONS 

Thi s study document s the hydraulic and se i mentary characteri tics 
of Port Mansfield channe l and evaluates its behavior f rom construction 
to t he re sent . Port Mans f i e ld channe l is Wlstab e; an average annual 
dredgi ng rate of about 350 ,000 cubic yards (292, 794 cubi c met ers) per 
year is necess ary to mai ntain design c annel dimensions . Th e maj or areas 
of deposition in the channel are i the Laguna Madre section and at the 
gul f entrance. 

Predictions of i nlet stability us ing the "max ver sus AC rel ationshi p 
deve loped by Escoffier (19 40), the pri sm versus area relationship devel 
oped by O'8rien (1969 ), and the rat io of tidal prism to the net annual 
longshore tran sport developed by Bruun and Gerr its n (1960), were fo und to 
~redict t he uns table natur e of t he channel. 
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Af t er jetty construct ion in 1962, the south (updrift) be ach accre t ed 
s i gnifi cantly f or 2 to 3 ye ar s, i t h concurrent erosi on on t he north 
(downdr i f t ) be ach . Howe er , the accretion and erosion subs quent ly 
decreas ed and the beache s achieved a re lative ly high de gree of st abili ty . 
Substantial bypas s i n g was achieved. and measur ement s i ndicated a corre 
sponding i ncrease i n t he ent r ance channe l shoa ling rates . By 1975 , t he 
beach adjacen t to the sout h jetty had mi grated seaward 1,250 feet (381 
me t er s) f rom its 1957 position, while t he north beach re ceded 320 fee t 
(97.6 me t e r s ). 

The hydrauli c capacity of Por t Mans f i eld channe l was inves ti gated by 
comput ing Keule gan' s (1967) coefficient of repletion f or the i nle t -bay 
sys t em . The repleti on coe f f i cient, 0.57, indicat ed t hat becaus e of chan 
ne l and bay ge ome t ry and the gul f tidal charact erist ics, fi l l i n g of the 
bay was incomp lete. The volume of water exchan ged through Port Mansfield 
channel was small when compared to the vo lume of Laguna Madre «1 percent ). 
'Thus, the channe l did not si gni fi cant lY affect circul at ion and wate r qual 
ity in t he bay . However, suffi c "ent water is pr obably exchan ged to pre 
vent exceedingly high salinities from ev loping near the bay end of t he 
ch annel. 

A wave climat ology f or t he inle t are a was summar ized by calcul atin g 
a deepwat er me n wave hei ght and period f or e ach of t he ma j or onshore 
wave directions. The dominant dir cti on of wave approach at Port 
Mansfield channel is f r om the s outheast , wi th a me an significant wave 
he igh t of 3.5 f eet. Using t he longshore component of wave energy f ux 
to ~ alculate the longshore t r ansport r at e , a ne t t ransport rate of 164,250 
eubic yards (125,586 cubic me t er s) per year to the north is pr die t ed, 
wi th a gross transport rate of 1, 091,250 cubic yards (834,370 cubic me ters) 
pe r year. A net rate of 300 ,000 cubi c yards (2 28 ,000 cubic me t er s ) per 
year was given by Han sen (1960). 

With the present jett y spac i n g and channel l ength, a stab l e channel 
cross section is impos sible to achieve. Ve locities developed in the 
channel aTe insufficient to provide natura l s cour because of lar ge head 
loss es resu lting from f rict i on in t he ext emely long channe l. The in t er
cepted l on gshore t ransport greatly exceeds the channel' s sediment trans 
por t capability, r esulting in ext ens i ve shoa ling. To hydr aul i cally 
opt imize the channe l, the cr os s secti on would have to be reduced t o ab out 
7,000 square feet but the resulting aver age dept h of 7 f eet woul d con fl i ct 
wi th navi gat ion requi r ement s. 

To reduce dredging cos t s , studi es are necess ary to determine the 
fe as ib i l ity of extending t he s outh jetty or providing a mechani ca l by
pass i ng system for trans ferring s e iment to t he downdrift be ach. 
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APPENDIX A 

VELOCITY MEASUREMENTS, DISCHARGE CURVE, 
AND TIDAL DATA FOR 12 AND 13 MAY 1962 . 
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APPENDI X B 

VELOCITY MEAS UREMENTS. DISCHARGE CURVE. 
AND TIDAL DATA FOR 1 AND 2 AUGUST 196 2. 
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APPENDIX C 

VELOC ITY ME ASUREMENTS AND 
DI SCHARGE CURVE FOR 18 AND 19 DECEMBER 1962. 
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APPENDI X E 

SHORE LINE CHANGES AND CHANNE L SHOALING DATA 

Appendix E presents de t ai ls of changes in t he chan~e l hydr ogr aphy 
us in g f il l and scour map s and aerial photos . The f ill and scour map s 
ar e based on channel cross sect i ons taken at 100 -foot (30.5 meters) 
i n t erva l s . f r om stations 10+00.00 to 400+00. 00. The maps we r e cons tructed 
by plottin g the difference in elevation between t wo cros s sections t aken 
at the same location at different times . Isol i nes of depos ition and ero
sion were drawn and volumetric change s withi n t he channel were determined 
for var i ous channe l r eaches. Di s cuss i on of changes in shore l i ne con f i g
uration is based on peri odi c beach profile s urveys t aken adjacent to t he 
gulf. ent ran ce jet t ies . 

1. 1957 to 1959 . 

Fi gure E-l shows a fill and s cour map of Port Mans fi el d channel fr om 
stations 30+00 .00 to 400+00 . 00 (Fi g. 3) fo r Sept ember 1957 to J une 1959 . 
Shore l ine surveys fro m Septemb er 1957 to April 1962 are shown i n Fi gure 
E- 2 . 

The channel was cut t hrough Padre I sland on 23 September 1957 wi th 
the adj acent gulf shore line located near s t at i on 00+00 .00. Two s urvey 
peri ods (September 1957 to June 1959 and December 1957 to June 1959 ) 
were used to document chan ges in t he entire channel. Since cross se ctions 
were not obtained at t he channel ent r an ce immedi ate ly after dredging, the 
fi l l and scour map in Fi gure E-l extends only f r om stations 30+00.00 to 
400+00 . 00 . The fi rst survey of the channe l to include the entrance was 
taken in Dece mber 1957. However , because of the rapid deposition which 
had occurr ed be t ween Sept emb er and Decembe r 1957, t he Dece mb er s ur vey 
could not be used as the base s urvey for t he ent i re channel. Wat ts 
(1960 ), in a r eport t o the Commit t ee on Tidal Hydraul ics, gave a deposi
t i on rate of 26 cub ic yards (19.88 cubic meters) per foot of channe l per 
year from stations 07+25.00 to 40 +00 .00 for December 1957 to June 1959. 
Depos ition r ates f or vari ous channe l re aches fr om s tat ions 30+00 .00 to 
400+00 . 00 for September 1957 to June 1959, includi ng the total amoillit of 
material deposited , are sh own in Tab le E-l. 

Table E-l . Oeposi~ion rates for secti ons of Port Mansfie l d channel, 
September 1957 t o June 1959 . 

Deposit i on r ate/ f t Tota l Deposi t ed 
of channel/y-r 

S~at1on yd 3 m3 yd3 rn 3 

30+00.00 to 150+00 .00 8.6 6. 5 175,240 133,989 

150+00. 00 to 160+00 . 00 -5.0 3.8 (Erosi on) -8, 44 4 6,456 

160+00 .00 to 320+00 .00 9.2 6.9 249,194 190,534 

320+00.00 to 400+00 . 00 13. 2 10 .0 180 , 194 137, 776 

Overall avg. 9. 5 7.2 
Total 640 ,628 489 ,842 
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In general , t he dep o iti on r ates f o r the channe l increas e d t owards 
the mai n l an d \~'i th a average deposition r a te of 9.5 cubic ya r ds (7.26 
cubic me t ers ) per fo ot of ch anne 1 pe r ye aT f r om stat i ons 30+ 00 .00 and 
40 0 +00 .00 . 'he epa i ti on be t ween s ta t ions 30 +00. 00 and 15 0+00 .00 is 
assumed to be l arge y ma t rialarri in to the channel f r om t he gulf y 
wave or curre n t s . Howe er , s i nce t hi s w s t he lan d-cut p ar t of t he 
ch ann e l , the lar ge mi gr a tin g sand dune s on Pad re l sI nd al so may h a ve 
can rib ut e d I<lindbl own san d t o th e chan el. Short-t e r m fi e l d st ud ie s 
i nd i ca te a r at e of 4 cub ic y ar d pe r year pe r f oot of beach f or windb lown 
s an d t r an sport i n thi s a r ea (0 . \11 . I'ooda r d , pers onal communic tion, 197 6 ) . 
Excep t f or local e r a ion of t he hanne l ban os, t he on l y erosion within 
t he ch annel was b e t~een st ation s 1 0 +00 . 00 and 160+0 0 .00. 

The la r ge -t s h oa l i ng ra t e in t he ch anne l occU1Ted in the La guna ~'adr 
se ct ' on , f rom st a t i on s 320 +00 .00 to 400 +00 .00. Thi s dep o it i on app arently 
resu l t e d from \~in d-dri 'en wa e s or cu r r e nt s in Laguna 1ad re , \"hich may 
have act iv l y e r oded t he sp oil banks south of th e channel. 

'he e xt ensive recess i on o f t h e sh or eline be t IVeen Sep t ember 1957 an 
J an uary 1958 ( Fig . E- 2) \,'as ini t iated by storms that oC>..Ul'red in ~ovembe r 
195 7 ( Hans en , 1960). The s hor e ends of the north an d s outh jetties \,'ere 
fl anked by 124 fee t (37. 80 me t e r s ) and 288 f e e t (87.78 me t ers), respec
ti v l y . 

f t r t he period of svere r ce s si on . t he beach south of t he je t ties 
a ccre t e d si gni f i ~ an t ly t hr ough Dece mber 1959, \">'i th th e me an Se a level 
(MSL ) c ont ou r advanc i ng about 728 f ee t (221. 89 me t ers ) se awa rd along the 
s outh jetty. North of th E" i nlet , t he beach ac cret ed from the Janua:cy 
1958 condition, wi th an advan ce of the MS L contour of gene rally less 
th an 100 f e et (30 .5 mete rs). 

Within th e C 1 nne en t r an ce t he i n fl u x of litt or al ma terial \",as ac ce l 
er t ed by t h continuous s ubs i en .e o f t he t trapod j e t ti es and the chan
ne l n tran ce be gan to meande r southward near the base of t he jetties. 

2. 195 9 to 96 2 . 

Fi gure E-3 sh ows a fi ll and s C' our map for t he Port Man sfield ch <Ulnel 
from s tati on s 10 +00. 00 t o 40 +00. 0 fo r J une 1959 to Ap r il 1962. Deposi
t ion r a t e f o r al' ious chann re ac es from stations 10+00.00 to 400+00.00 
f or JUn e 1959 to April 196 2 , incl ud i ng t he total amount of material d pos
i t ed , are sh O\</11 in Tab le E- 7 

Tib ia E- Z. Oepo.!it lon fl t e j ro r l eetl o'/U of Port. n! f1e ld thannl!l l , 
Jun. 19S9 t o ..Apri l 1962 . 

Depo ' t ion ute-I f! of Totlal Dep051ted 
c:h ... n~ l /y r 

StuJon.s ydl .' yd
' .' 

lo·oo.ao \!iO· OO .Ofl ! .\ 6. ' 0 .n 1 , 1l2 2s.a ,222 

l SO' OO ~ O O l20 . 00 .00 Z,7 2, 06 129 ,S20 99 9 ,Oll 

J20 . 00 ,OO ~oo .oo , o o 1.9 I. .S "2,925 ll,S20 

O'/fln t l • vi · . , . ::s .16 
Tot . l 51 0, 167 lOO ,OH 
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The shoaling rate for the ent i 'e c l ~anncl from stations 10+00.Qll to 
400+00.00 was 4.4 cubic yards (3. : 6 cu b i c met ers) p -r f oot of channel 
per year. This is a significant dec r e a se from the 9 .5 cubic yards 
(7.26 cubic meters) per foot of chann e l per year experienced betwe en 
1957 and 1959. Depositional rates in tI le ch~nnel decreased toward the 
mainland, again a significant change fro m the previous survey peri ods. 
The extensive deposition along t h e north ern part of the channel be t \" e n 
stations 110+00.00 and 150+00.00 resulted from a meander in the cha n nel 
entrance. Since the channel entrance "'a closed for 47 percent of the 
survey period, this deposition may have resul ted from hindbl own s and from 
Padre Island, \,hieh during open-entrance conditions, is dist r i.buted a l ong 
the channel by tiJal currents. By 1960, the meander and a corr8spollding 
reduction in flm, area s i gnificantly r ed uced the tidal exchange through 
the inlet. The inlet throat in 1960 wa s limited to depths of 4 to 5 feet 
0.22 to 1.52 meters). The reduction in hotlI floh' area and tidal currents 
is likely to Ilave resulted in a decreased supply of littoral ma terial to 
interior regions of tIle channel as shown by the progre s: i ve land ward 
decrease in deposition in Table E-2. l he channel wa s completely closed 
hy January 1961, and construction of tlIe ne\\' j etti e ;:; \\'as undeT\\'ay. 

The channel entrance (Fig. E-4) has brie fl y opened in ncto ber 1061 
by a comb ina t ion of storm surge current sand \,ave act ion from llurri cane 
Carla (Hayes, 1967). The ne\\' jetties \':ere under construct jon at the t i me , 
and completed parts h'ere not darlaged. lloh'ever, considerable erosion and 
displacement of filler and core stone occurred at the incompleted areas; 
most cover-stone (armor) material Tel'lained undisturbed. The effect of 
Carla on the Port Mansfield shorelille aT a is shown in Figure £-2. The 
general recession of the SOut11 (October 1961) ~S L contour averaged about 
80 feet (24.38 meters) from the August 1961 position, h'hile the north 
(October 1961) ~ISL contour retreated ahout 160 feet (48.77 meters). 

The entrance channel jetties and dredging of the channel h'ere com
pI eted by rlay 1962; the postconstruct ion condi t Lon is shohn in fi gu re 
[-5. 

3. 1962 to 1965. 

The extensive deposition which occurred in the channel entrance (from 
stat ions -40+00.00 to 00+00.(0) bet h'een iliay 1962 and February 1963 is 
shO\m in Figure E-6. Annual shoreline changes from April 1962 (before 
the inlet opening in May) to August 1965 are shown in Figure [-7. 

Over the 10-month period after the inlet opening, 132,000 cubic yards 
000,927 cubic meters) of material \'I e re deposited h'ithin the regions 
shown in Figure £-6, h'ith an average shoaling rate of 4.7 cubic ya ' ci s 
(3.59 cubic meters) per foot of channel per month. The heavy deposition 
near station 00+00.00 probably resulted from ~ave-induced erosion of the 
channel banks. A bar across the channel between the offshore ends of 
the jetties h'as another area of significant deposition. A further 
investigation of channel shoaling during this period proved impractical 
due to the periodic dredging of the channel entrance (Table [-3). 

The November 1962 shoreline inside the channel entrance sho\\'s a re
cession of approximately 648 feet (197.51 meters) on the south bank and 
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Figure E-4. Photos of Port ~lansfield channel entrance, be for e and after Hurri cane Ca rla. 



Fi gure E-S. Port Man s fie ld channe l entrance, 
J anuary and J uly 1962 . 
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Tab l E " -.). Dredging hi s tory of the Port ~lansfield channel entrance. 

Station 

Period - 120+00 - 100+00 - 80+00 - 60+00 -40+00 -20+ 00 00+00 '10+00 20+00 

15 Apr. to 6 May 1962 85 3 ,164 

6 ,'lay to 11 May 1962 , 75,768 

16 May to 1 July 1962 309,002 

6 Feb. to 17 Feb. 1963 43,899 

8 Oct. to ~1 Oct. 1963 192,256 

6 July to 3 Aug. 1964 212~971 

10 Aug. to 20 Aug. 1964 90 1 170 

6 Oct. to 17 Nov. 1965 118 ,207 

19 Nov. to n Nov. ]965 82 ,924 
()) 
(>J IO Feb. to 28 Feb. 1966 161,489 

-i 
]8 Apr. to 8 May 1966 247 1903 

10 Apr. to 6 May ]967 178,317 

30 Oct. to 24 Nov. 1967 337,870 

14 June to 30 June 1968 228,103 

5 Aug. to 17 Aug. 1968 167,520 

4 July to 20 July 1969 217,940 
-1 

27 July to 30 Aug. 1970 341, 593 

9 Aug. to 19 Sept. 1971 394,387 

5 June to 17 July 1972 617,500 

28 May to 23 July 1973 277,900 

l Cubic yards. 



472 -ee t ( 143.8 7 me t e r s) on t he nor th bank from he openi n g condi t ions 
i n ~1ay 1962. 'n1is Te c ~ ion res u ted fr om IvilVE' 5 b reak i n g l~ i t h in the 
cha nne l ent r n ce. 

Re c ss ion of the chann 1 h anks be t ween t c j ~t ties I' as 50 se vere th a t 
j e t ty fl ank i n g bec ame a dis t i n ct pos sib i lity. There for e, st on e r eve tm n t 
to protect the bank s was tied in to t he toe s of t he j et t ies in April 1 65 . 

Fi gu re 2-7 shows an advan ce of t he 1S L con t ou r of aPP1"oxiT:1at el y 240 
fee t (73.15 meter s) al ong the outs ide of t h . s out h jett y bet\,'c cn 1962 
and 19 65, an d a general rece ss i on ad j acen t to t he nor th jet t )' . The fil
le t sout h of the channel a hi evecl 0. proximate e quil ib r j um condi t ions in 
the position of the MSL contour. 

4. 1967 to 1975. 

The annual sh ore1 i n ch anges f rom Au us t 196 7 t o Se l t e mb er 1975 aT 
sh own in Figure E-8. A general r e ces i on of th shorel i ne hetween August 
and etober 1967 occur r e d ; t he nor th ho a line l' ceded ~ O O fc c t (60 . 96 
met ers) and t he south sh ore l ine ret r eat ed ab u t 100 f e e t 30 . 48 me t ers ). 
TIwse ch an ge s h e 'e cause d by s torm sur ge an d \\[ ve s and current s as s o 
ciated with t he pas sage of Hun'Lane Beu l ah ac ross t h e south rn tip of 
Te xas on 20 Septembel' 196 7. AJ t hough th e f feet of Be u lah on t he ch annel 
itself was not quantitative l y do cume t e , st ron g eb :l curren ts prevai l ed 
for seveTal days aft erwa rd due to h e avy r ai n s j n th e int erior . The re
fo re , cons i derab le scou r of th e chan ne 1 l"obab J y occurr e d . 

After the s eve re erosion caus ed b y Hu r r icane 8e111ah, ha t h the n orth 
and south beaches accreteJ. By Augus t 1968 , the no th beach shore l ' n e 
ad van ced se awar d about 200 feet (6 1 mete r s ) near t h e jetty wh i le t h e south 
beach shore l i ne advanced generally l ess th an 50 fee t ( 15 .2 meters). Th e 
1969 s r vey s h ",' 5 little ch an ge in t h e Sal. th heach s ho re line, a lthough 
the north beach re ceded about I SO fe e t (45 . 7 ~lleter s ) e xce , t at the j ett y. 
By 1971, the south beach had ac cret e d a maximum o f 120 f ee t (36.6 me ters), 
and the north beach continued to e r ode wi th a re ces s i on of about 420 feet 
(128 meters) near the jetty. The 1972 su r e y i ndi cat d gell e ra l e ' sian 
of both north and south beache s in the i mmediat e v i c i ni tv of the j e t tie s. 
The 1973-75 surveys s hol\'ed little ch ange in t he MS L, s hor e line posi t ion 
adjacent to the south je tty. The s horel i ne advance on th e ou t h beach 
was less than 60 feet (18.3 meters) dur i n g th is ncriod . TIle MS L shore 
line po si tion immediately ad jac en t to t he north j et ty fluct11at ed , wit h 
no net change in the sh ore line Jiosit i Ol f or m 1972 to 1975. 

The influence of tl1 t' jetty system on the shore l i nes adjacent to t he 
inlet is sh Olm in F- gure E-9. Note that t h e s me gene ral t r en ds i n ero
sion and acc r e t ion occur over 9, 000 f eet (2,74 3 me t e r s) fr om the canne l 
on both the north and s outh beach s . 
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