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FOREWORD

Atmy Regulation 870-8 provides, i part, as tollows:

Orpamizational history is the entire body of events concermd with specific military
organizalion, s patticipation as part of, aml it contribution 10 the objectives of the
Larper miditary forees to which it has belonged, Unit history is the written narrative record
of a spectitc military  onsnization. Commanders of all organizations subordinate to
Headgnarters, Department of the Army, are respomsible for preparing o unit history for
thetr organization,

The U S, Army Enaineer Commitiee on Tidal Hydvaulics, staffed by civilians, is under the supczvision
of the Department of the Aoy through the Chiel of Engineers, Comps of Engineers, U, S, Arnny,
Wirshineton, D,

Signiticant to the fastory of that Commmittee are the circumstances which led to its establishient
it FRES These arcinmstanees developed throngh a series of events that are deemed worthy of recond.

Farly in the 1940°, engineers at the 10 S0 Amny Engineer Waterways Experiment Station ot
Vicksburg, Mississippi, had - completed comtenction of the then Targest hiydraulic model of u constal
estuary—the Savannah Feabor Model, Thas model had been molded in conerete with the hope of feaning
how 1o reduce o prevent the heavy shoabing prevaiiing in the authorized navigation channel of that
lhor, The Tate M Ralph ¥, Rhodes, VLS, Ammy Engineer Disteict, Savannah, held high hopes that
the medel would verify the field measrements of current velocity and direction which, he recognized,
appeined contradictive moseveral aspeets, including the fact that surface and bottom currents often were
in opposite directions,

The preat day eventually artived when the model was fed with fresh water, upland discharge was
simulated, and the tide generators were placed in operiion, Current directions and velocities were
measured in the maodel for verification with ficld observations. These verification efforts, however, were
completely disappointing, for ne ratter how the model was operated, it was not possible to correlate
the model velocities and surface and bottom current directions with prototype measurements. This was
a matter of great concern as it meant thay years of planning, ficld work, and model construction had
come to naught. In desperation, all possible expedients were employed by the Waterways Experiment
Station: model staft and Mr. Rhodes, but the problem could not be readily resolved.

Finally, Mr, Joseph B. Tiffany, Technical Director of the Waterways Experiment Station, suggested
10 Messes, G B. Fenwick and 1L Rt Simmons, engineers in charge of the model, that water with salinity
comparable to that of the prototype ocean be used in the model ocean in licu of fresh water, This
suggestion was followed and the model immediately and accurately reproduced the field observations,
even though these measurements revealed that lows vary considerably in the vertical throughout the
estuary, and that bottom currents do not necessarily flow in the same direction or with the same strength
as surface currents, This fortunate discovery led to the initial recognition in the United States that density



cusrents constitute one of- the major forces controlling estuarine hydrauhics and shoaliag, and mdirectly
wis responsible tor the esiablishment of the Committee on Tidal Hydraulics,

During the late 1940', information beiny Jdeveloped in ihe Savannal hydralic model was discussed
many times by Mr, Tiffany, Mr. Rhodes. and My, Clarence F. Wicker of the U. S. Army Zngineer Distriet,
Philadelphia, who was then planning a very large hydraulic model of the Delaware Rever. Rec. gnizng
that taere should be some means of disseminating to Corps estuary engincers the fundamental type data
and mformation being derived from the Savannsh River model and likely to be developed i the soon-te-be
Delaware River model, they conceived the idea of a Corpw-wide civilian committee for this puspose.
Mr. Wicker agreed to write a letter for his District Engineer to sign, so propusing to tiae Office, Chicf
of>Fngineers. "The latter office approved the suggestion and established the Commttee on Tidal Hydraulics
in October M8, Thus, from this unusual beginning the Commitiee has been functioning for more than
22 years at the time of writing of thiz history.

This History of the Committee on Tidal Hydraulics was compiled and  prepared by
Me. John B. Lockett, Recorder of the Commnitice, with the assistance and counsel of all members and
consultants of the Committee.
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HISTORY
OF THE
CORPS OF ENGINEERS
COMMITTEE ON TIDAL HYDRAULICS.

ESTABLISHMENT OF THE COMMITTEE

The need. (or research by the Corps of Engincers in the fieid of tidal hydraulics was first recognized

by Messrs. Joseph B. Tiffany of the U. S. Army Engincer Waterways Experiment Station, Ralph F.
Rhodes of the U. S. Army Engincer District, Savannak, and Clarence F. Wicker of the U. S. Aimy
Engineer District, Philadelphia, during the cousse of hy diaalic iuodel studies of the-Savainah and Delaware
Rivers, conducted at the Waterways Experiment Station in Vicksburg, Mississipr.,, durmg the 1940'.
From this recognition, this neced was formally outiined in a-lctter, dated 18 February 1947, from the
Dircctor, Waterways Experiment Station, to the Chief of Engineers, subject "Funds for General
Investigations and® Resemch for FY. 1948." Almost concurrendy, coneern over this need was also
eapressed by the District Engineers, Savannah and Jacksonville, As the result, Jtem No. 16, entitled
"Tidal Flow in Rivers and Channels,” was mcluded in the 1948 C.vil Works Investigation Program, but
nu work was uthuized at that time, On 22 September 1948, the District Engineer, Philadelphia District,
in a letter to the Chief of Lagineers, subjeut "Civil Works Investigations,” recoimended the establishment
of the Committee on Tidal Hydraulics. In response thereto, the Chief of Lngmeers, by letter daed
20 October 1948, to the Division Enginecr, U, S. Army Engincer Division, Noith Adantic, subject
"Establistzuznt of Committee on Tidal Hydraulics," stated:

At the suggestion of e Philadeiphia District and the North Atlantic Division, this office

is establishing a commitice (o be kaown as the “Comvnittec on Tidal Hydraulics,” the

fanction of whizly will be to study the available theory on tidal hydrautics and the tidal

hydraulic problemis of the Corps snd determine whether a progran of general

evperimentation on this subject is needed, 1T such an eaperimental progrant is found

desirable, it will wlso be the function of the Committee to prepare an outline of such

a program for submission 1o this office for approval as an item in the Civil Works

Investigation program and, if approved by this office, to eaercise general supervision over

this item of the Civil Works Investigation program, ...Lxpenses of the Commitice will

be charged to the 1949 Civit Works program, For tis purpose, Hydraulic (Iype B) stem

No. 16 entitled “Tidai Flow in Rivers and Chavnels” of the 1948 program will be

reestabilished as Hydravlie item No. CW 816 of the 1949 program with the same title,

Yands in the amount of §5,000 will be set aside to cover expenses incurred dunng the

present fiscal year.

At the first meeting of the Committee, held in "he oifices of the Beach Erosion Board, Washington,

D, C, on 1233 Janvary 1949, an exhaustive discussion of the subject assigned led to the delimie
wonclusion thal a comprehensive program of rescarch in tdal hydraudics and related ficlds was wgent™
needed within the Corps of Lugineers, 1t was recognized that adequate information was notably lacking
(o determine the corredt relution between width, depthi, cross section, and alignnwnt of tdad waterways
in order 1o ubtain the most fuvorable design for thaintaining or incicastog the tdal puses, for secuning
o1 maintdining desired project diannels, for deteanining in advanee the duanges w the udal icguen
of a nver or estuary as a tesult of the proposed major physical changes, for predicting the tides and

carrents e a tidal canal (o be built ot waproved, for dedigning the regulatory works for the control




of-tidal inlets, for obtaining the-most favorable resultants from tie avtivn of saltwater wedge mosements,
etc. It v.as noted that coastal distrivts frequently are respon.bic Tor planning imurovements necessary
to secure and maintain an increased width or depth Lf project channel, ur to exend upsireant the imits
of an existing navigation channel. However, available techinical information on this subject was not
sufficient to enable <he design engineer to plan reguistory works with any assurance that they would
secure the desired results; spacifically, i, the case of the desired extension upstream of a navigation
channel in o -tidal river, the extent of improvements required m the fower reaches of the rives necessary
to improve its -tidal characteristics was not hiown. The Committee held it the comprchensive
investig-tions contemplated should cover not only the-hy Jraulics of tidal 1. 15> and estuaries but also
the salinity conditions in such rivers and estuaries as relat . to tidal phenomena, and shoaling processes
as related to both tidal and salinity phenomena. The Con aittee believed that sahinily corrents m most
tidal rivers were so closely related to tidal phenomena {hat a comprehensive study of the one was
impossible without considering the other. Mureover, it w.i, believed that the processes whereby matersal
is moved to and deposited in the navigation chaunels of tidal waterways, while aut pioblems of tidal
hydraulics in the strictest sense of the term, are Jdosely related to the hydraulic aud saunity phenomena.
In view of the above, it was the considered opinion of the Committee that a program of research on
these subjects was essential to a better understanding of the natural piocesses invelved and offered the
likelihood of high dividends from the cost of sui investigations in the foun of reduced maintenance
cost. It was aereed by the Committee that s aclivities, in order to be worthwhile, should be comprehensis 2
in scope. including not only tidal hydraulics as such but also the related processes which contrbute
10 channel shoaling. Also, these investigations should not be confined to any restricted Jocalities, but
rather should include all the tidal arcas for which the Corps of Engineers 15 responstble.
At this initial meeting, the followmg objectives of the Committee were formulated.
a.  To evaluate the present state of knowledge of tidal phenomena of interest tc the Cerps
of Lngineers.
b. To recommend programs ol study, investigation, and research designed to vrovide the

knowledge necessary to arrive at adequate solutions for the enginee.ine problens associated
with tidal waterways.

¢.  To excrcise technical supervision of the prosecution of the recomi wnded mograms.
Subsequently, thronag! the years, these objectives were modified 1 the light of known sieeds and
now, as stipuiated in Engineer Regulation 15-2.5, dated 19 April 1971 (see Appendin A), are:

a. To maintain a continuing cvaluation of the state of knowledge required for the
improvement and maintenance of tidal waterways.

s,

o.  To recommend studies, investigations, and 1esearch designed to provide the knowledge
necessary Lo arrive at adequate solutions for the engineering probleme assocuted with tdal

waterwiys,
¢.  Te exercise advisory technical supervision of assigned programs.
¢ To pubbisi and disseminate pertinent information.

e To rend  such ¢ anultrag service on specilic problems in tidal waterwar s as may be
reainsted by vanows caganizations of the Coips of Lgineers.

#{EMBERSHIP OF THE COMMITTEE

The directive which established the Committee requited that i vistup be contingent on extensive
Lnowledge and wide expenence in the field of tdal hydraulies and redated phenomena. and hese




considerations:were paramount in selection of the originial charter and all Lubsequent Commitice members
trom the civilian component of the Corps of Engincers. Members of the Committee are appuinted by
the Director of Civil Works, OCE. Pertinent information regarding employces sv appuinted as.members
of the Committee is shown in the following tabulation:

Reason
for
Name Home Office Tenure ! Leaving
James R. Johnston? North Atlantic Division 12 Jan 49 to 31 Dec 65 3
Joseph B, Tiffany? Witesways Experiment Station 12 Jan 49 10 31 Oct 09 3
Berkeley Biackman South atlantic Division 12 Jan 49 10 10 Aug 51 3
Martin A. Mason Beach Erosion Board 12 Jan 49 to 1 Sep 51 5
Ralph F. Rhodes. Savannah District 12 Jan 49 to 30 Nov 49 3,6
Oscar Rosenzweig Philadelphia District 12 Jan 49 to 4 Mar 52 Deceased
Jacob 1. Douma? Office, Chief of Engincers 12 Jan 49 to Present
Clarence F. Wicked® Penadelphia District I Mar 49 w0 31 Dec 6l 36
Richard O. Eaton Beuch Erosion Biu I Mar 49 to 31 Dec 63
Edward A. Schultz San Francisco District 12 Nov 51 to Present
Robert E. Hickson North Paeific Divisicn 29 Jan 52 0 30 Apr 54 3
loseph M. Caldwell Coustai Enginecring Research 19 Oct 34 1o 2 Mar 71 9
Center
Harold W, Feldt Southwestern Division 19 Oct 54 to 14 Scp 57 s
Henry B. Simmons!® Waterways Experiment Station 19 Oct 34 to Present
Tohm C. Materoft South Pacific Divisiun 19 Oct 54 to 31 Jul 63 3
John B. Lockeu North Pacific Division 28 Oct §8 to 30 Jul 70 3
Clement P, Lindner South Atantic Division 28 Oct $8 to 30 De. 066 3

Atbert B: Davis, Jr,

John B. McAlcer

P, Alfred Beenel, Jr.
Thorndike Saville, Jr.

Joseph F. Phillips
John W. Harris

Galveston Distriet

Office, Chief of Engincers

New Orleans District

Coastal Engineering Research
Lventer

Philadelphia Distriet

2 Oct 62 to Present
2 Oct 62 1o Piescut

28 Jan
30 Jun

64 to Present
64 to Present

20 Jun 66 to Present

13 Jun 67 to Present
17 Oct 07 to Present
9 Mar 71 to Present
9 Mar 71 to Present

Savanngh District

Office, Chiel of Lngincers
Waterways LExperiment Station
Seattle District

Eugene B. Conner
Frank A. Herrmann, Jr.
Dwzin F. Hogan

.l, As determined from date ob areeting first atlended av member and date of leaving,
~ Tumporary Chairman, 15t Mecting.
3 petired from Tederal service.
4 Recorder, 12 Jan 49 to 30 'an §8, Acting Chairman, 30th Meeting, Chattman, 1 Jan 62 to 31 Out 69, subsequently
employed as Chairman-Consultant 16 Jun 70 to presen.,
2 Resigned from Corps of Engin: ers,
Subscquently employed as Comsaltant to the Committee,
" OCE liaison member,
8 Chairman, | Mar 49 to 31 Dee 61,
Resigned and transferred to OCE.
Acting Recorder, 30th Meeting; Kecorder, 1 Jul 58 (o 30 Jun 62,
Recorder, 1 Jul 62 to 30 Jul 70; subsequently cmployed as Recorder-Consuliant, 18 Nov 70 to presem,




CONSULTANTS

R | U 14

The Committee has also made use of recognized experts in the field of tida! hy- aulics, both ouside
and within the Federal Government, as consvliants in sonnection with its activities. lis copsulianis, so
employed, are listed in the following fabulation:

Reason for
Name Home Office Tenure! Leaving
Dr. Boris A. BakhmetesT Columbia University § Jul 49 to 21 Jul 51 Deceased
Dr.-Lorenz G. Straub University of Minncsota 12ul 49 1027 Oct 63 Deceased
Mr. Ralph F. Rhodes Savaan:a, Ga, 23 say 50 to 30 Nov 54 Retired
Dr. Martin A. Mason Georze Washington Univessity 29 Jun 52 to30Jun 57 Task completed
Dr. Hans A. Einstein University of California 21 Apr53 1030 Jun 61 Task completed

Dr. Arthur T. Ippen?

Massachusetts Institute of

24 Feb 54 to Present

Techinology
Dr. Donald W. Pritchard
Dr. Garbis H. Keulegan

10 May 55 to Present
2 Qct 57 to Presen,

Johns Hopkins University
Bureau of Standards and WES

Mr. Clarence F. Wicker Philadelphia, Pa. 6 Mar 62 to Present
Mr. joseph B. Tiff; any3 Vicksburg, Miss. 16 Jun 70 to Present
Mr. Joha B *.ockett3 Poriland, Oreg. 18 Nov 70 to Present

As determined from date of meeting £irst atiended as consultant and date of leaving,

On sabbatical leave for approximatidy one year beginning in the Fall of 1964, during which timie 1. D R, F, Harleman,
Mas<achusetts institute of Technology, served as consultant to the Committee in Dr. Ippen’s abscence,

Although employ ed as consultants, thess former employees of the Corps of Engineers are considewed niembers of the
Committee putsuant to the provisions of ER 15-2-5, dated 19 April 1971,
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MEETING REGISTER

Meetings of the Committec are ~slled by the Chaimnman swhenever the problems for Commitice
consideration warranl such action. At least two and ot more thap four mectings have been held annually
by the Committee throughout its existence. These meetings have generally been held in the offices of
the coastal Corps of Engincers Divisions amd Districts, the Ceastal Engineering Research Center, and
the Waterways Experiment Station, at the invitation of the Officers in Charge of these installations.
A listing of the dates and location of each meeting of the Committee is contained in Appendix B.
Group photographs of the Committee, its consultants, und guests taken at seme of these meetings are
shown in Appendix H,

MEETING PROCEDURES

Meetings of the Committee are cither open or closed meetings. The open meetings are generally
divided ir:tv technical sessior , at which interested representatives of the Federal Government and state




and local ageitcies as well as private enterpiise are invited to aitend; followed by executive sessions at
whicii only niembers.and consultants atiend. Closed meetings are usually held for.administrative p.esposes
and are generally executive in nature, The technical sessions of upen meetitigs are normally opened weth
1 nole of velcome by the Officer in Chasge of the instaflation at which the-meeting is held, or under
whose auspices the meeting is held. Following this, the Chairman leads in the introduction of Commutice
members, consultants, and guests. Thercupon, in accordance with preerranged agenda, the technical sessions
consist of presentations before the Conumitiee of tidal hiydraulics problems, generally in-the lowle of
the meeting site, by inforined Corps of Lnginccrs representatives, during which-open discussions op the
pertinent details of the problems nommally ensue. Upon -the compietion. of these presentations and
discussions, the balance of the technical sessions are devoted to presentations of generalized reports by
members concerned on the status of preparation of Comniitee reports, Committee rescarch programs,
and items of general interest to Corps ficld personnel engaged in the field of tidal hydraulies. At meetings
where such would assist ihe Committec in its understanding ol the problen: or probfems at hand, the
techaical sessions ma, b~ preceded by a field inspection by the Committee of the problem area. Followmg
adjournment of the technical sessions, the Committee goes inta exccutive sessions generally on the last
diy of the meeting. At the executive sessions, the first-order of business usually involves discussions
of the problems presented during the technical sessions, the development of plans for resolutton of these
problems, and the assignment of tasks necessiry (o develop and transmit the views of the Comyuittee
on these »roblems to the Corps field ofice concerned. A large-part of cach eaccutive meeting 1s devoted
to the monitoring of the status of Committee rescarch programs, wnalyzing tie findings of this.rescarch,
exploring the need for further research, and developing the means fur dissemination of new knowledge
gained through these rescarch activities, Also coming under Jose purview of the Committee during these
sessions are the status of its publications, its budget, snd new policies and piocedures essential to the
fulfillment of - the mission of the Committee, The Recorder of the Committee prepares detailed nunutes
of each meeting, which are reproduced and distributed to interested Corps of Engineers offices and
employees, rescarch laboratories and institutions, as weil as (o concerned parties throughout the world,

ACCOMPLISHMENTS OF THE COMMITTEE

Accomplishments of the Committee can be categorized into (a) investigations and scientific research
of tidal hydraulics phenomena, (b) the furnishing of consultation and advice to Corps of Engincers field
offices in the planning, construction, and maintenance of improvements in tidal waterways, (¢) the
pubiication and distribution of appropriate Commiltee reports and papers to foster development and
disseminat” n of knowledge in the ficid of tidal hydraulics, (d) special missions, and (¢) savings enjoyed
by application of new knowledge gained through Commniittee rescarch.

Investigation and Scientific Research

The investigation and research activities of the Commitlee are gearca to the accumulation and
development of new knowledge for specific use by the average coastal engineer of the Corps in the
securing and mainienance of adequate navigation facilities in the tidal waterways of the Natiop at minimum
cost. The Committee commenced ifs ctfort in this direction in 1949 by making a careful apprasal of
the then existing field of knowledge of tidal hydraulics phenomena and the effect of these phenomena
on the planniug, construction, and maintenance activities of the Corps in tidal waterways, This appiasil
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revealed serious-gaps in the knc./ledge-of the engincering profession in this field at that time, and as
a consequence, the Committee launched a program of. investigation and research designed to-fill these
gaps in knowledge. This program, imodestly initiated by the Cesmamittee in 1951, now fnclides -or
contemplates work of rescarch in :the following -subjects:
a.  Hydraulics
(1} Tdes and Currents in Tidal Waterways
(2) Salinity Intrusion and Related Phenomena
3) Velocities, Directions, and Distributions of Currents in- Tidal Waterways
(4) Pollution and Flushing
‘b, Leology
c.  Scdimentation Processes
(2, Sources of Sediment
(2) Characteristics of Sediment
(3) Mechanics of Sediment Scour, Transport, and Deposition
(4) +locculation Processes
(5) Stability of Deposited Sediments
d.  Design -of Channels and Stabilization of Inlets
(1) Design of Channels for Safe and Economic Navigation.
(2) Design of Channels for Least Annual Cost
(3) Desigri and Layout of Chaunels and Structures for Stabilizing and Improving Inlets
e.  Maintenance and Improvement Practices
(1) Dredging Methods
{2) Spoil Disposal
(3) Kegulatory Nicasures
f.  Ficld, Analytical, and Laboratory Procedures
(1) Measurement Methods and Instrumentation
(2) Sampling and Analysis of Suspended and Bottom Sediments
(3) Use of Models
(4) Use of Analogs
(5) Use of Computers
(6) Tracer Techaiques for Investigation and Study of Pollution and Shouling
(7) Data Assembly and Analysis
A esume’ of rescarch sponsored, cosponsored, cncouraged, or proposed by the Committee in the
above subject arcas is contained in Appendix C hereto,

Consultation and Advice

The Tommittec has rendered professional consulting service and advice on a large number of
navigation and 1 -lated problems developing in the tidal waterways of the Nation in response to requests
of ‘ifferent organizations of the Corps of Enginesrs, This service has been extensively used by District
and Division Engincers in connection with the resolution of many problems, and the advice tendered
to the requesting offices has been recorded in the Minntes of the Committee's meetings or in letters
and formal reports. As of 30 June 1971, the Cemmittee has considered problemss and rendered consulting
services on 69 Corps projects thronghout the Nation, much of the service being on a continung basis




from the initial stages of plinning: through -the construction and.muinten:nce stages. A hst of projects
on which the Commiitee fas given consultation service iy shown in Appendix D.

Committee Reports

From time o time, the Committee publishes. and disseminates reports and related -datz.on tidal
hydraulics phenomena wiih the view to fulfilling .these responsibilities .and objectives. /s shown in
Appendix F, these publications have taken the form of (1) Commutiee Reports, (b) Cosnmttee-Technical
Bulletins, and (c) Reports onSpecific Tidal Jydiaulics Problems throughout the Nation. The Committee
Report Series is reserved for those documents of gener:d walue to 4l coastal ofhices of the Corps of
Engineers, irrespective of location or type of tidalhydraalics problem-involved, This scries was inaugurated
in February 1950, less than two years after establishient of the Committee, by publication of Repert 1,
"Evaluation of Fresent State of Knowledge of Factors Affecting Tidal Hydraulics and Related Phencmena.”
This report was revised and brought up to date by the:Comnttt in May 1968 to incorporate the.advances
made-during the intervening 15-ycars by publicatin of Report 3. bearing the same title. Like the original
report, the revised publication consists of chapters {repared by members and consultants of the Committee,
cach dealing with a phenomenon affecting' the solution of tidal hydiaulics problems and their related
aspects. Commiitee Repe * 2 and its supplements constitute o readily usable bibliography on thie different
phases of the tidal hydsaulics field which is continually being brought up to date as-new publications
are prepared and dissendnated,

The results of special technical investigations of tidal hydraulics. phénomena sponsored by the
Conunittee, as well as other outstanding studies in this field, have been. published by the Cormittee
in the form of technical bulietins, A total of 17 such bulletins, covering important research endeavoss,
has been published as of 30 June 197i.

As mentioned above, the Committee, in response 10 .requests from field offices of ihe Corps, has
reviewed and recommended courses of action to be taken toward solution of many tidal hydraulics
problems throughout the United States. The results of Comv vittee deliberations of these problems were,
for many years, furnished the field offices by means of letters addressed by the Chairman to the Division
Engineer concerned. These letters conteined valuable information and findings of general interest; but
as they were merely letters, they were retired to-the files after their original purpose was served. As
a consequence, these valuable findings and information were not nommaliy available to the average coastal
engincer when confronted with a similar tidal hydraulics problem: in a different arca. In an effort to
avoid this situation and to establish 2 more permanent and readily available record of these deliberations,

the Committee in December 1960 adopted e practice of publishing significant findings in report form

with an appropriate binding to distinguish them from the usual -routine publication. A total of 34 such
reports has been published to date. Committee Technical Bulletin 12, published in 1966, assembled and
presented the most significant of the previously unpublished letter reports.

Although as indicated in Appendix E several of the Commn,. ~2 publications are now out of print,
copies of available publications may be seeured upon application to u,* Recorder, Committee on Tidal
Hydraulics, ¢/ U. S. Army Engincer Waterways Experiment Station, 1. Y. Box 631, Vicksburg,
Mississippi  39180.

Special Missions

During the course of its existence. the Committee imposed upon itsell certain additional tasks or




was calied upon to pecform specio® assi. 1ents designed 1o further merease the state of hnowledge of
tidel hydraylics phenomena, & description of such missions and the avconiplishinents thereol are contained
in Appendix F.

Application of New Knowledge

Perhaps the -most significant accomplishments of the Conunit . on Tidal Hydraulics, which were
shaced in their fulfiltiment by the field offices of the Corps of  gineers, were savings-in construction
cosis and subscquent maintenditce costs of tidewater improvements made -pussible by the apphcation
of new knowlédge pained through Committee research endeavors, These accumplishments.represented
savings of many willions of dollars to the Corps of Engineers through the proper design of these
improvements; utilization ¢ improved dredging and spoil dispusal technigues, by not undertaking proposed

work, which might otherwise have been compleied, were it not for hydrautic medel studies hat

demonstrated the work to ! ineffective or detrimental; and- office or field studies u.adertaken at the
recommendation of the Cor .f¢ce,

BUDGET HISTORY

‘Funds supporting Committee activities have heen derived through the years from allotments made
from the former Civil Works Inves, zations Program and the present Engincering Studies Program of
the Corps of Engineers. These yearly allotments have always been quite modest in magnitude but the
achievements made by the-Committee with these limited funds «ie quite remarkable. It is doubted that
any -funded Corps activity has ever yielded the moneiary and other benefits made possible through-the
acquisition and application of new knowledge gained through Committee use of these “unds. A hsting
of funds expended by the Conaittee for each fiscal year of its enistenie under the different ES rescarch
programs is shown in Appendix G.

PROPOSED FUTURE RESEARCH

It is anticipated that the Conmmittce will continue to completion its present program of vestigation
and rescarch, and will recommend and prosecute new and additional rescarch os the need anses until
all basic information required for the achicveaent of adequate engineering solutions to those probivins
in tidal waterways of concern to the Corps of Engincers has been developed. As guidance in this tash,
the Committee, beginning in 1964, developed its ¢wn program document, which is continually being
revised to reflect current research needs,

At the present time, fulfiliment of the Committee's current program of research is visualized to
require additional work in the following arcas:

a. S 843, Salinity Intrusion and Related Phenomena. Phase 1V of this research program
requires advancement to determine the effects of vertical velocity distibution on the
transportation and deposition of sediments as mentioned in Appendix C. Some of the
matters to be investigated include:

(1) Unsteady-state salinity distributions with a view to determining the time required
for a system -to adjust itself to a change in conditions that are factors in salinity
intrusion.

(2) Relations between sediment motions and a steady-state salinity distribution 10
determine whether sediment formis @ shoal in equilibrium and, if so, the distribution
thereof,

(3) The effectiveness of bubble curtaing in an estuarine and saline environmendt,




(4) Distribution: of pollutaats in a tidal waterway with a view to determining whether
such distribution diverges from the normal salinity distribution,

(5) Characteristics of lateral distribution of salinity (Z dircction) and the effects of such

- dictribution on the transportation ard.deposition of sediments,

b. ES 844, Office Investigation of Existing Datg on Tidal Entrances. Further correlation of
existing data on tidal entrances to develyp empirical relationships of inlet characteristics
wil b2 required as new data become available.

c. ES 845, Tides and Currents in Tidal Waterivays. With regurd to estuaries open.to the
oeean at one end and -canals or waterways convecting two independent tidal waterways,
arens for-additional research include (1) extension of the.onc-dimensional, finite difference
formulation to-inclede tidal problems with multiple channel junctions as in the case of
Aidal- delta networks, and (2) an extension of the nonlinear, finite difference formuiation
to two-dimensional tidal motion, including the Coriolis term, for application to wide
estuaries and tidai embayments. ‘Wirh respect to canals or waterways-extending from one
tidal body to a bay or lagoon not having an independent. tide, further study cnvisions
definition of the effects of geometric parameters of the inlet on the head loss through
the .infet, flow patterns throughout the inlet, and the effects of more than onc inlet
connecting the occan with a single bay or sound.

d.  ES 856, Shoaling Processes. Although some breakthrough in the securing of new knowledge
regarding the mechanisms associated with the processes. involved in shoaling has been
achieved as discussed.in Appendix C, much more intensive research will be necessary before
the goal of developing sound methods for making an analytical determination of prospective
channcl shoaling rates and for design of corrective measures for shoaling of existing projects
is achieved. Further work is also required to detennine the mechanics of slip and tributary
shoaling. In the arca of sampling and packaging of estuarine sediments it is anticipated
that a modest program to formulate recommendations for improvements in existing
equipment aad procedures andfor the development of new equipment and procedures will
be launched in the near future,

e. S 860, General Coastal hlet Studies. This rescarch program will be vigorously prosecuter
in general accordance with the proposed plans ovtiined in Appendix C.

In the sphere of new rescarch, it is anticipated that the Committee will soon be involved in the
formutation and prosecution of a S-year program of rescarch leading 1o engincering design of navigation
channels in tidal waterways, now under consideration in the Office, Chiel of Engincers. While the design
of such channels in the past has been based largely on tule-of-thumb considerations, the Commnttee
believes that safer and more economical design can be effected through engineering analyses of fuctors
involved including the increasing size of commercial vessels, effect of vessel squat, vessel clearance above

channel bottom, horizontal clearance between channel banks, minimum channel curvature, effects of

restricted channels, and cffects of waves and winds on navigation, The Committee is of the opinion
that the S-year pregram should concentrate on arcas of deficient knowledge such as (a) behavior of
vessels in wide and shallow waterways, as well as in restricted waterways, (b) effect ol vessel squat
on passing, (¢) vessel motion due to waves, (d) handling characteristics of vessels when passing, (¢) effects
of winds, currents, and waves on heading of vessels, (f) optimum channel ahgnment, and (g) appropriate
depth and width considerations,
Other presently visualized arcas of needed new research and development include other areas and
subjects mentioned in the project document, with particular emphasis to:
a.  Dewimine the cffects of engineering improvements on prevailing estuanne ccology.
b. Followup on compieted projects te ascerlain how functioning of these projects has
conformed to past predictions of their performance.
¢.  BExpand electronic computer techniques, including ihe deveiopment of automatic data
gathering and rapid display of prototype measurement results.
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DEPARTMENT OF THE ARMY ER 15-2-5
£fice of the Chief of Engineers
ENGCW-EH Washington, D.C. 20314

Reguiation 19 April 1971
‘\!Q . 15"3 "5

BOARDS, CCMMISSICONS AND COMMITTEES
‘Committee on Tidal llydraulics

1. Purpose. This reguiation pfesqribes the composition of the Corps
of Engineers Committee on Tidal Hydrauiics and the objectives of its
work.

2. Applicability. This regulation is applicable to the committee mem-
bers as well as to all installations concerned with the various aspects
of tidal hydraulics.

3. Objectives. The objectives of the Committec are:

a. To maintain a continuing evaluation of the state of knowledge
required for the improvement and —nintenance of tidal waterways.

b. To recommend studies, investigat ons, and research designed to
provide the knowiedge nccessary to arrive at adequate solutions for
the engineering problems associated with tidal waterways.

¢. To exercise advisory technical supervision of assigncd programs.
d. To publish and disseminate pertinent information.

e. To render such consulting service on specific problems in
tidal waterways as may be requested by various organizations of the
Corps of Engincers.

4. Compcsition. The Committee on Tidal Hydraulics is a continuing
committec of which the members are civilian or fermer civilian engineers
of the Corps of Engincers having expert knowledge of tidal theorics

and tidal problems. Members of the Committec are appointed by the
Director of Civil Works, OCE. The Committee designates two of its
members to sevve as Chairman and Recorder, respectively. The current
membership of the Committee is sinown in Appendix A to this regulation.

5. Responsibilities. The Committee functionn under the direction of
the Chief of Engincers and is responsible for:

This Regulation supersedes ER 15-2-5, 8 Junc 1964
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a. Annual review of -existing and proposed programs of reseawsch,
studies and investigations designed to provide Knowledge for the more
efficient improvement of tidal waterways for which the Committee has
been ascsigned advisory technical supervision.

b. Recommendations to Chief of Engineers in regard to type, scope
and funding of assigned tidal hydcaulic investigations.

c. Continuous advisory technical supervision and guidance of
assigned vesearch studies and investigations in the tidal hydraulics
field.

d. Providing upon request consulting services on specific tidal
hydraulic problems to officers in charge of Corps of Engincers’
organizations and to the Chief of Engineers. In order to maintain a
proper balance of Committee advisory service, the following procedures
will apply:

(1) Beach erosion control projects and specific coastal engineesring
projects which have no questionable tidal hydraulic features should be
referred for review through normal channels and not to the Committee on
Tidal Hydraulics.

(2) Coastal engincering projects which are not unduly complex but
would be of interest to the Committee and for which the Committee's
advice on some aspects may be helpful should be presented to the
Committec at one of its meetings. The Committee's advice will be
confined to discussion at the meeting and a recording of the discussion
in the Committee minutes.

(3) Majo:* coastal engincering projects for which the Committee's
advice is desired on project formulation or complex tidal hydraulic
features should be presented and thoroughly considered at a Committee
meeting, after which the Committee will give further consideration to
the problems in executive session and later individual reviews by
Committee members, as required. The Committee will prepare and submit
to the office concerned, with copies furnished to OCE, a brief letter
report containing its views and recommendations.

(4) OCE will review Committee minutes and advisory reports, and
make such comments therecon as are required to coordinate the Committee's
views with the engineering, advance planning, and funding considerations
of OCE.

In order to improve coordination of the Committee's advisory service,

requests for such service should be made to the Committee Chairman
through OCE. Mormally, requests should be made at least four months
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prior to the desired assistance so that the Committce may properly
schedule its meetings.

6. General. The Committce will carry out its responsihilities in
accordance vith the following:

a. The Chairman of the Committee will call Committee meetings
whenever the problems for Committee -consideration warrant such
action. Advance notices and minutes of Committec mecetings will be
furnished the Chief of Engineers, attention ENGCW-E, ENGCW-0 and
ENGCIW-P.

b. Administrative and funds support for Committec activities
will be provided, as appropriate, by the ficld organizations accomp-
lishing general investigations in the tidal hydraulics field and by
the organizations to which Committce members are normally assigned.
Salaries of Committee members whule engaged in Committee activities
‘will be chargeable to home offices. Per diem and travel expenses will
be chargeable to Engineering Studies, Civil Works Investigations.

c. Committece rccommenc. ions for work to be performed by field
ovganizations will ‘be submiitted to the Chief of Engineers, attention
ENGCW-E, for authorization through normal channels.

d. Committec activities will require that wembers accomplish
some Committec work at home offices.

e. Direct correspondence is authorized among Committee members,
and between the Chairman and officers in charge of Corps of Engincers
ficld organizations. iInformation copies of Committce actions having
important bearing on project planning or investigations programs will
be furnished to the Chicef ¢f Ingincers, attention ENGCW-E.

f. The Committee will arrange for publication and distribution
of avpropriate committce reports and papers to foster development of
knowledge of tidal pheromena.

g. The Committee may arrange through cooperating Corps of
Engineers ficld organizations for engagement of staff assistance,
expert services and consultants.

FOR THE CHIEF OF ENGINEERS:

o0y st

L Appendix RICHARD F. McADOO

List of Designated Members Colonel, Corps of Enginecers
of Fhe Corps of Enginecrs Executive )

Committee on Tidal Hydraulics
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The following Corps of Enginecrs personnel and former employees now
Terired are currently désignated members of the Corps of Engineers

‘Committee -on Tidal Hydraulics:

Member

Joseph B. Tiffany, Chairman
John B. Lockett, Recovder

Jacob H. Douma, Liaison

Alfred P Becnel, Jr.

Eugene B. Conner

Albert B. Davis, Jr.
John W. Harris

Fronk A. Herrmann, Jr.
Dwain F. Hogan

John B. McAleer

Joseph F. Phillips
Thorndike Saville, Jr.
Edward R. Schultz

Henry B. Simmons

Installation

U. S. Army Engineers Waterways
Experiment Station (Retired)

U. S. Army Engineer Division,
North Pacific (Retired)

Office, Chicf of Engincers

U. S. Army Engineer District,
New Orleans

Office, Chicf of Engincers

U. S. Army Engineer District,
Galveston

U. S. Army Engineer District,
Savannah

U. S. Army Engineers Waterways
Experiment Station

U. S. Army Engineer District,
Scattle

Office, Chief of Enginecers

U. S. Army Engincer District,
Philadelphia

U. S. Army Coastal Engincering
Research Center

U. S. Army Engincer Districe,
San Francisco

U. S, Army Enginecrs Waterways
xperiment Station
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31
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33
34
35

Dites

12-13 Jan 1949
1-2 Mar 1949
3-5 May 1949
14-16 Sep 1949
27-28 Feb 1950
23-25 May 1950
15-17 Nov 1950
14-16 Feb 1951
6-8 Jun 1951
26 Sep 1951
12-14 Nov 1951
29-31 Jan 1952
24-28 Mar 1952
5-8 Aug 1952
20-21 Oct 1952
21-23 Apr 1953
4-6 Aug 1953
17-19 Nov 1953
24.26 Feb 1954
28-30 Jun 1954
19-22 Oct 1954
25-27 san 1955
10-12 May 1955
26-27 Oct 1955
28 Feb-

I Mar 1956
27-29 Jun 1956

10-12 Dec 1935
13-15 Feb 1957
{7-19 Jun 1957
2.4 Qct 1957

11-13 Feb 195¢
1¢ 12 Jun 195§
28-30 Oct 1958
3.5 Feb 1959
10-12 Jun 1959
6-8 Oct 1959
1.3 Mar 1960

Host Office and Location

Beach Erosion Board, Washington, D. C
Waterways Experiment Siation, Vicksburg, Miss,
Savannah Districi, Savannzh, Ga.

Philadelphia District, Philadelphia, Pa,

South Pacific Division, Oakland, Calif.

New Orleans District, New Orleans, La.

Beach Erosion Board, Washington, D. C.
Waterways Experiment Station, Vicksburg, Miss.
North Atlantic Division, New York, N. Y.
Philadelphia District, Philadelphia, Pa.

Galveston District, Galveston, Tex.

Charleston District, Charleston, S. C.
Philadelphia District, Philadelphia, Pa.

North Pacific Division, Portland, Oreg.

New England Division, Boston, Mass.
Waterways Experiment Station, Vicksbarg, Miss.
South Pacific Division, San Francisco, Calif.
Wwaterways Experiment Station, Vicksburg, "Miss.
Beach Erosion Board, Washington, D. C,
Philadelphia District, Philadelphia, Pa.

North Atlantic Division, New York, N. Y.
Waterways Experiment Station, Vicksburg, Miss.
Beach Erosion Board, Washington, D, C.

North Atlantic Division, New York, N. Y.
Waterways Experiment Station, Vicksburg, Miss.

Providence Field Office, New England Division,
Providence, R. 1.

Philadelphia District, Atlartic City, N, I

Waterways Experiment Station, Vicksburg, Miss,

South Pacific Division, San Francisco, Calif.

St. Paul District, St. Anthony Falls Hydraulic Laboratory,
Minrneapolis, Minn,

Savannah District, Savannah, Ga.

Waterways Experiment Station, Vicksburg, Miss,

New England Division, Boston, Mass,

Galveston District, Galveston, Tex.

Wilmingten Distriet, Wilmington, N. C.

San Francisco District, San Francisco, Calif.

Waterways txperiment Station, Vicksburg, Miss.
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MEETINGS {continued)

Mccfing - Dates ) Tlost Office and Location
. 37 25.28 Oct 1960 Portland District, Portland, Oreg.
38 28 Feb- Charleston District, Charleston, S. C.
2 Mar 1961
39 6-8 Jun 1961 New York District, New York, N. Y.
40 28-30 Nov 1961 Waterways Experiment Station, Vicksburg, Miss,
41 6-8 Mar 1962 Beach Erosion Board, Washington, D. C.
42 -3 May 1962 North Atlantic Division, New York, N. Y.
43 4-8 Jun 1962 Alaska District, Anchorage, Als ..
44 2.5 Oct 1962 Seattle District, Seattle, Wash,
45 15-18 Jan 1963 Mobile District, Mobile, Ala,
46 18-20 Jun 1963 Beach Erosion Board, Washington, D, C.
47 15-17 Oct 1963 New England Division, Boston and Ilyannis, Mass,
48 28-20 Jun 1964 Galveston District, Brownsviile, Tex.
49 21-23 Apr 1964 North Atlantic Division, New York, N. Y.
30 30 Jun- Jacksonville District, Fort Lauderdale, Fla,
2 Jul 1964

51 20-22 Oct 1964 New Orleans District, New Qrleans, La.
52 26-28 Jan 1965 Waterways Experiment Station, Vicksburg, Miss,
53 24-27 ‘May 1965 San Francisco District, San Francisco, Calif,
54 13-14 Jul 1965 Philadelphiz District, Philadelphia, Pa,
25 16-18 Nov 1965 Charleston District, Charleston, S. C.
56 15-17 Feb 1966 Coastal Engineering Research Center, Washington, D. C.
57 20-23 Jun 19066 Watetways Experiment Station, Vicksburg, Miss.
58 25-26 Oct 1966 Jacksonville District, Jacksoaville, Ila,
59 14-16 Feb 1967 Seattte District, Seattle, Wash,
00 13-14 Jun 1967 Baltimore District, Baltimore, Md.
61 17-19 Oct 1967 North Atl'mtic Division, New York, N. Y,
62 13-15 Feb 1968 Galveston Distric., Galveston, Tex,
03 26-28 Jun 1968 Philadelphia District, Philadelphia, Pa,
64 22-24 Oct 1968 Waterways Experiment Station, Vicksburg, Miss.
65 8-10 Apr 1969 Los Angeles District, San Diego, Calif,
66 15-16 Jul 1969 New Orleans Divtrict, New Orleans, La.
67 21-23 Oct 1969 San Francisco District, San Francisco, Calil,
68 18-20 WNov 1909 North Pacivic Division, Portland, Oreg.
09 16-18 Jun 1970 Charleston District, Charleston, S, C,
70 18-:20 Nov [970 Philadelphia District, Philadelphia, Pa.
71 9.10 Mar 1971 Coastal Engineering Research Center, Washington, D, C.
n 23-25 Jun 1971 Seattle District, Seattle, Wash,
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COMMITTEE INVESTIGATION AND SCIENTIFIC RESEARCH
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The activities of the Committee-on Tidal -Hydraulics -were originally established as an item of the
Civil Works ‘Investigations Program of the Corps of Engincers, and ail subsequent programs of study,
investigation, and rescarch were assigned as scparate-items under: this basic program, Over the years some
of e research programs blended into other programs when such action was indicated. In recent years
the title of the basic program was chdnged to "Engineering Studies Program" and 1n the discussion that
follows ific present designation of items under the new program is used to distinguish the different
fields of srescarch.

ES %16, Tidal Flows in Rivers and Harbors

This item provides for regular miceiings of the Committee, the reproduction and distribution of
reports, employmieiit of Consultants, and all general activities not directly related to one o1- the following
spe-ific investigations sponsored by the Committee.

‘ES 823, Effects of Adjacent Beaches on Tidal Inlets

This item of research was proposed by the Committee in 1949 i recognition of the cffects of
littoral transport, as influenced by waves, alongsh.ore currents, and tidal currents on sedimentation of
bar channels, entrance channels, and tidal inlets. Work on this item was initiated in 1954 and subsequent
efforts were devoted to the following three subprojects:

a.  Tests in appropriate test basins at the Waterways Experiment Station to determine the
factors which influence the migration and/or stability of tidal entrances having crodible
banks, and the relative importance of the different factors involved,

b. The securing and analyzing of prototype hydraulic and hydrographic data following
construction of a new inlet on the Texas coast.

¢.  The acquisition and calibration of instruments required for nicasurement of the rate of
littoral transport at prototype inlets equipped with sand bypassing installations.

In connection with subproject a., the Committee has.cooperated with the Waterways Experiment
Station in having six tests conducted in one test basin and two tests performed in a sccond test basin,
The results of these tests in the first basin were analyzed joirtly by the Committee, the Beach Lrosion
Board, and the Waterways Experiment Station and a report thercon was published in May 1957 as
Techritcal Memorandum 94 of the Beach Erosion Board, "Laburatory Study of Effects of an Uncoatrolled
Inlet on Adjacent Beaches." The results of tests in the sccond test basin were subjected to preluninary
analys oy the Waterways Experinent Station and forwarded for complete study by the Beach Erosion
Board,

Under subproject b, the Committre cooperated with the Beach Erosion Board and the Galveston
District in obtaining and analyzing hydrauiic and hydrographic data following construction by Willacy
County Navigation District of tie Port Mansficld, Texas, entrance channel which connects the Gulf of
Mexico w. 1 Laguna Madre, This channel was dredged to a controlling depth of 10 ft across Laguna
Madre and Padre Istand, thence 16 ft to deep water in the Gulf of Mexico in 1957, about halfway
between Aransas Pass and Port Isabel. The hydraulic and hydrographic measurements were continued
until 1959, at which time the inlet was essentially closed and the data obtained were analyzed by the
Beach Erosion Board. After completion of # Federal project providing a jettied entrance, a series of
measurements of tides and currents through the channel was undertahen under the direction of the
Committee to provide prototype data for mathematical analyses of flow through a tidal entrance. Due
to the complexities of the Port Mansfield flows created by wind sctup, this study was deferred. A less
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comples entrance, Indian River Inlet, Delaware, was selected as the subject of mathematical analyses,
which analyses were presented in Commitice Technical “Bulletin 14.
. Following studics of the Port Mansficld project, the Committee, in 1962, recognized the need for

suitable testing -facilitics for general and specific inlet studies, whicly recognition led to authorization
- of a new research item, ES 860, General Coasta! Inlet Studies. subscauently discussed -hereafter.

b ‘ES 843, Salinity Intrusion and ‘Related Phenomena

This investigation was proposed, by the Committee in 1949 in recognition of the knowledge that
salinity intrusion into estuaries (and the density currents and other phenomena associaced with salinity
intrusion) plays a major role in esinarine shoaling processes. Although work on this investigation began
as an effort to understand the phenomenen of the saltwater wedge in estuaries having stratificd-flows,
it was later .expanded to embrace all aspects of salinity intrusion. including the mechanics of the
phenomienon i well-mixed and partly mixed estuaries, Further refinement of the objectives of this study
divided ihe experimental and anolytical portion into four distinct phases as follows:

Phase 1 - Definition of the extent of salinity intrusion into open channcls and the ‘resulting mean
k- - salinity dist~%ution as a function of the inirusion length and phase of tide.

g Phase 11 — The veitical distribution of salinity as a function of the intrusion length and phase
o of tide.
X Phase Il — The effects of verticul salinity intrusion on the sertical distribution of curient velocitics.

2 Phase 1V — The effects of vertical velocity distribution on the fransportation and deposition of
sediments.

-' Work on this study was initiated in 1951 at the Waterways Expenment Station.by the construction
i of a transparent plastic salinity flume 140 f1 long, 9 in. -wide, and 18 in. deep, with facilitics in a

20- by 20-ft basin for producing tide phases in salt water at ene end and the introduction of fresh
y water at the other end. The initial testing program in the salinity flume, completed in 1952, consisted
5 of performance tests to determine the usable 1ange of tide, range of tme scale, range of ficshwater
flow, basic movements of walter-surface slopes, and current velocities with fresh water only. Later this
program uscd salt water in the tidal basm to show the behavior of the saltwater wedge at different
tidal ranges and depths of water in the flume. Dr, Garbis 11 Keulegan of thie Burean of Standards was
called upon later that year to provide guidance in the interpretation of the results of these tests. He
recommended farther tests to determine the range of usefelness of this pilot apparatus. Mr, 11 B, Simmons
of the Waterways Experiment Station, who was i immediate chmge of the fiume tests and who
subsequently became a member of the Committee, proposed a-testing program designed to provide data
on the jongitudinal and vertical distiibution of velocitics and salinities for the range of saltwater intrusion
types capable of being reproduced in the flume without resort to artificial roughness. This program
demonstrated the effect of tidai range, fieshwater discharge, and salinity differences on mtrusion length
and vertical distribution, as well a5 trends for movement and deposition of sediments of diffesent specific
gravities for the different types of intrusion studicd,

Late in 1953 the salinity flume was extended to its full length of 327 f(. The lm.me, however,
was unable to achieve sufficient mixing of the two waters without the installation of »zaficial roughness,
This 1oughness was provided and the subsequeat tests appesred (o conform wih conditions noted in
Savannah Harbor. In view thercof, the Committee ageeed on a program of testing to determine the vertical
distribution of current velocities using fresh water oney in the flume against the vertical distribution
of velocities using salt water in the tidal basin, and to make similar measw .ments of horizontal and
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vertival: distnbutton of curnent: veloaises, v sth-both fresh dud sdit- water m Ahie tidat basin, These tests
were completed carly in 1954 and*Dr. A, T, :Ippen of the Massachusetis Institute of Technolegy was
ciployed as a consultant (6 the Committee to steview and amlyze the results of these -tests,

As the result ofthis-analyscs ol the test data, Dr. Ipven-recommiended the undestaking of additional
tests.to provide data-from which the ise’  «d effect on salinity -movement of freshiwater discharge, tidal
period, uind tidal range could be deicrmined. These-tésts- were completed-late in 2954, and uperating

procedures were developed. which penmiited o Jdose-reproduction of o highly stratified salinity condition

and which enabled &-reasorably close reproduction of a partly mined .copdition, However, it appesred
that the Mume was incapable of setting up conditiors for reproduction via-completely mised condition.
Mi. Simmons suggésted, as means for overcoming this deficiency. that theflume be modified to provide
a trapezoidal cross section with net cross-sectional wiea decreasing from the-occan end to the head -of
tide. While the merits of this suggestion were iecogized, it was decided 1o continue tests in the revtangular
flume, Dr. Ippen continued -his work of analyses-of this tests.

Fady in 1957, the flume was modified o ircorporate a.mixing device -which permitied constant
salinity conditions tobe naintaned at the entrance to the flume, and’fuither tests weie made to detenmine
tidal amplitudes and phases for a variety of controlled conditions o worrelate salinity and_velocity data
vbtained from previous tests. .In February 1959, Dr, Ippen was of the opinjon that completion of his
report- un Phase T of the investigation would be pussible.in the reasonably near future, but lie was doubtful
egarding the achievement of satisfactory treatment of verdical salinity and velodity distributions. Later
that same year, as the result of additional studies, Dr. Ippen and his colleague, Dr. Donald R, F. Harleman,
stated that-it appeared that worthwhile results could-be obtained in Phases 1 and Hi of the investigation,
if analytical data completed could be applied to the protetype. Work on these two pha-.» was started
in the fall of 1960, and in Jun 1961, the report by Drs. Ippen and Harleman on Phase | was published
as Committee Technical Bulletin 5, "One Dimensional Analysis of Salinity Intrusion in Estuaries.”

During the ensuing three years munerous tests essential to the completion of Phases 11 and 111
of this investigation, which were conbined as ¢ single endeavor, were made involving the extent of dye
diffusion throughout the flume for sclected conditions of tide and freshwater discharge and also of
diffusion cucfficients in distorted models. Following this, . draft report vn these phases was distributed
tu the Committee in Octuber 1964, but it was believed that the findings of this report should be verified
by prototype observations before they could be aweepted. Work of such verification was undertahen,
and iz June 1967, following satisfuctory correlation with protutype observaiions, the repuii by Drs. Ippen
and Harleman was published and distiibuted as Committee Techaival Bulletin 13, "Two-Dimensional
Aspaets of Salinity Intrusion in Estaaries:  Analysis of Salinity and Velocity Distribution.”

Work on Phase IV of the investigition began in 1969 throngh modification of the salinity flume
to shuw (4) unsteady salinity distribution, (b) mechanics of salinity and sudiment motion, () fongitudinal
distribution of pollutants, and (d) use of gir-bubble curtains as salinity barriers in es.uaries. These
muodiiications vf the flume were cumpicted in 1970, and as of this writing, these tests should be completed
in Fiscal Year 1972,

-

ES 844, Office Investigation of Existing Data on Tidal Entrances

This study was proposed by the Committce 1 1949 in recognition of a need Tor collation of data
volleoted and stihes made of the characteristics of tidal entrances vver an extended period of years
by numerous offices of the Corps ol Engineers. This collation was belicved vapable of revealing emipinical
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-eclationships:between tidal prism, enirance cross-sectional area. Row velocitics, bar location and geometry,

and other pertinent p!lysicz{l cleiments of the cntrance region that might be of great value in the plasnng
and_prosecttion of tidal inlet improvements, Work on this project was undertahen i 1955 under wrms
of a contract between the Beach Erosion Bourd: and: the University of Florida with studies performed
by Dr. Per -Bruun and Mr. F. Gerritson of the Coustal” Engincering Laboratory of that University. A
report. on the resilts of the data analysis was submitted to the Committee by the contractor in> May
1957, Subsequently, the data analysis was used-by Dr. Bruua in preparation of an ASCE paper on tidal
inlets. Accordingly, the Committee decided that no. good: purpose weuld be seeved by ptﬁ)licauon-of

‘e <Jata analysis as a-separate Committee document. This rescarch endeavor was thereupon terminated

by the Committee in 1962, pending the fucther collection of inlet data,

ES 845, Tides and Currents. in Tidal -Waterways

In consideration of the knowledge that there -were in use at least three widely divergent methods
for computing tides and currents in tidal waterways, the Committee in 1949 proposed this investigation.
All three methods were ‘fairly complicated and laborious, and none of the metliods had been evaluated
by comparison to selected actual cases to show conclusively the degree of accuracy obtas.:ed. The work
was initiated in 1952 under terms of a contract.with Dr. Hans A. Eiustein of the University of California
which provided for:

a.  Review of the three methods in use for computing tides and currents in tidal waterways
(the method proposed by Colonel Ear! 1. Brown, that proposed by General George B,
Pillsbury, and the method of charac*eristics developed by Dutch engineers_in connection
with tidal problems in the Netheriands).

i b.  Application of cach method to a sufficient variety of specific tidal waterways to permit
evaluation of the advanwges, disadvantages, and the degree of accuracy obtained by cach.

¢.  Development of a new method for use in predicting tides and currents in tidal waterways
if all of the existing methods were too complicated or laborious, or if none produced
satisfactory results.

Work performed by Dr. Linstein on the first two phases of this investigation indicated that the
method of charg-* nstics is superior to the other two method, and will yield satisfactory answers to
problems involving the prediction of tidal elevations, tidal phases, and mean current veloctties in tidal
waterways. This work also revealed that the method of characteristics is very laborious in actual problems
and that electric analogs and high-speed computers may be used to advantage. Although the contractor
submitted a final report on his studies, which may ultimately be a valuable addition to literature, 1t
failed to achieve its primary objective, as the cotapulations were not sufficiently well organized to permit
comparisons of the three methods. Also, the computations were applied to different canals under each
method; hence, no comparison of the three mediods was possible. In addition, no effort was made
to study a naiural estuary, As a consequence, the report of the contractor was not published as a
Commiltee document,

In 1959, a comparison of tidal computation by hydraulic model and by clectronic computer using
the tidal harmonic method was jointly sponsored by the Committee and by the Corps Hurricane Study
Coordinating Committee. This comparison of tidal conditions involved studies of tides in Narragansett
Bay and was made possible in connection with studies of hurricane barriers nroposed for construction
in the lower portions of this bay. The computer program part of this study was conducted at the Texas
A&M University Rescarch Foundation, College Station, Texas, and the hydraulic model tests were
conducted at the Waterways Experiment Station, Thiz comparison indicated that the two methods of
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predictiun -give resulfs that are ir. close agreement. A report on this study is contained in Committee

Technical Bulletin 9, "A Comparison of an Essuary Tide Caleulation by Hydraulic Model and Computer,”
by J. M. Caldwell, Junc 1955.

‘In further recognition of the need for procedures pemnitting the average coastal engineer to.predict
tides and currents in tidal woterways, the Committee in 1965 approved work urder a contract with
the Massachusctts Institute of Technology -which had as its objective the development of methods of
computing such tides and currents by the different procedures availsble in a readily understandable manner,
Following a thorough review of the fiterature on tidal computations and the development of a method
of classification of :tidal problems, work was dircsted<to-the development and application of a genezal
computer progiam for tidal computations of actual prototype estuarics. These programs considered the
explicit scheine which seemed to be superior to both the implicit scheme and the method of characteristics.
As a resnlt, an explicit, finite difference method ‘was developed. This method deals with the basic
cuntinuity and momentum-~cquations and has the advantage of being able to treat both the simple and
compiex tidal problems within the same general framework, This method is outlined in Commitiee
Technical Bulietin- 16, "The Computation of Tides and Currents in Estuaries and Canals," by D. R. F,
Harleman and Chok-hung Lee, September 1969. In 1971, Dr. Harleman was authorized to devclop data
supplementing this report to provide for comprehensive explanation of using the program outlined therein
together with revision of lhe user manual- which will be pubhahcd separalely,

ES 855; Mathematics of Flow in Tidal Channels

This research item was also proposed by the Commitice in 1949 in recognition of the nced for
dependable methods for caleulating flow patterns and curreni velocity distributions in tidal entrances,
Work was initiated in 1950 by Drs. Garbis H. Keulegan and John L. French of the National Burcau
of Standards. Work by Dr. Frencn related to flow and velocity patterns developing from the ocean into
an inlet as well as from an inlet into the occan; Under Committee sponsorship,.Dr. French's report
on these studies was published as Committee Technical Bulletin 3, "Tidal Flow in Entrances," January
1960. Although Dr. Keulegan had made some concurrent studies of an analytical approach to the problem
of defining changes in the water level of a basin connected to the ocean by a channel or channels,
this approach, providing the means of predicting flows through entrances by use of simple techniques,
was not perfected until considerably later. Dr. Keulegan's report on his studies was published as Committece
Technical ‘Bulletin 14, "Tidal Flow in Entrances-- Water Level Fluctuations of Basins in Communication
with Seas," July 1967.

ES 856, Shoaling Processes

At the time of its formation, the Committec found that a better understanding of the natural
processes involved in the phenomenon of shoaling preseated the likelihood of high dividends from the
cost of research in the form of reduced channel maintenance expenditures, Although all of the investigative
items sponsored by the Committee are related to this matter, it was decided that certain of the more
important items should be carricd forward to completion before a concerted investigation of shoaling
processes was initiated, In 1957 the Conymitiee tecommended a program of additional studies considered
necessary to develop essential knowledge of shoaling processes. The work planned or accomplished to
date under the different subfeatures of the program is ontlined in the fellowing paragraphs.

Flume Studies of Muds, As most estuarine shoals in the Unites States are composed of muds rather
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than sands, it was recommended that-flume studies be made to .establish the hasic laws-which govern
the -transporiation and deposition of muddy sediments. Soon after this recommendation was made, a
need for similar. infonnation developed in connection with prototype and model studies of the Saa
:Frangisco Bay system. A contract was arranged between the San Francisco District and the -University
of California for a study, by means of tests in laborstery flumes, of the dynamic characteristics of
various.flows and suspensions which determiné and influence sediment transport behavior and deposition
in: shoals. While the Commmittee did not actively support the work. performed .under this contract,
Committee members gave advice and consultaticn to those in chatge of its prosecution. Work undes
the contract involved study of Sun Francisco Bay sediments only; and on the basis of tests conducted,
the following conclusinns were -reached:

a. i)cﬁosition of San: Francisco Bay sediments occurs when the mean current velocity is
feduced fo about 0.6 fps.

b. A somewhat higher velocity is required -to resuspend the deposited material.
c. There is little or no cvidence of "bottom layer” movement of the sediment.

d.  The viscous layer at the surface of the bed is resistant to scous, and scour of this layer
is relatively slow.

¢. The consolidation rate of the deposited maierial varies widely with concentration of the
suspended matter.

A-final report on the tests leading to the above conlusions was published by the Umversity of California
in June 1962, "Flume Studies of the Transport of Sediment -in Estuarial Shoaling Processes.”

Effects of Repetitive Scour and Deposition_on Scdimentation. The Committee is of the opinion
that succesive scour and deposition of sediments may play an important role in shualing processes, and
therefore, flume studies {o determine the significance of these factors should be niade. However, due
to the lack of funds which could be devoted to this research endedvor, the desired flume studies have
not been made to date.

Techniques for Radioactive Tracing of Sediment Movement and Deposition. The Committee is also
cognizant of the fact that radioactive tracing of sediment movement and depusition vffers a-great potential
in the development of knowledge in shoaling processes, However, since its imited funds and time preclude
active participation in such research, the Committee clected to keep informed of the work of others
in this ficld, to encourage usc of this technique in connection with specific investigations where 1t 1s

applicable, and to offer such consultation and advice to those engaged in this work as may be required.
The Committee worked closely with the San Francisco District and the University of California in
connection with efforts of that District to develop suitable techniques and equipment for radwoactive
tracing of muddy sediment movements in the San Franisco Bay system. Pursnant to coutracts by the
District with the University of California, the University accomplished the research and published its
findings in the following reports:

a.  Report, dated 15 July 1960, " An Underwaier Scintillation Detector for Gamma Emitiers,”

b.  Final Report of October 1960, "Methods for Tracing Estuarial Seditaeat Transport
Processes." ’

Concurrently with the final phases of the above work, the Committee recommended that the San
Francisco District prepare a brief report desceribing the techniques and capabilities of thus method for
tracing the movement and depositior of sediments for the information of all Corps Division and District
Offices. This action was approved and the report, which indicated that a nucleus of experts n the Corps
had been trained to perform trager studies for Districts, was published and distnbuted m Apnl 1960
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as "Radivactive Tracer Techniqaes as an Aid in Resolving ‘Sedimentation Problems.”

Later,.in 1970, the Cuastal Esigincering Research Center developed techniques to trace the movements
of sands in the nearshore v.ean areas, using specially designed and equippesd vessels wapable of vpersting
in the su:l zone, as well as a monitoring drum dragged by these vessels over the ocean floor to detect
the presence of radicactive sund. }

Development of In-Place Turbidity Mcter. The Committee believes that the developmeitt and use
of a suitable in-placcA turbidity, meedr will greatly advance the understanding of shoafing processes. In
view of the lasge areas invoived in most estuaries, and th. constantly changing conditions of ude and
freshwater inflow, the Committee is of the opinion that complete and simultancous corerage-of suh

systems ‘for measurements of suspended sediment concttrations, with only approxmmately cocutate sesults,
will yicld wmore valuable information than will long-term coverage and highly accurate resuits. To
accomplish such_coverage, it i believed that dircut-reading, in-place meters must be develuped. Available
evidence indicated. that an instrumem operating on the basis of light extinvtion as a measure of tuthidity
will fulfill this requirement. The Committee has tearned that the Chesapeahe Bay nstitute of the Juhns
Hopkins University has deseloped and perfected an instrument of thds type, and the Commutice has
clected to Meep-informed of wid to encourage work of this nature withiout.active Conumiftee partivipation
unless required.

Stabilization -of Deposits, Early in its cstablishment, the Committee recogmized that physical and

chemical changes which oueur in sediments after deposition are significant to an undesstanding of the
subject of shoaling processes. A literature review 1o determine the state of hnowledge of these Jhanges
was initiated under Committee sponsotship in 1958 by the Svils Division of the Waterways Eaporiment
Station. This review revealed that salinity appears to be the most significant factor controlling the
deposition of suspended sediments in tidat waterways. The results of this study were-published m June
1960 as Committee Technical Bulletin 4, "Soil as a Factor v Shoaling Processes, o Literatuie Review."”

In December 1960, the Waterways Lxperiment Station, acting for the Cenmittee, entered mto a
contract with the University of California, providing fur the Univeisity to study the thesfogieal properties
of consolidating sediments involving analyses of cationeexchangs capactly, grasn-size distitbution, and Xeray
diffraction. The results of this study were published in September 1963 m Commuttee Techmeal Bullet:n 7,
"A Study of Rheologic Properties of Estwirtal Sediments," by Dr, R, B, Krone.

Flocculation, The Committee carly recognized the fact that foceulation of suspended anyd dissolved
solids plays an important role in shoaling processes, particularly as sea water 1s an eftivient flocealating
agent. Under Committee spunsorship, the Soils Division of the Waterways | <periment Station conducted
a literature review on flocculation, in combination with that of stabshzation of-depusits described under
the preceding research item, the results of which were also published in 1960 in Comnuttee Tedlancal
Bulletin 4.

In consideration of the need Tor further research on the Moceulation phenvmenon, the Commuttee
gave considerable study to the formulation of a4 research program designed to provide hnowledge of
the mechanics of floccutation, recognizing that & cautions probe mto matter would undoubtedly be more
productive than an ill-planned "all.out" effort, in 1963, the Chaimun met with Dr, Krone of the Umiversity
of California and interested Waterv ays Lsperimen. Station personnel and developed a program provid ng
for sampling of flocculated materials and velocity observations, study of the development of shoals :nd
their characteristics, and laboratory analyses, Later, it was decided that this Houculition research prog, am
would be applicd initially to the Savannah Estuary, followed by application to the Delaware Lstuary.,
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Tield work under-the. program, however, wis.delayed due to lack of funds until September 1963 whan
work was initiated in the Savannah Esteary. During the next year, the ficld program for the Delaware
Estuary was initiated. At this wiifing, all field measurements on both estuarics-have been furnished“to
Dr. Krone. and it is expected that his report nutfining his findings on the flocculation<phenomenon
will be published in 1972 as a Committee Technical Bulletin.

Analysis of Prototype Data. The Committee is of the opinion that proper analysis and correlation
of existing protctype hydraulic and other data will reveal certain relationships between estuanes which
should lead to a better understanding of the overall“subject of shouling processes. Consequently, the
Committee in 1958 arranged for the Hydraulics Division of the Waterways Experiment Station to assemble
and analyze all pertinent prototype data in their files on impurtant estuarics. Following this, n 1963,
selected -ficld offices of the Corps of Engineers were asked to review and expand upon the data developed
by the Waterways Experiment Station to the end that direct comparisons and correlations could be
made for numerous estuarics. To date, considerable work has been accomplished with data from Savannah
and Brunswick Estuaries and ‘Grays Harbor; but the study is, as a whole, largely inactive at: the present
time, due to lack of funds and qualificd personnel. The work, however, is being carried forward as
tfime and funds. permit,. and it is probable that several years .will be required to complete this study.

Classification of Sediments. Thie Conunitice believes that proper classification of the sediments which
coniribute to the shoaling of the-different tidal waterways of the United States is of importance from
the viewpoint of a comprehensive understanding of shoaling processes. This effort is_being carned out
concurrently with analysis and corselation of prototype data described above.

Sampling and Packaging of Estuarine Scdiménts. The Committec believes. that the importance of
the methods employed in the sampling and packaging of estuarine sediments, as related to the proper
interpretation of the results of field sampling operations, should-be investigated. In 1962, the Commutice
sponsored a program, undertaken by the Waterways Experiment Station, to survey and evaluate current
methods and equipment for on-site testing. Coastal Corps of Engincers ficld offices were mvited to provide
information on methods and equips.ieat employed. Analysis ol replies received and visits to certain offices
oriented the rescarch program to a determination of the effect of highly controlled and careful sampling
and packagin:, as compared with a careless conduct of the sampling and pachaging program, It was decided
in 1967 to confine the research program initially to the Savannah Estuary where it could be conducted
at minimum cost jn connection with the investigation of the flocculation phenomenon. In cooperation
with the Skidaway Institute of Ocecancgraphy, sediments of the Savannah Estuary were analyzed as part
of this research program. Tentative conclusions reached to date indicate that the degree ol care eacieised
in sampting and packaging of sediments makes no difference with respect to the percentage of dry solids,
wet density, or grainssize distribution. This research program is continuing and it may be some time
before it is completed.

Mechanics of Slip and Tributary Shoaling. The Committee in 1962 adopted a program of rescarch
of the Hydraulies Division of the Waterways Experiment Station designed to develop hnowledge of the
mechanics of slip and tributary shoaling. This program envisioned (ests in the Hudson River hydraulic
model as well as in the Delaware Estuary model. Aithough somc tests were completed in 1964, the
results have not been analyzed or published; and this rescarch program is inactive at this time,

Corrclative_Investipations. Significant studies are made in Corps of Lngineers field offices of various
aspects of the shoaling phenomenon which substantially contribute o the field of knowledge in this
matter. Examples of such are contained in Committee Technical Bulletin 8, "Channel Depth as a Factor
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in- Esluurinc"‘iedihmnl:l‘tio'il;‘:"hy‘l!.«B. S'mmons, dated March 1960; and Commitiee Technical Bulletm 10,
"Significaticc of Clay ‘Mincrals in Shoaling Problems," by J. Neiheisel, dated Scptember 1966.

-ES 860, Gener.! Coastal Inlet Studies

As carly as 1950, the Committee recognized the need Tor research in the complex ficld of inlet
behavior. Studics since that date confirmed the pressing need tor additionsl knowledge to selve inlet
problems, and as the resuit of a Committce recommendation in 1962, a sesearch program was funded
beginning in Fiscal Year 1963.

* Initial consideratiox of the research program indicated that the problen, could be logically separated
dnte two basic asprcts, ic,, the hydraulic characteristics of the inlet complex and the dynamic changes
in *bed configuration associated with- the inlet complex. Each of these two aspects was then further
subdivided into two problem aress. The hydiautic ¢haracteristics aspect of the inlet complex was separ.ted
into (a) the  :finition of the liydraulic characteristics of the infet proper and-(b) the understanding
of the interaction of the inlet (including multiple inlets) with the ocean approach and bay. The dynamic
aspect of the study was separated into (¢) the definition of the littoral -transport approaching the inlet
and -(d) the movement of bed material within the area of influence of the inlet. Each of these four
-basic areas-is being investigated by complementiry use of ficld investigations, laboratory investigations,
theoretical approachies, and empirical approaches.

The study of hydraulic characteristics ol the inlet (1) includes the definition of the ceffects of the
geometry and bed form of the inler on the energy losses, flow, and wave patterns in the'inlet. A significant
portion of the study is heing conducted in laboratory fucilities constructed specifically for the investigation,
Physical models are constructed in one of these facilitics in aceordance with typical geometries developed
from analyses of prototype inlets. Prototype confinmation of the iaboratory results will-be obtained.
The end results of these: efforts will provide a basis for detcimination of the tidal flow thiough an
inlet, and flow patterns as well as wave climates throughout the inlet. Each of these hydraulic
characteristics will be defined for normal tide conditions as well as harrricane surge conditions. The model
tests for this phase are conducted in Fucility A, a 50- by 150-ft basin in which fixed-bed models of
undistorted scale inlets are constructed,

The second part of the hydraulic characteristics aspect (b) of the study will be similar in approach
with laboratory tests being conducted to augment field data, The maie result of this effort will be the
development of a basis for predicting the resulting normal tides and hurricane surge amplitudes within
the lagoon resulting from flow through various single and multiple inlets generated by tidal and hurnicane
surge conditions in the ocean. This phase of the study will include necessary prototype confirmetion,
The model tests for this phase are conducted in Facility B, a 50- by 150-ft basin in which fixed-bed
models of distorted scale intets are constructed. This facility is equipped with a variable-size lagoon or
ambaynent.

The dynamic aspect of ihe study is direc*~t to concurrent investigations of {¢) the distribution
and rate of alongshore littoral transport of material approaching the inlet as a function of littoral current
and wave climate and {d) the movement of material approaching and within ihe inlet as a function
of inlet geometry, inlet hydraulics, and. wave climate. Field data, simplified laboratory tests, and complex
laboratory tests arc the busic means utilized to resolve these problems. Major efforts in this portion
of the study include the development of the relationship of taboratory wovable-bed lest results to
prototype results and evaluation ol the effects of model scales on various movable-bed materials, The
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end result of this aspect of the study will be the definition of methods for predicting the matenal
movemenis that can be expected in tidal ialets. The tests fos this phase are conducted m Facility C,
a 150 by 350-ft basin in which moveble-bed models of distosted scale inlets are consinucted.

The laboratory fz-ilities required for the study wese constructed during the period 1964-1966 and.
were used initially for studies of specific inlet problems at Galveston Bay, Jannica Bay. and Moriches
Inlet: however, full-time cffotts in the facilities have been directed. to the general: mvestigation of <tidal
inlets since £970. -

Initially, it sas visualized that. this research progran would require some 10 years for completion
av the then anticipaed rate of funding. However, the Coastal cngineering Research Board, m recognition
of the-urgent need for further knowledge of infet behavior, recommended that the program be modified
to provide for completion in five years. Accerdingly, increased funding has been scheduled for the
expedited program now visualized for completion in Fiscal Year 1974. Under the modified program,

the different facititics are scheduled te be used for tests outlined below:

Program T.sting Scope

Inlet Bynamics Lffesis of geometric variations for straight inlets, including gorges;
effect of curvature, cifect of cntrance and exits; cifect of artificial -
stiuctures, and protetype confizmation with natural inlets and artificial

structures,
Tidal Relationship and Fixed- Fixed-bed hydraulic correluation tests of Masonboro Inlet; tida
Bed Correlation refaticnships, ocean to bay, for single inlets to the bay: didal
relztionships, ocean te bay, for muitiple inlets to the bay; prototype
. confirmation.
Infet Dynamics and Movable- Specific study of Meriches Inlet; movable-bed correlation (ests of
Bed Correlation Masonboro Inlet; basic inlet response with  byvpassing, without

structures including prototype confirmation; basic inlet respoase with
channel maintenance including prototype confirmation; basic inlet
-response with naturdl environment including prototype confirmation.

Scale Effects and Bed Basic inlet response to waves from a single direction; prediction tests,
Materials small model to large model; prediction tests, model to prototype.
Littoral Transport Littoral diift for inlets with weir-type jetty and sand bypassing; littoral

drift for inlet with jetties and ro sand bypassing; littoral drift for inlet
with channel maintenance only; littoral drift for natural inlet, These
tests may be conducted in an existing facility at CERC,

Prototype Data from prototype inlet with weir-type jetty and sand-bypassing;

: data from prototype inlet with jetties and no sand bypassing; data
from prototype inlet with channel maintenance only; data from natural
prototype inlet,
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APPENDIX D ,
PROJECTS ON WHICH THE COMMITTEE ON TIDAL HYDRAULICS
HA3 RENDERED CONSULTATIVE SERVICES
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PROJECTS
(February 1949 10 June 1971)

Location in

Cof TH Letter “Published Report
Project Minutes! Report Dated Dated:
Ancherage, Alaska, Small Boai Harbor Apr 1964
Rrazos River, Tex., Crossing of Intracoastal Waterway 57124
Brunswick Harbor; Ga: Apr 19642
Calcasieu River, La. 15/8
Charleston Harbor, S.C. Feb 19653 Jul 1961
Apr 1966
Charleston h, b+ Navigation Study Sep 19703
Charleston Naval Yard Shoaling Sep 19703
Chatham (Stage) Harbor, Mass, Bzc 1963
Chesapeake Bay, Del. and Md.. ®zoposed Model 53718
Chesapeake and Delaware Canal, Del. and Md, Aug 1965
Chincoteague Inlet. Va, Sep 1970
Colorado River, Tex. 62/8 Nov 1964
Columbia River, Oreg, and Wash. Apr 19564 Dece 1960
Corpus Christi, Tex:, Turning Basin Aug 1965
Cuttyhunk Harbor, Muss. ) Apr 19648
Delaware River, ¥ J., Pa., and Del, Jan 1964
Delaware Estfary—Long-Range Dredge Spoil
DisposatPrubiem May 1968
Dillingham Hurbor, Alaska Apr 1964
Dry Straits, Alaska 4347
Duwamish Waterway, Washington Propnsed East
Channel Closure May 1967
East Pass, Choctawhatchee Bay, Fla, 45157
Echo Sounding Equipment verses Lead Line
Soundings Apr 19524
Ediz Hook, Wash, 72{29¢
Galveston Bay Comprehensive Hurricane
Protection—West Bay Secondary Protection 2/

Galveston Harbor, Tex,

Gastineau Harbor, Alaska

Georgetown Harbor. S, C.
Grays Hagbor, Wash,
Gulfport Harbor, Miss,

" Hillsboro intet, Fla.

Homer Harbor. Alaska
Hudson River, N. Y, and N. J.

201290

May 19604
S0/12
43/21

Dee 1964

Aug 19601
Dec 1962

Aug 1961
Jul 1903

Jul 1961

w de LI D

The mumeral to the left of the virpule desiznates the meeting number, wiile the numeral to the nght of the virgule designates the
paragraph number i the minufes of that meeting contaming the Committee views,

Available from U. S. Army Engincer District, Savannah, . Q. Box 889, Savannah, Ga, 31402.
Avaihable from U, S, Army Engineer Distiet, Charleston, P, 0, Box 919, Clatleston, 8. C. 29402,

Sec Committee Technical Bulletin No, 12, Dee 1966,

Available from U, S, Army Fngineer Diviston, New England, 424 Trapelo Road, Waltham, Maw, 021584,
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PROJECTS (continued)

Locatien in

Cof TH Letter Publishied Report
Project Minutes Repost Dated Dated

Hurricane Surge on Texas Coast and in Galveston Bay 62/13
Interoceanic Sea-Level Canat Studies Dec 1966
Intracoastal Waterway, Columbia River to

Puget Sound, Wash. Apr 1967
Jacksonville Harbor. Fla. 50/16
James River,'Va. 41/11
Juneau-Douglas Harbor, Alaska -43/9
Kanik Arm Causeway, Alaska Jan 1963
Lake Washington Ship Canal, Wash. Jan 19606 Jan 1963
Lake Washington Ship Canal-Sattwater Barrier 2/29d
Matagorda Ship Channel, Tex. Nov {958+

Dec 1958+

Mississippi River-Gulf Outlet La. Oct 1965
Mississippi River Passes, Lu. Apr19574
Morro Bay, Calif. 65/25 b
Narragansett Bay, R. L. Oct 19038
Ninilchik Harbor, Alaska Apr 1964
Nuclear Excavation of Sea Level Canat 53/14
Oregon Mlet, N. C. Jul 19594
‘Passamaquoddy Tidal Power Project, Maine 32/35 Dec 19584
Ponce de Leon Inlet, Fla, Oct 1904
Quiliayute Spit, Wash. 72]29 b,
Raritan River, N. J. 715
Rogue River, Oreg. M.ir 1970
Sahine Lake, La., Spoil Disposal 62/16
Sacramento—San Joaquin Delta, Calif, 53133
St. Lucie Estuary, Fla. 45/13
San Diege Harbor, Calif, 65/25 a
San Franeisco Bay. Calif, Dee 1965
Savannah Harbor, Ga, Apr 19584
Seldovia Harbor, Alaska 4322
Tillamook Bay, Oreg, 4 Jdd Jun 19717 Jan 1970
Turnagain Arm Causeway, Alaska Jan 1963
Umpqua River, Oreg, 4443
Wells Harbor, Maine Feb 1964
Willapa Hatbor, Wash, Jun 1967
Wilmington Harbor, N. C. 37/48
Wilmington Harbor, Del, 40/30
Wrangell Narrows, Alaska 43/8

4

See Commitice Iechmea! Bulletin No. 12, Dee 1966,
Available from U §, Army Engineer Dvision, New England, 424 Trapelo Road, Waltham, Mass, 02154,

5
6 Avaitable from U. S, Army Engineer District, Seattle, 1519 Alaskan Way, South, Scattle, Wash, 98134,
7 Available from U. S, Army Engineer Distnet, Portland, P, G, Box 2946, Portland., Qreg. 97208,




APPENDIX E

PUBLICATIONS OF THE
CORPS OF ENGINEERS
COMMITTEE ON TIDAL HYDRAULICS




Committee Reports

No.

No.

No.

1 — Evaluation of Present State of Knowledge-of Factors Affeciing Tidal Hydrauiics and Related
Phenomena — February 19501

2 — Bibliography on Tidal Hydraulics — February 19541
Suppiement No. | — June 1955!
Supplement No, 2 — May 1957!
Supplement No. 3 — May 1959
Supplement No. 4 — May 1965
Supplement Nu. 5 — August 1968
Supplement No. 6 = July 971

3 — Evaluation of Present State of Knowledge of Factors Affecting Tidal Hydraulics and Related
Phenomena (Revision of Report No, 1) — May 1965

Comimittee Technical Bulletins

No.
No.

No.
No.
No.

No.
No.

No.
No.

No.
. V1= Extracts from the Manual of Tides, by R. A, Harris, edited by C. F. Wicker — September

No.
No.

No.

No.

No.

No.

1 — Sediment Discharge Measurements in Tidal Waterways, by C. F. Wicker — May 1954!

2 - Fresh Water-Salt Water Deusity Currents, a Major Cause of Siltation in Estuaries, by E. A,
Schultz and H, B. Simmons — April 19571

3 = Tidal Flow in Entrances, by John L. French — January §960!

4 — Soil as a Factor in Shoaling Processes, a Literature Review — June 1960

S = One-Dimensional  Analysis of Salinity Intrusion in Estuaries, by Drs. A. T. Ippen and

Donald R. F. Haileman ~ June 1961}

6 - Typical Major Tidal Hydraulic Problems in United States and Research Sponsored by the Corps
of Engincers Commitice on Tidal Hydraulics — June 1963!

~ A Study of Rheologic Propertiss of Estuarial Sediments, by Dr. R, B. Krone — September
1963

8 ~ Channel Depth as a Factor in Estuarine Sedimentation, by (1. B. Simmons — March 1965

9 ~ A Comparison of an Estuary Tide Caleulation by Hydraulic Model and Computer, by J. M.
Caldwell — June 1965

10~ Significance of Clay Minerals in Shoaling Problems, by J. Neibeisel — September 1966

~3

1966
12 - Unpublished Consultation Reports on Corps of Engincers Tidal Projects — December 1966

13 - Two-Dimensional Aspects of Salinity Intrusion in £istuarics:  Analysis of Salinity and Velocity
Distributions, by Drs. D. R, F. Hardeman and A. T. Ippen -~ June 1967

14 - Tidal Flow in Entrances; Water-Level Fluctuations of Basins i Communication with Seas, by
G. . Keulegan — July 1967

15 - Special Analytic Study of Methods for Estuacine Water Resources Planntng — Mareh 1969

16 — The Computation of Tides and Currents in Estuarics and Canals, by D. I' I Haleman and
C. . Lee ~ September 1969

17 — Estuarine Navigation Projects — January 1971

Out of print,
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Committee Reports on Special Tidal -Hydraulics -Problems

December 1960 — Present and Potentinl Channel Maintenance Problems in Lower Columbia Estuary

July 1961 — Review of Shoaling Problems in Hudson River, New York Harbor:
July 1961 — Charleston -Harbor Shoaling Problem!
August 1961 - Georgetown Harbor Shoaling Problem

August 1961 - Shoaling of Gustineau Channel, Alaska
December 1962 — Navigation Project in Gastineau Channel, Alaska

January 1963 = Saltwater Iatrusion, Lake Washington Ship Canal, Seattle, Washington!

January {963~ Improvement Plans for Knik Arms and Turnagain Arm, Portions of Cook Inlet, Alaska
April 1963 - Saltwater Intrusion, Lake Washington Ship Canal, Scattle, Washington (Revised)
July 1963 ~ Review of Improvements Recommended at Grays Harbor, Washingtop

Decembtr 1963 - Channel Maintenance Problem, .Chatham (Snee) Harbor, Massachusetts?

January 1964 - Comments on Plan for Compichensive Study of the Delaware Estueary, Pennsylvania,

New Jersey and. Delawie
February 1964 -~ Wells Harbor Navigation Project, Wells Harbor, Maine

April 1904 -~ Plan of Study and Methods for Reducing Shoaling in Smail Boat Basii:, Dillingham,
Alaska

April 1964 - Plan of Study of the Small Boat Basin, Ninilchik, Alaska

April 1964 - Proposed Plan and Studies for Smail Boat Basin, Anchorage, Alaska

October 1964 — Shoaling and Beach Stability Problem, Ponce de Leon Inlet, Florida

November 1964 — Tirie Chaunel in the Mouth of the Colorado River, Texas
December 1964 ~ Channel Deepening Problems, Galve on Harbor, Texas
December 1964 - Problems in Connection with Mat ~~da Ship Channel Project

August 1965 - Infand Waterway Between Dalaware  er and Chesapease Bay ~ Problem of Disposal
of Material to be Removed from «  uation of Channel in Chesapeake Bay!

August 1965 - Sedimentation Problems in Entrance of Turning Basin, Corpus Christi, Texas

October 1965 — Shouling Problems on the Mississippi River — Guif' Qutlet

December 1965 - San Francisco Bay, California — Disposal of Dredge Spoil!

April 1966 ~ Charleston Harbor, South Carolina — A Review of Certain Aspects of Plans for

Rediverting Santee-Cooper Power Plant Discharges from Cooper River
December {9660 - Tides and Currents in the Proposed Sea-Level Canal Betwesn the Atlantic and Pacific

Occans
April 1967 - Intracoastal Waterway, Columbia River to Puget Sound, Washington
May 1967 -~ Duwamish River, Washington, Proposed Last Channel Closure
Juae 1967 Willapa Bay, Washington!
June 1967 - Grays Harboi, Washington
May 1968 ~ Defaware Estuary, Pennsylvania, New Jersey and Delaware — Long-Range Dredged

Spoil Disposal Problem
January 1970 - Tillamook Bay, Oregon
March 1970 - Rogue River, Oregon
September 1970 - Navigation Problems ai Chincoteague Inlet, Virginia

! Out of print.
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Although, as indicated, some publications may be out.of print, copics of -available publications listed
1bove may be sécured by writing..to:

The Recorder-

Committee on Tidal Hydraulics

¢f/o U. S. Anny Engincer Waterways Experiment, Station
Corps of "Engincers

P. 0. Box 63I

Vicksburg, Mississippi 39180 ~




APPENDIX F
SPFCIAL MISSICNS OF THE COMMITTEE




Echo Sounding Equipment Versus Lead-Line Soundings

In response 1o i request of the Chief of Engineers, the Committee ut its 12t Mecting in March
1952 gave considerstion to the differences in soundings obtained by high-speed echo sounding equipnient
as compared with those ¢btained by the traditional lead-line procedures, with particular reference to
the use of these two .expedicnts in waterways haviug 2 "uff™ fine several feet above the consolidated
bottom. The views and recommendations of the Comnnittee in this matter were reported in a.lette:
from the Chairman-to the Chief of Engincers. dated 22 April 1952, subject "Echo Sounding Equipment
Veisus Lead-Line Soundings,” which is printed in full in Committee Technical Bulletin 12, "Unpublished

Consultation Reports on Corps of Engincers Tidal Projects,” dated December 1966.

Engineer Manual Chapter on Tidal Hydraulics

The Corps of Engineers in the prosccution of its civil works mission is confronied with many aspects
of tidal hydraulics problems such as (a) design and layout of tidewater chanaels, anchorages, and harbors,
(b) anatysis of maintenunce problems, {c¢) design and layout of training works, (d) analysis-of satinity
intrusion problems as they affect water quality,.and (e) analysis of diffusion and flushing of pollutanis
as these factors affect water quality. The Corps, as part of its official civil works engincering and design
program, issues to its ficld offices an Engincer Manual as guidance in the -development of this program,
The Conunittee, as & Corps clement, has the responsibility ol providing technical guidance to Corps
offices on the above aspects in the ficld of -tidal hydraulics, In fulfillment of that responsibility, the
‘Conumittee developed the guidelines contained in and prepared the EM Chapter on Tidal Hydraulics,
EM 1110-2-1607, dated January 1953, This chapter was completely revised by the Committee to
incorporate new knowledge gained- in the 2 August 1965 issue of this publication. This 1:M Chapter
outlines the factors involved in tidal hydraulics problems: outlines the state of knowledge in tlus ficld:
outlines procedures for channel and harbor design, as well as control works: discusses observational
procedures, hydraulic and electric walog models: and explores problems associated with tidal waterway
maintenance practices,

Sediment Discharge Measurements in Tidal Waterways

Although procedures were well established for obtaining sediment discharge measuierients in
waterways having a sensibly constant discharge, unidirectional flow, and homogencous water density,
the Committee carly in its existence recognized that use of these procedures in salt or brackish water
presented problems due to corrosion of measuring instruments and other factors, A full discussion of
these problems with Committee conclusions thercon is contained in Committee Technical Bulletin 1.,
"Sediment Discharge Measurements in Tidal Waterways,” by C. F. Wicker, Chairman. dated May 1954,

Revision of General Pillsbury's Publication on Tidal Hydraulics

I carly 1955, the Chief of Engineers furnished the Coarnittee documents, papers, notes, ete., thal
had been assembled and compited by the late Brigadier General George B. Pilisbury for revision of his
book, "Tidal Hydraulics," with the request that the Committee give its views as to whether the revised
edition should be completed and published by the Cotps of Engineers. The Commuttee, following review
of these papers considered the revised editon to be of value to the Corps. Prior to its publication,
the manuscript w.. subject to editorial review by members of the Committee, us well as by D1, Garbis .
Keulegan of the National Burcau of Standards, for the puipose of compleling any parts of the text




N

o 2

e -

or figures that had been left partially incomplete by the death of General Pillsbury. The mtent of the
reviewers was > preserve the original wording insofar as possible. the changes were few in number and
minor in natuie. General Pillshury's revised edition, “Tidat Hydraulics," was published m May 1956 under
the auspices of the Chiel of Engineers, Ul S. Army.

Fresh Water-Salt Water Density Currents, .2 Major Cause of Siltation in Estuaries

At the XiXth Interational ‘Navigation Congress-held in London in July 1957, Messrs. E. A. Schultz
and 1. B. Simmons of the Committee presented a paper which. (a) de,cribed the character, movement,
and. deposition of sediments, and the sources of shoaling materials in tidal waterways, (b) illustrated
the role of upland discharge m establishing estuary mixing type, described a simplified method for
determining the most significant hy draulic characteristic of estuaries, and demonstrated the effects-of
changing the upland discharge into estuaries on their hydraulic characteristivs, (¢} cited specific examples
of estuarics, rivers, and harbors where the fresh water-salt water densily currents are present in some
degree. and in some cases arc the major cause of siltation. and {d) dascribed remedial messures undertaken,
proposed, or being considered by various agencies of the U. S. Army Corps of Engineers. [n consideration
of the excellence of this paper and with the concurrence of the American Section, Permanent lnternational
Association of Navigation Congresses, this paper was published as Committee Technical Bulletin 2, "Fresh
Water-Salt Water Density Currents, a Major Cause of Siltation in Estuaries,” by E. A, Schultz and H. B.
Simmuons, Members, Committee on Tidal ydraulics, April 1957,

Special Report on Tidal Hydraulics Problems and Research

In March 1962, the Committee presented a speciat report to the Chiel of Engincers on tidal hydraulics
problems and research. This report consisted of presentations by « number of Committee members which
summarized the typical major tidal hydraulics probletas throughout the United States encountered by
the Corps of Engineers, together with a discussion of research activities sponsored by the Committee
to develop engineering solutions to these problems. Although these problems, by their very natun, are
usunlly extremely complex, considerable progress had been made in the prios 15 years in understanding
the mechanisms responsible for the shoaling and flushing characteristics of estuaries. In spite of that
progress, however much remains {o be learned regarding the interrelation of the seveial phenomena
controlling the estuarine regime, Rescarch sponsored by the Committee has been direcied to that end
with the view of providing new tools of understanding to those charged with tasks of developing and
maintaining estuarine waterways. With such new tools, large savings in the costs of estuanine improvements
may be realized. A review of these presentations is contained in Committee Technical Bulletn 6, " Typical
Major Tidal Hydraulic Problems in United States and Rescarch Sponsored by the Coips of Engincers
Committee on Tidal Hydraulics," dated June 1963,

Sump Rehandling Technique

During maintenance dredging operations on the Delaware Lstuary project, engineers i charge were
cognizant of the fact that the quantities of material dredged often exceeded the amount of materl
brought into the estuary from upland seurces. This led to the voncdusion that as the result of the then
approved practice of disposing dredge spoil iuto the estuarine waters, viuch of the maintenance dredging
constituted in effect redredging of the same material. Using sump rehandler facilitics developed by the
Philadelphia Distiict, maintenance dredging operations were maodified to dispose all dredgng onshore
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where it was prevented from reentering the system. This praciice, which was motored by the Cominittee,
resulted in the achicvement: of greater depths with lesser maintenance dredging requirements. A full report
en this practice, as well as a modificd practice permitting direct pump-out to shore, is contained in
a report presenied by the Chairman, Mr. C. F. Wickes, at the XX! Congress of-the Penmanent Internzationa!
Association of Navigation Congresses in Stockbolm in June 1965.

Harris Manual of Tides

The "Manual of Tides," by Dr Roland A. Harris, has been considered by siudents of tidal phencmena
as an extraordinary contribution to the fand of knowledge in that domain of science. The Dictionary
of American Biography (American Council of Learned Societies) desciibes the Manual as "...the most
exhaustive treatise .on the subject to the present time (1931)." It was originally published as pasts of
serics of appendixes to the Annual Report of the Superintendent of the U. 8. Coast and Geodetic Survey
for Fiscal Years 1894, 1897, 1900, 1904, and 1907 but had never been republished in one binding.
The Annual Reports, including the appendixes, are published in quarto-size and cach contains nearly
100C pages. All of these reports are out of print. Thus, 1he Manual was hidden in its intimate assuciation
with the official records of the Coast and Geodetic Survey, and it therefore did not receive the atiention
it deserved from other scholars, -particularly those who-were delving into -the different uspects of tidal
hydraulics, Despite inherent difficulties involved in perusal of the Manual due to its sheer volume, a
number of members of the Committee on Tidal Hydraulics were aware of the fact that it contained
much information of value to the mission of the Committee. Following careful re.iew of the complete
Manual, certain of its chapters were selected on the basis that their content is of historic or current’
interest to the Committee. It was decided that with the approval of the Coast and Geodetic Survey
these chapters would be republished in one binding. Such approval was grauiously given-and these particular
chapters were published as Committee Technical Bulletin 11, "Extracts from the Manual of Tides,” by
R. A. Harris, dated September 1966,

Unpublished Consultation Reports on Corps o1 Engineers Tidal Projects

One of the functions of the Commitlee consists of rendering consulting service on specific problems
in tidal waterways as may be requested by different organizations of the Corps of Engineers. This service
has been extensively utilized by District and Division Engineers in connection with a-wide variety of
problems, anid the results have been record~d m the minutes of Commitiee meetings or in letters or
formal reports to the requesting office. While a few of the problems considered by the Committee are
unique, most have clements of gencral interest, However, the discussiuns in the minutes and those in
the letter-type reports are not readily avatlable for review when the projects concerned are the subjects
of further ‘considcr:nion, or in cases where similar problems arise concerning other piojects. For this
teason, it was believed desirable by the Committee to index the minutes by projects and to reproduce
the more significant letter-type reports, This information is contained in Committee Technical Bulletin 12,
“"Unpublished Consultation Reports on Corps of Engincers Tidal Projects,” dated December 1966,

Special Analytic Study of Methods for Estuarine Water Resources Planning

Pursuant to a request of the Burcau of the Budget, the Secretary of the Army in September 1968
requested the Chief of Engincers to initiate a spedial analytic study to (a) develop the methadology
for the comparison of alternative study methods for complete insestigation and study of water uttlization
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and contro} in cstuaries,-(b) consider the appropriate role of the variods Federal agencies in a complete
investigation and study of waier utilization and. control in estuarics, and (c) determine the appropriate
sha,ing of costs of completz investigations and study of water uiilization and control in estuaries between
the Federal Government and other non-Fedesal entities. A steering committee, consisting ol Messrs.
McAleer, Douma, Tiffany, and Caldwell, was appointed by the Chief of Engincers to guide the effort.
The steering committee determined that the study should include a metliodology for comparison. of
altesnative study methods for compicte investigation -of estuaries, including (1) hydraulic modets, (2)
computer models, .and (3) more conventional methods of analysis. Rather than attempt a definitive
comparison, the purpose of the study would be to establish uselul guidelinés for the Bureau of the
Budget and others to evaluate-futuze project submissions as to which alternative study methods.would
be most appropriate for a specific estuary. considering the. relative importance of the various problems
to be ivestigated. Subsequitntly, the stéering cummittee requested that the Commitiee.on Tidal Hydraulics
subshit 1 report giving its views on hydraulic models, computes models, and the more conventional methods
of analysis to form a part of the response to item (a)of the Burcau of the Budget's request. The views
of the Committee in these matters are contained in Committee Technical Bulletin 15, "Special Analytic
Study of Methods for Estuarine Water Resources Planning,” Gated March 1969.

Loose-Leaf Publication on District Problems .

The Committee in 1963, in coordination with a Corps-wide proposal of the Chief of Engincers,
believed it desirable that it undertake a publication containing an asserably of available information on
selected navigation projects in tidal waterways such as inlets, bays, tidal rivers, and canals. 1t was believed
that the information thus presented would be of value in the planning, design, and maintenance of projects
in waterways having similar characteristics. When similarity is established between the waterway and the
channel involved in the project under counsideration and one or more of the projects described -in the
publication, the experienced problems and the solutions -for these projects may be of help in avoiding
similar problems or in solving existing probiems. Based on analysis of information provided by Corps
ficld offices, the Committee issued such data on selected projects in Committee Technical’ Bulletin 17,
"Estuarine Navigation Projects,” dated January 1971.

Inventory and Central Storage of Estuarine Measurement Equipment

The Corps of Engineers has precured and used throughout the United States much equipment
designed especially to measure estuarine physical properties, such as sediments, salinity, velocity, and
tidal variations. This cquipment is highly sophisticated and casily damaged. In 1962, the Commitice
initially conceived the -idea of conducting an inventory of all such equipment in the hands of different
offices of the Corps with the view to storing and servicing the equipment at the Waterways Experiment
Station and making distribution from the Waterways Expcrinicnl Station to the different offices as needed.
This idea was approved by the Chief of Engineers, subject to modification as recommended by the Director,
Waterways Experiment Station, to retain all such equipment except the most specialized items in the
district offices, with all interested offices notified of the nature and location of the cquipment available.
A listing of specific details regarding this ec .ipment has been developed and is now being reviewed
and updated by { s field offices, It is possible that the updated listing will be published as a Committee
Technical Bulletin in the near future.
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‘Pragram Document

Beginning in 1964, the Cemmittee developed for its internal use a Program Document designed
to assist the Committee. in fulfilling-some of its responsibilities—annual review of existing ond propesed
programs ol rescarch, studies, and-investigations for which the -Committee has been assignsed techinical
supervision, and the development of recommendations to the ‘Chief of Engincers as- to the type. scope,
and funding of these studies and investigations. In doing so. the Program Document discusses in detail
cach -of the arcas >f rescarch and subjects outlined on pages 13 and 14 of ‘this history and contains

concise statements describing (a) problems and thetr significance. (b) information available and required,
i (c) mesns to satisfy deficiencies, (d) action under way and proposed. and (¢) status of these endeavors.
The Program Document is continually revised o reflect current rescarch needs and thus serves as a hving
guide to Committce members and consultants.
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APPENDIX G

5 EXPENDITURES BY CORPS OF ENGINEERS
: COMMITTEE ON TIDAL HYDRAULICS
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Expenditures

ES 816 .ES 823 ES 843

Reproduction Effects of Salinity
and Adjacent ~intrusion
“Fiscal Distribution Beaches on and Related
Year Mcetings of Reports Consultants Tidal inlets Phenomena
1949 s 4705
1950 10,000
1951 4,344 S 200 S 1617 S 13,000
1952 4,589 1,002 2,089 13,664
1953 6973 515 3,109 25,585
19541 7,000- 5,000 5,000 26,000
1955 7,622 i.158 2,023 S 5,096 19,761
1956 7,136 578 1,924 2,500 13,675
1957 $,420 2,285 3,401 7,500 12,548
1958 6,076 1,443 2,162 1,234 14,786
1959 8.196 3,515 2,575 4,983 12,684
1960 6,153 1,917 2,829 1,172 13,880
1961 11,766 2,263 3,932 2,391
1962 7,474 1.061 3,940 6,171 9,347
1963 11,832 1,945 7,551 3,316 6,485
1964 11,830 2,257 12211 5,385 6,076
1965 10,665 18472 12,934 8,042 6,155
1966 8,902 2,853 25,899 7,987 5,001
1967 8,343 11,450 21,523 20,548
1968 5,652 3,775 7,162 14,290
1969 9,110 5,921 12,239 20,242
1970 17.074 4,683 12,779 23,985
19711 8,245 16,889 16,375 19,980
TOTALS  $202,i07 $89,179 163,274 $53,386 $300,083

Percent 14.2 6.3 1.5 KR 21.1

i Approximute figures only,




Expenditures {continued)

ES 545. ES860
ES 844 Tides and ES-855 General
Existing Currénts Mathematics _ES 356 Coastal Miscel-
Data-Tida!  in Tidal of Flow in Shoaling Indst laneous Total. Annual-
Entrances Waterways  Tidal Entrances Processes Studies Studies! ) Expendityeres
S 4,705
$ 5370 15,370
3 516 S 1,339 $1,940 1,148 24,104
1,021 11,693 34,057
6,828 43,010
2,060 45,000
3,000 2,000 40,660
2,783 2,000 30,596
6,139 4,223 44,516
4,224 ) 4412 S 2,000 36,337
2,102 3,592 4,866 42,513
688 943 3,596 31,178
72 2,150 1,529 24,103
4,101 42,094
13418 - 1,629 46,174
9,919 23,371 71,049
3,052 45433 104,753
540 35,000 86,182
537 40,000 102,401
6,331 60,000 97,210
30,736 60,000 138,248
10,924 65,000 134,445
946 120,600 182,435
519,524 §29,565 $2,883 $92,495 $450,433 S18,211 $1,421,140
1.4 2.1 0.2 5.5 316 1.3 100.0

P tncludes work on Logincer Manual Chapter on Tidal Hydraulies, Carrent Obscrvations, and Lehe Sounding Equipment

versus Lead-Line Soundings.
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APPENDIX H
GROUP PHOTOGRAPHS OF COMMITTEE




Shown on the following pages are sclected group photograpks of the Commiitee on Tidal Hydizulics
and its guests taken during the meetings listed below:
a.

&

e o

4th Mecting, Philadelphia, -Fennsylvania, 14-16 Septembes 1949
21st Mecting, Vicksburg, Mississippi, 25-27 Januzty 1955

37th Meeting, Pottland, Oregon, 25-28 October 1950

49th Meeting, Vicksburg, Mississippi, 2830 November 1961
431d Meeting, Anchosage, Alasks, 4-8 June 1962

Tist> Meeting, Washington, D. C., 9-11 March 1971
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