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FOREWORD

Ar im Repilaltimi -, S70-5 prov ides. it. part *a' t*Otlows:

orp ivati .I. t 1% i' tpa i Iiv i no a.. pill III. alI ItiJ % colt ilibuLIt iii hit tile object ive% or tile
I'lryer i11iii .Irs frcc%* ii, oshic~h it Ili% tuctima'n. 11'nii tIktory h. tile written liarrailve recottd

tti Isvcll Illiti ijr) Ilysir'iijt ion. ('oinnu th ialt 11A I,'r~allIha ion% su1114rdi slate t0
I t~sqi~sr ~~.Il''ier'fe~licni Is the Aiiii, ar .5WVt%itsmiifl~ie (tii Iltrep~ati~n a unit hinsitry I'r

Thie 1.1. S. Army' n-1t ricer ( ommit tee on'Tidal I lydi aulics, slatfed by civilianls, sin tder tile supc visit II

ttilt' teDlme~rtnreiltit 1 'e Aillns through tile (Chief of' Inginiecrs. Corps of' linginetees, 1). S. Army,

Silgnit , wiir tol thek 11INr1 III that Commtrlittee are tile Circumistances which led t. its estabtliheneti
11, 1048I . I trewectcu re develo ped Itt roligh a1 wlc% le l' events thatt are deemted wor thy ohl' reco, d.

Fatrly in [lie 19,1',, '. cnglinvern. i tile i. S. Aim> l-mginer Waterways klnprittenti Statiotl at
ViAKbltrg, Nfiuniviippi, l.sml eoiiipleed construction tof' thle then largest hydratilic model otl :I coaNstal

Sat V;-the Svanna I Irij~~ MorNidel. itsmodel hadl been molded ill concrete with) tile hople of'ictrning,
how toi redlice tit prec tr'tl thle hieav% %hoaling p~revailing Ill tile alithori/ed navigatiotn chiatunel of that1
lini hut the kite Mt. hRiph F 14 H14)(10. 11. S. Aruty Engineer I11itricl. Savantnah. hteld hilgh hopecs that1
(tic mo' del wouirld velit*N thle field mainejsstenke illo' cuirrentt velocity atnd direct ion wh ich,,lie recogtilized.

a ppe, d i t a jt e in sev eralIape s melt idi ng 1wfile fId that s utrf'ace antd hot Iom en two Is ift wr
iiopposite directlions,

iThe great day event natty arrived whein tile mosdel was filled witht fresh water, uplatnd d ischiarge wvas
simultf ed, and tile tide gienerator:. were placed Ill oper-n on. C'urrcnti direcetion% anid velocities ýverc
ileaIsurted in thle mtodel for veriticutiot, with field hscrvmifious. These verifiation ef'forts, however. were
complletely disappiobiti tg, f'or no matte Ir how the itodcl was operated. It was not possible to correlate
thle model velocities and mirf.itee and hottorn current directionsi with prototype nmeasuremenets. Titis was
.1 ma tter oh, gi eat conee"r it as it ntearti that years of' planning, field work. atid nmodel contstruction had
Come to nanlglt. Ilt dc~pcrafioui. all ptosiible cxpedicitts were emiployed by tile Waterways Uxperiment
Staltmio model staffT and Mr. Rhode%, bilt thle problem could niot he reaudily resolved.

Fijnally, NMr. Joseph 11. Tifl'fanv, Technical Director of' tite Waterways lExperinten Stationt. suggested
to Messrs. G. II. Feitwick and 11, it. Simmons, enginerx fit charge of' tite model, that watter with salinity
cott~iprabte to that ill the pr otitype ocean he: used Ilit the nmodel ocean in, lie,, of' fresh water. This
%liggest ionl was followedI and the imodel imitediatehv aitd accurately reproduced thle field observations,
even thought these ineasitIrettueti tseveahr'd that flows; vary conisiderably Ili tile vertical thhroughouut file

estuary, and thtat hottt), cu~ rren ts do riot necessarily flow Iit thle samec direction or witht tile %linte strenigth
as suirfiice currents. Thiu f Ior tunatfe discovery fed ito tile initial recogni titn Iin the United States that density
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currents constitute one o tihe major f'ore.% controlling estuarine hydrauhtch anid shoili-ig, and indirectly
wais rcsponmibl for the eslablishlent or thie Committee o Tidail i lydraulics.

D)uring [he Lite 19,10's. ilfoination being developcd in the Saanimah hydraulic model wa:, discuss-d
many limes by Mr. Tiffany. Mr. Rhodes. and Mi. Clarence F. Wicker of tile U. S. Army Engineer Distrwcl,
Ilhilladelphia. who was then planning a vezy large hydraulic model of tile Delaware River. Rec, gnid-:.m
thati tiere should be some means of disseminating 20 Corps estuary engincers the fuldamenlal :ype data
and information bei,;g derived from ie Sananmah River mudel and likely to be developed in tile soonl-to-be

Delaware River model; they conceived the idea of a Corpzwide civilian committee for this pwupose.
Mr. Wicker agreed to write a letter for his District Engineer to sign, .,o proposing to t•le Office, Chief
orli:ngineers. The latter office approvud the suggestion and established the Committee on fidal I lydratilics

in October 10/18. Thus, froit this unusual beginning the Committee has been functioning for more than
22 ye-;rs at the time of writing of this history.

This Ilistory of tie Committee oni Tidal IHydraulics was compiled and prepared by
Mr. John 13. Lockett, Re'order a' tihe Committee, witlh the assistance and Lounsel 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 necd, for research by (fie Corps of Eingincers in lite fieid of tidal hydrauilics, was first recognized
by Messrs. Joseph 13. Tiffaniy of' tile U. S. Army Engincer Waterways Experiment Station, Ra!ph F.
Rhodes of tile U. S. Army Engincer District, Savannah~, and Clarence F. WYicecr of thle U. S. Aimy
Engi neer DistrictI, Plifladcl plija dmiiiig thc .om se ofhydwai sir. ;aodel st udies of th i 1 aiand Delawaire
Rivers, conducted at tilc W~aterwvays Experiment Station inl Vicksburig, NMississip,,., during thie 1940's.
From this recognition, this need was fotimally out:Aned inl a~1c~ten, dated 18 February 1 947, from lthe
Director, Waterways Experiment Station. to thie Chief of E~ngineer, subject "Funds for General
Investigations andý Rescatch for F.Y. 1948." Almost con;uirrentdy, cobcern over this iteed wvas also
exp~ressed by thie District Engineers, Savannah and Jacksonville. As tile result. Item No. 16, entitled
"Tidal Flow inl Rivers and Clr1,1i~nels," was included inl the 1948 C.vil Works Investigation Program, hutl
it,, work was tiithwizo ed ait that l ime. Onl 22 Sep tembe r 1 948, lthe Dist nt,. Engineer, PhilulieI ph ia Distrinc
inl a letter to (t,. Cliief of Eagincers, subject "Chil Wi~orks Investigations," rc~lllcnmiendd lthe establishment
of the Committee oni Tid-il H ydrauilics. lit response thereto, lthe Chitf of Engineers, by letter dated
20 October 1048, to the I~vision Enginvei , U. S. Army Engineer Division, Not th Atlantic, subject
"Estahl isl i;ii :n of Comm it tee onl Tidal I lyd rattilics,'' sta ted:

At lthe suggcsfion or tiw ['hiladeinhia Di1strnet and lthe North Atlan tic D~ivision, this office
is tstablishing 1 cuommt itte to tbe klOilw 1ts tile Coi'm'Iiii Iee oiu Tidal~ H yd raulics'' thke
f'mction of whili witll be to study thle availatble tlteo'y onl tidta hydraiulics and thle tidal
hyd raulic probltemis of thle C'orps o'nd de termim:n' whether a programt of genierali
C\pentlmel Ia1:1 1ol Oil this Mttbjecl is nee~ded. If such ant experitten tat prograit. IS foundt
dlesiratble, it will ',lso he thle fttnl tionl of thle Comnmitlice to prepare lin outline of such
a program for submuission to th is office for approval a% an i tein inl thle Civil Works
Invest igatlion programl and, if app~rovedt by this office, to exercise general supervision oet
this item of tile Civil Wolks lnvesntga tion programt. ...Expenses of thle Cotuntit te will
tic charged to the 1949 Civil Work% ptrogramt. F~or thiis pu npow, I lyd ratilic flype It) 'lent
No. 16 en tithld "Tidal Hlow inl Rivers and Chanitels'' of lthe !948 pr'gramu will be
re'stattblisticd as I lyirat'lie itent No. CWN% 8 16 of lthe 1949 pi ograin with the smine title.

uiids inl the attuountl of S5,0t00 wilt be sei aside to cover expenses itturred durin, thie
present fiscal year.

At the first *neelting of the Co0mm itteec, held inl ho u i'ices of thie B~each Erosiotn Board. Washington.
1). C., onl 12 ;3 January 1949, ant exhastisve discttssioau of lthe subject a signted led to thie kdciiiiiti,
condhusiotn that, a otmnu p chewsis CP norratin of res ]rdi in t idai hyd rati! ics atnd related fields was ug0'
nc ded wit hut lie Q1orlps of higiicci s. It wais recogni/.ed that .tdequa te in forma tion was niotabl) lacking
to determine Ilite ý.o nreo relalit in h twcun v i dti. depth Ii* ross sc~oion, and4. aI ignni litil of' tidal W,. tel ays

ini olden to oh tati t Ii c must fatvoraihlv design for mi ainta iniiing on iii,.i emsi g lthe tidal piisvi', flo sicul ring
oi ma intaintin g dlesi red projeo dimm1 iels, for de temiii inii ig inl *td va11 le lite J tat ges to)t lite t da il iegitneni

of1 a river or estuary a% at iesu It o' I lie prolposod major 1)11y sil .i chanlgeS, fotl~ reFdi ictllg thW tides anld
oucit llrns lin a t idau I atal to be humi It oi ip i oved , fot dc.- igtin igthe reguitlaory wotk., for thle co't trol



of-tidal inlets. for ob~tainiing thie-otost faturablt. rtest~lants from t'ie atf.ion of saltwater wedge mnescmnents,
etc. It %.as noted that coastal distriut., frequcotll arc Iespoillbi. -for planining iitipoveiient. ie .essary
to sc,;ure and imintaiii an incerased width or depth L.f piojedt charincl, or to emecnd ups~ ream- zlife -inijs

of anl existing navigatiosi channel. I iowevcr, available tet.,!uiihal inforniation onl this subic~t wi.s not
sufficient to enable ',he, dcsign cnqgine~r to plan regualaor> \%orks wvith fan> assurante that they would

secure thce dcsircd results; spccifically, i .the case of the dci*red exttiis~im upstream of a navigation
channel in a -tidal river, the ex~ent of imiprovCiements requii Id in like lower ,eaches of the ri% vi iieccsar)
to implrove its ltidal Chiaracteristics was not ki~owii. 'fl,c Coimmittee held flat the umiptechensive
iilvestiprdihns cont-m 1)lated should cover not oni) tie- lif lauilics of tidal i r. and estuaries but also

tife salinity conditioots in suich rivers and estuaries as relalt , to tidal l,lienonienai, and Shoaling rLoesses

ais related to both tidal and salinity p)henmeonia. The Con atittlee belie~ ed that salinit y .tirreiuts in miost
tidal rivers were so closely related to tidal phienomena that a Loinpridiensive study of thle omie was

/ imp~ossible without considering the other. Moreover, it bcliev,.J that tife protesses5 whereby nmaterial
is movedl to and deposited in the navigation claimaels ot tidal waterways, while 'tot ptoblcmls of tidal
Iiydratidics in tile stric test wense of the t eriii, are 4dosel) related to tlie hy drauili k a" saI i tiy phielnomena.
lit view of thie above, it was tlie considered opinjim, of Life Coniniitlte, that a program ot research onl
these subjects was essential to a better tindersianding of the natural lutbc imivulved and( offered the
l ikel ihoo o010f high dividends froni tile cost of sod n~stO.SigA tions ilii the folii i of redi tied nial ut enlance
cost. It was xreed by the Conimi ttee that i6 a~ ti'ities, it) ordler to be wttrthtvfiiltc, should lie coililprelieiislx:
inl scope. inicluding not only tidal hx (rauliks as stuch but also tife related processes Nvlichi cont ribut-'
to chianinel shoal i n. Also, t It se invest iga tions shol t d not be Lon fined 'o a i etnctdlcliis u

rallier shotild include all (lie tidal areas for which the Corps of Eiigiiieets is respoiisible.
At this initial meeting. thfe following objectives of' life Committee %%ere formtilated.

a. To evalutie ihe plreseint State of knowledge of tidal phenoiti~iRa ~4 interest t(. the Corps
or lingiticers.

b. lo recommend prorraiis of sltniy, investigation, and research designed ito provide thie
knowvledge necessary to arrive at adequate solutions tor the enginec. iiw problemis 'ISSOLIaitd
with tidal wvaterways.

e. To exercise techiiical supervision of the prosecution of thfe recom, 'einded pmogramns.
Stihse.Itmently, dirt itbl, the years. these objectives were miodifiedl in thie lighi of knlownv needs and

now, is stipuiated in Entginieer Regiflat ion 15-2.5, (alad 19) April 1971 (see Appeundix A). are.,
a. To ma initaiii a eontmu lug evaluation of tile statle OfI knowledge req ti ired f'or thle

in pi oveinent an ii(ii a enance of tidal waterways.
T.1o rccomnien' studies, investigations, and i esearch designed to p~rovidhe thle knowledge
necessary to arrive at adequate solutions Ior the engineering probleim, assoc a;ted with tidal
waterways.

e. To exerctse advisory teclinikal supervision of assigned pi ogranils.

d To ptibhIsi, and diksemina e pelt iiien t iiifot iiiat iou.
e. To rend-i sutch c mbult uog s'i vice 'nt specd ie problemis in tidal wva erwa: s as imay be

Nq' ý ,Nted by variok,ý -iganiza tiotis of tlife Copps of hiugi nvers.

MEMBERSHIP OF THE COMMITTEE

ihe di re ttive xh ichi est abhisihed the Committe requimed that ;11, * W lnp be %,oiit i mige mit i Im etlesw e
!.lowlcdlge anmd widle expel tena in thie field of' t idala hiy drau iics and i at t.d phleinomenla and dhie~e



coiisidera tiorm. were paraniotint in selcailon of ltec original charter aind all tibsciueltci Comimittee members
fromi the civilian component. of the Corps of Enginmers. Ilcmbers of thle Committee are appointedl by

die D~irector of Civil Works, OCE. Pertinent infonination regarding eltlplo)ees so appointeid asmiembers
of thie Committee is shown in the following tabulatikn'

Reasonl
for

Name 11ome1 Office Teunre I Leaving-

James it. Johlnston2  North Atlantic D~ivisioni 12 Jan 49 to 31 Dec 65 3

Joseph ýB. Tiffany4  %ac av .periment Station 12 Jan 49 to 31 Oct 69 3
Berkeley Blackman South rAn.,1tic IDiVision 12 Juai 49 to 10 Aug 51 3
Martin A. Mason Beaich Prosion Boartrl 12 Jan 41) to I Sepl SI 1
Ralj'lh F. Rhodes. Savaninahl District 12 Jan 49 t(, .3t Nov 49 3,6
Oscar Roseut/weig Philadelphia Ditstrict 12 Jan 49) .1o 4 Mar 52 Dececased
Jacob 11, Douiiia7  Office, Chief of Enigineers 12 Jan 49 it) l'rsent
Clarence R. Wicker8  l',miidelpliia D~istrict I Mar 49 to 31 Dcc 61 3,6

Richard 0. lFaton Bleach IFrosion l I Mar '49 to 31 IDec 63 3
Edwvard A. Schiultz San Francisco lDisirrct 12 Nov 5 1 to Present
Robert Fi. H ickson North Pacific D~ivision 29 Jan 52 to 30 Apr 54 3
tosepl IM. Caldwell Coastai lingincuring Research 19 Oct S4 to 2 Mar 71 9

C~eniter
H arold W. Fl'eld Southwestern Dimvision 19 Oct 54 to 14 Sepl 57 5

I lenry B1. SinillonsD 10wa erways Ex perimien t Stat ion 19 Oct 54 to Plresei.t
10ol11 C. Marcroft Son thl Pacific D~ivision 19 Oct 54 to 31 Jul 63 3
John B1. Loceket ill North Pacific D~ivision 28 Oct 5S to 30 Jul 70 3

Clement P). Lindner South Atlantic D~ivision 28 Oct 58 to 30 D~c, 06 3
Albert B;~ Davis, Jr. Galveston D~istrict 2 Oct 62 to Present
John B3. McAleer Office. Chief of, En1ginecers 2 Oct 62 to Peesent

1)P. Alfredi Bfcciel. Jr. New Orleans Ditstrict 28 Jan 64 1t. Present
11horndike Saville, Jr. Co astal ling~nering Research .30 Jinn 641 to Present

~'entcr
Joseph F. Phillips Philadelphia D)istrict 20 Jin 06 to Present
John W. H arris Savannall Dist rict 13 J1 in 07 to Present
Foigcne B. Conner Office, Chief of hLngineers 17 Oct 67 to Present
Frank A. Ilcrrnnann, J r. Wa terways Ex~perimen t St at ion 9 Mfar 71I to Present
Dwrinl hi. H ogan Seattle D~istrict 9 Mar 71 to Present

I As determined fromn date ot meeting f'irst alt emded a% tmember and dale or leaving.
AI1n1porary Chllalmi, ]-.I Meeting.

3Retired fromo Federat service.
4 Recorder, 12 Jan 419 to 30 !,ill 58, Aoting Chiairmain, 301h Meeting. Chtairmani, I Janl 62 to 31 Ot t 69, subscqnei'mts

Semployed aý Cliairman-Consultant 16 Jun 70 to preseit..
-5Resigned from C orps of Fingim~ers.

6 SnbIeqne (,Icly emuployed a% C onstil tant to (lie (otimin 111cc.
7 OCli liaison mtember.
8 Chairman. I Mar 49 to 31 Mee 61.
9 Resigiml and trdttlfkrrcd to OCF'.
10 Actitng Recorder. 30th Meeting; Recorder, I Jut 58 (o 10 Jun 62.

11 Recorder. I Jul 62 to 30 Jut 70; subwcqienlIý cumplo3 d isR~rdrCn~ldt IS Nov 70 to present.
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CONSULTANTS

11wl Committelie has also mn~de use of recognized experts in utnt field of tidal liy'taulics. built outside
and within the Federal Government, as considlanits in 'connection Widt its activities. Its cousllfantls, so
cimployed, are listed in tl:e rollowing tabulation:

Rieasoi for
Name I onic office Tenure t  Leayi'g

Dr. Boris A. lBakhmcet'fi Columbia University I Jul 49 to 21 Jul 51 Deceased
Dr.iLorenz G. ýtrtiub University of Minnesota I Jul 49 to 27 Oct 63 Deceased
Mr. Ralph F. Rhodes Savaa.na~, Ga. 23 Mtay 50 to 30 Nov 54, Rctircd
D-. Mfaintin A. Mason Georgýe Washington University 29 Jun 52 to 30 Jun 57 Task completed

Dr. IHanls A. Einstein University of California 21 Apr 53 to 30 Jun 61 Task completed
Dr. Arthur T. lppen2 Massachusetts Institute of 24 Feb 54 to Present

Techinology

Dr. Donald W. Pritchard Johns Hopkins University 10 May 55 to Present

Dr. CGarbis 11. Ketilegasi Bureau of Standards and WVES 2 Oct 57 to Pre-sn,
Mt. Clarence F. WVicker Philadelphia, Pa. 6 Mar 62 to present

Mr. Joseph B. Tiffany3  Vicksburg, Miss. 16 Jun 70 to Present

Mr. John B.' '.ockett 3  Portland, Oreg. 18 Nov 70 to Present

IAs detcrimined front date of nmeeting f~irst at:endcd as consullant and date of leaving.
2 On sabbatical leave for approx~nialiy one year N-ginning in tile Fail of 1964, during which tuime Dr. 1) K. F.HIatleman.

Masmachusc t s mnst i u to of Tech noiogy, served as consuI lani t o the Coin mit ce in Dr. tppcn~s absence.
3 Alihough crnipioqed a% consultants, these (ormcr cnhployccs of l1'e Corps of Enigineers arc considered mecmbers of thie

Commnittee psuant to tileprovhions of HR 15-2-5, dated 19 April 1Q7 1.

MEETING REGISTER

Mectimigs of tife Committee are "~ldby tile Chainnian Wvhenevcr tile problems for Commilittee
coinsiderationi warrant such action. At least two and not more that, four meetings have beef] held annullally
by thle Conmmittee throughout its existence. These nilcetings hrave generally been held in thle offices of
thie coastal Corps of Eingineers lDivisions and Districts. fihe Coastal Engineering Research Cenfer. and
the Waterways Iixperimeni Stationl. 1t thle invitation of tilc Officers in Charge of these instal lati-onls.
A listing of' tilte dates and location of each meeting of file Committee is contained in Appendix 13.
Grotup photographs of tile Committee, its consuiltants, aiid gtrnsts takenl at s,';ne or these !feetings are
shown iii Appendix II.

MEETING PROCEDURES

Mieetings of thle Comm'ittee are eithier open or closed mectitigs. The open nwetings are geinerally
divided Wimt) technical scssio:, . at which interested representatives of thte Federal Governitient and state
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and local ageiicies as wecll as privaite enterpirise arc invited to attcnd; followed by cxeccutive sessions at
which only n-icibers zmd conitillants atteind. Closed meetings arc usually field fur~adininistrativc p.,,qoses
and are generally execuitive in nature. Tile technical sessions of open mecetings irc nornmally opened with
I note of' .v,-Aome by thle Officer in CDaigle of tfie installationt at whIich the -meeting is held, or uinder
Wihove allspices, file Ileeting is hlcd. Following this, thle Chaitman kcads. in thle introduction of Commit icc
Wemlbers, consuiltants, and guests. Thereuipon, in accordane with prc.mrngcd agenda, lthe technical scssioim
consist of* presentations before thie Committee of tidal hydrauilics problems, genierally in the lo~ale of
thie mieeting site, 'by imiforined Corps of Engiiicrs representatives, during whtich-open discussions ov tilc
pertinent details of thle problems normally ensue. Upon -lthe comipletion, of these presenltations and
discussions, lthe balance of thle technical ses~ioiis are devoted to p~resentationis of geileralii/ed reports by
members concerned onl the statuis of preparationl of Committee rep~orts, Committee rt-seard programls,
and items of general interest to Corps field personnel engage([ in the fjied of* tidal hydratihes. At inectings
where such wouild assist Iihe Comm it tec in its uinderstandi ng of' lthe problem, or problems at hiand, thle
technical sessions jma, b"ý preceded by a field inspection by the Committee of tlie problem area. F~ollowinlg
adjournment of thle technical sessions, the Commit tee goes into cxectiiive sessionis generally onl th~e last
day of the mneeting. At thle execuitive sessions, the first -order of btisilless usuially inivolves discussions
of tile problems p~resenlted (luring lthe technical sessions. lthe development of p~lanis for resolution. of thlese
problemas, and the assignment of tasks necessary to dlevelop) ani, trmilsilit the views of thie Conuimi~tce
onl these problems to thie Corps field ofaice coijeerned. A laige-part of each executitve meeting is devoted
to thle moiiitori ng of tlie sait us of CommnitItee resea rch p)rogramls, a naly~ii g tilie findings of t Ii s -resea rch,
exploring thie need for further research, and1( develop~ing the mean~s fu! dissemination of ilew koowledge
gained through these rescaich activities. Also coming under Jose pum lview of' tlie Comminictte during these
sessions are tile status of its publications, its budlgei, and~ ilcw policies and p)1oceduires essential to thie
f6i111111l10en1 of. the imission of the Comnmittee, The Recordei of lthe Committee prepares detailed illiluites
of each mieetiing, whlich are reproduced andl distributed it) iinterested Corps of Engineers offics and
emlployees, researchl labom atmics and inistitutionls, as well as to coil-eriled parties thlroughlout tile world.

ACCOMPLISHMENTS OF THE COMMITTEE

Accomlplishmen ts of the Commiittice can be categorized iiito (a) investigations anid scientific rmearch
(if' tidal hydraulics phienomena, (b) thie fu rinishi ing of consuiltatio ;louan advice to Corps of lFngin1cC rs Field
officcs inl tilie planning, const ruct (oil, andl ma int ena nce of ian l)ovenlCiniIs in tidal wva terways, (c) thie
publication and distribution of aplprolpriate Comnittee rep~orts and Impeis to foster development and~
dissewinia' it of knowvledge in thie field of tidal hydraulics. (d) sp~ecial missions, and (e) savings enjoyed
Iby applicat iou of iiew knowledge gained through ConminiiIte research.

I nvestigation and Scientific Research

The invest iga t ion ain(d resea rch activities of lteh CommlitteCe are gearea to thie accumuilatlion and]
development of newv knowledge for specific use by lthe average Loastal Cel, incer of lthe Corps iiim lte
seecuring and ma intlenance of adequate nlaviga tion facilities !in th ltidal waterwvays of' lthe Nat ion at11 inumum
cost. The CommittIce commelncedl its effort iii this (liredtion in 1949 by ma~king a careful appraisal of
thle then existing field o1' knowvledge of tidal hydraulics phenomena and thle effect oh' these plhiciloilll'il
on t(lie pl)amnii ig, consitreIction, and main temniz-, activi ties of thle C'orps inl tidald waterways. Thm is ap pta isr"



revealed seroios -gips in thei kntc.:ldgc-of lthe engineering profession in this field at that time, and as

a cOnsequencl, tile Committee launched a programn )'[finvestigation and research desigiteC to-,ilI these

gaps in knowledge. This progra~n, i..odcstly initiated by the Commnittee in 1951, now inclides -or

contemplates work of research in ýthie following -subjccts:
a. 1hydraulics

(1) T*lcs and Currcnts in Tidal Waterways

(2) Salinity Intrusion and Related Phenomena
t3) Velocities, Directions, and Distributions of Currents hin-Tidal -Waterwvays

- - ~~(4) 11ollution and Fls n
b. E'cology

c. Scdimneniationi Proceses
(1L, Sources of Sediment
(2) Cluiractefistics of Sediment

(3) NMccian~cs of Sediment Scotir, Transport, and Deposition
(4) Flocculation Processes
(5) Stability of Deposited Sedimenits

d. Design -of Glaiannls and Stabilization of Nines
(1) Design of Channiels for Safe and Economic Navigation,

(2)- Design of Channels for Least Annual Cost

(3) Design and Layout of Channels and Structures for' Stabilizing and Improving Inlets
e. Mlaintcnan&' andl Improvemcnt Practices

(1) Dredging Mctiiods

(2) Spoil Disposal
(3) Regulatory Measures

f. Field, Analytical, and Laboratory, Procedlures
(1)j 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 Techniques for Investigation and Study of Pollution and Shtoaling

(7) Data Assembly and] Analysis
A :cstune' of research~ sponsored, cosponsored, encouragedl, or proposed by the Committee in the

;,ftove subject areav is contained in Appendix C hereto.

Consultation and Advice

IN "eoni~mittee has rendered professional consulting service and advice on a large number of
navigation and r 'ated problems developing in tlie tidal waterways of the Nation in responsel5to reqIuests

of lifferenit organizations of thie Corps of Eingineers. This servic has becn extenmsively used by District

and Division Engineers in connection with lthe resolution of many lprubklus, and tlhe advice tendered

to the reclucsting offices has been recorded in the Miuloes of lthe Committee's mneetings or iun letters
and formal reports. As of 30 Jume 1971, the Committee has considered problems and rendered Consulting

services on 69 Corps projects throughout the Nation, much of tlie service being on a con(Iudiog basis

6



front thle initial- stages of Planning- tlrougi ithe coristruction and -inantenvince stages. A list of projects
onl which (lie Cohinipittee hias given consultatioPl service is 4hown in Appendix D.

Committee Repoi~s

Froin thme to timec, the Cominut.ec publ'shes, and dissemiinates reports and related1 -data, onl tidal
hydraullics phenomena widh the view to -fulfilling .these responsibi~ities und objective. its shown in
Appendix 1. these publications have taken the form -of (a).Conmmitte Reports, (b),Coninu itecTechnical
Biullctins. and (c) Rleports on-Specific -Tidal I lydiauilics Problems throughiout 0).- Nation. Tfie Comimittee
Report Series is teierv'ed for those docuiments of general value to :ill coastal ofliccs of the Corps of
E~nginieers, irrespective of location or type of idlhyriicpolm nvve.Thirs scries was inauguratcd
in February 1950. less thian wvo-years Jafte establishlitite of the Cominiittce, by publication of Report 1,
"Evaluati-oo of Present State of Knowledge of Factors Afficting Tidal I lydratilics and Related Pheniomena."
Thiis report was revised and brought up to daita by thw:Coiiint,*- in May 196S to incorporate the~advances
miade-during the intervening -I5-ycars by pmiblicati n of Recport 3. bearing thie saine title. Like ttie original
report, the revised publication consists of chapters jrepared by memibers and consultants of the Conmmittee,
each dealing with a phenomenon affecting, thec solution of tidal 'hydiauilics p~roblemis and their related
aspects. Commiittee Repc 12 and its supplements constitutie areadily uisable bibliography onl the a.if1ferent
phases of the tidal hydrauilics field which is continually being brought up to date as new publications
are p~repared and dissemiunated,

The results of special technical investigations of' tidal hyd rauilics, pheniomneia sponsored by the
Comumi ttee, as well as other out-standing studies in thtis field, have been ptiblislicd by the Conimfittee
in the formi of technical bulletins. A total of 17 suich bulletins, covering implortant research endeavors.
has been published as of 30 June 1 971.

As mentioned above, the Commititee, in response to-reqtmests fronm field office!: of ihec Corps, has
reviewed and recommnended courses of action to be taken toward solution of many tidal hydraulics
problems throughout thie United States. The results of Comr 'ittee deliberations- of these, problems wvere,
for many years, furnished thie fieki1 offices by means of letters addressed by the Chairman to the Division
Eingineer concerned. These letters contuined valuable information and findings of general interest; but
as they were merely letters, they wvere retired to- the friles after their original purpose was served. As
a consequence, these valuable findings and informationi were not noimaliy available to the average coastal
engineer when confronted with a similar tidal hydraulics p~roblem. in a different area. In an effort to
avoid thtis situation and to establish a more lpernianent and readily available record of these del iberatlonls,
,the Commiittee in December 1960 adopted " c prctice of publishing significant findings in report form
With ain appropriae binding to distinguish themn fromi the ustial irolitine publication. A total of 34 such
reports has been published to date. Comimittee Technical Bulletin 12, published in 1966, assembled and
presented the most significant of t!ie previously unpublished letter reports.

Althoughi as indicated in Appendix I' several of the Comuiia, e ' publica-tions are now ouit of print,
cop~ies of available publicatiovs may be secured upon application to um, -Recor-der. Commnittee onl Tidal
H ydraulics, cia, U. S. Army Ii'glmmeer Waterways lixpcrimient Station, 1. 1. Box 03 1, Vicksburg,
Mississippi 39180.

Special Missions

Duiring thie couirse of its existence, thu Commnfittee imiposed upon itself certain additional tasks or
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was cailied upun to perform spccia' assib, tents designed to fuirthert Incrcase the state of knowledge of
IidcL hydraulics pohenomnen,,. A dem-riptioio of such missiolns and the aU.0ll1plishiutclits thereof aire "unaidied

in Appendix F.

Application of New Knowledge

Perhaps the -most significant accomplishmecnts or the Commnit . onl Tidal 1 lydrauiliLs. which were
shated -.i their fulfillment by the ficid Offices of thec Corps of gincers, were savings-in construction
costs and subseqcittci maintcnaimdcc costs of lidcwateci improvements madc possible by the appic-ation
of newv knowledge gained throught Coummit icc rcsear.h. endeavois. These accotiiipishniicnts ~rep~resented
savings of many -aillions or dollars to the Corpis of Engineers through thie pfoper design or these
imp~rovements. utilization of improved dredging and zpoil disposal tediniques, by not, aindertaking proposed
work, which might otherwise htave been completed, were it not for hydrat.tic incdel studies that,
demonstrated the work to Iinuffective or detrimental; and- office or field btudies u-idertakeii at the
recommendation or the col, A.2.t~

BUDGET HISTORY

Funmds suipporting Commtit tee activities Iar e been derived through the years-from allotments made
fronm thme forinur Civil Works Inves,*ýations P rogramt and the p~resentt Engineering Studies Program of
the Corps of Engineers. These yearly allotments have always been (Ititte modest in magnitude butl the
achievements made by Iit- Comnmittee with these limited funds t.u quite remarkable. It is doubted thlat
-ny funded Corps activity has ever ) ielded !he monectary anud other- benefits made possible through' thie
acquisition anld application of iiev knowvledge gained through Conmnittec use of these 'unds. A listing
of funids expended by thie Coil .. ittee for eatli fiscal year Of its ex\i.,tenLC under the different IES research
programs is shown iii Appendix G.

PROPOSED FUTURE RESEARCH'

It is ant ficipa ted that1 thle Coinmi tce will Lo01n t ine to completion its present program of mv est iga tion
and research, and svill recommenod and Inrosectl te new anid addi tiowial research es the need arises u:ntil
al basic information required for thie achievemtent ol adequate engineering soluitions to thIos,).e Iroblvims
in tidlal waterways of ;oiicerit to thie Corps of Engineers has been developed. A, guidance in this task,
the Coinmit tee, beginning it I1964, developeCd its Cwivi p rograim documuent, v Iiich is con timual ly beinig
revise!d to reflect current research needs.

At the presemt time, fulfillnten of thec Commilttees current program of research is visualized to
require additiotnal work in the following areas:

aE S 8413, -Salinizv, hintsion and RelatedI Phenomnena. Phase IV of tltis research program
requires advanicentent to dIetermntme thte effects of vertical velocity (Iistributiolt on thie
Iramsp~or tat iom antd dposiltion of sedimnitis as menmt ioned in Appendix C. Sonie of the

mataters to he imtvestiga ted include:
(1) thnsteady-state salinity (list ribu t ions wi th a view to (Ideleti ning the time required

for a systeml -to adjust itself to a chtantge hin condt~h ions that a re factors in mad inity
intrusion.

(2) Relationts between seIilent ntotions and a steady-state salinity (list ributdilm to
determnine wte thor sedimentt forms a shoal in eqluilibriumt and, if so, the (listributiotion
thecreof.

(3) The effectiveness of bubble curtailts inl an esituarinle antd salline eimvironmnemtt.l



(4) Distribution- of pollutants in a tidal waterway widh a view -to determining whether
such distribution diverges from the normal salinity distribution,

(5) Characteristics of lateral distribution of salinity (Z direction) and the effects of such
distribution on the transportation and deposition of sediments.

b. ES 84J, Office hi-estigation of Existing Data on Tidal Entrances. Further correlation of
existing data on tidal entrances to devel )p empirical relationships of inlet characteristics
w;"- hc required as new data become available.

c. ES 845, Tides andl C'rrentts in Tidal If'atervays. With reg'ird to estuaries open. to the
(,ucan at one end and canals or waterways connecting two independent tidal waterways,
a-re-s for additional research include (1) extension of tleone-dimensional, finite difference
formulation to- inchlde tidal problems with multiple channel junctions as in the case of
-tidal-delta networks, and (2) an extension of the nonlinear, finite difference formulation
to two-dimensional tidal molion, including the Coriolis term, for application to wide
estuaries and tidai embayments. ,kidi respect to canals or waterways-extending from one
tidal body to a bay or lagoon not having an independent, tide, further study envisions
definition of the effects of- geometricparameters of the inlet on the head loss through
the inlet, flow patterns throughout the inlet, and' thI effects of more than one inlet
connecting the ocean with a single bay or sound.

d. ES 856, Shoaling Processes. Although some breakthrough in the sec.,rina, of new knowledge
regarding the mechanisms associated with the processes, iivo!ved in shoaling has been
achieved as discussed.in Appendix C, munch more intensive research will be necessary before
the goal of developing sound methods for making an analytical determination of prospective
channel shoaling rates and for design of corrective measures for shoaling of existing projects
is achieved. Further work is also required to detennine the medhanics of slip) and tributary
shoaling. In the area of sampling and packaging of estuarine sediments it is anticipa'ted
that a modest program to formulate recommendations for imlprovements in existing
equipment aad procedures and/or the development of new equipment and procedures will
be launched in the near fu ture.

e. ES 860, General Coastal hilet Studies. This research program will be vigorously prosecutted
in general accordance with the proposed plans ommined in Appendix C.

In the sphere of new research, it is anticipated that the Committee will soon be involved in the
forimumation and p)rosecution of a 5-year program of research leading to engineering design of navigation
channels in tidal waterways, now under consideration in the Office, Chief of Engineers. While Ihe ldesign
of such channels in the past has been based largely on mule-of-thumb considerations, the Committee
believes that safer and moic economical design can be effected through engineering analyses of factors
involved including $he inlreasing size of commercial vessels, effect of vessel squat, vessel clearance above
channiel bottom, horizontal clearance between channel banks., minimum channel curvature, effects of
restricted channels, and effects of waves and winds on navigation. The Committee is of the opinion
"that the 5-year F-regram should concentrate on areas of deficient knowledge such as (a) belavior of
vessels in wide and shallow waterways, as well as in restricted waterways, (b) effect of vessel squal
on passing. (c) vessel motion due to waves, (d) handling characterislics of vessels whell passing, (e) effect,
of winds, currents, and waves on heading of vessels, (f) opltiumt.! channel alignment, anid (g) appropriate
depth and width considerations.

Other presently visualized areas of needed new research and d(eveiopnient include olher areas and
subjects mentioned in the pm oject document, with particular emphasis to:

a. Dcteanine the effects of engineering improvements on prevailing estuamnc ecology.
b. Follow-up on completed projects to ascerlain how functioning of these projects has

conformed to past predictions of their perlormange.
c. Expand electroiiic computer tccliniques, hicludiig the (level opmen t of ant omnatic d1ata

gathering and rapid display of prototype ifleasurelnieit results.
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DEPARMhENT OF TillE ARINY ER 15-2-5
Oflice of the Chief of Engineers

ENGCW-EI[ Washington, D.C. 20314-

Regulation 19 April 1971
1'o. !S-2-S

BOARDS, CQMMISSIONS AND CaO)ITMEES
'Committee on Tidal Hydraulics

1. Purpose. This regulation prescribes the composition of the Corps
of Engineers Committee on Tidal Hydraulics 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 Committee are:

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

b. To recommend st-udies, investigatons, and research designed to
provide the knowledge necessary to arri¢r at adequate solutions for
the engineering problems associated with tidal waterways.

c. 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 Engineers.

4. Composition. The Committee on Tidal hlydrattlics is a continuing
committee of which the members are civilian or fornmer civilian engineers
of the Corps of Engineers having expert knowledge of tidal theories
and tidal problems. Members of the Committee arc appointed by the
Director of Civil Works, OCHE. The Committee designates two of its
members to se-ve as Chairman and Recorder, respectively. The current
membership of the Committee is sihown in Appendix A to this regulation.

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

This Regulation supersedes E'R 15-2-5, 8 June 1964
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a. Annual review of -existing and proposed programs of resca-'ch,
studies and investigations designed to provide knowledge for the more
efficient improvement of tidal waterways for which the Committee has
been assigned advisory technical supervision.

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

c. Continuous advisory technical supervision and guidance of
assigned research 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 Engineers'
organizations and to the Chief of Engineers. In order to maintain a
proper balance of Committee advisory servicc, the following procedures
will apply:

(1) Beach erosion control projects and specific coastal enginearing
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 engineering 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
Committee 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 engineering projects for which the Committee's

advice is desired on project formulation or complex t'Ial 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 thereon 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 adivtory service,
requests for such service should be made to the Committee Chairman
through OCE. Normally, requests should be made at least fou.' months
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prior to the desired assistance so that the Committee may properly
schedule its meetings.

6. General. The Committee will carry out its responsibilities in
accordance with the following:

a. The Chairman of the Committee will call Committee meetings
whenever the problems for Conunittee -consideration warrant such
action. Advance notices and minutes of Committee meetings will be
furnished the Chief of i-ngineers, attention ElNGCIV-E, I'NGCIV-O and
ENGCI- P.

b. Administrative and funds support for Committee activities
will be provided, as appropriate, by the field organizations accomp-
lishing general investigations in the tidal hydraulics field and by
the organizations to which Committee members ai'e normally assigned'.
Salaries of Committee members whje engaged in Committee activities
'will be chargeable to home offices. Per diem and travel expenses will
-be chargeable to Engineering Studi-es, Civil Works Investigations.

c. Committee recommend. Ions for work to 'be performed by field
organizations will 'be submited to the Chief of Engineers, attention
ENGCWI-E, for authorization through normal channels.

d. Committee activities will require that riembers accomplish
some Committee work at home offices.

e. Direct correspondence is aunthorized among Committee members,
and between the Chairiman and officers in charge of Corps of Engineers
field organizations. information copies of Committee actions having
important bearing on project planning or investigations programs will
be furnished to the Chief of l-ngineers, attention INGCIV-E.

f. The Committee will arrange for pimbl ication and distribution
of appropriate committee reports and papers to foster development of
knowledge of tidal phenomena.

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

FOR THE CHIEF OF ENGINEE'RS:

I Appendix R CHIR41)1,. 'McADOO
List of Designated Members Colonel, Corps of Engineers
of the Corps of Enginee'rs ljoxecltive
Commidttee on Tidal Hydraulics
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APPENDIX A

,he following Corps of Engineers personnel and former employees now
retired are currently designated members of the Corps of Engineers
-Committee -on Tidal Hydraulics:

Member Installation

Joseph B. Tiffany, Chairman U. S. Army Engineers Waterways
Experiment Station (Retired)

John B. Lockett, Recorder U. S. Army Engineer Division,
North Pacific (Retired)

Jacob I1. Douma, Liaison Office, Chief of Engineers

Alfred P Becnel, Jr. U. S. Army Engineer District,
New Orleans

Eugene B. Conner Office, Chief of Engineers

Albert B. Davis, Jr. U. S. Army Engineer District,
Galveston

John IV. Harris U. S. Army hngineer District,
Savannah

Frank A. Herrmann, Jr. U. S. Army Engineers Waterways
-Experiment Station

Dwain F. Ilogan U. S. Army Engineer District,
Seattle

John B. McAleer Office, Chief of Engineers

Joseph F. Phillips U. S. Army Engineer District,
Philadelphia

Thorndike Saville, Jr. U. S. Army Coastal Engineering
"Research Centcr

Edward R. Schultz U. S. tArmy Engineer District,
San Franc isco

llenry B. Simmons U. S. Arm, Engineo.rs Waterways
';xperiment Stati on
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MEETINGS

•Mee• Dtilcs Host Office and Location

1 12-13 Jan 1949 Beach Erosion Board, Washington, 1). C
2" 1-2 Mar 1949 Waterways Experiment Station, Vicksburg, Miss.
3 3-5 May 1949 Savannah District, Savannah, Ga.

4 14-16 Sep 1949 Philadelphia District, Philadelphia, Pa.
5 27-28 Feb 1950 South Pacific Division, Oakland, Calif.
6 23-25 May 1950 New Orleans District, New Orleans, La.

7 15-17 Nov 1950 Beach Erosion Board, Washington, D. C.
8 14-16 Feb 1951 Waterways Experiment Station, Vicksburg, Miss.
9 6-8 Jun 1951 North Atlantic Division, New York, N. Y.

Special 26 Sep 1951 Philadelphia District, Philadellphia, P'a.
10 12-14 Nov 1951 Galveston District, Galveston, Tex.

1 29-31 Jan 1952 Charleston District. Charleston, S. C.
12 24-28 Mar 1952 Philadelphia District, Philadelphia, Pa.
13 5.8 Aug 1952 North Pacific Division, Portland, Oreg.

14 20-21 Oct 1952 New England Division, Boston. Mass.
15 21-23 Apr 1953 Waterways Experiment Station, Vicksburg, Miss.
16 4-6 Aug 1953 South Pacific D)ivision, San Francisco, Calif.

)7 17-19 Nov 1953 Wvaterways Experiment Station, Vicksburg, -Miss.
18 24-26 Feb 1954 Beach Erosion Board, Washington, D. C.
10 28-30 Jin 1954 Philadelphia District, lPhiladelplha, Pa.

20 19-22 Oct 1954 North Atlantic Division, New York, N. Y.
21 25-27 .an 1955 Waterways Fxlperimnent Station, Vicksburg, Miss.
22 10-12 May 1955 Beach l'osion Board, Washington, 1). C.
23 26.27 Oct 1955 North Atlantic Division, New York, N. Y.

24 28 Feb- Waterways Ex:periment Station, Vicksburg, Miss.
I Mar 1956

25 27-29 Jun 1956 Providence Field Office, New FEngland Division,
Providence, R. I.

26 10-12 Dec 19.'j I Philadelphia District, Atl; ''l City, N. .1.
27 13-15 Feb 1957 Waterways EXperiment Station, Vicksburg, Miss.
"28 17-19 Jun 1957 South Pacific D)ivision, Sail Francisco, Calilf
29 2-4 Oct 1957 St. Paul District, St. Anthony Falls Ilydraulic Laboratory,

Minneapolis, Minn.

30 11-13 Feb 195e. Savannah District. Savannah, Ga.
31 10 12 Jun 1958 Waterways Experiment Station, Vicksburg, Miss.

32 28-30 Oct 1958 New England Division, Boston, Mass.
33 3-5 Feb 1959 Galveston District, Galveston, Tex.

34 10-12 Jun 1959 Wilmingtcn District, Wilmington, N. C.
35 6-8 Oct 1959 San Francisco District, San Francisco, Calil.

36 1-3 Mar 1900 Waterways I'xperiment Station, Vicksburg, Miss.
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MEETINGS (continued)

MCcng Dates Hlost Office and Locaion

S37 25-28 Oct 1960 Portland District, P'ortland, Oreg.
38 28 Feb- Charleston District, Charleston, S. C.

2 Mar 1961
39 6-8 JAm 1961 New York District, New York, N. Y.
40 28-30 Nov 1961 Waterways lxperiment Station, Vicksburg. Miss.
41 6.8 Mar 1962 Beach Erosion Board, Washington, D. C.

42 1-3 May 1962 Norili Atlantic Division, New Ynwk, N. Y.
43 4.8 Jun 1962 Alaska District, Anchorage, Ala
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, Was:hington, D. C.

47 15-17 Oct 1963 New England Division, Boston :ind Hlyannis, Mass.
48 28-30 Jan 1964 Galveston District, Brownsville, Tex.
419 21-23 ApI 1964 North Atlantic Division, New York, N. Y.
50 30 Jim- Jacksonville District, Fort Lauderdale, Fla.

2 Jul 1964

51 20-22 Oct 1964 New Orleans District, New Orleans, La.
S2 26.28 Jan 1965 Waterways Experiment Station, Vicksbuirg, Miss.
53 24-27 May 1965 San Francisco District, San Francisco, Calif.
54 13-14 Jul 1965 Philadelphia District, Philadelphia, Pa.
55 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 1966 Watemways Experiment Station, Vicksburg, Miss.
58 25-26 Oct 1966 Jacksonville District, Jacksonwille, Fla.
59 1,4-16 Feb 1967 Seattle District, Seattle, Wash.
60 13-14 Juin 1967 Baltimore District, B:lhimore, Md.
61 17.19 Oct 1967 Norlh Allnmlic Division, New York, N. Y,
62 13.15 Feb 1968 Galveston I)istric,, Galveston, Tex.
63 26.28 Jun 1968 Philadelplhia District, Philadelphia, Pa.
64 22-24 Oct 1968 Waterways Expeiment Station, Vicksburg, Moss.
65 8.10 Apr 1969 Los Angeles District, San Diego, Calif.
66 15.16 Jul 1969 New Orleans l)"rict, New Orleans, La.

67 21.23 Oct 1969 San Francisco District, San Francisco, Calif.
68 18.20 Nov 1969 North Pacific )ivision, Portland, Oreg.

69 16.18 Jun 1970 Charlestonl District, Charleston, S. C.
70 18.20 Nov 1970 Philadelphia District, Philadelphia, Pa.
71 9.10 Mar 1971 Coastal lingineering Research Center, Washington, I). C.
72 23-25 Jun 1971 Seattle District, Seattle, Wash.
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The activities of the Committee-oon Tidal-llydraulics -were originally established as an item of tile
Civil Works Investigations Program of tile Corps or Engineers, and all subsequent programs of study,
investigatioin, and rescarch were assigned as separate-items under-this bask. program. Over the years some
of "he research programs blended into other programs when such ,action was indicated. In recciit years
the title of thie basic program was chdngeddto "Engineering Studies Program" and in the discussion that
follows ife piqcsent designation of items under the new program is used to distinguish tlid different
fields of zrescarch.

ES 816, Tidal Flows in Rivers and Harbors

This item provides for regular meetings of the Committee, the reproduction and distribution of
reports, eutiloymefit of Consultants, and all general activities not directly related to one ol, :ie folioviig
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 it recognition of thie effects of
G. littoral transport, as influenced by waves, alongslore currents, and tidal currents on sedimentation of

bar channels, entrance channels, and tidal inlets. Work on this item was iniliated in 1954 and subsequent
efforts were devoted to the following three subprojects:

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

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

c. Tfile acquisition and calibration of ins:runments required for measurement of the rate of
littoral transport at p>rototype inlets equipped with sand bypassing installations.

In c:onnection with subproject a., the Committee has cooperated wilh tihe Waterways Experiment
Station in hamving six test.S conducted in one test basin and two tests performed in a second test basin.
The rest.is of these tests in thie first basin were analyzed joi, tly by tlihe Committee, tile Beach Erosion
Board, and the Waterways Experiment Station anud a report thereon was published iii May 1957 as
Technical Memorandum 94 of the Beach Erosion Board, "Laboratory Study of Effects of an Uncomtrolled
Inlet on Adjacent Beaches." Tile results of tests in the second test basin were subjected to preliminary

amnays by thie Waterways Experiment Station and forwarded for complete study by the Reach Erosion
Board.

Under subproject b., the Committee cooperated with the Beach Erosion Board and the Galveston
lDistrict in obtaining and analyzing hydrauii. and hydrugraphic data following construction by Willacy
County Navigation District of tile Port Mansfield, Texas, entrance channel which connects the Gulf of
Mexico wN. i Laguna Madre. Thik channel was dredged to a controlling- depth of 10 ft across Laguna
Madre and Padre Island, thence 16 ft to deep1 water in the Gulf of Mexico in 1957, about halfway

between Aransas Pass and Port Isabelr. Tile hydraulic and hydrographic measureunen ts 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 a Federal project providing a jettied entrance, a series of
measurements of tides and currents through the channel was tudertaken under the direction of tile
Committee to provide prototype data for mathematical analyses of flow flirough a tidal entrance. l)ue
to the complexities of tile Port Mansfield flows created-by wind setlup, this study was deferred. A less
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complex cutrance, Indianl River Ildet, Delaware, was seleclcd as tile subject of mathenmatical antalyses,
which analyses were presented in Connuit tee Technical ilulletin 14.

Following studics of file Port Mansfield project, thle C(miunittee, inl 1962. recognized the neecd for
suitable testing -facilities for gencral and specific inlet studies, which recognition led to autllimizatioml
of a n~ew research item, ES 86,0, Gencral Coasta! Inlet Studies. subsequently disciussed -hereafter.

IS 843, Salinity Intrusion and 'Related Phenomena

This investigation was proposed. by th~c Committee inl 1949 ill recognition of tile knowledge that
salinity intrusion~ into estuaries (and thle density currents and other phienonmena associated w:tli salinity
intrusion) phays a major role inl estuarine shmoaling lprocesses. Al though woirk onl this investigation began
as anl effot t to understand thle pllenoimenvii of thle saltwater wedge inl esituarics having stratified flows,
it was later expanded to em brace all aspoc ts of salinity intrusion, including the mechanlics of tile
phellnoaienon inl wel-Illixed alld partly mixed estuaries. Further refinemecnt of thle objectives of this study
Jividled ihic experimental and analytical port ion hin o four distinct phases as follows:

Phase I - lefinifiionl of thle extent of sal in ity intrusion in to open clhannels and the 'result iiig meanl
salinity d ist ,u t ioii as a Fu netion of tIile intrusion length and phase of tide.

Phase 1I The vein tical (list ribu tion of salinity as a Func tion of thle hin mnsioil length ind ph11ase
of tide.

Phase Ill - The effects of ye rt ical salinity intirusion onl thle ic rtical dist ributition of ciiri cot veloci tics.

Phase IV - The effects of' vertical velocity distribu lion onl the fransportation and dleposition ot
sedionentis.

Work onl this stud y was in it iated in I1951 ,at tli e Waterways lixpe rninn'ml Stat ion-by thle const ro ciionl
of a tranisparent plas tic salinit y flumie 140 ft 1long, 9 inl. -wide, and 1 8 in., deep, with facilities inl a
20. by 20-ft basin for producing tide phases inl salt water at onle endl and thle mt roduction of fresh
water at thle othIier end. The initial testing programin ilthle salinity flumie. conpllc tedl in I1952, consisted
of performance tests to deternmine thle usable iange of tide, range of tunec scale, range of fmeshwatei
flow, basic inlovelinen ts of wa ter-surface slopes, and current velocities with fresh water only. Lat1er thlis

programn used salt water inl the tidal basin to show the behavior of thie saltwater wedge at (different
tidal ranges and depthis of water ill thle flume. D~r. Garbis If. Keuilegan of tlhý, Bureau of Standards was
calledl upon0 later that year to provide guidance in thie inicypretation of tlhe results of thiese tests. lieI
recommonded furthier tests to (IC erinine tile range of ilsefIuliess of, this pi lot apparatus. MIr. 11. 13. Simmons
of' tile Waterways lixperilenet Station, who was irt immediate chaige of thle fluniu tests and who
subsequentlly becamle a mebrof [lhe Commit tee, proposed a -testing~progratl (designed to provide data
Onl thle lonlgitudinal and vertical disti ibuliou of veloci iiks and sal~ini ties for thle range of saltwater intrusion
tyl)e., capable of being reprodluced ill tile 1tiune withou t resort to artificial roughniess. This program
demnost rated thle effect of t idai range. fieshwa ter discharge, anid salinity diftferences onl intrusion lenigth
and vertical distribution, as well as treilds for inovenient antd dlepositionl of sediments of differcil tSpecific

gravities for thle dlifferenlt types of intrulsionl studied.
Late ill 1953 thle saliinity I1luine was em ended to its R~ill length of 327 ft. 'lime fi' Ille, however,

was unable to achiJeve sufficient inkinglf of thle two wa tel s without thie inlstalla tion of -. iricial roughness.

Thiiis m oughi imess was p)1ovided anld tile suibseq tentl tests appeared to con foin Nýin mi conldi tions noted inl
&avannah IHiarbor. Ini view thmercot', thle Conlmilit tee apeed oil a pzogramll of' testing to ( ewrminine time vertical
dist ribim (ion of cr rent velocities usitng fresh Nvater oi.cy ill thle flumle against tlie vertical (list ribution
of velocities using salt water Ini thle tidal basin, and to ma kc similar mucasi imlen ts of horizontlal :1nd
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vertical- distribution of Oturrcnt- v'clotitices. v ýth botli freh! Jind %ýJt- vtr in Alhe -tidal basin. Iihese tests
were completed early in 1954 and' Dr. A. T. ]1ppcn of file 14,ischuspllts Institute of Technology was
emp~loyed its a consult.Iint 1to lit Coninjittce -to ;review andl analyze -the results of these -tests

As [lhe reuto isaayss t'h lest data, lDr. Ipfiei re.omnuendzd the undertaking of additiona
tebts~to provide data -froli Which tile iseo',(I effeix onl salinity -11iovenicut Of freshiwater dis-diarge, tidal
period', mjid -tidal ranige could be deiermined. -These-tcsts-vwere completed- late in 1954, anid opcrating

prcdrswere developedl Nhiidh peimittcd a L loserepinoilmion of a highly stratified salminiy '.ondition

and whi~h enabled a-rcasonably tclosc reproduc.tion of a partly mixed -ýopitidiid. Ilowever, it- aIppearcd
that the flume wa&. inicapable of set king up ~oudilioi-s for reprodtittioii iif-a -,mmpletely ii-iixcd Londition.
Mi. Simiiinoi suggested, as means for overcoming this dcficieiiy, thar the- flume be modified to provide
atr~ape/.oidal cross section with tiet cross-sectional Jicj decrtcisiiig from tlie.-oean end to lthe hzad -of

lidc. Whl the miierits of this suggestion were iecoLgnited, it was dec.ided t.o otinuei testsin therectangular
flume. Dr. llppen continued his work of' analyses -of this tests.

T ai-ly in 1957, the flume was modified to ii'corporatc a- mixing; devie., -;.'hicli permitted constant
-salinoily uonditlions to ýbe mini~ itaained at thec en tranice to lthe fl ume, a Otl~uiful er testswe ie made to dotcnn i i
tidal amplitudes anid phases for a variety of controlled comlilion, ,o correlate ,alinily *mid-velocity datlm
obtained from previous tests. fln February 1959. 1)r. Ippen was of the~ opinion that iopctolleiil of his
report- oil Phase5 I of thie inivestigation would he )o~ssitcleii the reasonably necar future, but lie~ was doubt ful
iegardinig the achlievemlent Of satisfac~toy treatment of rrctsalinity and velocity distributions. Later
that same yeir, as fl~te result of additional studies, lDr. IlplC anid his colleague, 1)r. Donald R. 1. I larlenma n,
sltated that -it appeared t[flat % ortIhw Ii le results c.ould -be ob tainied ill Phases II and I II of thie investigation.
if analytical data completed could be applied to the pre~tuylpc. Work onl these two phd -, was started

- in the fall of 1 960, anid in Jun, 19,61, thec report by D)rs. Ippen and H arlem~an onl Phase I was puhlishc~d
as Committee Technikcal Bul let in S , ''One Dime misional Analy sis of Sal inity Intrusion in Estuaries."

D)uring the ensuing three ye~ars nmunerous tests essential to tihe compleItionl Of Phases 11 and III
of this investigation, whichl were conabined as a single emideavor, were made involving the cxtent of dye
diffusion throughout the flume fur seleted ,ondjltons of tide and freshwater discharge and aliso) of
diffusion ý.cffhicimts in distorted models. rollowviig this, i draft report oil these plwhas5 Nxas distributed
to the Committee in Oc;tober 196.4, but( it was believed that thie findings of this report should be veiniied
by p~rototype observations before they could bc accepted. Work of such1 verificationl was undertakein,
and 1,-ý June 1967, followi~ig-ilaisfactory ýorrelatinon with prototy pe observatiuns, the repom 1) lý rs. Ippenl
an1d 1 larlemtan was pabl islied anmd disutibu ted as Committee Tecuh ial B3ullet in 13, ''Two-DIime nsiomi l
Asp,~ts of Sal inity Intrusion in) E1stuaries. Analysis of Salinity and Velocity Distribution.''

Work onl Phase IV of thec investigation b)egan in 1969 throuigh modification of the salinity flumec
to sho" (a) tuminslady salimniity distribution, (b) finc~hani,.s of- zaliniiity and scd iwo inn mo tion, (,,) longitudinal
distribution 01' lollutalits, and (d) misc of air-bubble curtains as salinity barriers in cs,.maries. Thiese
modifications of the flume weiom piciiletd in 1970,mad as of this writing, these tests should be c.ompleted
in Fiscal Year 1972.

ES 844, Office Investigation of Existing Data oti Tidal Entrances

This study was propost-d by thle Commit tee Inn 1949 in recognition of a need for collation of data
c.olled.ed and studAes made of* the characteristics of tidal entranices over anl extended period of years
1)y numerous Offies of (lhe Corps of 1,ngincerUs. This c.ollatiOnl was believed capable of revcalling emp~iricail
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-Tclationships~between tidal prism, entrane cross-scti -onal area. flow velocities, bar location and geometry,

and other pertincent physical elements or tile entrane region Olat mlight be of great valuie in tile plniwtmg

and~prosectionl of tidal inlet improvements. Work oin this projct was undlertakeni in 195-4 undei aernis
of a contract between thle Beach Erosion Bm~rd; and the University of Florida with studies perfouricd
by Dr. Per -iroutn and iMr. F * Gcrritson of tile Coastal* lnginuccing Laboratory of that University. A
report. on thc rcsfilts of the datl analysis was submitted to the Comiihittec by thle contractor in' May
1957. Subsequently, tlhe data analysis was Lised~by Dr. Bruuin in preparation of anl ASCE paper onl tidal
inlets. Accordinply, thle Cocimittee decided that noý good, purpose would be served by piiblicatioin-of
liic 1at~a analysis as aseparate Committee documenit. Thiis, research endeavoi was thereuponl termlinated
by the Committee in 1962, pending the f'uither collection of inlet data.

ES 845, Tides and Currents. in Tidal -Waterways

Ini consideration of tlie knowledge that there -were in use at least three widely divergent methods
for computing tides and currents in tidal waterways, (lie Commnittee in 1949 proposed this investigation1.
All three methods wvcre fairly complicated and laborious, and none of the mnethods had been evaluated
by comparison to selected actual cases to showv conclusively tile degree of accuracy obim~,:d. The wvork
wras initiated in 1952 under tormis of a contract-withi Dr. I flans A. Elinstein of thle University of California
whichl provided for:

a. Rview of t(lie three methods in usc for coinpu hug tides and currents iii tidail waterwnyŽs
(Ilv! method proposed by Coloniel lCar! 1. Brown, tllat p~rop~osed by General George k.
Pillsbury, and tile method of characleristics developed by Dutlh eilgineers-ii connection
with tidal probleims inl the Netherlands).

b. Application of each methiod to a sufficient variety of spccific tidal waterways to permlit
evaluation of t[lie advanm(ages, disadvantages, and the degree or accuracy obtained by aeah.

c. Development of a newv metlliod for use ill predicting tides and currents in tidal waterways
if aill of the existing methods were too coiullicateci or laborious, or if none produccd
satisfactory results.

WVork performed by D)r. E-instein on ltile first two phlases of this investigation indic-itcd that tlie
mlethod of cllarw, ristucs is sulperior to tile othler two niletlot:. and wvill yield satisfactory answers to
problems involving th. p red jet oi of tidal elevations, tidal p11ases, anmd mean ecurren t velocities inl tidal
waterwvays. This work also revealed that thie mellliod of characteristics is very laborious inl actuial problems

and that electric amialogs and hlighl-speed compuiters may be used to advantage. Althlough thle contractor
suibml ted a final report onl his stiidic. which may tiltinia ely be a valuable addition to li terature, it

faiiled to achieve its primary o~ject~ive, as tlie coimputIations wvere ilol sufficiently well organized to lpernlit
comparisons of' thle three methlods. Also, thie compu tationls were appliiedl to different canals under each
method; hence, ilo comparisoni of' the three ilediods was p)ossible. Iin addition, no effort was made
to study a ilattural estuiary. As a coilsecluence, tile report of the cointractor was not published as a1
Committee documnent.

In I1959, a conmparison of tidal comuputa tioin by hydrauilic; model and by electronic conpiuter using
tile tidal hlarmonlic mlethlod was jointly sponlsored by tile Committee anld by tile Corps Ilutrricanie Stuidy
Coordinating Comlmit tee. This Comlparison of tidal conlditionis involved studies of tides in Narragansett
Bay and was imade possible in eonnectioin with studies of' hurricane barriers proposed for conisrtictioll
in (lhe lower portions of Illis bay. Thie coinputier program part of this study was cnduicted at tlile Texas
A&M Uiniversity Research F-oundation, College Station. Texas, amW d it hydrauilic model tests wvere
condutived at thie Waterways Exp~erimnent station. mhis coimparisoin indicated that thle twvo mlethodls of
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predictitun -give results that are ir. close agreenment. A report ort this study is contained in Committee
Technical Bulletin 9, "A Comparison of an Estuary Tide Calc.ilation liy I lydraulfic Model and Computer,"
by J. M. Caldwell, June 19651.

-in further' recognition of tfie need for procedures pemulting lthe ameage coastal engineer to-predict
tides and currents in tidal wz'tcrways, ltie Committee in 1965 approved work ir~der j conttract withi
dhe Massachusetts Institute of Technology whlich had as its objective fhe development of mecllr~ds of
computing such tides and currents by thce different-procedures available in a readily understandable manner.
Following a thorough review of the literature onl tidal conlipurtations arid lthe developmenii of a method
of classification of ilidal problc~ns, work was dircztedto-ithe deveopment and arpplica'tion of a gene.-al

compuiter progiam for tidal computations of actual prototype estuaries. These programs considered the
explicit scemlre which lseemued to be superior to both ithe implicit scheme and lthe method of cllarac~cristics.
As a result, art explicit, finite difference method was developed. Thiis method deals with the basic
cuntinuity and moenittuni-equations and has die advantage of being able to treat both the simple and
complex tidal problertis wvithin the jame getieral framewvork. This method is outlined in Committee
Technical Bulletin, 16, "Thre Computation of Tides and Currents in Estuaries and Canals," by D. It. F.
Ufrlerman arid Chok-hung Lee, Septemnber 1969. fIn 1971, Dr. flarleman was~authiorized to develop data
supplemnirting this report, to provide -for comprehenisive explanation of using the proigrain outlined thereinl
together wvith revision of lthe user m~aniual, M'iiclt will be publishecd separately.

ES 855; Mathematics of Flow in Tidal Channels

This research item was also proposed by thie Committee in 1949 ill recognition of thie riced for
dependable methods for calculating flow patterns and current velocity distributions in tidal entrarnces.
Work was initiated in 1950 by Drs. Garbis 1-1. Keulegan arid John L. French of the National Bureau
of Stantdards. Work by Dr. Frerteri related to flow arid velocity p~atternts dhevelopirng fromt the ocean into
art inile as well as frontt anl inlet into the oceart; Urtder Commitittee sponisorsltip,,Dr. French's report
onl these studics was published as Commitittee Technical Bulletin 3, "Tidal Flow it Entrances," January
1960. Although Dr. Keulegart had mtade sorte concurrent studies of art analytical approach to the problemt
of defining, charnges in the water level of a basirn connected to lite ocean by a channel or cltairtIs,
this approach, providing the nittarts of predicting flows through entrartces by rise of sintple technriques,
was not p~erfected until considerably later. Dr. Keuhlegant's report onl his studies was publishted as Conmmit tee
Technical,1Bulletin 14, "Tidal Flow in Eritrantces� Water Level Fluct uat ions of Basins in Commturticatiorn
with Seas," July 1967.

ES 856, Shoaling Processes

At the tirme of its formtat ion, the Conmintitee founnd thiat a better untderstandirtg or tlie rtatu ral
processes involved irt thie phientomteniorn of shoalirng prescnited lthe likelihood of high dividentds frorti tre
cost of research in lite formt of reduiced chartnel mtaintenianice expenditures. Al though all of ltne investigative
itemis sponsored by lthe Committee are related to this utatter, it was decided that certain of the miore
imtportartt items should be carried forward to comptlletiont before a concerted investigation of shioalintg
processes was iniltiatedl. In 1957 the Cormitirtre neconuniended a progranti of additional studies considered
ntecessary to develop essential knowledge of shioalintg proceses. rThe wvork p~lannted or accomtplishred to
date untder the different subl~feartres of the program is ouitlinted !in lte followirtg paragraphs.

Plume Studies of Muds. As most estunarine shoals !itlithe Unites States are composed of mutnds rather
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than sands, it was reconmnended that-flumnc studies be made toestablish ihe basic laws-which govern

the -transporiation and deposition of muddy sedirne's. Soon after this recommendation was made, a

need for similar. infornation developed in connection with prototype dud model studies of tile San

-F-ancisco Bay system. A contract was arranged between the San Francisco District and the-University

of California for a study, by nieans of tests in labormtory flumes, of the dynamic cliaracteristi6 of

various~flows and susliensior,s which deterniine and influence sediment transport behavior and deposition

inw shoals. While the Committee did not actively support the work. performed under this t.ontract,
Comnmittee members gave advice and consultation to those in chairge of its prosecution. Work tinder

the contract involved study of San Francisco Bay sediments only; and on the basis of tests conducted,
the following conclusions were ,reached:

a. Deposition of San; Francisco Bay sediments occurs when the mean current velocity is
reduced tb about 0.6 fps.

b. A somewhat-higher velocity is required to resuspend the deposited material.

c. There is little or no evidence of "bottom layer" moveonent of the sediment.
d. The viscous layer at the surface of the bed is resistant to scour, and scour of this layer

is relatively slow.
c. The consolidation rate of tile deposited material varies widely with concentration of thie

suspended matter.
A-final report oil tile tests leading to tile above comLlusions was published by the University of California
in June 1962, "Flume Studies of the Transport of Sediment -in EFstuarial Shoaling Processes."

Effects of Repetitive Scour and Deposition oil Sedimentation. The Comnmite is of the opinion

that succesive scour and deposition of sediments may play an important role in shoaing processes, and
therefore, flume studies to determine the signifiLance of these factors should be made. However, due

to the lack of funds which could be devoted to this research endeavor, the desired flume studies have

not been made to date.

Techniques for Radioactive Tracing of Sedimnent Movement and Deposition. The Committee is also
cognizant of the fact that radioactive tracing of sediment movement and deposition offers a-great p)otential

in the development of knowledge in shoaling proccsses. I lowever, since its limited fumds and time predlude

active participation in such research, the Committee elected to keel) informed of the work of others

in this field, to encourage use of this technique in ,omineclion w.tth specific investigations where it is

applicable, and to offer such consultation and advice to those engaged in this work as may be required.

'Tile Coninittec worked closely with the San Francisco District and tie Uniersity of California ill
connection with efforts of that D)istrict to develop suitable telhniques and equipment for radtoactive

tracing of muddy sediment movemntons in the San Francisco Bay system. Pluisuant to contracts by thie
District with the University of California, thie University accomplished the research and published its

lindings in the following reports:

a. Report, dated 15 July 1960, "Aln Underwaier Scintillation Detector for Gamma Enmitters."

b. Final Report of October 1960, "Methods for Tracing lIstiarial Sedimtnent Transport
Processes."

Concurrently with the final phases of tile ,bove work, t[ie Committee recommended that the San

Francisco District prepare a brief report describing the techniques and aapabilies of this method for

tracing the movement and depositior of sediments for the informanion of all Corps Division and District

Offices. This action was approved and the report, which indi%;ated that a nucletus of experts in thie Corps

had been trained to perform tracer studies for l)istrits, was published and distributed in April 1960
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"s"Radioac:ive Tracer Tecliniqacs as an Aid in Resolving'Sediritnitalion P~roblentls."

Later,-_in 1970. life Coastal Eniginieering Research C'enter developed techmiques to tiamtheda movements

of ;anids in tile nearshore L.-ean akrms, using spc4.ia~l) designed ind equiilppd vessls japable of oper.1ting

in lthe suff zone. as well as a monitoring drum dragged by fihes vessqis over lthe omcan floor to dctca

the presence of radioactive sand.
Development of Iii.Place Tarbidity Mleter. 11wc Commnittee believes that thle development and use

of a suitable in-place turbidity, met&r will grcaty advince thle uniderstanding of shoaling proa.csses. In
view of thle large areas involved in most, estuaries, and Ii- constantly changing -ondifluns of tide and
freshwater inflow. thle C'ommittee is of tile opiuion that 46ompletc and sinmultanecous #.Uerage'of SuILll

systemns or mecasuretinents of suspended sediment umn,,.itrtjipns, withi only appruomimaicl xi-taile results.b
mill yield more valuiable information thtan wvill long-termu coverage and highlly a~curate results. To

accomplish suchLovcragc, it 6~ believed that direct-reading, in-plate meters must be developed. Availaible

evidence indicaed, that an inslitruine operating onl the basis or light extindaon as ai measure -of itirbidit)
will Fulfill this requirement. The -Committee his learned thit lite Chesapeake Bay Instiltute of Ili,; Johns
Hopkins University has developed and perfeteIC anl hinstni'net of this typ,., and thle Committee has
elected to keep)-inforined of aind to encourage vvork of this nature vvithoa.itahtiv Conminutt parttepatioil
unless required.

St abili/.ation -of D~eposits. Early in its establishment, tle-~ Committee reognmed. that phiysital atnd

chemical changes whitch oLcur in sediments after deposition are signifi~ant ito an understanding of [lth;
subject )f shoaling processes. A literature review to determine thfe state of knowledge of thiest; climiges
was initiated under Committee spoiisotsliip in 1958 b) ltle Soils Dhivsion of thfe Waterways primn
Station. This review revealed that salinity appears to be thfe most significant factor .ontrolling thle
deposition of suspended sediments in tidail %va trwaiys. The tesilts of this study were-publitslied in June
1960 as Conmmri ttee Tech inical Bid let ii 4, '"Soil ats af Fal;1toIin Shua31li g NOrOCeSe, a Li tera ture Review."

lin December 1960, thfe Waterwvays Lxperiment Station, acting for tife ('etninttee, entered Into a1

contract wvith thie Uttiversity of Cailiforniat. providinig fur tltc Uni%,eisity to study the rfietelogicail properties
of consolidating sedime tits ivltu nlys o cttltVfli.i~ci)i y graitm-mit distribution. and X-ra)
diffract ion. The results of thmis stuidy were publ)1 ited in Sptclutbeim 1963 fin Coummi tetee Techi i ial IBitI c t 7,

"A Study of Rhecologic Properties of Estitirilz Sediments." by Dr. It. B. Krone.
Fl occulat ion. 'Ilife Continlit tee early rec ognizted lthe fiiwt tha~t Il~i. k cul ofl mlsispetided and dlissolve~d

solids p~lay's ant importaat role in shtoalIintg protsses pat it iclairI , as sea vv at r is alli efflociti nt Ii oteLtt ing
agent. Under Cotm mi ttee spomnsoiship, thfe Soils Di% ision of tit e \'atte rwvv~s 1, ý periiicn t Stat ionl unducedti
aI litera tutre review ott Ii occu lmttion, lin omb i nat ion w.i thi that of st,tbiliiat iti ut-deposits d ) rt b d tine
thie lprfcedi ng resea rch i tern, ltie resti Its of wlitkhI were alIso published lin 1090 lin Commnit tee Tet !.ncal
Bulletin 4.

lin consideraltion of [lie nteed ror fuit rther resem.1itlt o life llocu..ilitlum phienotmenmon. thfe Cominit tee

gave .onsiderable study to thie formulation of at rec'sarclt progr.,imi designed ito provide knowledge of
the mechanics of 'lioce tla tion, recogtti/.ing Ilit t 1 it iulioils p~robe inito iiilm tte would undoitb t ely beminre

prodiuctive than ani ill-planned ''all out"' effort. lin 1903, thfe Chtai rmani iiw will tD r. K~rone of the IUniversi ty
of Californiia and interested Waterv' as Experimnie, Station peisutinel anld developed a pl)ograili1I )f()Vt' tig
for samipl ing of Ilmoua ted nimtterials atnd velocityý obscrv .m ibuts, S tuid) of the deve'lopmenit of* sh oals -tmd

their characteristics, and laboratory arialy scs. Later, it waii decided tha~tt this Iloec utk.'ion reseorch ptt, .inn

would be applied initially to lthe Savannah Lstuatry, followed by ip~plkalttion to t1w D elaiware ILstuai.ir
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"ield work under-the, program, hiowvcer, was. delayed due to lack of funds until Septemibcr 1963 wh.!n
work was initiatediin the Savannah Estuar,. During the next year, the field program for the Delaware
lEstuary was initiated. At this wfifing, all field measurements on both estuaries'have been firnished'lto
Dr. Krone, and it is expected that his report outlining his findings on the flocculationtphenomenon

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 prototype hydraulic and other data will reveal certain relationships between estuaries which
should lead to a itter understanding of the overall'-subject of, shoaling processes. Consequently, tile
Committee-in 1958 arranged for the I iydraulics Division of the Waterways Experiment Station to assemble
and analyze all pertinent prototype datj in their files on impurtant estuaries. Following this, in 1963,
selected-field 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
inade for numperous estuaries. To date, considerable work has been accomplished with data from Savannah
and Brunswick lstuaries and 'Grays I larbor; but the study is, as a whole, largely inactive at the present
time, due to !ack of funds and quailified personnel. Thle work, however, is 'being carried forward as
time and fundsa spermit,. and it is probable tliat several years will be required to complete this study.

Classification of Sediments. The Committee beleves that proper classification of the sediments which
contribute to the shoaling of thedifferent tidal waterways of the United States is' of importance from
the viewpoint of a comprehensive understanding of shoaling processes. This effort isbbeing carried out
concurrently with analysis and correlktion of prototype data described above.

Sampling and Packaging of Estuarine Sedimdnts. The Committee believes, that the importanile 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 Committee

sponsored a program, undertaken by the Waterways Cxperiment Station, to survey and evaluate current
methods and equipment for on-site testing. Coastal Corps of Engineers field offices were invited to provide
information on methods and equipi.ient enmployed. Analysis of replies received and visits to uerlni offices
oriented the research program to a determination of the effect of highly controlled and careful sampling
and packagin, as compared with a careless conduct of' tile sampling ,and packaging program. It was decided
in 1967 to confine the research program initially to the Savannah Estuary where it could be conducted
at minimum cost in connection with the intvestigation of the flocculation phenomenon. In cooperation

Switl tIme Skidaway Institute of Oceancgraphy, sediments of the Savannah Estuary were analyzed as part

of this research program. Teniative conclusions reached to date indihate that the degree of care exelcised
in sampling and packaging of sediments makes no difference with respect to the percentage of dry solids,
wet density, or grain.size distribution. This research program is continuing and it may be some line

before it is completed.
Mechanics of Slip and Tributary Shoaling. The Conmmittee in 1962 adoptcd a program of research

of the Ilydraulics Division of the Waterways Experiment Slation designed to develop knowledge of the
mechanics of slip and tributary shoaling. This program envisioned tests in the Iludson River hydraulic
model as well as in the Delaware IEstuary model. Although somc tests were completed in 1964, the
results have not been analyzed or published; and this research program is inactive at this time.

Correlative InvestiLations. Significant studies are made in Corps oh' Engineers field offices of variotus
aspects of the shoaling phenomenon which substantially contribute o the field of knowledge in this
matter. Examples of such are contained in Comnmittee Tedinical Buhlletit 8, "Channel l)epth as a Factor
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inll-shmnnire' ediiicnhatioii byi II. . S:mmons,-dated Marc~h -1960, a:md Comm!it we Tfeh~cianc Blulletin 10,

""Significaricc of Chy' Mineral ini Shoaling Probleti," by J. Neiheisel, dated September 1966.

-ES 860, Generl Coastal Inlet Studies

As early as 1950, the Committee recognized t(ie need for research in the complex field of inlet
behavior. Studies since that date confirmed the pressing need for additional knowledge to solve inlet
problems, and as the resut of a Committee recommendalion in 1962, a ,csearch program was funded

beginning i- Fiscal Year 1963.
Initial consideratioa of the research,lrogram indicated that tie problen, could be logically separated

..into two basic aspects, i.e,, the hydraulic characteristics of tile inlet complex and the dynamic changes
in 'bed configuration associated with- the inlet complex. Fach of these two aspects was then further
subdivided int' two problem arems. The hydrauhl characteristics aspec, of thie inlet complex was scpar.,ted
into (a) tht -finition of the hydraulic characteristics of tlia inlet proper and-(b) the understanding
of the intleraction of the inlet (including multiple inlets) with the ocean approach and bay. The dynamic
aspect of the study was separated into (c) 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 invesligated by complementary use of field investigations, laboratory investigations,

theoretical approaches, and empirical approaches,
The study of hydraulic characteristics of the inlet (a) includes the definition of the effects of the

geometry and bed form of tile inlei on thie energy losses, flow, and wave patterns in the-inlet. A significant

portion of t(ie study is being conducted in laboratory facilities constructed speciflirally for the investigation.
Physical models are constructed in one of these facilities in accordance wilh typical geometries developed
from analyses of prototype inlels. Prototype confirmation of the ;aboralory results will-be obtained.
"hie end results of thcse- efforls will provide a basis for deteiminalion of thie tidal flow thiough an
inlet, and flow patterns as well as wavw climates through ount the inlet. Each of these hydraulic
characleristics will be defined for normal tide conditions as well as hurricane surge conditions. The mol&l
tests for this phase are conducted in Facility A. a 50- by 150-ft basin in which fixed-bed models of
undistorted scale inlets are constructed.

"Tihe second part of the hydraulic char:tcteristics aspect (b) of the study will be similar in approach
with laboratory tests being conducted to augment fiel darl. The maam result of this effort will be the
(level opmcn t of' a basis for predicting tile resulting normal tides and hurricane surge ampli tides within
the lagoon resulting from flow through various single and mulliple inlets generated by tidal and hurricane
surge conditions in thie ocean. 'Tis phase o.' the sludy will include necessary prototype confirim'tion.
"The model tests for this phase are onducted in Facilily B, a SO- by 150-ft basin in which fixed-bed
models of distorted scale inlets are constructed. This facility is equipped with a variable-size lagoon or

The dynamic aspect of iOe study is direc' '1 to concurrent investigations of (c) the distribution
and rate of alongshore littoral transport of material approachling the iile( as a finclion of littoral current
and wave climate and (d) the movement of material approaching and within the inlet as a function
of inlet geometry, inlet hydraulits, and-wave climalt. Field data, simplified laboratory tests, and complex
laboratory tests are the basic means utilized to resolve these problems. Major efforts in this portion
of tile study include thie development of the relationship of laboratory movable-bed test results to
prototype results and evilualioll of tile effects of mleodl scales Onl various nmovable-bed materials. 'I lie
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end result of this aspect or the study will be the definition of methods for predicting themnatelal

movetents that can be expected in tidal inlels. The tests for this phase arz conducted in Facility C.

a 150- by 350.ft basin in. which mnov.be-bed models of distorted scale imlets are constructed.

The laboratory f-ilities required for the study were constructcd during the period 1964-1966 and

were used initially fot studies of, specific inlet problems a! Galveston Bay, Janaica Bay. and Mlorichls

Inlet; how•ver, fuIl.ltime efforts in die facilities have been directed. to the general; investigationi of tidal

inlets since 0970.

SInitially, it as visualized that. this research progr'un would require sonve 10 years for completion

at' the then in!icipated rate or funding. However. the Coastal ,inginecring Research Bomrd, in recognition

of the -urgent need for further knowledge of inlet behavior. recommended that the program he modified

to provide rot completion in five years. Accordingly, increased funding has been scheduled for the

expedited piogramn now visualized for completion in Fiscal Year 1974. Under the modified program,

the different facilities are scheduled to be used for tests outlined below:

Program T.5ting Scope

Inlet Dynamics Effects of geom|etric variations ,"or siraight inlets, including gorges;
effect of curvature, effect of entrance and exits; effect of artificial
structures, and protelype confimuation with natural inlets and artificial
structures.

Tidal Relationship and Fixed. Ixed-bed hydratili,; correlation tests of Masonboro Inlet; tidal
Bed Correlation relatinships, ocean to bay, for single inlets to the bay: tidal

relationships, ocean to bay, for mnuhiple inlets to the bay; prototype
confirmation.

Inlet Dynamics cnd Movable. Specific study of Moriches Inlet; niovable-bed correlation tests of
Bed Correlation Masonboro Inlet; basic inlet response witll bypassing, ,ithout

structures including prototype confirmation; basic inlet response with
ch"annel maintenance includ;ng prototype confirmation; basic inlet
,response Willt na!uril environment including prototype confiniation.

Scale Effects and Bed Basic inlet response to waves front a single direction; prediction tests,
Materials small model to large model; prediction tests, model to prototype.

LUttoral Transport Littoral drift for inlets wilh weir.type jetty and sand bypassing; littoral
"drift for inlet with jetties and ro sand bypassing; littoral drift for inlet
wi th channel maintenance only; littoral drift for natural inlet. These
tests may be conducted in an existing facility at CF.RC.

Prototype Data from prototype inlet with weir-type jetty and sand-bypassing;
data from prototype inlet with jetties and no sand bypassing; data
front prototype inlet with channel maintenance only; data front natural
prototype itolet.
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-APPENDIX D
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PROJECTS

(Febnrary 1949 to June 1971)

Location in
C of TiI Utter -Pblished Report

Projecl Minutest  Repomt Dated Dated,

Anchorage. Alaska, Small Boai larbor Apr 1964
Brazos Rb er, Tex., Crossing of hitracoastal Waterway 57/24
Brniswick I larbor; Ga. Apr 19642
Calcasieu River. L:-. 4518
Chadestop 4arbor. S;C. Feb 19653 Jul 1961

Apr 1966
Charleston hi"" Navigation Study Sep 19703

Charleston Naval Yard Shoalitg Sup 19703
Chalhiam (Stage) Iarbor. Mass. Dec 1963
Chesapeake Bay. Del. and Md.. !:oposcd Mode[ 53/18
Chesapeake and Delaware Canal, Del. and Md. Aug 1965
Chincozeague'lnlze, Va. Sep 1970
Colorado River. Tex. 62/8 Nov 1964
Cohltnbia River, Oreg. and Wash. Apr l9564 Dec 1960
Corpus Christi, T Turnikg Basin Aug 1965
Cuatyhunk Harbor. Mass. Apr 19640
Delaware River,Y,. J.. Pa., and Del. Jan 19G4
IDelaware Esl'ri•ry-Long.Range Dredge Spoil

l)ispo,•slroblem May 1-)68
Dil!inghaam I Iarbor. Alaska Apr 1964
Dry Strails. Alaska 43/47
Duwamislh Waterway. \'.ashIingion IProposed East
Channel Closure Mlay 1967

Eart Pass, Choctawhaiclice Bay, Fla. 4515-57
licho Sounding Equipnment versc s Lead Line
Soundings Apr 19524

Edit I look. Wash. 72/29 c
Galveston Bay Compreheinsive Hurricane

Prolection-West Bay Secondary Protection 62111
Galveston Harbor, Tex. Dec 1964

Gastineau I larbor, Alaska Aug 1961
Dec 1962

Georgetown I larbor. S. C. Aug 1961
Grays I harbor, Wa3h. 72/29 a Jul 1963
Gulfport Ilharbor, Miss. May 19604
H hillsboro Inlet, Fla. 50112
Hoomer Harbor. Alaska 43/21
Ihudson River, N. Y. and N. J. Jill 1)61

I 111C 1nu cral to [Ile Icft of tile vrgulc d" nlnates til¢e mnelill,, nurmrber. %V 1ib ile I1h nrurm al ito tIe right o� tile virgile. designite, tile
paragraph number in tile lr.imilel of Ihi Ih t eeting eollOllllllllg tl,' collmllullite vww .

2 Available from U. S. Army Erngineer i)nsluict, Savannah, P. 0. Box 889, Savnnah, Ga. 31402.
3 Available fron Lt. S. Army ngn•meer D)istncl, Chartlesion, P.O. 0Io. 919. C(•,ile,ton, S. C. 29402.
4 Svc CommitteeTcchnical Bulletin No. 12, Dee 1966.
5 Available from U. S. Army Fngmcer Division, New nngliand, 424 'rlaplo Road, W\\atlin, 5lam. 02154.
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PROJECTS (continued)

Location in
C ofr II Letter Phblished Report

Project Minutes Report Dated Dated

I lurricane Surge on Texas Coast and in Galveston Bay 62/13
intcrocearic Sea*Level Camal Studies Dec 1966
Intracoastal 1\a.erway. Columbia River to

P'ulgoi Sound, Was.4 Apr 1967
Jacksonville Harbor. F71. 50/16

James-River,'Va. 4 /11I
Juneau-Douglas Ilarbor, Alaska -43/9

Knik Arm Causeway, Alaska Jan 1963
Lake Washington Ship Canal, Wash. Jan 19606 Jan 1963
Lake Washi||gtol| Ship Canal-Saltwater Barrier 72/29 d
Matagorda Ship Channel, Tex. Nov ,9584

D)cc 19584

Mississippi River-GulfOultlet Lh. Oct 1965

Mississippi River Passes, La. Apr-19574

Mono Bay, Calif. 65/25 b
Narragansett Bay. R. 1. Oct 19o3 5

Niniehik I larbor. Alaska Apr 1964

Nuclear Excavation of Sea Level Canal 53114
Oregon filet, N. C. Jill l9594

"'assamaquoddy Tidal Power Irojecl, Maine 32/35 D)cc 19q84

Pooice de Leom Inlet. Fla. Oct 1964
QOtiliayule Spit. Wash. 72/29 b
Rarittan River, N. J. 7/5
Rogue River, Oreg. MNr 1970
Salbine Lake, LU., Spwl Disposal 62/16
Sacramento-San Joaquin Delt;a, Calif. 53133

"St. Lucie Estuary, Fla. 45/13
San Diego I larbor, C'ilif. 65/25 a
San Francisco Bay. Calilf Dee 1965
Savannah I Harbor, Ga. Apr 19584

Seldovia I larbor, Alaska 43/22
"Tillantook Bay, Oreg, 414/44 Jum 19717 Jan 1970
Turn'igain Arm Causv,.ay, Alaska Jan 1963

Uinpqua River, Oreg. 4,i/43
Wells I larbor. Mai.ne Feb 1964
Willapa I latbor, Wash. JAn 1967
Wilmin|gton I larbor, N. C. 37/45
Wilmington I larbor, Oel. 40/30

Wrangell Narrows, Alaska 43/8

4 See Committee I .e-lmical lhullclin No. 12, Dec 1966.
5 Available from U. S. Army Ingincer t)|vion, New England, 424 Trapelo Road, Waltham. -Mas. 02154.
6 Available from U. S. Army Engineer D)istrict, Semtlo, 1519 Alaskan Way, South, Sealtle. Wash. 98134.

Available from U. S. Army Engineer I)istrict. Portland, P. 0, 1llm 2946, Portlatl. Orvg. 97208.
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APPENDIX E

PUBLICATIONS OF THE
CORPS OF ENGINEERS

COMMITTEE ON TIDAL HYDRAULICS
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Committee Reports

No. I - Evaltiation of P~rcsent State of Knowledge-of Factors Affeciing Tidal Hydraulics and Related
[Phenomena -February 19501

No. 2 - Bibliography on Tidal Hydraulics - February 19541"

Suipplement No. I - Jruce 19551
Suipplement No. 2 - May 19571
Supplcment No. 3 - May 1959
Supplement No. 4 - May 1965
Supplement N o. 5 - Auigust 19,68
Stipplen'-nt No. 6 hi Juy 1971I

No. 3 - Evaluatlion of Present State of Knowledge of Factors Affecting Tidal Hlydraurlics and Related
Phenomena (Revision or Report No. 1) - May 1965

Com-rmittee Technical Bulletins

No. I - Sediment Discharge Measurements in Tidal WVaterways, by C. F. Wicker - May 19541

No. 2 - Fresh WVater-Salt Water Density Currents , a Major Cause of Siltation in Eistuarics, by 1Ii. A.
Schultz and II. 13. Simmnruas - April 19571

No. 3 - Tidal Flow in Eintrances, by John L. French - January 19601
No. 4 - Soil as a Factor in Shoaling Processes, a Literature Review - June 1960
No. 5 0 One- Dimenrsional Analysis of Sal iniry Intrusion in lEst uaries, by D rs. A. T. Ippen and

Donald R. F. I hamlenran - June 19611
No. 6 Typ~ical Major T'idal I lydrauhlic Problems in United States and Research Sponsored by the Corps

of Eingi neers Commnit tee on Tidal I lyd rauilics - Juric 19631
N o. 7 -A Study of Rheologic lProper.-!, of li'stuarial Sediments, by lDr. R. B. Krone - September

1963
No. 8 -Chian nel D~eptlb as a FactIor ii lEstuia rine Sedimien tat ion, by If. B3. Simmouns - March 1965
No. 9 - A Comparison of an l~isttia ry 'ride Calculation by IHyd raul ic MIodel and Cornpur~er, by J. M.

Caldwell - June 1965
No. 10- Significance of' Clay Minerals in Shoaling Problems. by J. Neilieisel - September 1966
No. I 1 - lExtracts from the Manual of Tides, by R., A. IHarris, ediled by C. F. WVicker - September

1966
No. 12- Unpublished Consultation Reports on Corps of lingineers Tidal P~rojects - Dccenmber 1966
No. 13- Twvo-Dirnicnsiorial A~spects of Salinity Intrusion in i-sluaries; Analysis of Sarlinity and Velocity

D~ist ributlions, by lDrs. 1). R, F. I larlenian anid A. T. I IPpe -- Jule 1967
No. 14- Tidal Flow ii in t*nrances; Watcr-Level Fluctuations of Basins rrr Commninriicatlion wvi lb Seas, by

G. 11. Keuilegan - July 1967
No. IS -Special Analytic Swudy of Methods for h'isluadne Water Resources Planning - Marchi I1969
No, 16 - The Corpup tat ionr of Tides arnd Currenrts ii listuia ries anid Canrals, by 1). 1' F. I larIlerna i and

C. 11. Lee - September 1969
No. 17 - histuarirre Navigation Projects - Janiviry 1971

Out of prinr.
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Committee Reports on Special Tidal -Hydraulics -Problems

December 1960 - P'resent awid Potenthil Channel Maintenane Problems in Lower Columnbia Estuary
July 1961 - Review of Slioaling P~roblenis in Iludson River, New York Harbor:
July 1961 - Charlestoni I Iarbor Shoalhig Problem'ii

Atigust 1961 - Gcorgctowo IHarbor Shoalhig Problem
,\ugust 1 961I - Shoaling of Casthieau Clai~mmiml, Alaska
Decemnber 1962 - Navigatioii Project iM Gastincaum Clianmiel, Alaska
January I1903 - S-il water Intrusioni, Like Washington Ship C~imal, Seat tle, Washinigtoni
January .1963 - Iniprovenienti IPlaos for Kniik Arms and Turnagaini Arm, Portlions or Cook In110t, Alaska
April 1963 - Saltwater Intrusion, Lake Washington Ship Canal, Scalule, Wamslhiigton (Revised)
July 1963 - Review of lImprovenients Reconnmenided at Grays H arbor, W~ashingtomi
Deccnibur 1 963' -- Chami mml Mauinfwtenmec Problc m, Chat hain (Smitge) H arbor, MassachusettIs
January -1964 Coinnnen ts on Plani for Coniprehenosive Study of the Declaware lEstunary, Pen nisylvammia.

New J ersey amd. IDelawai e
Febitnary 1964 - WelIls I larbor Navigation~ Project. Wells H arbor, Maine
April 1964 -- 1Plat1 of Study amid Mctlio(IS for RedIucinig Shoalinig in Small Boat Bash;, D~ill inighamin

Alaska
April 1964 -Plan of S~tudy of thle Smazll Boat Basin, Nm ichelik, Alaska
April 1964 Proposed P'lan anid Situdies for Sniall Boat B~ashi, Anchorage, Alaska
October 1964 -Shoalimig and Beach Stability Problem, Ponce dIe Leon Inlet, Florida
November 1964 -The Cha~nnel in the Mouili of lthe Colorado River, Texas
December 1964 -Channiel IDeepehing Problemis, Galve in I larbor. Texas
IDccembem 1964 Problemis in Coinnectionl with Mat *daShip Chanuc11l Project
August 1965 -- InlandI Waterwvay Betweeni Dla.Iwar( or and Chesapeake Bay - Problemn of D~isposal

ot Material to be Remnoved from * irion of Chanimel ini Chesapeake Bay I

Augutst I1965 -Sed inmentalioni Problemis hi nli tranaic ofri 'runing Bashin, Corpuis Christ i, Texas
October 1965 -Shoalhing Problemis on the Mkississippi Rtiver - Gulf Outlet
lDecemiber 1965 Sani Franceisco Bay, Californifa - D~isposal of IDredge Spoil I
April I1966 -~Charlestoni IHarbor, South Carolina - A Review of Certaini Aspects of Plains for

Redlivert ing San tee-Cooper Power Plant D~ischarges fromn Cooper River
December 1 96o n Ties and Cuirrents hin thie Proposed Sea. Levl Canal Between thie Atlantic and Pacific

Oceans
April 1967 - intracoastal WVaterway, Columbia River to Puget Son md, Washingtonl
May 1967 -Dinvaniish River, Washington, ProposedI East Channel Closuire
Junec 1967 Willapa Bay, Washington I
June 1967 -Grays I larbom, Washingtoni
May 1968 D lelaware E~stuary, Peinnsylvaniah, Now Jersey anid Declaware - Long-Rainge lDredgedl

Spoil D~isposal Problem
January I1970 -r'illatiook Bay, Oregon

Mairch 1970 Rogue River, Omegon
Set)teminer I1970 -- Navigat ion Prob~lems at Cliincotleague In 1le, Virg in ma

Outtol print.
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Although, as indicated, some publications may be out of print, copics of-available publications listed
-bove may be secured ;by writingto:

the 'Recorder-
Committee on Tidal I lydraulics
c/o U. S. Army Engineer Waterways Experiment, Station
Corps of•Fngineers

P. 0. Box 631F
Vicksburg, Mississippi 39180
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Echo Sounding Equipment Versus Lead-Line Soundings

In response to a re(Iticst of !hce Chief of' Engineers, the Commnittee at its 12th- M~ccting in March
1952 gave consideration to thc differcoces in soundings obtained by hig~ic-sped echlo sounding cquipincliflt

as cooipared with those e'nained by tfie traditional lead-finc p~rocedures. with -p~arlticlar refrcrncc to
fihe use of these two cxpcdicnts in waterways having a "fluff" line several feet above the consolidated
bottomi. Tile views atd rcindnt)mdldatioris of tile C'oniuittcc in thuis inalttr were rep~orted in a- ellt I;
fromi thie Cliairinan -to lite Chief of Enugineers. dated 22 Ap~ril 1952. subject "Fello) Sounding lEquipauietc
Versus Icad-Line Soundings," which is printed in full in Coninfittcc Techunical Butlletin 12, ' Unpuiblished
Consultation Reports onl Corps of Fingineers Tidal Projects," datcd Dececmber 1966.

Engineer Manual Chapter on Tidal Hydraulics

huec Corp~s of Enugineers in the prosecution o'.its civil works mission is confronted witlh tt):ly a.sl)ccts
of tidal hydraulics p)roblcmns such as (a) design and layout of tidewater channels, aunchorages, and1( harbors,
(b) analysis of inaintcnanee r~robletns. (c) design and layout of training voiks. (d) anal.ysis-of salinity
intrusion 1)robleins as they affect watecr quality, and (e) ainalysis of diffusion and flushing or 1)01111 aut 5
as these factors afflect water q~uality. The Corp~s. as pa.rt of its official civil works engineering anid dlesignt

1pornatn, issues to its field offices an1 Engineer Manua11,1 as guidance in lthe -developmnent of tbis Jxgrmgtn.
'hue Commfit tee, as a Corp~s clemient, has thle resp~oiisil)ilitv or providing tech nical guidiatnce to Corp~s
offices onl thle above aspects in thle field of -tidal, hydrartilies, Itt fit hill Iteti of that responsibility. tile
Commliitic tee dveloped thle 'guidelines Contain~ed in and lurepaied thle hEM~ Chaptet onl Tlidal I lydiauilies,
hEMI I1110.2- 1607. dated January 1 953. This elta l) Ir was coin l)Ietehy revised by thle Comnini t te to
iticorp~or~ate new knowledge gained- in thie 2 August 1965 issue of' this PIniIlicatmio. This 1-M\ Chaptler
ou)t lines Itile factors involved] inl tidal hydratitlies p~robllei)s: out lines t he state of knowledge in t h ts field.,
outilines f)roeedures for channel and harbor design,. as well as control wvorks-. discuisses olbservatiotnal

p)rocedutires. hydratitlie and electric inalog nitodels; and cxpllores h)robletus associa ted with I idal waterway
inainictt):nce l)ract ices.

Sediment Discharge Measurements in Tidal Waterways

Al houigh p~roeolnres were wvell established for ob~tain ing sedlit))i) t dlischa rge ineasu eroen ts it)

waterways having a sen~sibly Constan d) Iischarge, itiid irecetional nfow, atnd hionipgeneouis water (IC))si y,
thle C'ommnittee early ii) its existence recognized that uise of these p~roed~utres in salt or b)rackish) watel

luesemed ) t~ roblenis due to corrosion) of nieasuring ilistruitet) Iand)( other factors, A full (iscissitiot of
these l)robletuns wvilth Cotuininitee conclusions thereon is con tainuedl ii) (onunu ttee Technitical 13Bucllle in
"Sediment D~ischarge Mleasuremients in Tidlal Waterways," by C. 1. Wicker, Chairinan, dated Mlay 1954.

Revision of General Pillsbury's Publication on Tidal HyclraUlics

Inl early 1 955, tile Chief of linginiters fuit nished thle Colo.1)i t te (belt mncits, m fi)er~s, notes. cic.-., that1
huad been assemibled and compliled by thie late Bluigadiei General Geoige 1B. lPillsbuiry for revision of his

boo0k, ''Tidal H yd ra ulics,'' with thle requtcs I that tifle Co))n~inIt ce give its views as to wshe t her tilhe revised
edlition) shoulld be colituplted and publllishled by thle Cot ~s of' Enlgineers. The ('omiil te~e, following review
of these 1papetcs considered thle revised edittan to be of valuie to the Corp~s. Prior to its putblical ioiu.
thle tr-anulse if) t w,.. sutbjectI to edi tod al review by inenitbe rs of' thle Comm it tee, as wvellI as by D~i. Ga rbis 11.
Keutilegan of tlie Nat ionaI lu mreaut of' Standoa rds, for the 1)111 pose of' cot)) ~c t ing atny p~aiIs of tilie text



6r figures that had becei left partially incomnplete by lthe dcalti or General Pillsbury. The intent of thec
reviewvers was t , preserve the original wording insofar as possible. tile changes weic few in nuniberiand
minor in nature. General Pu151)11 ir3's revised edition. "Tidal I lydratilics," wvas published in May 1956 tinder
thc ausiices of lthe Chief of lEngiiieers. U: S5. Ariny.

Fresh Water-Splt Water Density Currents, a Major Cause of Siltationi in Estuaries

At the XiXth Intiernaitiona~l 'Navigationi Congress-lield in Londonit)~ July 1957. NicssrN. E. A. Schiultz,

and 11. 13. Simmions of lthe Committee presented a p~aper which. (a) de~cribedl the character, mlovemlentl.

and, deposition of sediments, and tile sotirces of shoaling niaterials in tidal waterways, (b) illustrated

the role or tipland discharge in establishing estuary mixing type, described a siliiiplified mnethod for

deterniviiiig thle miost significant hi)diatilic characteristic of estuaries, and demonstrated tile effects- of'

chlangingo thle uplan id Iischiarge in to estua~iries onl t heir hy dr,iu 1k., charaLwtrist ics, (c) cited specil'iL exam ples

of estuaries, rivers. and ha~rbors where lthe fresh water-salt water density currents arc p~resenit in soilie

degre'e. anid ini sonic cases are lthe major c~ause of siltation, and (d) d'osuribed remei -dial mecasures unidertaken,

proposed, or being considered by various agencies of thle U. S. Armny Corps of Enginieers. Ini consideration
of the excellenice of thiis paper and with lthe colttirrencc of tile American Section, Permanent International

Association of Navigation Congresses, this paper was published as committee *[cimical Bulletin 2. "Freshl

Wkater-Salt Water Density Currents, a Major Cause of Siltation ini 1-stuaries," by IF% A. Schultzitand II. B3.

Simimon s, Members, Coinmit tee onl Tidal IHyd raiulics, April 1 957.

Special Report on Tidal Hydraulics, Problems and Research

Ilii Ma rchi 1962, tlite Conimittee preseii ed ai special repoi t it) [lie Clueif of Engi nee rs onl ltal luydratilIics

problems anid research. This report consisted of lpreseiitatioiis by a niumber of Comiitimte members which
su in imarind t(lie typlical in ijor tidal hydra tilics probheiais thirotughiout thtle United States encounmtered by

the Corpis of Vnginicers, together with a dhisctussioni of research activities sponsored by thie Commnittee

to (develop enlginleerilig soltitionls to thiesc lprol~lems. Although these problemis. b~y their very naturk , are

ustially extremnely complex. coiisiderable progress had been miade inilite p~rimi IS years iin uiiderstaiidling

thie mnechaniismns respoiisi ble fom thle shoal inig and flush inig dh arac t erist ics of esitioaries. Ini sp~ite of that

progress, howevei mutch reimins to be learned regarding lthe in terrclationi of tile sevei al lplieiioiienia
controllinig tliec estutariniie regi~ne. Research spoiisored by tlite Conin ni Itee Ihas beeii d irecoed to thiat end
wvithi(the viewv of providing new tools of unilerstadin~ig it) those charged withi tasks of developinig anid

min a ini)niiig esttuarine wvalIcrways. WitlIi stuchi new tools, liarge say iongs in thie costs of est ua rin e iiipi oveiiien is

may be real i~ed. A reviewv of these presen tat ioi.s is coii a ined iii Conmiiii cte Techniiical Bul Iletini 6, ' y pical
Major Tidal I lydratilic Problemis ini Unilted States and Researchi Sponsored by thie Cot ps of Enigineers

Comimittee oii Tidal I lyd raullies,"' dated .[ tinle 1963.

Sump Rehandling Technique

Dutring mnainiiitenace dredging op~erations oii thie D~elaware Ustuary project, engineers ini chlarge were

cogn i-ant of thie faict that tilie quta utit ieS of' niawtrial d redgcd oftenl exceeded thle a nuou iit of in at crual
brought hin o thie estuary frontuu ipland sources. This lcd to t(lie _ntltsion that as lthe resiult of [lie then

approved p~ractice of dlisposing dredge spoil into the esituarilie wal~ers, niocich of lthe maintenance dredging

constitutied iin effect redredghig of thie sanie mnaterial. Using sutill rchamdlcr facilities developed by thle
Philadelphia 1)ist ic t, mlain te mince dredging ope rat iois weic m odi fied to dispose all dredging onshiore
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where it was prevented Front recentringflhe systcrn. This. pradkc. which was sniorvtored by the Cor-mimite,
resulted in tlme achievement- of, greater depths with i.cssci maintenrance dredging requirements. A full report

on this practice, as wvell as a modified pr:!akec ,r2rmilling dtirect pumnp-out to shore. is coritained'in

a report presented by thre Chairman. Mr. C. F. Wicker, at ltec XXI Congress of-the P'critarict International

Association of Navigation Conigresses in Stockholm in June 1965.

Harris Manual of Tides

The "Manural of Tides,"' by Dr R~oland A. I arris, has been considered by students of tidal phienomena
as an extraordinary contribution to the fand of knowledge in that domain of science. Thre Dictionary
of American Bliographiy (American Council of Learned Societies) desciibes thc Manual as "...tlhe most
cxtiauslive treatise ~on thc subject to tlimepresent timec (1931)." It was originally published as parts of

serics of appendixes to the Annual R~eoort of thc Superinatendent of the U.,S. Coast and Geodetic Suirvey
for Fiscal Years 1894, 1897, 1900, l'904', and 1907 but had never been republished in one bindincg.
The Annual Reports, including thre appendixes, are published in quarto -sze and each contains nearly
1000 pages. All'of these reports are outi of print. Thus, the Manual was hidden in its intimate assticration
with the official records of the Coast and Geodetic Survey, and it thereflore did not receive the attentlion
it deserved front other schtolars, -particularly those wvho -%cre delving- into -tlc different 1speckts of fidal
hydratilics. Decspite inherent diffictilcs involved in peruisal of the Mlanuial due to its slicer volume, a

number of members of the Committee on Tidal H ydraulics were aware of the fact that it contained

much information of value to tihe mission of the Committee. Following uareful re.iew of thfe complete

Mantuial, certain of its chapters were selected on the basis that their content is of historic or current,

intterest to thie Committee. It wvas decided that wvith the approval of the Coast and Geodetic Survey
thtese chapters would be rc-publishcd in one bintding. Suidi approval was grauouisly given-amtd these particular
chiapters were published as Committee Technical Bulletin 11, "IExtracts fronit the Manual of Tides," by
R. A. IHarris, dated September 1966.

Unpublished Consultation Reports on~ Corps 01 Engineers Tidal Projects

One of thle funlctions of thle Con111imnitte consists of remtdering consutifng service on speciric p~roblemis
in tidal waterways as may beC requested by different organrizations of thre Corps of Enigineers. This service
has been extensively uitilized by District and , Division Engineers in connection witht a -wide variety of

problems, anid thie resuilts have beenl record~d in the minutes of Committee meetings or in letters or
formal rep~orts to tlie requesting office. While a few of the p~roblemns tonsidered by the Committee are
unique, most have elements of general interest. IHowever, lthe discussions in thre minutes and those in)
the letter-type rep~orts are not readlilý available for review when thie p~rojects concernmed aIre tile subjects
of fuirther consideration, or in cases where similar problems arise concerning other pa ojects. For this
reason, it wvas believed desirable by thie Committeue to index thie minuties by projects and to reproduce

the more significantl letter-type rceports. This information is -contained in Committee Technical Bulletin 12,
"Unpublished Consultation Reports on Corps of Engineers Tidal projects," dlatedI Decenmber 1966.

Special Analytic Study of Methods for Estuarine Waters Resources Planning

Pursuiant to a reqluest of tlite Bureaui of thie Buidget. lite Secretary of the Army !in September 1968
reqluestedl the Chief of Engineers to initiate a spccial analyltic study to (a) develop lthe nmethodology
for the comparisoni of :ilterniativc study methiods for complete imt'.estigation and study of water utilization
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and control in cstuaries,,(b) consider the appropriate role of the various Federal agencies in a complete

investigation and study of water utilization and.control in estuaries, and (c) determine the appropriate

sha.-Lg of costs oF complete investigations and study of water utilization and control in estu'aries between
the Federal Government and other non-Federal entities. A steering committce, consisting of Messrs.

MeAleer, Douma, Tiffany, and Caldwell, was appiointed by the Chief of Engineers to guide the effort.

The steer-ng connuittee determined that the study should include a methodology for comparisron of
alternative study methods for complcte investigation -of estuaries, including (i) hydraulic models, (2)
comiputer rmodels, ,and (3) more conventional methods of analysis. Rather tlaui attempt a definitive

comparison, lihe purpose of the study would be to establish useful guidelines for the Bureau of the
Budget and others to evaluate futut'e project submissions as to which alternative study miethodswould

be most appropriate for a specific estuary. considering the. relative importance of the varioLs problenis

to be ihvestigated. Eubseqiuntly, the steering co.iiiittee requested that the Coninittee.on Tidal Ilydraulics

sub-hit ireport giving its views on hydraulic mnodels,.conmpute; models, and the more conventional methods
of anal)sis to form a part of the response to item (a)of the Bhreau of the Budget's request. The views

of the Conunittee in these matters are contained in Committee Technical Bulletin 15, "Special Analytic

Study of Methods foi Estuarine Water Resources planning," dated March 1969.

Loose-Leaf Publication on District Problems

Thie Committee in 1963, in coordination with a Corps-wide proposal of the Chief of Engineers,
believed it desirable that it undertake a publication containing an assembly of available information on

selected navigation projects in tidal waterways such as inlets, bays, tidal rivers, and canals. It was believed
that the information thus presented would be of value in the planning, design, and maintenance of projects
in waterways having similar chara-teristics. When sinmilarit, ;s established between the waterway and tile

channel involved in the project under consideration 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 problenms or in solving existing probienms. Based on analysis of information provided by Corps
-field offices, the Committce issued stuch data on selected projetts in Committee rechnical Bulletin 17,
"Estuarine Navigation Projects," dated January 1971.

Inventory and Central Storage of Estuarine Measurement Equipment

The Corps of Engineers has procured and used throughout the United States much equipment

designed especially to measure estuarinc physic.d p)roperties, such as sediments, salinity, velocity, and
tidal variations. This equipment is highly sophisti,;ated and easily damaged. In 1962, the Committee
initially conceived the -idea of conducting an inventory of all sudi 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 front the Waterways Experiment Station to the different offices as needed.
This idea was approved by the Chief of Engineers, subject to niodifitation as recommnended 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 equipment available.
A listing of specific details regarding this e, .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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Program Document
Beginning in 1964. the Conmnittec developed for its internal use a Program Document designed

to assist the Conminti ae. in fulfilling-some of its responsibililes-anntial review of existing ;,nid proposed
programs of research, studies, and: investigations for which the Committee has been assigned technical
supervision, and the development of recommendatioins to the 'Chief of Enginecrs as to the type. scope,
and funding of these studies and investigations. In doing so. the Program Document discusses in detail
each -of the areas A^ iresearch and subjects outlincd on pages 13 and 14 ofl'this history and contains
concise statements describing (a) problems and thei| significance. (b) information available and required.
(c) means to satisfy deficiencies, (d) action under way and proposed. and (e) status of these endealvors.
The Program Document is continually revised to reflect culrrent research needs and thus serves as a living
guide to Committee members and consultants.
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APPENDIX G

EXPENDITURES BY CORPS OF ENGINEERS

COMMITTEE ON TIDAL HYDRAULICS
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Expenditures

B- S16 .S 823 ES843
Riproduction Effcts of Salinity

and Adjacent Intrusion
Fi.cal Distribution Beaches on and Relatd
Year .. ei.ngs of Repor!s Consultants Tidal Inlets Phenomena

1949 S 4,705

1950 10,000

1951 4,344 S 200 S 1,617 S 13000

19521 4,589 !,001 2-,089 13,664

1953 6,973 515 3,109 25,585

10541 7,000 5,000 5,000 26,006

1955 7,622 U.158 2,023 S 5,096 19,761

1956 7.136 578 1.924 2,500 13,675

1957 8,420 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 1I1 766 2,263 3,932 2,391

1962 i 7,474 1,061 3,940 6,171 9,347

1963 11,832 1,943 7,551 3,316 6,485

1964 11,830 2,257 12,21 i 5,385 6,076

1965 :0,665 18,472 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

S19711 8,245 16,889 16,375 19,980

TOTALS $202, 107 $89,179 $163,274 $53,386 S300,083

Percent 14.2 6.3 11.5 3.8 21.1

Approximate figures only.
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Expenditures (continued)

ES 845. ES 860
ES 844 Tides and ES-855 General
Existing Currents Mathematics ES 856 Coastal Mixcel-

-Data-Tidal -in Tidal of Flow in Shoaling Irnet laneous TotalAnnual-
Entrances \Vaterways Tidal Entrances Processes Studies Studies! Expnditlrcs

S 4,705

S 5,370 15,370

S 516 S 1,339 SI,940 1,148 24,104

1,021 1,693 34,057

6,828 43,010

2,0•0 45,000

3,000 2,000 40,660

2,783 2,000 30,596

6,139 4,223 44,516

4,224 4,412 S 2,000 306,33?

2.102 3,592 4,866 42,513

688 943 3,596 3 1,178

72 2,150 1,529 24,103

4,101 42,094

13,418 S 1,629 46,174

9,919 23,371 71,049

3,052 45,433 104,753

540 35,000 86,182

537 40,000 i02,401

6,331 00,000 97,210

30,736 60,000 138,248

10,924 65,000 134,445

946 120,000 182,435

S19,524 S29,565 S2,883 $92,495 S450,433 $18,211 S1,421,140

1.4 2.1 0.2 6.5 31.6 1.3 100.0

Includce wotk on Lngnecr himmalI Chaptcr on Tidad Ihdr.,aidiL, CorrLIn Obscrvahtuns, and Ldi.hu Sounding Equipmcnt
versus Lcad-Linc Soundings.
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APPENDIX H
"GROUP PHOTOGRAPHS OF COMMITTEE.
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A

Shown on the following pages are selected group photographs of the Comnmitee on Td21 Hiydiz:u$s
and its guests taken during the meetings listed below:

a. 4th Miting, Philadelphia, .PNnnsylvania, 14-16 September 1949
b. 21st Meeting. VicU-burg. Milsissippi, 25-27 Januisy 1955
c. 37th Mteeting, Portland, Oregon, 25.28 October 1960
d. 40th Meeting, Vicksburg. Mississippi. 28-30 November 1961
e. 43rd Meeting, Anchotage, Alaska, 4-8 June 1962
f. 71stMeeting. Washington, D. C., 9-11 March 1971
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