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The History of the Coastal Engineering Research Center . 1963 -1983 launches a series of volumes 
being developed by the U.S. Am1y Engineer Waterways Experiment Station (WES) that will chronicle 
the programs and acti vities of its six laboratories. Subsequent books will trace the evolution of the 
remaining five - Hydraulics. Geotechnical. Structures, Env ironmental , and Information Technology ­
which collectively have built the station ·s reputation as a world-renowned research and development 
complex. 

Over time the station 's complement of scientists, engineers, and support personnel have conducted a 
broad array of engineering investigations. research, and development studies in support of both civil and 
military engineering. Since 1929. WES team members have blended sc ientific rigor, technical expertise, 
and common sense to better understand complex relationships between air, water, earth , structures, 
equipmen t, and I iving things. The products of these efforts are largely expressed in a rich tapestry of 
infrastructure that upholds the nation 's prosperous economy, quality of life, strong defense, and commit­
ment to environmental integrity. 

This hi story di scusses th e pre-WES era of CERC, but it also introd uces themes that will be carried 
forth in subsequent volumes of the WES Laboratory History Series . A boldness and hea lthy skeptic ism 
still permeates CERC and the other WES laboratories that help to challenge old assumptions and seek new 
frontiers of understanding. The following pages capture the instituti onal experience of CERC, a unique 
Federal asset responsive to changing needs and expectations by remaining on the cutting edge of inquiry 
and to solving problems - our mission. 
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Since its permanent establ ishment in 1802, the 
Corps of Engineers has been engaged in coastal 
engineering projects. Origi nally organized to design 
and build a coastal defense system and to supervise 
the U. S. MiJ itary Academy at West Point. the Corps 
fi rst concentTated on constructing and maintaining 
strategicall y placed casemated fortifications to repe l 
naval attack. Survey work and some harbor projects 
preceded the official acqui sition of a civi l works 
mission in 1824. For the rest of the 19th century. the 
Corps dealt with a variety of engineering problems 
unique to the coastal region. 
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When Congress c reated the Beach Erosion 
Board on 30 July 1930, the Corps began to inves­
tigate coastal engineering problems more formally. 
This role continued until 7 November 1963, when 
Congress created the Coastal Engineering Research 
Center and directed it to conceive. pl an, and conduct 
research in the field of coastal engineering to provide 
better understanding of shore processes, winds, 
waves, tides. surges, and currents as they applied to 
nav igation improvements, flood and storm protec­
tion. beach erosion control, and coastal engineering 
works.1 





When this study was first planned. the Coastal 
Engineering Research Center (CERC), a research 
facility of the U.S. Anny Corps of Engineers. was 
located at Fort Be lvoi r. Virginia. By the time we 
began our work. the decis ion had been made to 
transfer CERC to the laboratory complex at the 
Waterways Experiment Station (WES). Because 
most of the professional staff at Fort Belvoir did not 
make the move. the transfer of CERC to Vicksburg, 
Mississippi, was, in effect, an organizational restruc­
turing. The decision to relocate CERC was highly 
controversial. Jt is, of course, an important part of our 
story. One of the unfortunate consequences of the 
transition was the loss of nearly all of the CERC files 
at Fort Belvoir. We were obliged to rely on the 
personal records and memories of a number of 
people. To them go our heartfelt thanks. In particular, 
we are g rateful to fanner CERC Techn ical Director 
Thorndike Saville, Jr., for the use of his extensive 
collection of private papers; to Dr. Robert W. 
Whalin, WES Technical Director, for his generous 
assistance; and to Dr. John Greenwood and the staff 
at the Office of History, Headquarters, U. S. Anny 
Corps of Engineers. 

The history of the Corps ' involvement in coastal 
zone construction in the years priorto CERC's estab­
lishment divides naturally into three periods. 
During the first, running roughly from 1802 to 1900, 
the Corps, reflecting the val ues of an American 
society that saw nature as an obstacle to be overcome, 
proceeded with construction projects intended to aid 
navigation. The second period, which lasted from the 
turn of the century to 1936, was marked by political 
debates over the federal responsibility for protecting 
people and property from the damaging effects of 
flooding. The third period wa5 dominated by the 
Beach Erosion Board 's (BEB 's) transition to a re­
search ann of the Corps. 
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The CERC' s orientation reflects concerns that 
arose during the latter two stages. In the first stage, 
with the emergence of American industrial society, 
Progressives called for legislation to ensure a more 
active and responsible Federal Government. These 
refonners felt that the government should see that 
natural resources, including water, were managed 
wisely. From this beginning developed s uch con­
cepts as planning of water resources projects for the 
multipurposes of navigation, flood control, irriga­
tion , and electric power generation. The 
Progressives also felt that the Federal Government 
should build these projects because they were 
economically justifiable and important to National 
development. In time, in communities along the 
seacoasts, residents began to view coastal engineer­
ing projects in the same way. 

To obtain more scientific and technical informa­
tion, on 23 January 1929, the Chief of Engineers 
established a board of officers to investigate and 
report on sand movement and beach erosion. On 
3 July 1930, Congress authorized the Corps to 
cooperate with appropriate state agencies in studying 
ways to prevent shore erosion. As a result, the Chief 
of Engineers, on September 18, tenninated the Board 
on Sand Movement and Beach Erosion and ap­
pointed two new boards. One was the Shore 
Protection Board to investigate and report on the 
protection of Federal property. The second, created 
under Congressional authority. was a BEB to provide 
site-specific advice on combating erosion.2 

Both th e Corps and a private group, the 
American Shore and Beach Preservation Association 
(AS BPA), had worked to create the Beach Erosion 
Board. However, the two organizations had differ­
ing interests. The ASBPA hoped to obtain Federal 
financing for the construction of projects to protect 
coastal property owners from erosion. This did not 
occur. In 1936, Congress enacted legislation that 



fl uenced the Corps' decision. 
They included a high regard for 
the past successes of the Beach 
Erosion Board, the implementa­
tio n of Congressionally 
mandated planning, the chal­
lenge of expanding coastal zone 
missions authorized by Con­
gress, and the need for better 
program coordination among the 
22 Corps Districts bordering the 
coastline and engaged in some 
form of coastal process analysis. 

Beach Erosion Board Inspection Par ty, Cleveland, Ohio, 1940 

Beyond all these concerns, 
the Office of the Chief of En­
gineers (OCE) wished to bolster 
the Corps' coastal research pro­
gram to keep pace with the 
r apidly emerging national 

established flood control as a Federal responsibility. 
Benefits would accrue to both public and private 
property owners, but the concept was not extended 
to the coastal zone. 3 In a parallel statute enacted four 
days lat.er, Congress provided protection for only 
ocean shoreline property where a Federal interest 
was involved.4 

The Beach Erosion Board was given two impor­
tant tasks when it was established. One was to review 
plans for coastal projects where a Federal interest 
was involved for commem and approval prior to the 
authori zation of any Federal funds. The other was to 
oversee- but not conduct- basic and applied re­
search in the field of coastal zone engineering. 
Between I 936 and 1963, Federal policy concerning 
the coastal zone was eclectic. Because of the increas­
ing costs involved in providing flood protection, 
Congressional support fo r protecting coastal proper­
ty owners against erosion waned. Concurrently, the 
demonstrable needs of the rapidly growing coastal 
communities led the Federal govemment to push the 
Corps to become more involved in studying the 
scientific and technical problems of the seacoast. As 
a result, the Beach Erosion Board 's dispassionate 
review of coastal problems evolved into a growing 
interest in conducting its own basic research. 

In 1963, following an extensive review of the 
functions of both the Board of Engineers for Rivers 
and Harbors and the Beach Erosion Board, the Corps 
recommended replacing the BEB with a center for 
coastal engineering research. Several factors in-

oceanographic program and to 
exploit anticipated opportunities. To enhance the 
status of coastal engineering research, the functions 
of the Beach Erosion Board were to be transferred to 
a coastal engineering research ''center, .. as opposed 
to a Corps laboratory . As a center, CERC would 
operate directly under the Chief of Engineers. To 
retain the technical support of eminent civilian mem­
bers of the Beach Erosion Board during the 
expansion, CERC would be guided by its own ad­
visory committee, a Coastal Engineering Research 
Board (CERB). Coastal research programs would be 
coordinated at the level of the Director of Civil 
Works , and CERB wou ld provide broad policy ad­
vice to the Chief of Engineers. The CERC would 
receive the bulk of its funding through a separate line 
item in the Corps budget. Through Congressional 
committee hearings, CERC would have direct access 
to the political process.5 

In the last months of the BEB's existence, the 
staff laid down specific missions for CERC. In the 
main , a ll were based on the Corps' plans to expand 
the coastal research program. The tentative five-year 
program for Fiscal Years (FY) 1964-1968 presumed 
nearly a 50-percent increase in funding for coastal 
research, with annual budgets rising from $814,000 
to $1.238,000. Projected ten-year coastal research 
expenditures, which included OCE programs, con­
templated annual budgets ranging from $9,250,000 
to $16,675,000. Later edi tions of the long-range 
planning process were even more ambitious. For the 
ten-year period 1966- 1975, these proposed funding 
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increases from$1 , LOO,OOO in FY 1966 to a maximum 
of $5,000,000 in FY 1971 and staff inc reases from 
76 to an estimated 131 people by FY 1970. This plan 
also called for meeting CERC's major physical 
property requirements in the near future, suggested 
ways to acquire such property. and foresaw addition­
al purchases of equipment that might become 
necessary if work proceeded faster in some research 
areas than anticipated. 

Research programs planned by the Coastal En­
gineering Research Center were divided into several 
categories . The major effort would be the asse mbly 
of an immense data bank of information about wave 
action and sed iment transport. A simple and 
straightforward rationale lay behind the decision to 
collect and analyze enormous amounts of data. To 
design beaches and structures. one needs to be able 
to predict wave and sediment movement. This in 
tum requires knowledge about phenomena at a par­
ticular site. With a data bank of sufficient s ize and 
accuracy, CERC researchers cou ld rapidly deve lop 
general, predic6ve theories. Designers then would 
be able to extract the inform ation applicable to their 
specific engineering needs. 

In the 1960s. the Corps responded to public and 
political interest in the coastal zone. Be tween 1964 
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and 1969, the Corps recommended increased CERC 
budgets, and Congress appropriated the funds. By 
1968, funding for CERC research studies constituted 
1.5 percent of the Corps' tota l coastal program 
budget even though the Corps' research program 
totaled be tween 0.5 and 0.6 percent of the Federal 
water resources program. 

For most of this period, CERC was the only 
Federa l agency with a coastal zone research miss ion 
and nearly alone in perfom1ing studies of waves and 
the ir effects. The CERC's strength lay in ils promise 
of fulfilling the Corps' expectations that it could do 
more of what the Beach Erosion Board had been 
doi ng and do it better. The Office of the Chief of 
Engineers and the CERC staff believed basic re­
search paid off even if immediate financial benefits 
could not be gaged: improved safety, convenience, 
and protection did not easily lend themselves to 
economic evaluation . Advocates claimed returns of 
I 0 percent of program costs in the Corps' budget. 

With thi s organizational image, the Coastal En­
gineering Research Center had begun its work. For 
s lightly more than a decade , it prospered. 



I 

THE CORPS AND THE COASTAL ZONE, 
1803-1963 

Nineteenth Century Proj ect 
Construction 

Harbor and port development in the 19th century 
often depended on coastal eng ineering. Many har­
bors, usable in their natural s tate in the 18th cen tury. 
had to be improved to admit the larger. s team­
powe red, ocean-going vesseb of the industrial age. 
Local and Federal projects were designed to fac ilitate 
growth. Army engineers surveyed Baltimore Harbor 
in 1830, made recommendation!'>. began a prolonged 
program of channel clearing in 1852 (in the summer 
of 1872 no fewer than 13 dredges were engaged in a 
mass excavation of waterways), and by the outbreak 
of the war with Spain in 1898 had transformed Bal­
timore into one of the world 's major ports. 1 

Buffa lo, located at the terminu~ of water and rail 
routes connecting the grain-rich areas of the West to 
the urban centers of the East, grew from a frontier 
village to a commercial and manufac turing center of 
nearly 600,000 in a little more than a century. During 
this entire period, the city's economic life depended 
on the construction and maintenance of harbor fac ili­
ti es . Seawall s, catch - sand piers (je tti es). 
breakwaters, and dredging the formerl y sand­
c logged mouth of Buffalo Creek contributed to 
Buffalo 's growth as one of the major cities on the 
Great Lakes. Cleveland similarl y rose from a modest 
agricultural entrepot in the American heart land to a 
major industrial center as a result of successive har­
bor improvement projects.2 Developme nt of the 
Califomia coast awaited construction of rai I connec­
tions and harbors. Whe n Congress in 1868 
responded to requests for assistance, a long and 
productive period of Fede ral, State , and loca l 
cooperation began. Ultimately, it led to the deve lop­
ment of modem, deepwater ports at Oakland, San 
Francisco, Los Angeles, and San Diego.3 

Though statute, precedent, and organizational 
inc lination focused the Corps ' atte ntion on 

navi gation -related improvements, its activities in the 
coastal zone ranged from beach reconstruction to 
blasting better shipping channels to building new 
harbors. Work varied from region to region. In the 
1820s, for example . for reasons no one cou ld deter­
mine precisely, currents sweeping past Sullivan 's 
Is land , South Carolina, caused substantial erosion 
and threatened Fort Moultrie. Assigned to solve the 
e rosion problems to ex isting fortification sites, the 
Corps initiated a major reclamation program.4 

The first Corps project in New England was 
rebuilding a beach. In 1824, the Corps was assigned 
civil functions under the General Survey Act. In 
1826, Congress vo ted appro priations for ap­
proximately 20 works and surveys. Under this 
au thority, the Corps combated erosion by construct­
ing cribwork breakwaters and arrested drifting sand 
by erecting brush fences and planting beach g rass. 
VaJ uable spits of sand protecting Duxbury and 
Provincetown Harbors in Massachusetts were 
preserved by s imi Jar e nvironmentally related 
projects. Sand piers, now called jetties, were built by 
the Army eng ineers at Warren River and Martha 's 
Vineyard to catch sand can·ied by cunents into 
the harbor.5 

New York Harbor posed a different problem. 
At Hell Gate, a one-mi le section of the East River 
that today runs from 90th to 1 OOth Streets in Manhat­
tan, where the river originally sliced around rocks 
and islands, turned sharply, met the Harlem River, 
and connected Long Island Sound with New York 
Harbor; the result was turbu len t water generated 
because the tides in the harbor and sound do not 
coincide, but instead cause the waters to rush back 
and forth in ten-mile-per-hour currents . The city 
began a campaign to open up the East River in 1845. 
The Corps became involved in 1852 and for the next 
30 years tackled the immensely diffi cult job of 
developing a new technol ogy for underwater excava­
tion and blasting to c lear He ll Gate.6 



Harbors not favored with natural channel cover 
were protected by building breakwaters. In New 
England, the Corps designed improvements at about 
two dozen localities. Included was the cons truc tion 
of the first wholly man-made harbor in the United 
States at Block Island, 12 miles off the Rhode Island 
coast, as a harbor of refuge. 7 Protection of a different 
sort was sought in the construction of the Galveston, 
Texas, seawall. Following a devastating storm in 
1900, the city charged three engineers, one of whom 
was retired Chief of Engineers Brigadier General 
Henry M. Robert, to plan the safest and most efficient 
means to guard the city against ocean floods. Be­
tween October 1902 and July 1904, a 17 ,593-foot 
curved concrete wall was built with city and relief 
funds while Congress authorized a connecting 
seawall to protect the Federal investment in the port 
and military reservation at Fort Crockett. 8 

Nineteenth Century Engineering 

Almost all engineering in coastal zones in the 
19th century consisted of the practical application of 
principles well known to engineers accustomed to 
dealing with rivers. Little coastal engineering re­
search was attempted . Concern about the unique 
nature of the coastal zone or studies of the effects of 
wind and water upon shores was sporadic, desultory, 
and unscientific. The first American book dealing 
specifically with coastal erosion was not published 
untill913.9 

Engineers learned much of their craft through 
trial and e rror. Innovations were not uncommon. An 
example was the improvement of the St. Johns Ri ver 
at Jacksonville, Florida, where a constantl y shifting 
sinuous channel through the bar made navigation 
difficult. Beg inning in the 1850s. Jacksonville 
ci tizens' groups had petitioned the Corps for aid in 
dealing with the sandbar that blocked the harbor 
entrance. Among the solutions proposed was putting 
the scouring power of the cun·ent to work by con­
structing jetties to project the channel through the 
bar. Corps engineers rejected this approach, but the 
best they could recommend was trying to deepen the 
channel by repeated dredging or raking during the 
strongest stage of the ebb current. Experiments with 
this technique failed miserably. 

In the 1870s, influential c itizens raised funds to 
bring Captain James Buchanan Eads to Jacksonville 
to stud y the problem. Eads had started out as a dry 
goods salesman. He then worked on steamboats, 
advancing to captain, became a contractor building 
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ironclads for the U.S. government, and along the way 
learned a great deal about hydraulic engineering. In 
1874, Eads had publicly challenged the Chief of 
Engineers ' plan for improving navigation at the 
mouth of the Mississippi River. Eads claimed that 
he could des ign jetties that would do the job, and he 
capped his statement with an offer to construct the 
je tties a t his own expense. He said the Federal 
Government would not have to pay him unless the 
project succeeded. Wl1en the government took Eads 
up on his offer, he built the je tties. They worked, and 
he gained national fame as a hydraulics engineer. 

For Jacksonville, Eads recommended construct­
ing two converging jetties to create a stable, deep 
channel out to sea. The report Eads wrote in 1878 
contained princi ples of seacoas t engineer ing , 
sketches of the tidal pri sm, and estimates of the areas 
that could be maintained. The report was far ad­
vanced for its time; the technology needed to conduct 
sophisticated studies that would confirm Eads' fmd­
ings would not be avai lable until well into the 20th 
century. Largely as a result of Eads' success. the 
Corps altered its recommendations for improv ing the 
St. Johns River, adopting a modified version of the 
Eads · plan for the jetties. 10 

At Charleston Harbor. South Carolina, Colonel 
Quincy Gillmore, fami liar with Eads' plan for Jack­
sonville, employed a similar design. Here. between 
1878 and 1893, the Corps constructed converging 
jenies that stretched outward from two barrier is-
lands. The portions near the shores were built below 
the surface of the water. allowing the tide to come in 
normally. In the ebb tide, the bottom currents were 
channeled toward the bar and the parallel. Built 
higher, with the last quarter rising above sea level, 
the paralle l directed the scouring force of the water 
against the sandbar and kept the new channel clear. 11 

Erosion Problem 

From the earliest days of settlement, Americans 
continued building in the coastal zone. They placed 
structures to aid navigation , counter the effects of 
erosion, or protect backlands against storm surge. 
They designed seawalls, bulkheads, and revetments 
to establish and hold a line that would block the 
encroaching sea. The structures generally worked. 
Galveston and San Francisco seawalls are two ex­
amples. Other strucrures acted as barriers to the 
longshore transport of sand. Groins stabilized a 
finite section of beach. Jetties kept sand from bujld­
ing up in th e area be tween them and served 



navigation by stabilizing inlets, defining and main­
taining harbor entrance channels, and providing ca lm 
water access to harbor terminals. The deliberate 
disruptions of natural processes were

2 
to use the 

contemporary word, "improvements." 1 

Until the age of industrialization, the usual pat­
tern was for people to settle inland. away from the 
ocean. Urbanization brought change. More affluent 
c ity-dwellers escaped to the seashore; there resort 
areas arose to accommodate them. These resorts 
remained isolated coastal enclaves tied to the hinter­
land by rails until the age of the automobile. Then 
beach-goers followed newly built roads to hotels. 
restaurants , boardwalks. and private vacation 
residences.13 

As more people acquired a property interest in 
maintaining a fixed shoreline , concern over e rosion 
grew. The most threatened area was in New Jersey. 
where landowners and public officials were alarmed 
by rapidly receding shoreline and the revenue loss to 
beach communities. In 1922, the State appropriated 
funds for a newl y appointed Engineering Advisory 
Board on Coast Erosion (to report to the New Jersey 
State Board of Commerce and Navigation). 

Investigations led to exchanges of information 
among experts who disagreed on the nature of the 
problem. Some said that because wind and wave 
veloci ty and other natural factors or construction­
induced interruptions in the longshore transport of 
sand were the primary causes of erosion, engineers 
could find separate solutions to problems at specific 
sites. This claim presupposed that the " line' ' in 
shoreline meant something permanent. Other ex­
perts wondered if the relative positions of the land 
and sea were changing (some assumed that the sea 
was ri s ing, 
others that 
the land was 
sinking, and 
s till others 
both ) and if 
the changes 
along th e 
coast were 
lon g term, 
short term , or 
cyclical. If 
th ese were 
among the 
basic causes 

the conclusion was that the more people built near 
the ocean, the greater the future losses would be. The 
advisory board reached no conclusions and recom­
mended further research. 14 

ln 1926, 85 delegates representing 16 states met 
ar Asbury Park to discuss coastal zone problems. 
Thi s meeting and two others held soon after led to 
the formation of the American Shore and Beach 
Preservation Assoc iation , an organization that 
brought together a cross section of engineers, public 
officials, State and Federal personnel, and property 
owners. Members saw themselves as educators and 
leaders in a conservation movement that would unite 
the states to fight a common enemy, the sea. The 
association's initial statement of purpose declared, 
"Man must come to the rescue of the beaches."15 

In 1929, Senator Walter E. Edge of New Jersey 
introduced legislation to authorize Federal investiga­
tion of shore erosion problems. That same year, the 
Chief of Engineers established a board of four of­
ficers ' ' to investigate and report on the subjects of 
sand movement and beach erosion at such localities 
as may be designated by the Chief of Engineers." 16 

The Board on Sand Movement and Beach Erosion 
soon became known as the Sand Board. ln the 1930 
Ri vers and Harbors Act, Congress gave the Chief of 
Engineers authority to make cooperative studies of 
the coast with appropriate agencies of coastal states. 
The Federal Government would pay half the costs. 17 

The Corps then created a seven-member Beach 
Erosion Board, with four members from the Corps, 
to furnish technical assistance, rev iew investigation 
reports, and make first-hand observations. A Shore 
Protection Board, composed of the four military 
members of the Beach Erosion Board, was formed to 

of e rosi on , Beach Erosion at Cape May, New Jersey, 1935 
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investigate prob lems on Federal property relating to 
Federal coastal projects. 18 

As the wording of a 1929 pecial order creating 
the Sand Board uggests, the Corps at first was 
interested primarily in learning more about coastal 
processes. Dean Morrough P. O 'Brien, who later 
would serve some 32 years on both the BEB and the 
board of the Coa tal Engineering Research Center, 
was the fi r t pe rson hired. He knew nothing about 
shore processes. As he learned at his first meeting, 
that was what qualified him for the job. The board 
members had concluded that to formulate general 
theories they needed someone who was experienced 
in measurements but with no preconceived idea 
about shoreline phenomena. The board settled down 
in two experiment stations in Long Branch and 
Seaside Heights. New Jersey , and began to measure 
coastal zone processes. 

The 1930 Ri ver and Harbors Act authorizing the 
Corps to e ·tablish the Beach Erosion Board had a 
slightly different orientation. Under the terms of this 
act, the board was authorized to make investigations 
and studie "with a view to devising effective means 
of preventing ero ion of the shores of coastal and lake 
waters." 19 T he BEB wa specifically asked ro study 
problem at Roc kaway Je tty, then proposed to 
protect New Jer. ey' Ambrose ChanneL20 

Murrough P. O'Urien 
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Federal Policy Changes 

T he powers of the Beach Erosion Board were 
limited. Members and staff soon found themselves 
in the difficult position of having to supply instant 
answers to problems that had not been investigated 
empirically. As the Depression worsened, efforts to 
involve government more actively in solving social 
problems intensi fied. Some New Deal advisors 
privately agreed that the Nation needed social plan­
ning on a scale imilar to that of World War I military 
planning. New approaches to Federal water policy 
were among the proposals they suggested.2 L Groups 
representing communities threatened by periodic 
flooding worked di ligentl y to capitalize on the rising 
public support for Federal initiatives . 

The American Shore and Beach Preservation 
Assoc ia ti o n, representing threatened property 
owners and s hore communities seeking quick 
Federal action to prevent further loss of the beaches, 
contended that the beaches were a public resource 
and should be treated as such. The association cam­
paigned to extend legislation relating to river and 
harbor improvement to include shore protection. 
Their effort were partially successful. In the Rivers 
and Harbors Act of 1935. Congress required the 
Corps to report on the effects proposed im­
provements at the mouth of river and coastal inlets 
would have on the beaches for ten miles in each 
d

. . ,, 
trec tton.--

From the beg inning. the Beach Erosion Board 
nan·ow ly defined Federal responsibilities to protect 
pri va te property. ln general. the board reasoned that 
if local bus ine~smen had placed their structures in 
dangerous locations to profit from the public demand 
for services. the Federal Government had no respon­
s ibility to bail them out. The idea of owner-induced 
li ability and concomitant owner responsibility was 
not new to the Corps. Historically. the Corps had not 
favored Federal financ ing fo r protecting private 
property, whether in rive r basins or coastal flood 
plains. Chief of Engineers Major General Edgar 
Jadwin had initially recommended cost sharing for 
flood-control projects fo llowing Lhe 19'27 Mississip­
pi Ri ver flood di~aster. 23 Prior to the enactment of 
the 1936 flood-control statute , Chief of Engineers 
Major Gene ral Edward M. Markham opposed the 
language. subsequently incorporated in the act, that 
benefits " to whomsoever they accrue" would be cal­
c ul ated in dete rminin g the benefit- to-cost ratio 
because Federal expenditures would ,protect and en­
hance the value of private property .2 



Some of the issues were resolved when Congress 
responded to a series of damaging floods by enacting 
the Flood Control Act of22 June 1936. The measure 
established a national flood-control policy and 
defined protection from flooding as a proper activity 
of the Federal Government. Under the new legisla­
tion, the Federal Government. in cooperation with 
State and local communities. would improve or par­
ticipate in the improvement of navigable waters for 
flood control if the benefits accruing from a project 
were greaterthan the construction costs. 25 Four days 
later Congress passed an "Act for the Improvement 
and Protection of Beaches Along the Shores of the 
United States." This was a more restrictive measure . 
In the coastal zone, Federal pol icy was to assist in the 
construction but not the maintenance of shore im­
provement and protection projects. A subsequent 
executive order fixed the maximum Fede ral financial 
participation at 50 percent of the total costs. 26 

Orientation Toward Research 

The Federal responsi bi I ity for flood control grew 
rapidly. Between 1936 and 1952. approx imately 
$11 .1 billion was spent or allocated for flood-control 
purposes. Authorized and completed Corps projects 
during the period, few of "hich in vo lved erosion 
control, exceeded $ 10 billion. To be sure, the 19 36 
Act for Improving and Protecting the Beaches had 
included many provisions desired by advocates of 
Federal protection for the coastal zone. However. 
the Jaw stated that the Federal Government would 
assist in constructing coasta l erosion control works 
where ·'Federal interests" were in volved. What the 
term meant was not clear. One interpretation was 
that the Federal Government would pay for sLUdies 
and investigations and 50 percent of project protec­
tion costs where a pu b li c inte res t co uld be 
demonstrated. Reflecting its prior conservatism, the 
Beach Erosion Board interpreted the statute literally, 
maintained tight limits on coastal construction, and 
continued to wait for requests from local govern ­
ments before beginning investigations .27 

Other Federal agencies, concerned with putting 
people to work, interpreted the 1936 act protec ting 
beaches differently. Between April 1934 and July 
1935, the Federal Emergency Relief Administration 
alone constructed 143 bathing beaches and improved 
104 more. The Works Progress Administration built 
revetments , dikes, retaining walls, and jetties for 
flood control along North Carolina 's Outer Banks at 
a cost of more than $4 million. 28 In 193 7, con­
templating more work of this nature, the National 
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Resources Committee recommended a nationwide 
investigation of coastal erosion problems and called 
for comprehensive coastal development planning to 
be supervised by the Beach Erosion Board. In a 
message to Congress in 1936, President Roosevelt 
endorsed a six-year program of investigations cost­
ing $14.4 million.29 

Because of the Beach Erosion Board's conser­
vativism, requests for studies were sporadic and from 
widely separated communities. Moreover, the Corps 
held back on construction projects because surveys 
by the board revealed the uncertainty about predict­
ing conditions at individual coastal sites . The 
interactions of natural phenomena, the cause of dis­
appearing sand. and cyclical erosion and accretion 
were often matters of conjecture. Without more 
projects. coordinating the board 's activities or in­
tegrating its work into a comprehensive study of the 
national erosion problem was impossible.30 

Driven by professional curiosity about coastal 
processes. the Beach Erosion Board undertook scien­
tific investigations despite the lack of explicit 
authorization in either the 1930 or 1.936 acts. As a 
result of these investigations, the reports became 
more sophisticated over the years. Some incor­
porated findings from research conducted elsewhere; 
other studies took on the character of scientific 
treatises. Occasionally, a prescient Corps observer 
would caution that the history of accretion and 
erosion along the shore should figure in planning 
future development.31 While these infrequent warn­
ings usually fell on deaf ears, the board's knowledge 
grew steadily. 

By the beginning of World War II. the board was 
publishing technical reports and memoranda on the 
results of its research, again an activity not specified 
in it'> charte r. By then , too, the BEB had acquired a 
library and planned to expand its research facilities. 
The board 's activities expanded during the war. 
Man y in the Corps anticipated postwar public works 
programs, and the board' s wartime successes con­
vinced them that the BEB should have more authority 
to survey and investigate the coastal zone.32 

Postwar Years 

Memories of the Great Depression were vivid for 
government officials planning how to cushion the 
shock of converting from a wartime to a peacetime 
economy. A massive postwar public works program 
offered the opportunity to complete tasks that had 
been laid aside, provide employment, and stimulate 



production. The Flood Control Act of 1944 thus 
authorized an unprecedented numbe r of construction 
projects. Estimates of proposed expenditures ex­
ceeded $2.5 billion. Congressmen from the coastal 
areas, pointing out that approximately 70 percent of 
the new c ivi l works program was to be paid by 
taxpayers in their states who stood to receive only 25 
percent of the benefits from the projects, pushed 
through new coastal zone legislation. 

In 1945. Congress authorized the Beach Erosion 
Board to make general investigations and publish 
tudies and other data concerning erosion and beach 

protection. The board was to report on the " public 
interest" involved in a contemplated project rather 
than any "Federal interest,'' a change that broadened 
the areas where Federal assistance would apply. 
"Shores" were defined as including all the shorelines 
of the Atlantic and Paci fic Oceans; the Gulf of 
Mexico: the Great Lake : and lakes, estuaries, and 
bays directly connected. The board was empowered 
·•to make general inve tigations with a view to 
preventing e ro ion of the shores of the United States 
by waves and current and determining the most 
suitable methods for the protection, restoration, and 
deve lopment of beache ." The Federal Government 
would pay the co t of the investigations.33 

In 1946, Congress approved Federal funding for 
up to one-third of the cost of new beach development 
and protection projects affecting public property. 
Congres~ a lso extended a~s istance in constructing 
flood-protection projects to ocean and lakefront 
municipalities comparable to that already guaranteed 
to communities affected by river flooding. and 
authorized Federal payment 
of up to one-third the cost of 
repairing seawall s built to 
protect major public 
highways.34 

Despite the legis lative 
changes, important factors 
still mil itated again st any 
widespread Corps construc­
tion acti vity in the coastal 
zone. Me mbe rs of th e 
Beach Erosion Board con­
tinued to express a bias 
against piecemeal projects, 
favoring instead works that 
were large enough to protect 

·-

This forced the large number of public agencies and 
local governments that usually were involved in any 
one projec t to try to reach agreement. Because the 
Federal funding for con~truction remained low, and 
as local inte re ts continued to bear most of the con­
struc tion and maintenance expenses, only a few 
projects were built. As Florida's Senator Claude 
Pepper pointed out, those that the BEB did approve 
(like the Harrison County, Mississippi, seawall) were 
projects of paramount public interest or exceptions 
to the general rule that local interests could not afford 
to finance the construction.36 

Resea rch and Development 

The Beach Erosion Board 's research program 
was intended to determine more effective and 
economical so lutions to shore eros ion control 
problems. Specific investigations, undertaken in 
cases whe re the results would have general applica­
tion , were guided principally by the need for basic 
data dealing with wave . coastal sediment move­
ment, and shore line erosion. The BEB staff srudied 
the generation of waves, tsunamis and tides; wave 
propagation; and wave transformation by refraction. 
diffraction, and energy dissipation in shallow coastal 
waters and at the shoreline. Studies of the movement 
of coastal edime nt and their effect on shore stability 
involved research on the rate of upply of material 
and beach reaction to the littoral force of waves, 
tides, c urre nts, and wind. 

Potentiall y effective measures to reduce shore 
erosion included structures. carefully designed and 
placed , and beach restoration us ing fill materials. 
Some studies we re made in the laboratory. others in 
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an area s uch as headland to 
head land or inlet to in lct.15 Beach Erosion Board Field Team Near Long Branch, New Jersey, l 948 
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the field. Some work was done by the BEB staff, 
while other work was done under contract by uni ver­
sities having specialized equipment and personnel. 
Congressional funding , the primary source of 
money. varied. Appropriations were $350,000 in 
FY 1950, but over the next six years averaged only 
slightly more than $145,000. Research expenditures 
dropped from $210,000 in FY 1950 to $80,600 in FY 
1951 , when the BEB staff was shifted temporarily to 
mjlitary intelligence work at the outbreak of the 
Korean War. Fiscal Year 1952 bas ic research fund­
ing amounted to only 43 percent of that available at 
the outset of the research program. Dec lining finan­
cial support caused the Beach Erosion Board to move 
away from basic research to re imbursable studies for 
other agencies. While this kept faci lities busy, the 
basic knowledge that advanced theoretical under­
standing suffered.37 

Resul ts from BEB research varied. A study of 
steel sheetpiling in coastal waters yielded reliable 
data on the expected life of piling exposed to various 
amounts of saltwater and wave action. Three 
separate studies provided a means to eva! uate the loss 
of energy of observed or predicted deepwater waves 
resulting from bottom friction and percolation.38 A 
laboratory study of the factors affecting beach 
profiles revealed what types of waves cou ld be ex­
pected to tear down or rebui ld a beach.39 However, 
the board did little study of the effec ti veness of sand 
fill or sand bypassing to replenish beaches, nor did 
they test wave forecasting methods thoroughly 
(though they prom ised lO revolutionize ideas con­
cerning ocean wave generation).40 

In the 1950s, the BEB was called on to prov ide 
information more frequently. The decade's early 
years saw greater development of the coasta l zone as 
recreation, home building, and small craft boating 
boomed. Increased coastaJ occupancy meant o ld 
problems had more serious consequence'>. Six hur­
ricanes hit the Atlantic coast over a I 3-month peri od 
in 1954 and 1955, taking over 500 lives and causing 
more than $2 bUlion in damage. People called for 
more Federal involvement. 

Responding to public fears about future hur­
ricane surges-including warnings that the subways 
in New York City would flo od - Cong ress 
authorized the Corps to cooperate with other Federal 
agenc ies in examining the eastern and southern 
seaboard to secure data on hurricane behavior and 
frequency, detennine methods of forecasting and 
improving warning services, and find the "possible 
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means of preventin§ loss of human lives and 
damages toprope11y." 1 Though this legislation did 
not increase Federal assistance available to states for 
erosion control projects, it did provide new ways to 
justify projects economically. 

The Beach Erosion Board took the hurricane 
survey authorization as a mandate to analyze the 
causes of hurricane damage, calculate the dollar 
value of projected losses, and develop ways to 
prevent or minimize the destruction. The board's 
objective was to submit to Congress practical project 
proposals. The approach worked. Congress, which 
up to 1954 had authorized only five shore protection 
projec ts, approved 62 in the Rivers and Harbors Acts 
of 1954 and 1958. Between 1950 and 1960, the 
board completed S I cooperative studies and had 31 
more in progress at the end of the decade.42 

By the late 1950s, new coastal zone programs 
were being established by the Navy, the National 
Science Foundation, and the Atomic Energy Com­
miss ion. Studies contracted by the Beach Erosion 
Board, along with Navy contract work, increased the 
number of centers engaged in coastal engineering. 
The University of California at Berkeley, New York 
Uni versi ty, the Massachusetts Institute of Technol­
ogy, Scripps Institution of Oceanography and 
Northwestern University became involved. The ex­
panded interest in coastal studies was not limited to 
the United States. After major stonns in 1952 and 
1953 flooded England and the Low Countries, the 
Dutch set up a laboratory at De Voorst; the French 
increased their efforts at Grenoble; and the English, 
Danes, and Norwegians set up research stations. 
Japan, beset by tsumanis, began work in coastal 
engineering to protect power stations. The Soviet 
Union also undertook a major research program after 
World War H4 3 

Beach Erosion Board and 
Expanding Programs 

As interest in coastal zone phenomena grew, the 
BEB gained research competency. In the postwar 
years, the board had acquired such test facilities as a 
large outdoor prototype wave tank and a shore 
processes test basin at its site on 15 acres in the 
Corps-operated Dalecarlia Reservoir in Washington, 
D .C. The BEB set up fie ld research groups to begin 
hydrographic surveys, beach research, and other data 
collection and established Lines of communication 
with the District offices. In time, this led to 
hydrographic surveying work being assigned at the 



Preparing Dalecarlia Large Wave Tank for Testing, 
Circa 1960 

District level. The board also contracted for research 
to be done by universities and other institutions and 
by the Corps ' Waterways Experiment Station at 
Vicksburg, Mississippi. In 1955. after funding was 
delayed during the Korean War. the BEB was able to 
complete a 635-foot-Long wave tank. Holding ap­
proximately a million gallons of water when fi lJed to 
test level, the tank generated 6-foot breakers for the 
study of beach equ ilibrium profiles, wave runup 
(how high waves will run up on structures under 
different conditions) and overtopping, and the 
stability of structures designed to withstand the sea's 
battering.44 

The Beach Erosion Board , like other government 
research centers, attempted to hire more qualified 
personnel. However, the Federal environment in the 
1950s was not as conducive to improving profes­
sional competency as it would be later. Experts with 
specialized knowledge were hard to find and re tain 
in light of the bureaucratic hurd les of that time. The 
early years of Rudolph Savage's tenure - he would 

close h is career as Chief of CERC's Research 
Division- demonstrate the problems. Savage joined 
the BEB in 1950, with a background in general 
engineering from North Carolina State University. 
To get the necessary specialized training in coastal 
engineering, he asked for a leave of absence to attend 
Texas A&M University. (The school had a physical 
oceanography program financed with money from 
oil companies working to develop the gulf.) When 
he was refused, he simply quit the board and went to 
school. When he completed his studies, the BEB 
rehired him.45 

By the mid-1950s, the Beach Erosion Board had 
evolved into an organization of approximately 42 
people operating in relative isolation from other 
Corps activities. The academic atmosphere tended 
to draw people who were creative and progressive. 
Some came from universities because they could find 
more challenging work in government service. Be­
tween 1959 and 1966, the American Society of Civil 
Engineers made 35 awards for recognition of re­
search related to civil engineering; six went to 
Federal employees. Of these. three were awarded to 
CERC staff members, the only representatives from 
the Department of Defense.46 

Beach Erosion Board Research 
Publications 

Beach Erosion Board research may be divided 
into two broad categories. The first involved study 
of the phys ical phenomena of the coastal zone: wave 
behavior, currents, factors influencing the movement 
of beach materials. and the design and effects of 
man-made structures. The second was a program of 
gathering and compiling data on the U.S. coastline. 
In 1950, the BEB staff began assembling infonnation 
for a report published in I 953 as Spec ial Issue No.2 
of the BEB Bulletin. Recipients were asked to for­
ward critical comments. The original manuscript 
then was revised and the first edition of Shore Protec­
tion, Planning and Design, Technical Report (TR) 
No. 4, was issued the followi_ng year. The BEB 
distributed 550 copies, the U.S. GovemmentPrinting 
Office (GPO) sent several hundred others to Federal 
repository libraries. and 2.000 copies were placed on 
sale at the GPO. The first edition sold out by August 
1958.47 

The first major revisions to TR 4 were issued in 
Augus t 1957. They principall y concerned the 
forecasting of wind-generated waves, generation of 



wind-waves in shallow water, wave runup and over­
topping, and the modifications in a formula for the 
stability of rubble-mound structures. In all, the BEB 
replaced 44 pages with 89 new pages for insertion 
and included instructions for pen-and-ink changes. 
Because the inserts created an awkward arrange­
ment, the board printed a second revised edition of 
TR 4 in 1961. It included new forecasting curves for 
wave spectra, revised hurricane surge calculation 
procedures, and added material dealing with wave 
forces on pilings and mbble-mound stability. This 
time the BEB distributed 1,200 copies, and the GPO 
sold an additional 2,500 copies.48 

In 1966, a completely new third edition was 
prepared . Principal revisions included substitu tion 
of revised diffraction diagrams, new shallow-water 
wave-forecasting curves, additional data on sand­
size-analysis paramete rs, and an amended chapter on 
structural analys is. In addition to about 500 copies 
to the Coastal Engineering Research Center and the 
us ual GPO distri bution to Federa l repository 
libraries, 5,000 copies were sold at GPO. By May 
1968, with only 872 copies remaining for sale at GPO 
and with CERC's supply exhausted, a new printing 
was ordered. In 1973, having established the 
framework for research in the coastal zone, Techni­
cal Report No.4 was succeeded by the publ icati on of 
CERC's Shore Protection Manua/.49 
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Beach Erosion Board Public 
Contributions 

Largely as a result of its own investigations, the 
board came to view the construction of protective 
works such as groin fields, usually the first choice of 
property owners, as the least successful and 
economical solution to erosion problems. Hence, 
though specia l-interest groups continued to seek 
Federal financing of seawalls, bulkheads, and groins, 
the BEB consistently favored restoring beaches 
through sand replenishment. This process was ex­
pensive, however. Moreover, beach nourishment 
was considered project maintenance and therefore 
not eligible for Federal funding. Citing the BEB 
find ings, the Corps pressed for legislative language 
that redefined project construction to include "the 
deposit of sand fill at suitable intervals of time to 
furnish sand supply to project shores. "50 In 1956, 
Congress amended the law and incorporated the 
Corps-recommended changes. 51 

T rends of the Late 1950s 

In 1956, sufficient support for protecting proper­
ty owners in high hazard zones led Congress to pass 
a flood insurance act initiating studies leading to a 
workable insurance plan. When investigations 
showed that the insurance statute would provide for 
the uneconomic construction in hazardous areas 
using Federal money, Congress declined to provide 
funds to implement the new law.52 The problem of 
how to aid seashore residents remained. 

Federal agencies also began to 
reexamine national water policies. 
A new interest in land use manage­
ment techniques for flood control, 
pioneered by the Tennessee Val­
ley Authority, grew in importance. 
In 1959, the Senate Select Com­
mittee on Nat io nal Wate r 
Resources was formed. With the 
aid of a number of people inter­
ested in new legislation , by 1961 
the committee had won Congres­
s iona l endorsement o f 
comprehens ive planning and 
coordination for water resources 
projects.53 By 1960, when Con­
gress amended the J 930 erosion 
contro l act to permit Federal 
financing of the Federal-State 
studies seeking ways to prevent 



erosion, a major reorientation of Federa l ,programs 
affecti ng water resources was underway.5 

Nature rudely punciUated the legislative evolu­
tion in 1962 when the Atlantic storm of March 5-9 
rode five a. tronomical tides to become one of the 
worst storms ever to strike the eastern seaboard. 
Damage stretched from New York to Miami Beach. 
In September came the most destructive hurricane 
ever to hit the gulf coast.55 As in the past. the 
disasters led to public demands for Federal action. 
Congress re. ponded in October l962 by authorizing 
Federal funding to reimburse local interests up to 
one-hal f the costs for work on Federally authorized 
erosion-control projects subsequent to cooperative 
studies done with the Corps. The law now provided 
Federal financing for up to 70 percent of the costs 
(excl usive of land costs) to protect public faci lities 
that excluded permanent human habitation. meaning 
state parks and the like. In addition, the Secretary of 
the Army was authorized to undertake construction 
of small shore and beach restoration and demonstra­
tion projects not specifically authorized by Congress 
up to a total of $3 million in any one fi scal year. 56 

Opposing e lements affected both Congress and 
the Corps a they focused on the coastal zone. On 
the one hand, criticism of Federal construction prac­
tices, growing awareness of the rising cost of flood 
protection. and the desire to hold down public expen­
ditures created demands for less costly projects and 
reinforced the Corps' conservativi sm. On the other 
hand. several factors pushed the Corps toward more 
involvement in coastal construction. Twenty-two of 
the Corps ' 38 Districts bordered the coastline and 
were engaged in analyzing coastal processes af­
fecting planned or completed projects. But the usual 
work of the Districts was design. construction, opera­
tion, and maintenance- not research. While some of 
the tidewater and coastal data the Districts collected 
and included in project design reports were published 
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as Congress iona l documents , Districts had no 
authority to collect and anal yze general coastal 
data. 57 

Also, the impetus to ex pand the Corps' research 
and development programs to keep pace with the 
rapidly emerging national oceanographic program 
had become a powerful force. The Corps' involve­
ment in the coastal zone had grown too large and 
complex to be handled under the organizational 
strucrure of the Beach Erosion Board. A new Corps 
agency promised lower costs and better program 
coordin at ion by consolidating duplicate review 
functions. 

For all these reasons and more, the Corps per­
ceived benefits from having the evaluation and 
reporting of coasta l projects follow the same proce­
dures as river. harbor, and flood-control studies. 
Creating CERC was a lso good politics. In 1962, the 
Corps studied the merits of strengthening its coastal 
research capabilities.58 The next year, Congress, 
responding to recommendations of the Corps · spe­
cial internal tudy board, established the Coastal 
E ng ineeri ng Re earch Center and defined its 
miss ions.59 

The Beach Erosion Board had done much during 
its 33-year cxi tencc. lt had reviewed 149 coopera­
tive study report and two Federal surveys of beach 
erosion problems. Since the 1946legislation allow­
ing Federal part ici pation in construction costs. the 
BEB reviewed 114 reports and recommended 72 as 
appropriate Federal project . ln the same 33-year 
period. the B EB had publis hed 135 technical 
memoranda and four technical reports. Of this total, 
130 were issued afte r the 1945 1egislation authorizing 
the l:H::B to make Jbeneral investigations and publish 
technical reports. The Beach Erosion Board had 
established a base for the larger. stronger Corps 
program assigned to CERC. 



Before and After Views of Shore Development, Prospect Beach, West Haven, Connecticut, 1956 and 1957 
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II 

COASTAL ENGINEERING RESEARCH CENTER: 
ORGANIZATION AND MISSION 

Coastal Engineering Research Board 

To obtain the necessary experti se for its inves­
tigations, the Heach Erosion Hoard had both cJviltan 
and military membership. While military officers 
rotated frequently, the board had onl y five c ivili an 
members in its 33-year existence. Because the Corps 
felt that continuity was important to the success of 
the board 's research programs, the advisory system 
was retained when CERC was established. Legislas­
tion provided that CERC's Coastal Engineering 
Research Board (CERB) would be composed of fou r 
senior officers of the Corps. three of whom normall y 
would be D ivision engineers \\'ith coastal engineer­
ing responsibi litks; three civilians prominent in the 
field of coastal engineering appointed by the Chief 
of Engineers: and the Director of Civil Works. who 
would be president of the board. The CERC director 
would serve as executive secretary. 1 

The Coastal Engineering Research Board was 
well positioned in the organizational structure. Line 
authority for other Corps c ivil works studies ex­
tended from the Chief of Engineers to the Director of 
Civil Works and then to the Corps agencies, 
Divisions, and Districts. The CERB and CERC 
coastal engineering research program operated at the 
level of the Director of Civil Works . The CERC had 
legislative charter to consider a ll Corps coastal en­
gineering research programs and also to serve as an 
advisory board to the Director of Civil Works or the 
Chief of Engineers. who would coordinate programs 
and provide broad policy guidance.2 At the second 
CERB meeting, in August I 964. Major Genera l 
Jackson Graham, board president, stated that CERB 
would review not only CERC's program but the 
coastal engineering portions of the programs of the 
Waterways Experiment Station and the U.S. Great 
Lakes Survey as well. The CERB would then recom­
mend priorities for accomplishing research projects 
"in consonance with the needs of the coastal en-
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gineering field and the objectives of the Ch ief of 
Engineers ... 3 

Though only advisory. CERB could exercise a 
powerful influence over CERC. Some CERC direc­
tors would fo llow CERB ·s guidance, others would 
try to anticipate the board' s wishes, and sti ll others 
would try to use CERB to advance CERC interests. 
However none would ignore it. The CERB would 
obtain signi ficant budget increases in the mid-1970s, 
for example, by convincing OCE that CERC needed 
the funding.4 

Before CERC's creation. coastal research in the 
Corps was funded from two accounts. The first and 
Largest consisted of the BEB General Investigations 
funds administered by the board 's staff. This money 
represented approximately 80 percent ofBEB yearly 
funding. The second source was the OCE Civil 
Works Investigations (CWl) budget. Congress allo­
cated CWI funds to OCE for various civil works 
activities, including research for coastal projects . 
The Engineering Division in the Civil Works Direc­
torate of the Office of the Chief of Engineers 
aLI1 ninistered these funds. Prior to an y suballocations 
for research, Corps field offices and laboratories 
were invited to submit proposals for projects to be 
suppo1ted. The OCE staff then disbursed funds. 
While some OCE-approved projects were in the 
field of coastal engineering. most were in other areas. 
From a CWI funding total of $ 1.3 million in Fisca l 
Year 1963, for example, $209,000 was allocated to 
coastal engineering. Of this. $84,000 went to the 
Beach Erosion Board. Of the funds annually al­
located to the BEB, only about 20 percent were 
subject to ~rior approval from the Civil Works 
Directorate . 

The CERC was funded in a slightly different 
manner. Money for its program was shown as a 
separate line item titled "Coastal Engineering Re­
search" in th e General Investigations budget. 



Coastal enginee ring research projects continued to 
be included in the CWl budget. To ensure ap­
propriate control and coordination, the Director of 
Civil Works administe red CERC research funds in 
the same way as he had CWI funds. The CERC 
submitted quarterly progress reports to the Director 
of C ivi l Works describing the progress of research 
and the status of expenditures. To some, changes in 
the funding procedures suggested CERC might not 
enjoy the organizational autonomy of the Beach 
Erosion Board .6 

The CERC' initial decision to pursue field 
measurements and basic oceanographic laboratory 
studies had wide support. By the mid- L960s, Corps 
leaders anticipated that budgets for the construction. 
operation. and maintenance of all coastal projects 
would rise to about $ 175 million by the end of the 
decade. Approximate ly $90 million was earmarked 
for project work along the coasts, the other $85 
million for maintaining navigation channels in tidal 
waterways. A suming the Center's research paid off 
at a rate of I 0 percent of these costs in direct dollars 
or improved fac ilities, the Corps could anticipate 
saving as much as S9 million in coastal areas and 
S17.5 million overall. The theory was that more 
research would produce more data and lead to greater 
savings.7 Those rev iewing CERC programs were 
inclined to agree with the conclusion of CERC Direc­
tor Colonel F.O. Diercks that whil e ' 'the actual 
evaluation in dollar of the benefits of the research 
program in coastal engineering appears imprac­
ticable." the basic research was important. 8 

Within the Corps, the initial div is ion of research 
responsibi lities gave CERC the primary respon­
sibility and the Waterways Experiment Station a 
supporting role in all basic coastal zone studies. 9 The 
CERC and WES cooperated to divide the work: 
CERC would do studies with genera l appl ication, 
and WES wou ld carry outcoastal model studies of 
specific locations. Guidance from OCE that held out 
a promise of inc reased research and development 
funding for coasta l research eased problems as­
soc iated with working out the arrangement. IO In 
1969, Colonel Edward M. Willis, Director of the 
Corps' Research and I nvcstigation Programs. recom­
mended that CERC be given primary responsibi li ty 
for research on the e ffects of coastal engineering 
activ ities on the coastal ecology. 11 

Many Corps leaders hoped that CERC would 
prepare the Corps to explore opportun ities in the 
coastal zone. "H istorical ly, we in the Corps have 
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been generall y project oriented," wrote Brigadier 
Gene ral John A. B. Dillard, South Pacific Division 
Engineer, to Brigadie r General Harry G. Woodbury, 
Jr., Director of C ivi l Works. in 1967. Headded, "We 
have had little interest in investigations leading to 
new concepts." With both public interest and 
Federal in volvement in coastal zone increasing , Dil­
lard suggested, Corps policy might be unclear. ' ·[f]n 
light of our long time involvement in estuaries, 
shorel ine and navigation matte rs along the coast, it 
would be more difficult to eliminate the Corps from 
the field if we ·seized the mission ' by formal decla­
rati on, special staffing, and the ass ignment of area 
responsibi lities to include the continental shelf. I 
recognize," he continued, " that this represents, in 
essence, a research type function, for which we have 
no funds, specific authorization, or specialized staff 
at the fie ld level." Dillard concluded that the Corps 
should explore the possibilities. Woodbury seemed 
to agree, noting the Corps' increased involvement in 
the coastal zone. He c ited the increase in the CERC 
budget from $850,000 in FY 1965 to $2.5 million in 
FY 1968. "The P.JO pects for further increases are 
good," he added. -

Spurred by both burgeoning increasing coastal 
deve lopment and environmental awareness. CERC 
personnel planned programs to quantify phenomena 
that they under tood only qualitatively. The new 
work would require increased funding. but larger 
CERC budgets could be justified. The Marine Re­
sources and Engineering Development Act of 1966 
declared a long-range policy of acce lerated Federal 
resea rch of the coastal zone. Both the Panel on 
Oceanograph y of the President's Science Advisory 
Committee and the National Counci l on Marine Re­
sources and Engineering Development, established 
under the 1966 ac t. advocated additional effort. In 
transmitting to Congress the Second Ann ual Report 
on Marine Resources and Engineering Developmem. 
President Lyndon Johnson in 1968 proposed in­
creased funding. especially for broadening education 
and speeding up re. earch in marine sciences. t3 

The Marine Science Council made the Corps the 
coordi nati ng agency in an interagency, multidiscipli­
nary e ffort to detem1ine the effects of engineering 
construction on the ecology of the coastal zone. The 
same year. an OCE command inspection team 
recommended that CERC draft a program covering 
the Corps' long-range needs in coastal engineering. 
This trigge red n reevaluation of CERC's and the 
Corps' role:-; and needs in coastal research and sug-



gested a possible increase in the contemplated long 
range. $5 million program. 14 

Early Plans and Programs 

The tentative five-year program for Fiscal Years 
1964-1968 called for coasta l research budgets that 
would increase from $814,000 to $1,238,000. 15 

Projected ten-year research expenditures, which in­
cluded the OCE program, contemplated budgets 
totaling $9,250,000 to $16,675,000 over the next 
decade. The long- range organization plan for CERC 
between 1966 and 1975 was even more ambitious. 
This plan, essentially the ten-year Corps program in 
oceanography that had been approved by the Federal 
Council on Science and Technology and built into 
CERCs expanded missions. proposed funding in­
creases from $1,100,000 in FY 1966 to a maximum 
of$5 million in FY 1971 and a like amount thereafter. 
The plan authorized increasing CERC's staff from 
75 to 131 people by FY 1970, suggested ways to meet 
CERC's major physical property requirements in the 
near future, and anticipated additional equ ipment 
purchases. 16 

The CERC planning was consistent with Corps 
expectations. The Center had requested 30 addition­
al staff positions in 1965, received 14, and was 
advised by OCE to ask for the remaining 16 in the 
FY 1967 budgetP Planners at OCE and CERC 
assumed that future funding for coastal -zone re­
search would increase, even though the Corps had 
few construction project) along the coast and, 
proportionally, basic research was a greater com­
ponent of CERC's program. However, none of this 
appeared to pose a problem because CERC's opera­
tions were financially sound. In the early 1960s. 
plans, income, and expenditures were in reasonable 
balance. In FY 1964, in fact, the research pr?ram 
had more funds available than were budgeted, and 
the balance of in-house and outside research was 
about equal. 19 

The CERC received the support it expected. 
Budgets increased between 1964 and 1969, and by 
1968 CERC research studies were being funded at 
1.5 percent of the Corps' total coastal program, sig­
nificantly more than research expenditures in other 
areas.20 No one - at CERC, in OCE, or elsewhere t..n 

the Federal establishment- suggested that CERC 
managers should rein in their plans, resist expansion, 
and stabilize funding levels. Thus, in 1970, the 
CERC staff five-year plan proposed an increase in 
the research and development program from 
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$3,250.000inFY 1971 to$10million in FY 1975.21 

In 1969, CERC had a complement of l officer and 
91 civ ilian person_nel; long-range plans called for 225 
people by 1980. Reorganized and expanded, CERC 
looked forward to being increasingly influential.22 

Earlier Corps success in coastal zone construc­
tion, some dating back to the tum of the century, lent 
considerable credibil ity to the Corps' commitment to 
CERC. The economic benefits resulting from com­
pleted Corps harbor construction projects were 
obvious. The Los Angeles Harbor Outer Breakwater 
had allowed the development of one of the great 
harbors of the country. The Delaware River ship 
channel facilitated the development of a large in­
dustrial complex and port facilities along that river. 
The Harrison County, Mississippi, project provided 
both shore protection and major recreational 
benefits. Since 1952, the Corps had maintained a 
beach erosion control project at Virginia Beach, Vir­
ginia, that had prevented or reduced damage to that 
highly developed area, particularly during the March 
1962 stonn. None of the glaring failures in coastal 
zone construction could ·be attributed to the U. S. 
Army Corps of Engineers. 23 

Recent successes from Beach Erosion Board 
research augured well for the future. Building or 
stabilizing sand dunes with fences and vegetation 
already had proved less expensive than adding sand. 
Experimental studies carried out on the Oute~ Banks 
of North Carolina showed the relattve effectiveness 
of straight fences in building dunes. Research on 
storm surge and wave runup relating to the Texas 
City hurricane levees prompted the elimination of $3 
to $4 mi llion of riprap initially designed for levee 
prult:cLiun. Wind and wind-tide studies ~n shallow 
waters resulted in sav ings in the const:mct1on of new 
dams and levees for Lakes Okeechobee and Pont­
chartrain. [mproved dredging methods significanLly 
reduced cost for dredgi ng the Delaware River chan­
nel. Engineers could cite numerous instances where 
better coastal engineering research wou ld have 
enabled the Corps to avoid later problems. Had 
research on wave transmission through permeable 
breakwaters been completed prior to construction of 
the Redondo Harbor, Marina Del Rey , Los Angeles, 
and other California projects, CERC reported, the 

. I . 24 Corps would have realized substantta savmgs. 

Coastal Zone Studies 

Though the largest of the U.S. wat~r resources 
development agencies, the Corps of Engmeers spent 



only 5.3 percent of the total U.S. investment in water 
resources research. Most Corps research funding 
was actually project money. and only the largest 
projects had sufficient funds for proper research, 
whether it dealt with inland hydraulics, structures, 
soil mechanics, or cold regions .25 Many in the 
Corps, and especially in the CERC staff, considered 
CERC's research mission special. 

In the 1 950s, the Beach Erosion Board had in­
itiated a program to divide the United States into 
regions with similar coastal conditions. The staff 
began to assemble a data bank on wave climatology, 
offshore changes, sand characteristics, and discharge 
from rivers so in formation would be available to the 
Districts. That the District engineers did not know 
how LO use the data ro get answers soon became 
apparent. When CERC was established, the program 
was broadened to include general studies to advance 
the field and enable Corps Divisions and Districts to 
solve specific problems. Because Congress already 
had directed CERC to provide information concern­
ing shore line protection deemed "to be of value to the 
people of the United States." the decision to point 
CERC toward basic research required no further 
rev iew.26 

Moreover, making CERC a cente r for research 
suited the staff. The CERC's special status was 
underscored in 1974. after the Engineering Regula­
tion establishing CERC was revised and the mission 
of basic research reaffirmed: 
CERC, wrote one high rank-
ing s taffer. was now th e 
Corps' " Office of Naval 
Research."27 

Although CERC had been 
given the primary mission for 
Corps coastal zone research, it 
was not alone in the field. The 
Waterways Experiment Sta­
tion , the Great Lakes Survey, 
and the Committ.ee on Tidal 
Hydraulics had coastal en- , . 
gineering m1ssJons. 

In 1948, the Chief of En­
gi nee rs es tabli s he d the 
Committee on Tidal Hyd rau­
lics to evaluate and publicize 
the current knowledge o f ti dal 
hydraulics and re lated 

charged the U.S. Great Lakes Survey with a coastal 
engineering research program that included measur­
ing harbor currents and lake waves in three of the 
Great Lakes, investigating water-level disturbances, 
and studying energy transfer at the air-water inter­
face, shore processes, coastal area sedimentation, 
and sediment barrier effects.28 

When CERC was created, each of these organi­
zational subunits of the Corps had well -established 
programs. The Committee on Tidal Hydraulics was 
revising a chapter in the Engineer Manual Tidal 
Hydraulics. The WES had acquired wave generators 
and s urplus aircraft hangars to shelter physical 
models after World War II, constructed additional 
fac ilities, and created an extensive research program 
in irs Estuaries Branch. By 1964. one WES study 
sought to develop the analyti cal model for predicting 
effects of saltwater intrusion in open channel s. 
Another study sought ways to predict flow patterns 
and current velocity distribution in tidal entrances. 
An ambitious undertaking attempted to identify the 
natural factors involved in shoaling processes. A 
low-priority project involved cataloging and sum­
mari zing pertinent WES data on the physical, 
hydraulic. and shoaling characteristics of specific 
estuaries. (Providing engineers with a quick refer­
ence for specific estuaries would assist them in 
comparing estuaries and identifying suitable im­
provement works. )29 

phenomena. The Chief a lso Storm Damage at Ocean City, Maryland, 1962 
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Other studies concentrated on improving the 
design of rubble-mound breakwaters by resting 
three-dimensional laboratory mode ls under vary ing 
wave attacks. ln these, wave generators simulated 
natural conditions.30 By 1964, the WES Research 
Library was preparing a fourth supplement to the 
bibliography on tidal hydraulics, scheduled to be 
published in 1966. To help keep pace with rapidly 
expanding knowledge, the Committee on T idal 
Hydraulics and WES in 1964 were ready to develop 
an internal document that would differentiate be­
tween the known areas of tidal research. 31 

The Coastal Engineering Research Center and 
the Waterways Experiment Station had similar, com­
plementary test fac ilities. The CERC had the 
300-foo t-long by I 50-foot-wide bas in used to 
develop information on the distribution and quantity 
of littoral drift. The T idal Inlets Commi ttee at WES 
was in Lhe process of acqu iring three test basins. 
Facility A was a 1 50-foot-long by 50-foo t-wide basin 
that simulated inlets of various characteristi cs under 
varying tidal conditions. Faci lity B was another !50-
foot-long by 50-foot-wide basin . It consisted of an 
"ocean" in which tides of various ampl iwdes and 
periods could be generated. a " lagoon" that could be 
varied in area, shape. and depth. and a connecti ng 
section. Facility B aUowed detailed modeling of 
inlets of various characteri stics. Facility C. a 350-
foot-long by 150-foot-wide basin, was used 
primarily to study the dynamics of various inlets 
under the combined inil uence of tides, waves, I ittoral 
drift, and other significant factors. It had a movable­
bed "ocean" equipped with app urtenances for 
generating tides, waves. littoral currents, and .oth~r 
forces; a fixed-bed "lagoon·· that could be vaned Ill 

area, shape, and depth: and a connecting movable­
bed barrier beach and in let section for modeling 
various characteristics by movable-bed model tech­
niques. In addition, the WES E::.tuaries Branch had 
no less than seven coastal engineering models where 

. 32 tests were ongomg. 

The CERC and WE$ investigations overlapped, 
particularly in the Corps' General Investigation Tidal 
Inlet (GITI) Studies research program. Understand­
ing that the work was to be basic research, CERC 
allocated $165.000 in FY 1965 and 1966 to WES so 
that the Hydraulics Division could proceed with the 
construction of Faci lities A, B, and C.33 When the 
Hydraulics Division altered t~e inlet models t? ~est 
specific designs, a sharp d1ff~r~~ce of opmron 
developed. In April 1967, the CIVJIJan members of 
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CERB visited WES as a subcommittee to look into 
the matter. Their report backed CERC's contention 
that the basins were being used fo r spec ific model 
tests instead of basic research. 34 

At a subseq uent executiv e sess ion , CERB 
recommended that CERC be given overall control of 
the inlet srudies at WES using Fac ilities A. B, and C. 
General Woodbury agreed to have OCE look into the 
matter.35 Soon, OCE made a decision designed to 
appease both CERC and WES: The GITI Studies 
would be funded as a research project The study 
facilities at the Wave Dynamics Division (WDD) 
would not be used for project model studies, but WES 
would continue to control their use.36 The decision 
in effect limited the WDD of the WES Hydraulics 
Laboratory to basic research. The Division soon 
dwindled to approximately six people who mainly 
carTied on breakwater modeling tests. The CERC 
viewed the arrangement as permanent. However, the 
gu idance from OCE in no way precluded the WDD 
from condu ctin g basic research in tidal inlet 

. h h . 37 phenomena by usmg ot er tee mques . 

Relocation and New Facilities 

As CERC assumed new missions, Corps plans to 
acquire better fac ilities set off a series of events that 
concluded with CERC's re location to Fort Belvoir, 
Virginia. In 1957, the District of Colu mbia Commit­
tee of the Senate had urged the Department of the 
Army to transfer the Dalecarlia reservation, which 
was occupied by the Beach Erosion Board and the 
Army Map Service, to the Washington Aqueduct 
authority. But the Corps opposed moving the Beach 
Erosion Board to Fan Belvoir because the estimated 
costs exceeded $ 1 million.38 In fact. having out­
grown its facilities, the Corps was plann ing to erect 
a new building for the Board of Engi neers for Rivers 
and Harbors at a site in the Dalecarlia Reservoir area 
and to add new equipment. The most important of 
the equipment needs were replacements for the shore 
processes test bas in (SPTB) portable wave gene r­
ators. which had cost $ 10,000 each in 195 1; a 96-foot 
wave tank generator, comple ted in 1958 at a cost of 
$3,200; a 72-foo t wave tank generator, which could 
produce irregular waves, completed in 1966 at a cost 
of $29, l 00; and a tank for large waves, completed in 
I 955 at a cost of $250,000. 

The CERC's most critical needs were office 
space and a shelter for the SPTB. Exposed to all 
weather conditions, the SPTB could be used effec­
tively only from Apri l through October. Proposed 



increases in CERC's research 
program from $200,000 in 
L 962 to approximately $1 mil­
lion in 1965 indicated that 
year-round operation of the 
SPTB would be neces ary. ln 
1964, CERC asked for ap­
proximately $500.000 to 
construct a shelter. 39 

Meanwhile. in February 
1963, OCE had forwarded to 
the National Capital Planning 
Commission and other inter­
ested agencies a master plan 
calling for the transfer of par­
ce ls of land from the 
Washington Aqueduct to the 
Army Map Service. In July , 
the commission voted against 
the transfer and recommended 

Expansion of Facilities at Dalecarlia, Circa 1960 

that the Army Map Service 
move. The lines of disagreement were drawn more 
clearly at a conference in September when the Plan­
ning Commission a ked the Corps to indicate its 
comprehensive plan for future land use of the 
Dalecarlia site, particularly as related to the Anny 
Map Service and the Board of Engineers for Rivers 
and Harbors (BERH).40 

In December. the Baltimore District Engineer 
submitted a general site plan of the Dalecarlja com­
plex to a coordinating committee of the Planning 
Commission. The commission promptly tabled the 
site plan of the BERH complex pending receipt of 
recommendations from the District of Columbia 
Director of Public Health. He soon advised against 
si ting the BERH building in the Dalecarlia Reservoir 
watershed. By January 1964, the National Capital 
Planning Commission had rejected substantial por­
tions of the Corps' plans. including the new building 
to house the Board of Engineers for Rivers and 
Harbors.41 

Faced with a determined Planning Commission. 
the Corps sought other options. One was to transfer 
CERC to Vicksburg. in effect making the Center a 
WES laboratory. The CERC personnel and others 
had some compel! ing objections; CERC was situated 
in Washington. where staff had direct contact wi th 
other agencies and work groups in the mainstream of 
oceanographic re:-.earch and where CERC's trained 
engineering staff was available to OCE, the Board of 
Engi necrs for R i vcrs and Harbors, and other Govern-
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ment agencies need ing advice and assistance, they 
argued. (Privately. CERC taff admitted that 
proximity to OCE al o meant CERC budgets could 
be promoted at the executive office level.) 

Opponun it ie for advanced education in the 
Wa hington area far exceeded those that would be 
avai !able at Vicksburg. CERC taff said. They noted 
that between 1963 and 1965, five of the seven mem­
bers of the profes ionaJ research staff of CERC's 
Research Division had done advanced study in the 
metropolitan area. Involved in extensive travel rela­
tive to the size of the staff. CERC personnel benefited 
from the excellent air service from Washington. In 
contrast. the closest and rather inadequate airport to 
Vicksburg was in Jackson, Mississippi. All of these 
factors indicated that a move to Vicksburg probably 
would cause a significant loss of staff. Also ci ted 
was the relatively inferior educationaJ system for 
children through high school. But most important, at 
Vicksburg. CERC' tatus would change. As CERC 
commander. Colonel Diercks. stated: 

The principal motivation of the entire CERC 
staff. from Director down. is Coastal En­
gineering research. The next point of 
reference at present is the Director of Civil 
Works. OCE. At Vicksburg it would be 
difficult to keep CERC from being involved 
in or becoming a part of the much larger 
administrative and executive complex of 
WES. It would seem that CERC actions 



would inevitably become somewhat sub­
merged a t W ES to the more press ing 
demands of engineering model work for 
specific engineering problems.42 

In the end. OCE found CERC's arguments per­
suasive. 

Behind the scenes at CERC, more serious plan­
ning s tudi es weighed th e advantages and 
disadvantages of a move to Fort Belvoir. While 
DalecarHa offered CERC a location satisfactory for 
its present size, office space was barely adequate. and 
laboratory expansion into outdoor covered tanks was 
severely limited. Also construction and maintenance 
costs were lower at DaJecarli a than they would be at 
a new location. Midlevel prufe:)siona1 staff and 
lower grade profess ionals and nonprofessional staff 
probably would not make the move to Fort Belvoir. 
Fort Be lvoir was more remote. making employee and 
visitor commuting more difficult. If the aqueduct 
were turned over to the District of Columbia govern­
ment. however, CERC's posi tion would be tenuous. 

To determine the advisability of moving to Fort 
Belvoir, acting CERC Director Joseph Caldwe ll 
employed three scenarios. [f CERC were expected 
to grow slowly, it should remain at DalecarJia. If 
CERC were to become a much larger operation in the 
near tenn. it should move to Fort Belvoir or an 
equivalent site as soon as possible. If CERC were to 
see limited expansion over the next four or five years, 
the Fort Be lvoir site should be reserved and CERC 
should remain at Dalecarlia 
until adequate funds for the 
organization's move and ex-
pansion were assured 43 

Ji 

The design envisioned locating several Corps 
and Department of the Army agencies within the Fort 
Belvoir complex. The Kingman Building, costing 
$3.626 million, would house CERC. the Board of 
Engineers for Ri vers and Harbors, and the Insti tute 
for Water Resources. A 100-acre section would be 
allocated to CERC for the replacement of existing 
test facilities and for future expansion requirements. 
Space would be reserved in the Kingman Building 
for a CERC staff of 130 as well as data processing, a 
library, test facilities, and other CERC requirements. 
The Kingman Building 's configu ration would take 
into account CERC's projected expansion as set forth 
in the long-range master plan for coastal engineering 
research, then be ing developed. The CERC's exist­
ing test facilities , the large wave tank and shote 
processes test basin, wou ld be reproduced at the new 
site. and the SPTB would be covered. Later con­
struction all he new s ite would include a second large 
wave tank , a circular tank. and a tsunami basin. Final 
Corps plans thus endorsed both the rapid expansion 
of the CERC and its relocation to Fort Be lvoir. Con­
gress ional approval to carry out the program came in 
1968.45 

In retrospect, though major facilities were con­
structed at Fort Be lvoir, more should ha ve been done 
to upgrade equipment. The large wave tank needed 
tO be made at least 750 feet long. It also required an 
overhead traveling crane at the generator end and 
needed upgraded electrical and other conrrol sys­
tems. The shore processes test basin needed better 

Though decisionmakers 
were uncertain about the final 
s hape of the organization, 
OCE had plans to expand 
CERC operations quickly. 
An OCE command inspection 
of CERC in December 1967 
concluded that Dalecarl ia had 
ins uffi c ien t sp ace for the 
CERC of the future. In early 
1968, OCE developed a plan 
to construct a research and 
development complex on 450 
acres in the northwest comer 
of Fort Belvoir, about 18 miles 
southwest ofWashington.44 

Kingman Building, Fort Belvoir , Vir ginia 
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lighting than the design provided, additional drains, 
outlets, and other equipment, and, above al l, new 
generators. The 72- and 96-foot fl umes should have 
been discarded and replaced with two new 150-foot 
wave tanks with modern equipment. A multispectral 
generator costing an estimated $ 1.6 million was not 
purchased, and the large wave tank thus continued to 
use an old monochromatic wave generating 
mechanism. (Eventually, the drive converter was 
upgraded at a cost of approximately $80,000.) These 
and many other equipment needs were not met be­
cause OCE planners arranged the move with the 
understanding that the Corps would recreate CERC 
facilities, not underwrite major improvements. 
Facilities upgrading was limited to the smaller wave 
tanks, which were lengthened during the relocation 
(one was given a spectral generator).46 Put bluntly, 
Corps planning left much to be desired. After decid­
ing that CERC was to be a state-of-the-art research 
center, the Corps focused on the short-run costs of 
relocation and essentially moved aging equipment 
into new buildings. 

The CERC's move to Fort Belvoir turned into a 
contracting nightmare. Costs ran over budget, the 
CERC organization was reshuffled, and it took al­
most two years to get back on track. Ten obsolete 
generators for the shore processes test basin were to 
be replaced. However, numerous problems delayed 
the acceptance test of the prototype spectral gener­
ator when the new SPTB was completed in 1976. 
This in turn delayed procurement of six other gener­
ators CERC needed. Then plans were changed; 
procurement of the spectral generators would be 
staggered. The CERC soon faced problems in fund­
ing equipment purchases.47 

The CERC facilities at Fort Belvoir were dedi­
cated on 2 1 August 1975, two years after the move 
from Dalecarlia, as the Jay Y. Hall Laboratory. ln 
the principal address, Chief of Engineers Lieutenant 
General William C. Gribble, Jr., reaffirmed the 
Corps' commitment to coastal zone engineering. 
The laboratory was an investment in the future of the 
Nation 's coastal resources, he said , and he tem1ed the 
ceremony a dedication to new knowledge.48 

The CERC would be hard pressed to live up to 
these standards. The move to Fort Belvoir brought 
the Center new fisca l obi igations. Construction was 
financed through the Corps' revolving fund, a line 
item in OCE budget that enabled Districts, Divisions, 
and other Corps elements to ''borrow' ' money for 
capital expenditures rather than try to get a line item 
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Jay V. Hall 

in the Congressional budget. What is borrowed must 
be paid back, however. Rudolph Savage, who retired 
as Chief of the Research Division, later wou ld ob­
serve that using the revolving fund to pay for the Fort 
Belvoir facility turned out to be the equivalent of 
living in a house with a 4-percent mortgage, then 
being forced to move to one with a 16-percent 
mortgage that could not be paid.49 

Field Facility 

The move to Fort Belvoi r also delayed plans to 
acquire a field research station. The idea had origi­
nated after Louisiana State University began field 
studies in the 1960s and CERC engaged in a research 
program off Ginnettes Pier. at Nags Head, North 
Carolina. After observing the work, Rudolph Savage 
concluded that the simulated environment of wave 
tanks was indispensable but not su fficient for re­
search. He suggested that CERC acquire a field 
station. The item was put in the budget and, with the 
assent of the Office of Chief of Engineers, CERC 
sta11ed building up an acquisition fund. Whil e a 
laudable idea, in terms of bureaucratic pol itics it was 
a terri ble mistake. After CERC saved $1.5 million , 
Congress applied the money to the next year's oper­
ating budget. In time, CERC got construction money 
for the fie ld faci lity from the Corps' revolving fund. 



This added to the total indebtedness and yearly 
payback load_so 

The first plan was to locate the field facility at 
Assateague Island National Seashore. Savage con­
tacted the Park Service. an·angements were made. 
money was added ~o the budget. construction plans 
~ere drawn, and btds were let. However, only one 
btd carne back, and it was for more than the available 
money. Before CERC could re-advertise the Com­
mittee to_S~ve As_sat~ague, an environme~tal group, 
began ra1smg obJeCtiOns. Related editorials in the 
Washington Post and Washington Star suggested 
that the Corps locate the field facility elsewhere. The 
CERC completed the move to Fort Belvoir. and plans 
to add a _field facility were shelved temporarily. 
Then, while on vacation in North Carolina, Savage 
found another site. ln I 971, erosion of the shoreline 
on Currituck Banks had forced the landward reloca­
tion of the Dare County highway. The Navy was 
prepa~ing to dispose of an abandoned U.S. Navy 
bombmg range at Duck, North Carolina. Savage 
telephoned CERC Director Colonel Donald S. 
McCoy, who acted quickly. In 1973, the Savannah 
District, with its real estate office, obtained the land 
f~r the field facility. The Wilmington District super­
VISed construction. The Duck Fie ld Research 
Facility officially opened on 29 August 1980, the 
50th anni versar?' of the founding of the Beach 
Erosion Board.5 

The 182-acre pennanent field facility for physi­
cal and biological studies of the site. the sound behind 
it, and nearby barrier islands, bays, and offshore 

CERC Duck Research Facility Showing Pier During Storm 
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ocean areas included a pier and laboratory built at a 
cost of approximately $6 million. The CERC soon 
established an environmental measurements pro­
gram at Duck to measure and record data on the 
meteorological and oceanographic conditions at the 
site. Because the pier offered the opportunity to 
study coastal phenomena during both normal and 
past stonn conditions, CERC encouraged use of the 
facility by outside investigators. 52 

Personnel 

Obtaining enough qualified people was always a 
problem. At its first meeting, in April 1964, the 
CERB discussed the appropriate balance of profes­
sional _and s ubprofess ional staff members at 
CERC.;,3 At CERB's second meeting, in August 
1964. Board Chainnan Brigadkr General Arthur H. 
Frye, Jr., sa id that CERC was poorly organized and 
needed strengthening, sc ienti sts lacked supporting 
personnel, not enough data were being produced, and 
the absence of a reports section meant publications 
were not getting out. The CERB recommended 
hiring more technicians to support the professionals, 
particularly in the Engineering Development 
Division (EDD), and setting up a publications or 
reports section. 54 

The CERC's budgeting and personnel problems 
became more complicated after the Duck facility was 
acquired. Budgeting for a research faci lity means 
spending money, using manpower, and allocating 
time. Data must be collected and quickly analyzed 
to allow for quality checks and researcher identifica­
tion. Professional and technical personnel to 

perform this and other duties 
were always in short supply. 
The problem was particularly 
acute in CERC's Research Di­
vision. In 1964,ithad l4aides 
or technicians, five of whom 
were student trainees , for nine 
professional staff. The opti-
mum suggested for university 
research called for five tech­
nicians for every engineer. 
TheCERC ratiooftechnicians 
to professional staff was 1.5: 1 
during the summer months 
when the shore processes test 
basin was operated and 1:1 the 
rest of the year, both weJJ 
below the suggested 2:1 ratio. 



Recruitment of technicians by CERC was 
hindered not only by the lack of money and personnel 
spaces, though these were recurring problems, but 
also by the inability to selec t permanem employees 
from the inadequate ly updated Civi l Service Register 
and the complicated personnel practices mandated 
for Government agencies. Obtaining enough profes­
sionals so that chief researchers could use their time 
most efficiently also required ex plaining to 
bureaucrats why research differed from other kinds 
of administrative activity. At the profess ional level, 
CERC had difficulty finding such combinations of 
professional skills as an applied mathematic ian who 
understood engineering as well as mathematical 
proble ms and who could put solutions into engineer­
ing language. 55 

Growth into new areas was another problem. In 
1967, Brigadier Gene ral Woodbury observed that in 
an era of increasing environmental sensitivity , CERC 
had no biologists on its staff. He suggested the 
Center needed trained specialists in disciplines other 
than engineering. 56 The next year CERC reported 
that it had recruited a marine biologist who later 
rejected the job offerY 

Despite personne l problems, reorgani zation. and 
the difficult move to Fort Be lvoir, CERC's early 
years were a period of growth and prosperity. Tech­
nical Director Joseph Caldwe ll deserved much of the 
credit. For reasons not explained i_n CERC and Corps 
records. the CERC military commanders were al­
most always on their last military assignments. A 
strong, savvy, po litically oriented technical director 
was a great asset. In fact, for several years before the 
move to Fort Belvoir, when no military commander 
was assigned to CERC. Caldwe ll made the 
decisions.:>8 

Joseph Morton Caldwell was born in Yazoo 
City, Mississippi, in 1911. He g raduated from Mis­
siss ippi State University and then joined the Corps at 
the Waterways Experiment Station in 1933. He rose 
to be in charge of all hydraulic model testing; went 
on active military service in 1942. serving on the staff 
of the Chief of Engineers during the wa r; and in 1946 
joined the Beach Erosion Board 's Research Division. 
Caldwe ll served as Chief of the Research Division 
from 1951 to 1963 and as Technical Director of 
CERC for seven years. After Hun·icanes Caro l and 
Hazel s truck in 1954, Caldwell recogni z.ed that the 
Corps soon would be involved in major hurricane 
protection work . Because realis tic design methods 
would be required for predicting hurricane surge, he 
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Joseph M. Caldwell Showing Results of Wave Test to 
Sir Claude C. Inglis and Col. J ohn Allen 

initiated lhe research progra m to provide this infor­
mation. After the disastrous East Coast storm of 
1962. he developed the ··ca ldwe ll section,·· which 
was charged with placing the emergency protection 
fill-some 13 million cubic yards-along the eastern 
seaboard following the storm. ln 1971 , Caldwell lef t 
CERC to become Chief of the Engineering Division, 
Ci vii W orks, in the Office of Chief of Engineers. 59 

Whi le Technical Director of CERC, Caldwell 
had an excellent re lationship with all e lements of the 
Corps. Well-known and respected as an engineer, 
with close ties to the Waterways Experiment Station 
and OCE. he was able to translate basic research into 
useful Corps technology. Moreover. hi s adept han­
dling of organizational pol it ics foste red CERC's and 
the Corps' best interests . As Caldwell acquired both 
new programs for CERC and the peop le to do the 
work , the staff was free to concentrate on basic 
research in a university-like environment quite dif­
fere nt from other Corps offices.60 

The resea rch orienta tion con tinued under 
Caldwell' s successor, Thomdike Saville, Jr. , who 



Thorndike Saville, Jr. 

served as CERC Technical Director from 1973 to 
1981. Graduated from Harvard in 1947 with an A.B. 
in engineering sciences and applied physics. Saville 
intended to be an engineer dealing wi th water. (This 
was natura] , given hi s fam il y background. 
Thorndike Saville was an authority on coastal zone 
research and a member of the Beach Erosion Board.) 
Young Thorndike then went on to the University of 
California at Berkeley where he received an M.A. in 
civil and hydrological engineering in 1949. While 
there, he worked on a Navy project that led to his 
rhesis on sediment transpon along the shore . The 
Corps, interested in the project. offered him a posi­
tion based on the merits of his work. 

Saville went to work for the Beach Erosion 
Board in 1949. He spent the first year on the west 
coast doing wave hindcasting for the South Pacific 
Division. (Forecasting takes today ·s weather data 
and predicts wave action. Hindcasting is the techni ­
que of " forecasting" the past. An observer takes 
weather data such as the known pressure patterns 
taken from ship observations and estimates from the 
data what wave would have resulted. The prediction 
is then compared with observed wave conditions.) 
By using methods developed during World War U, 
Saville refined and improved procedures to produce 
mathematical formulations and models. He publish­
ed a paper and worked to improve his model to 
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forecast wave phenomena. He did pioneering work 
on wave runup using small-scale tests in BEB 
laboratories and at WES and developed curves from 
which one could predict field conditions from model 
testing. He explored how we ll the WES facilities 
modeled by testing waves ten times larger in CERC's 
large tank. 

Unfortunately, CERC's large wave tank could 
generate waves with only a single physical action, 
unlike the complex interaction of forces that produce 
natural waves, and the CERC waves were 
monochromatic rather than spec tral. Nevertheless, 
Savi ll e derived a me thod for translating the 
monochromatic results to a spectrum, as in nature. 
This type of pioneering work kept the Beach Erosion 
Board on the research frontier. (Saville's data still 
fonn the basis for construction techniques.) Quiet 
and courtly, he laboreddiligentlyas CERC Techn ical 
Director to maintain the commitment to basic re­
search with applications to the Corps.61 

Summary 

When fonned. CERC was the only Federal agen­
cy with a coastal engineering research mission and 
nearly alone in funding studies of waves and their 
effects. Personnel knew how difficult, if not impos­
sible, it would be to relate benefits accruing from 
CERC basic research programs to exact dollar 
values. But as Acting Technical Director Joseph 
Caldwe ll wrote to the Chief of Engineers in July 
1967, one could infer that CERC's research had great 
value. Using a CERC-generated concept that re­
search probably paid off at a rate of I 0 percent of the 
costs in the overall Corps budget, Caluwell calcu­
lated that savings of as much as $22,500.000 a year 
might be antic ipated, with up to $ 11 ,500,000realized 
from research in coastal areas. Sizable benefits a lso 
would accrue to local projects and operations , 
probably far in excess of the Federal savings. For 
example, the research on waves. wave prediction, 
and wave forces would provide savings in the expen­
ditures for o il exploration and drilling on the 
continental shelf and such areas as the North Sea and 
Persian Gu lf.62 

Critical to CERC's future was the accuracy of 
these assumptions that undergirded the Center 's 
work. 

• The CERC would continue to be the leader in 
coastal engineering research. 



• The CERC would do the important basic 
research o Corp agencies and the public could 
benefi t. 

• The CERC wou ld a lways have modern 
facilitie and would mai ntain a staff of researchers 
who worked at the forefront of the coastal research 
field. 

• The CERB wou ld be the primary advisor to 
the Chief of Engineers in matters concerning coastal 
zone research and the advice would be heeded by the 
Director of Civi I Works. 

• The CERC Techn ical Director would always 
get a hearing at OCE. 
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• The CERC itself would continue to have the 
separate line item or its equivalent in the Corps 
budget. 

• The CERC would retain the ability to advo­
ca te programs and remain part of the Corps · 
decision-making process. 

• Becau e coasta l research was an area of ex­
panding public and Federal interest, CERC budgets 
wou ld be supported at the upper levels in the Corps 
and by the Bureau of the Budget. 

On the accuracy of these assumptions, the future 
of CERC rested. 



III 

Waves, currents, tides. and winds change the 
morphology of the coast through complex natmal 
processes. Engineers must understand the interac­
tion among the various forces . The critical design 
requirement for an exposed coastal structure usua lly 
is the ability to withstand the largest breaking wave 
to which the structure might be exposed. Among the 
factors that detem1ine the maximum breaker height 
are the depth of the water in wh ich the structure is 
sited. the beach slope and bathymetry (depth of the 
sea) in front of the structure. the effects of refraction, 
the variables that describe the inc ident waves in deep 
water. the wave period (the v.ave·s complete cycle). 
and the postconstruction beach slope. To design 
properly, engineers need quantitati ve descriptions of 
wave characteristics and basic information about 
wave generation, wave mechanics, and sediment 
movement. The research programs of the Coastal 
Engineering Research Center were to provide these 
data. 1 

Waves and Wave Energy 

Among the most important of the natural 
phenomena of the coastal zone is the distri bution of 
wave energy. It governs the onshore-offshore and 
longshore sediment transport that reconfigures the 
shoreline. Most of the energy expended by moving 
water in the oceans and lakes of the eanh originates 
from extraterrestrial sources such as so lar and lunar 
gravitation , which produces tides, and solar radia­
tion , which unevenly heats the water, creating 
currents of different densities. Shoreline changes 
result from the atmospheric pressure differences and 
winds which act directly on oceans and lakes to 
produce currents, waves, and storm surges.2 

Waves occur in the deep ocean both on and 
below the surface. The formation, propagation , and 
breakdown of surface waves were studied intensely 
during and after World Warii. As a result, the ability 
to predict the wave field of the ocean improved 
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enormously. but research in the field still was 
empirical. 

The mechanics of wave generation; the sources 
of wave energy, frequency, and amplitude; and the 
direction al characte ri stics of waves remained 
obscure. Because waves could not be described 
adequate ly in mathematical fonn , the description of 
the ir geometry and kinematics relied on observed 
data. Simply put, when the Coastal Engineering 
Research Center was established, theory had not yet 
replaced observation and data recording. Under the 
circumstances, g iven the multiplici ty of factors in­
volved, solving a design problem by wave analysis 
meant obtaining the data fora location and presenting 
them in the most useful form. This was often a costly 
process. The required empirical in vestigations from 
which to derive theory promised to be much more 
ex pensive. ln the early 1970s, researchers estimated 
that just to obtain better defined meteorological data 
for checking wave forecast methods would cost 
several million dollars over fi ve years.3 

By 1963, engineers understood that wind-waves 
and tides were the most significant forces acting on 
the shore. These forces not onl y transported sedi­
ment, but a lso complicated the inte raction between 
tidal currents and litto ral sand transport at inlets. 
Engineers needed more in fo m1 ati on about the e ffect 
on sand transport, about the quantitative relation­
ships between the onshore-offshore and longshore 
sand transport, and about wave characteristics. The 
existing knowledge of coastal engineering, CERB 
members agreed in 1964, precluded confident assess­
ment of all the research areas the CERC programs 
should cover.4 

Any major breakthrough in coastal engineering 
required the development of general theories precise 
enough to be applied at specific sites. In the case of 
coastal problems, wind-generated waves usually are 
the driving phenomena. Waves affecting the coast 



can be generated across entire oceans. When these 
waves break, they set up currents along the beach. 
Many different interactions occur. The relatively 
short-tenn, back-and-forth currents of the waves are 
superimposed on steady currents along the beach, 
which vary across the width of the surf zone (the area 
of foamy water caused by waves upon the shore). At 
a tidal inlet, ebb and flood currents interact with 
approaching waves and also with the coastal 
longshore currents. The waves take sand into the 
inlet, trying to fill it: the tidal currents try to keep 
flushing the sand out. 5 

Coastal conditions are more complex than those 
of a flowing stream. In river engineering, hydrology 
provides basic data sets, which are relatively easy to 
acquire. Rainfall measurements can be obtained, and 
more people are at work in hydraulic research. It is 
true that rivers differ from one another. depending on 
the geology and topography of their basins. Howev­
er. someone traveling 500 miles down the 
Mississippi River from Cairo, Illinois , would see 
fewer differences than along 500 miles of Atlantic 
coast stretching south from Boothbay, Maine. Data 
basic to coastal engineering have a different source 
and are much harder to obtain. 

Behavior at a tidal inlet depends on the length, 
width, and depth of the tidal prism. Pamlico Sound. 
North Carolina, is large, but it is so shallow it takes 
a long time for the tide to travel across. Puget Sound, 
in Washington, is deeper and behaves differently. In 
river engineering, techniques and solutions used at 
one place can be applied to problems elsewhere. 
Because wave environments differ more, coastal re­
search i.s more site specific. In addition, to describe 
wave phenomena, one must use the complicated 
mathematical techniques developed by or for electri­
caJ engineers, time series ana lysis, and Fourier 
analysis and transforms.6 

Beach Protection 

The beach system consists of the unvegetated 
face of the shoreline extending from the lower edge 
of the dunes seaward. It includes the backshore 
(the dry beach lying adjacent to and below the 
duneJands), the foreshore (the wet beach extending 
to the low-water mark), the nearshore (the sub­
merged beach extending seaward as far as the force 
of the waves reaches the bottom), and the bar (an 
offshore ridge that may emerge at low tides but 
is mostly or permanently submerged). The ent·ire 
complex is a sand storage system. Reacting to wave 
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energy, each part of the beach receives, retains, and 
gives up sand. 

The Beach Erosion Board's early efforts to 
protect beaches relied mostly on a standard solution 
of constructing groins to trap the sand and bulkheads 
to check erosion.7 However, continuing investiga­
tions suggested something better was needed. 
Research in Florida in the 1930s suggested that any 
"fixed line of defense against waves" should have a 
"reasonable expanse of sand in front. "8 In the 
1940s, the BEB urged local interests to construct 
projects large enough to protect areas extending 
headland to headland or inlet to inlet and recom­
mended artificial nourishment of the beach.9 By the 
1950s, when research had revealed the site-specific 
features and complex energy systems of shorelines, 
the BEB recommended compiling a chronological 
history of a site prior to any construction. 10 Re­
searchers also knew that structures played no role in 
stabilizing beaches. 11 

The opportunity to test the new technique of 
beach replenishment on a large scale carne in the 
Harrison County. Mississippi, project. It consisted 
of building a new beach with six million cubic yards 
of sand and repairing a seawall ro protect a high­
way. 12 In 1951, soon after the initial fill had been 
placed, wave action eroded what had been planned 
as a permanent beach. Corps project managers then 
opted for the continual replenishment of the beach. 13 

From this project, the Beach Erosion Board con­
cluded that periodic replenishment of the sand was a 
more effective and economical solution than using 
groin fields. Thereafter, the Corps declined to sup­
port any legislation that would allow Federal 
financing of seawall s . bulkheads, and groins 
designed to protect beaches. Instead, the Corps 
favored changes in the wording of the law that would 
broaden the definition of project construction to in­
clude the deposit of sand fi11. 14 In 1956, Congress 
enacted the legislation the Corps recommended. 15 

After 1956, the number of beach restoration 
projects increased rapidly. Early advances in beach 
nourishment techniques culminated in 1966 with a 
successful test program using a hopper dredge at Sea 
Girt New Jersey, and completion of the replenish­
ment of Redondo Beach, California, in 1969. The 
latter project demonstrated that technology was suf­
ficiently advanced to make sand and gravel on the 
shallow parts of the shelves an exploitable resource. 
The approach also could be as economic as such 



other replenishment methods as truck hauling and 
drag scooping.16 

Major CERC Research Programs 

Beach Erosion Board studies had addressed 
questions in a number of general categories: the 
effects of tides and waves on shore erosion and 
accretion, sediment movement , inlet and estuary 
dynamics, the design and siting of structures to sta­
bilize the shore or to protect it from storm waves and 
surges, the construction and improvement of harbors 
and channels, and the effects of structures on the 
shore. The investigations underscored the fact that 
much had to be learned about the coastal zone. In 
launching CERC. therefore, the members of the 
Coastal Engineering Research Board determined 
they would do two things. First, they would divide 
CERB meetings into an executive session dealing 
with organizational matters and technical sessions 
examining the state of knowledge in various fields to 
assess futu re research requirements. Second, they 
would focus CERCs initi al research activity 
primarily on wave action and sediment movement. 
The need was obvious. Only one document covering 
the broad Federal oceanographic research program 
had been published, and Government experts thought 
it Jacked substance and was poorly written. 17 

Sediment transport and wave action are linked 
closely. Material can move completely within the 
fluid (suspension), at the fluid-bottom interface (bed 
load), or within the sediment (creep). Water stress 
on the bottom due to turbulence and wave-induced 
velocity causes sediment in the surf zone to move 
with each passing breaker. High velocities under 
breaking waves entrain sediments so they can be 
transported along the shoreline by longshore cur­
rents. Because waves generally approach the coast 
at an angle. a part of the wave energy is directed along 
the shore, driving the longshore current. Coupled 
with the entrainment capacity of shoaling waves, this 
current is the major force moving sed iments at the 
coastline. 18 

On any beach, erosion or accretion is the net 
effect of all forces acting there. Understanding what 
is happening at any given point on the coast requires 
ascertaining the net effect of several interacting 
forces. Measuring them gets complicated. Gener­
a)) y, understanding the aspects of a particular 
physical process is made easier by measuring only 
one force at a time. Researchers usually regard the 
largest scale under investigation as current motion. 
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Smaller scale phenomena are viewed as irregularities 
or turbulence. ot uncommonly, a particular flow 
phenomenon is the current motion in one investiga­
tion and turbulence in another. A researcher with a 
primary interest in ocean currents, for example, con­
siders waves as turbulence while a researcher 
interested in wave di rection views currents as 
turbulence. 19 

Morrough P. O'Brien, CERB 's Dean, felt that 
CERC's first priority should be to determine the 
relation between the littoral drift rate and wave ener­
gy because it governed the movement of sediment 
transported by wave action and was associated with 
the many erosion problems along the 84,000 miles 
of U.S. coastline. O'Brien wanted the four Corps 
agencies involved in coastal engineering to develop 
a ten-year program to investigate all facets of the 
American coastline, broken down by major coastal 
geographic regions.20 

While the CERC staff plans were less grandiose, 
they were still ambitious. Research would cover five 
general areas: wave and water level characteristics; 
sediment transport; erosion and shoaling; functional 
and engineering design of coastal projects, including 
their effects on the physical and biological environ­
ments; and the mitigation or enhancement of these 
effects through ecological engineering. Investiga­
tions would be conducted through seven specific 
research programs-Waves and Wave Action. Coas­
tal Processes, Inlet Dynamics, Coastal Ecology, 
Field Data Collection, Engineering Design, and 
Technical Services.21 

Each one of the ::;even CERC programs would 
address a specific Corps need: 

1. The Waves and Wave Action program aimed 
to desc ribe and then predict the actions of the 
dominant forces acting on coastlines. 

2. The Data Collection program would acquire 
information on wave height, period, and direction at 
98 coastal locations in the continental United States, 
Alaska, and Hawaii , and also off shore. The program 
would provide the climatic or statistical data needed 
on a geographic basis for coastal engineering plan­
ning and design and would cost an estimated 
$ 12.233,000. 

3. The Coastal Processes program sought to 
describe and predict the interactions among materials 
that make up the coasts and the forces that act upon 
them. It included gathering data on sediment sup-



plies for beach nouri shment projects and envisioned 
coastal surveys costing a projected $67,549,000. 
Trus program would take some 12 years to complete. 

4. Inlet Dynamics involved the study of the 
hydraulics of flow through coastal inlets and rhe 
reaction of inlets and adjacent sandbars to these 
forces. New te ring facilities would be needed for 
this work. 

5. The Coasta l Ecology program, wruch was 
added near the end of the decade. aimed at assessing 
the effects of engineering projects on the biological 
environment and lessening or precluding detrimental 
ecological effects. 

6. The Engineering Des ign program was the 
centerpiece of the CERC research plan. To CERC 
staff, engineering research had little value unless the 
results were translated into practical engineering 
design techniques and made ava ilable to engineers 
through CERC publications. Part of this program 
included monitoring and evaluating completed coas­
tal s truc tures and projects to dete rmine the ir 
effect iveness, maintenance costs, and expected life . 

7. The Technica l Services program would pro­
vide advice on complex coas tal eng ineerin g 
problem , allowing others to draw on CERC's uni-

. ?2 que expenence.-

Data Collection 

Through its 20-year existence, CERC's major 
activity was assembling an immense database from 
measurements taken at numerous sites. As had the 
Beach Erosion Board, CERC hoped that an in-depth 
understanding of phenomena at diverse sites would 
enable resea rchers to formu late universal theories 
that could be applied to speci fic problems.23 

Beach Erosion Board data collection programs 
dated back ryearly three decades. A 1934 study at 
Wrightsv ille Beach. North Carolina. based on data 
gathered in the widely scatte red years of 1857. 1887, 
and 1927-1932, establ ished the need for more and 
better data.24 A 1934 study of Hollywood Beach, 
Florida, noted that the beach had undergone discon­
tinuous periods of erosion and accretion with the 
most rapid erosion occurring during tropical stom1s. 
Because investigators had no data, they could not 
de te rmine when specific changes took place.25 

A 1937 investigation of erosion at Blind Pass, 
Florida, also suffe red from a lack of firm data.26 At 

rely on existing records and the memories of resi­
dents; rh c d a t a th ey turned up con tained 
disconcerting discrepancies.27 The probable effect 
of a Corps harbor improvement project was noted in 
a 1935 report on beach e rosion at Folly Beach, South 
Carol ina. However, without data the causes of 
e rosion could not be de termined.28 For a 1940 in­
ve tigati on o f St. Simons Is land, Georgia, by 
contrast, the board benefitted from a vast data collec­
tion , the result of a state report describing the geology 
of the Georgia coastal plain.29 Overall, as Thorndike 
Saville, Sr., noted in a 1942 article, the absence of 
basic information greatly inhibited the work of the 
BEB.30 

To begin to remedy the situation, the Beach 
Erosion Boord established a wave gaging program in 
l948. Partly because the BEB had begun its work 
wit h a study of Cape May, the 120-mile New Jersey 
shoreline becam e th e shore processe s fie ld 
laboratory. with two gages operated at Atlantic City. 
In 1952, the BEB introduced regional studies into its 
research program. As initially conceived, regional 

Daytona Beach, in 1938, BEB investigators had to CERC Employee Selting a Wave Gage 
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reports would discuss geomorphology, littoral mate­
rials, waves, currents, and wind forces. The reports 
also would describe and analyze the effects of man­
made structures and works. A region was to 
comprise one of the larger physiographic units of the 
shoreline, such as Sandy Hook to Delaware Bay or 
the St. Johns River to Government Cut at Miami 
Beach. The BEB staff expected that as coastal prob­
lems arose in v arious areas , the regional study wou ld 
furnish the bas ic information needed to address them. 

In 1954, the board established a surf observa­
tions program in cooperation with the Coast Guard. 
Initially, 27 Coast Guard stations located along the 
Atlantic, Pacific, and gul f coasts made visual obser­
vations of the surf at four-hour intervals. vis ibility 
permitting. The beach-monitoring program. begun 
after the March 1962 storm, surveyed about 90 
profile lines on e ight beaches be tween sou them New 
Jersey and Rhode Island to re late stonn and tide 
conditions to specific changes on the beaches. This 
represented a first step toward developing a storm­
warning system for low-ly ing coastal communities. 
The study also examined the behavior of beach sand 
in two beach replenishment projects. The beach­
monitoring program later was extended to every east 
coast state except Delaware and South Carolina .3 1 

Acquiring data was a slow process. As late as 
1974, the South Atlantic Division - ranking second 
in the Corps' Divisions in shore line responsi bi lity 
with over I 5,000 miles of coastli ne bordering the 
Atlantic, Gulf of Mexico, and Caribbean Sea - faced 
a variety of wave and wave-related problems ranging 
from oscillatory wave forces to catastrophic hur­
ricanes with little or no wave gaging data.32 One 
reason was the limi ted number of acquisition sites. 
While the origina l data collection program proposed 
98 stations, CERC scraped by with~ I at 17 locations. 
Almost all the sites selected represented a com­
promise between o ptimum placement and the 
practical considerations of finding suitable places to 

install and maintain the gages. Funding, limited 
manpower, and the lack of wave-gaging technology­
which CERC continually bemoaned- also inhibited 
progress. 33 

Initially, researchers measured wave c limates 
(the normal behavior of waves at a specific place over 
a period of time) by putting gages on fi shing piers 
and at other locations to trace wave heights and wave 
periods. Data had to be analyzed by hand. (Signifi­
cant height equals the average of the highest 
one-third of the waves present.) The results were 
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important. By 1965, using wave-gaging stations and 
historical daily weather maps, the daily wave pat­
terns along much of the ocean coasts and three of the 
Great Lakes had been measured and summarized in 
monthly and yearly statistical tables. In the 1960s , 
CERC began converting wave stations to digital 
records. When computer-based analysis techniques 
were developed , the measurements were easier to 
analyze, and the results cou ld be published more 
quickly.34 

In 1967, CERC made arrangements with the 
Galveston and Honolulu Districts to initiate basic 
data collection programs for selected shore segments 
along the Texas coast and the Hawaiian Islands. The 
same year. the Corps and the State of California 
began a cooperative program to collect wave records 
with instmments at selected locations. Expanded in 
1977, the California program sought measurements 
at about 100 locations. The CERC used 60 pressure 
transducers located on existing fixed structures and 
some 40 wave-measuring buoys located in water 
depths of about 200 feet or less. The resulting data 
and that from other programs of the State of Califor­
nia, the Navy, the Nationa l Oceanographic Survey, 
and private concerns were stored for future use. The 
program also provided extensive infotmation on 
California coastal processes to improve project plan­
ning and refine designs.35 

Elsewhere data were collected manually. The 
Littoral Environment Observation (LEO) programs 
used simple instruments : a stopwatch or ordinary 
wristwatch , a wire wind meter for measuring wind 
speed and direction, a simple topographic level for 
making beach slope measurements, a hand level to 
make beach profi les, and a bucket of dye to throw 
into the water to track the longshore current and 
measure its velocity . The program relied on people 
who were on the beach most of the time, such as park 
rangers, lifeguards, and lighthouse keepers.36 

Data acquisition also involved field collection 
designed to help understand how wave-induced lit­
toral currents transported suspended material. This 
was to discover the effects of erosion because, with 
a few exceptions, the dominant erosive force was 
wind-generated wave action and the loss of beach 
material was essentially permanent. The critical 
zone for study extended from the 50-foot depth con­
tour to the shore. Early on, CERC had published a 
technical memorandum on the effect of wave action 
on the transport of bed material. However, the lack 
of knowledge about turbulence at the wave boundary 



layers and the lack of suitable suspended sediment 
measuring techniques made predicting the distribu­
tion of suspended sediment extremely difficult. 3? 

To minimize the requirement that personnel and 
equipment be onsite for spec ific periods of time, 
CERC experimented with two photographic techni ­
ques in which commercially available cameras with 
automatic lenses were programmed remotely to 
shoot selected lengths of film at predetem1 i ned times. 
After a pilot study on Lake Michigan in 1971, CERC 
extended the visual observation program to the Great 
Lakes and ultimately to 20 state parks. Equipment 
was studied and improved, and better data were 
recorded.38 

To understand the sediment movement proces­
se s better, CERC and the Atomic Energy 
Commission jointly sponsored the multi-agency Ra­
dioisotopic Sand Tracer (RlST) program. Initiated 
in 1967, the program was to develop techniques and 
technology to trace nuclide-labeled particles in the 
marine environment while catTying out field experi­
ments in different coastal environments. In the initial 
three-year program, the Corps obtained data on sand 
movement patterns and developed computer pro­
grams that constructed the resulting surface. The 
goal of CERC was to accurately measure the short­
term littoral rate and sedinlent volume and then 
develop a mathematical model to calculate them. 
The first requirement was to devel op a tagging pro­
cess that could use sand indigenous to a particular 
geographic area but that would not alter the sand 's 
hydraulic characteristics. Second, CERC had to de­
sign a vehicle capable of operating on the beach and 
in the surf nearshore to depths of I 00 feet of water 
while simultaneously detecting mu ltiple tracers.39 

By 197 4, CERC' s coastal fie ld data collection 
efforts were being directed toward sati sfying require­
ments in several important areas. W ave data 
obtained from gages installed at selected coasta l 
locations would identify regional , statistical wave 
climatologies. These would be used to design and 
economically evaluate projects. Visual observations 
of surf conditions and nears hore current patterns, 
obtained between gage s ites, wo uld provide es­
timates of sand transport rates along beaches and 
additional wave data for nearshore areas. 

The CERC hoped these observations wou ld 
allow the gage data to be interpolated and transposed 
to intermedi ate locati ons or locations where complex 
hydrography precluded its direc t application. 
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Records of long-term seasonal and storm-induced 
beach, dune, and nearshore profile changes would 
enable researchers to quantify erosion and accretion 
rates and monitor the onshore-offshore movement of 
sand. Correlated with local wave statistics and near­
shore current patterns, these data would enable 
des igners to evaluate potential beach restoration and 
nourishment projects. Data collection also included 
information on accessible offshore areas of sand 
suitable for use in beach nourishment projects and 
the availability of any aerial photographs of coastal 
areas .40 

Laboratory Modeling 

Field data collection and laboratory studies are 
integral pa1ts of the same research process. When 
Thorndike Saville, Jr. , went to work for the Beach 
Erosion Board in 1949, for example , his first year 
was spent on the West Coast doing wave hindcasting 
for the South Pacific. Ultimately, Saville was able to 
develop techniques for using early mathematical for­
mulations and models. One long-term effect of his 
work and that of other researchers was to indicate the 
importance of the South Pac ific swell:+I 

Laboratory research advanced theory. A long­
term research project of the BEB, taking from e ight 
to ten years , had examined freeboard for dams and 
levees on inland rivers. The question addressed was 
how high a wave would run up on structures under 
diffe rent conditions. The results were important to 
dam and levee design, which represented a substan­
tial portio n of the Corps ' project work. In 
small-scale tests in the BEB laboratories and in other 
tes ts a t the Waterways Experiment Station, re­
searchers developed curves to predict the wave mnup 
for a field condition . The salient question was how 
well the laboratory modeled. Researchers inves­
tigated this by testing waves ten times larger in a large 
tank. The results turned out to be reasonably close, 
and from there data researchers developed tech­
niques for adj usting the two data sets . Using this 
infonnation, researchers derived me thods for trans­
lating the monochromatic res ults to nature ·s 
spectrum. The study was the first of its kind in the 
field. The research advanced theory in the areas of 
wave generation, wave runup, and wave overtopping 
and in the techniques of wave measurement, all of 
wh ich applied to the coastal zone.42 

CERC Laboratory Facilities 

Laboratory modeling and testing allowed re­
searche rs to simul ate natural processes under 



controlled conditions. Some questions cou ld be 
answered by studying available alternatives. In the 
late 1970s, for example, CERC's Coastal Processes 
and Structures Branch conducted laboratory tests of 
irregular wave run up on riprap-protected dikes. The 
problem was that a number of diked enc losures along 
the shores of the Great Lakes containing materials 
dredged from harbors and channels and annored with 
riprap had to be protected from wave overtopping 
(which could stir up the sediment within the enc losed 
lagoon). Thus, each dike had to be higher than the 
maximum breaking wave . Designing individual 
enclosure dikes was complicated by the fact that the 
intensity and direction of the wave attack varied 
considerably and uniquely around each one. Deter­
mining correct crest elevations and cost-efficient 
design characteristics was important because the cost 
of a dike exactly increased in proportion to its 
height.43 

Model resting also could assist in finding for­
mulas that had general application to design. 
Whenever a coastal engineer has to build a structure 
across the shoreli ne or go farther seaward, or has to 
design for vessels coming into a large port, it is 
important to detennine how far seaward the waves 
move sediment. In the past, designers had used the 
rule of thumb that a 20- or 30-foot depth was an 
appropriate limit to cut off condi tion surveys.44 

To obtain more precise infonnation, CERC in ­
vestigations looked at the 
dominate wave zone that ex­
tended from the 50-foot 
contour to the shore. To com­
pare characteristics, field 
invest igators measured 
material in suspension along 
unaltered coastal segments 
and in segments affected by 
engineering works such as 
groins a nd harbor jetties. 
From the raw data generated 
in CERC's RIST program, 
computer research deter­
mined sand movement 
patterns and programs to 
reconstruct s urface data.45 

Researchers then set to work 
on developing a mathematical 
model to calculate the littoral 

Sediment analysis and testing were important 
laboratory projects. When coastal waters are laden 
with suspended solids and the tidal range is high, 
s ignificant harbor shoaling often occurs. To design 
harbors effectively, engineers have to determine the 
shoaling rate and evaluate the relative importance of 
factors involved in the shoaling process. Lack of 
knowledge about the characteristics of turbulence at 
the wave boundary layer, exacerbated by inadequate 
s uspended sediment measuring techniques, 
precluded accurate prediction of the vertical distribu­
tion of suspended sediment. Hence CERC tested six 
different suspended sediment techniques then avail­
able and reported on the most promising.47 

Othe r CERC investigations suggested that sedi­
ment began to move under wave action when the 
bottom particle velocities were somewhere between 
one-half and three-quarters of a foot per second. The 
task involved detennining from surface observations 
where the seaward limit oft he critical bottom particle 
velocity lay. The answer depended on knowing the 
wave height, water depth, and wave periods. That 
information would relate to the bottom-particle 
velocity conditions that would move sediment. A 
CERC work unit conducted tests in the CERe­
funded water tunnel at the National Bureau of 
Standards in Gaithersburg, Maryland.48 

The large wave tank was the major research 
fac ility of the BED, and later of the CERC. It was 

volume drift rate.46 
CERC Large Wave Tank 
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635 feet long, held approximate ly a million gallons 
of water when filled to test level, and could generate 
6-foot breakers. With the tank, researchers could 
study beach equ ilibrium profiles, wave runup and 
overtopping, and the stability of structures designed 
to resist the sea's battering.49 When CERC moved 
from Dalecarlia to Fort Belvoir, a new large wave 
tank was constructed. It used the old monochromatic 
wave generating mechani sm that had been Army 
Ordnance surplus in 1953.50 The drive converter 
was updated in 1973. ln 1977 a digital wave runup 
system, designed and built at CERC, was installed. 
The tank then could accept a variety of sensors to test 
for wave height, run up, and generator blade position 
and could produce data compatible with a com­
puterized data acq ui s ition sys tem. With its 
monochromatic generator, the wave tank could 
produce Long-period, big waves that replicated the 
long, low Pacific Ocean swells affecting the Califor­
nia coast. Well into the 1970s. the large wave tank 
employed the most modem research technology. 51 

Experimental facilities and equipment became 
increasingly sophisticated during the two decades of 
CERC's independent existence. Equipment costs 
also rose rapidly. When CERC moved to Fort Bel­
voir. a new shore processes test basin had to be built. 
It cost $3.7 million when finished in 1972. In the late 
1970s , the estimated cost of installing in the SPTB a 
modem multispectral wave generator that would ap­
proximate a wider variety of conditions ranged from 
$700,000 to $ 1.6 million . (CERC's 96-foot wave 
tank generator. completed in 1958. had cost $3,200. 
When acquired in 1966, CERC's 72-foot wave tank 
generator, which could produce the irregular waves 
that more nearly approximated natural conditions, 
cost $29,100. Portable wave generators for the 
original basin at Dalecarlia had cost $ 10,000 each.) 
By 1980, when the shore processes test basin at Fort 
Belvoir required new wave generators. the estimated 
cost of instruling new equipment was $700.000 and 
for generators that could produce a tidal system , 
$200.000.52 The cons tantly inc reasing cost of equip­
ment was to have important consequences for CERC. 

Replicating nature in the laboratory was an ar­
duous task. A typical CERC laboratory test on littoral 
transport involved generating waves with specific 
periods, heights, and angles of approach in a specific 
water depth. Howeve r. phys ical model tests were 
difficult to caJTY out. For example, sand particles are 
small, but they are too large for model study, and 
sediment pruticles smaller than sand grains either 
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behave like clay or disperse Like flow. Ex­
perimenters tried a variety of materials before they 
found a specially designed coal that could be used to 
simulate sand.53 

Duplicating nature in laboratory facilities was 
difficult in other ways. In the early 1960s, re­
searchers tested the I ittoral movement of sediment in 
the shore processes test basin. The research design 
requi red controlling the height of the waves 
generated in the SPTB, but the waves varied. Adding 
wave absorbers did not improve matters sufficiently; 
nor did installing a large absorber around the entire 
outer portion of the tank to dampen all wave action 
within the outer basin. Next, researchers removed 
the wave guide-walls from the test area and doubled 
the number of wave generators to four , increasing the 
length of the generated wave. They placed rubble 
absorbers around the outer perimeter of the tank to 
dampen all reflections. The changes reduced but did 
not remove the problem. After two years of anal ysis, 
researchers discovered that reflection from the tested 
beach was causing the variation. Four years of work 
were required to get the problem comple tely under 
control. 54 

Researchers bad similar problems with studies of 
littoral transport. When conducting a typical re­
search study or model test, a research engi neer 
established particular wave conditions and inves­
tigated their effect. The researcher expected the 
wave conditions to remain constant. But once the 
experiment started, wave height varied in both time 
and position. The CERC eventually established a 
Coastal Processes Branch (CEB). one of whose aims 
was to improve its capability to conduct movable-bed 
research experiments of wave action on sandy 
beaches.55 

Each series of experiments involved consider­
able time and expense. The search for theoretical 
applications needed to be reconciled with the search 
for answe rs to immediate problems. An example 
was the Corps project at the Masonboro Inle t, North 
Carolina, which was not functioning as hoped. ln 
trying to simulate the dynamics of tidal inlets, re­
searchers first planned to develop and test a simple 
inlet model and then to develop and test a model of 
a complicated inlet. 

In 1969, the CERB recommended that CERC 
skip the first stage and go on to study a complex inlet 
s imulation using Masonboro lnlet as a prototype. ln 
197 1, in a re lated study. CERC applied techniques 



developed in the RIST program to de termine the 
effect of a weir jetty on the transport of sand across 
Masonboro Inlet. The experiments served the mul­
tiple purposes of solving a problem at the inlet, 
improving inlet mode ling, and developing sand trac­
ing experiments . 56 

Field Research Facility 

As stated earlier, theoretical modeling sought a 
practical way to integrate field data with conclusions 
drawn from laboratory research to predict wave ac­
tion. As CERC acquired new facilities and new 
computer technology became available. researchers 
had access to better data. and the modeling techni ­
ques became more accurate and prominent. 

Two types of primary field research studies were 
conducted at the Duck Field Research Facility. An 
ongoing study produced some 35,000 wave, current, 
meteorological, and bathymetric data records and 
I annual and 12 monthly data reports summarizing 
oceanographic and meteorological conditions. The 
other type of study involved collecting wave and 
survey data to determine the processes controlling 
sediment transport characteristics. beach erosion, 
and profile change during storms. As new technol­
ogy appeared, CERC staff applied it to data at the 
Field Research Facility. 

ln February and March 1977, CERCparticipated 
in a cooperative experiment 
involving aircraft overflights 
and surface measurements re­
lated to the te s ting of 
microwave sensors. The ex­
pe rime nt a ll owed the 
p r~ l auuch tes tin g of 
microwave ins trumentation 
during various wind and wave 
conditions for SE ASAT-A, a 
satellite designed for 
oceanographic purposes and 
launched in June 1978. The 
experiment particularly inter­
ested CERC because of its 
potential to provide data on 
wave direction, wave he ight, 
wind field, and ice mapping. 
Through August and Septem­
ber, CERC collected aircraft 
and in situ instrument data on 

velocities, and sediment characteristics to validate 
the SEASAT-A oceanographic data in the coastal 
zone.57 

Ultimately, the combi nation of voluminous data, 
new technology, and researcher expe1tise led to 
breakthroughs in understanding. The DUCK-X ex­
periment. which in vo lved scientists from seven 
countries and many organizations, measured waves 
rangi ng from deep wate r to the shoreline and col­
lected a wide variety of data. From it, researchers 
developed a new spectral technique that related sig­
nifi cant wave he ight to standard observational 
measurements. making it possible to determine avail­
able energy at each wave period. 58 

Problem Areas 

While data co llection gene rated usable informa­
tion. it was expensive, time consuming, and plagued 
with problems. Established techniques made assem­
bling enormous amounts of wave data possible, but 
observation and analysis procedures were not al­
ways consistent. Observers 500 meters apart would 
not necessarily make the same wave observations. ln 
some cases. data differed when collected from gages 
on ly 30 meters apart. Even when ocean data were 
available, researchers could not relate the data to the 
breakers. Difficulties in obtaining wave records at 
most East Coast beaches forced researchers to simply 
record beach profile changes in order to arrive at 

wave height, wave period, CERC Personnel Preparing Instr umentation Sled 
c urrent directi o n , wind 
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quantitative measurements of beach fluctuations 
during typical seasons. 59 

The CERC taff had assumed that District and 
Division engineer could and would apply usable 
information from the CERC data bank to solve 
design problems. Rarely was this the case. The 
paucity of statistical data on both offshore and n~ar­
shore wave conditions and the absence of sufficient 
analysi handicapped the engineers who needed cur­
rent and timely data for a project. Rarely were 
District and Divi ion engineers able to adapt the 
CERC data bank to their needs. Nor did CERC 
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researchers find the means to succeed in translating 
data to the formulas that could be used by engineers 
to solve site-specific problems. Therefore, CERC 
concluded that more data were needed to solve 
des ign problem~ and to develop the long-sought 
descripti ve and predic tive theories .60 The CERB 
agreed. The accumulation of more. data .. CERB 
reported in I 976, had become "a national Impera­
tive." The board recommended that the Federal 
Government establish a national wave data collection 
program comparable to the national streamflow data 
program.61 



IV 

An important aim of coastal engineering design 
is to create a stable shoreline or, if one already exists, 
to maintain it. The condition of a shoreline is deter­
mined by the movemem of sed iment, called littoral 
transport. The two include onshore-offshore 
transport. which occurs when sediment moves per­
pendicular to the shoreline and longshore transport. 
which takes place when sedimen t moves parallel to 
the shore. If the rate at which sediment is supplied 
to the shore equals the rate at which sediment is 
removed. the shoreline remains stable. If not. the 
sediment mus t be repleni s hed through beach 
nourishment projects .1 

Beach Nourishment Techniques 

As beach nourishment became more common. 
lagoons , wetlands. and inland sources could not 
supply sufficient suitable sand at feasible prices. 
Also, sources of fill material became difficult. to find. 
By 1964, CERC had the capacity to compare natural 
material (sediment at a project site) with different 
types of borrow material (sediment brought to the 
project site from elsewhere) to quantify and predict 
sediment losses after beach nourishment. In 1964, 
CERC initiated its Sand In ventory Program, a search 
for exploitable deposits of sand, mainly from off­
shore. The CERC also undertook research to refine 
techniques for matching fill with beach sites.2 

The first survey, off the New Jersey coast, lo­
cated suitable beach-fill material in waters from the 
75-foot contour landward to a water depth of about 
15 feet. Geophysical instruments could not produce 
reliable results in depths under 15 feet at the time, 
however, and the only economical coring equipment 
available was too hazardous to operate within the 
15-foot depth. Technological improvements that 
would enable investigators to work farther inshore 
did not become available untillater.3 
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By 1967. CERC had collected 1,558 statute 
miles of profile data from the New Jersey program, 
2.600 miles of seismic reflection profiles and sedi­
ment core data from the East Florida Continental 
Shelf, and approximately 2,200 miles of seismic 
profiles of the New England coast from Portland. 
Maine. south to Long Island Sound. The explora­
tions pinpointed su itable sand deposits , which 
proved to be in greater supply than expected, and 
yie lded information on the bottom morphology and 
sediment composition of the bottom shelf.4 

To make beach nourishment widely feasible, 
designers needed a simple, economical method of 
beach nourishment using the offshore sand deposi ts 
as the borrow source. By 1967, the Operations 
Division. OCE. had under way a comprehensive 
research and development program focusing on new 
equipment and procedures to determine their ap­
plicability to Corps operations. Ultimate ly, the 
various types of sand -mining (dragline, se lf­
propelled bottom-dump, scrapers, diesel shovels, 
e tc.) for commercial purposes would be classified by 
littoral zone locations.5 

In 1976, the Corps tested a new split-hull dump 
barge, the Curri t 11ck, which was capable of transport­
ing and depositing sand in the nearshore zone. 
Split-hull barges had been used in Europe for a 
number of years, but the Currituck was the first 
self-propelled barge. Jn the initial test, the side-cast­
ing dredge Men·it loaded the Currituck with material 
dredged from the entrance channel in New River 
Inlet, North Carolina. In 20 worki ng days, the Cur­
rituck placed about 35,000 cubic yards of material in 
the fo reshore zone immediately south of New River 
[nlet.6 By now. CERC researchers were investigat­
ing other means of transferring offshore sand to the 
beach zone, including submarine dredges , offshore 
self-elevating platforms with dredging equipment, 
pipeline dredging plants capable of operating in the 



Before and Aft er View of Beach Nourishment Project at Westhampton Beach, 
New York, L969 
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ocean environment, and pipehne delivery systems 
using jet pump and eductor principles.? 

Groins, Jetties, and Breakwaters 

Traditional artificial methods of arresting shore 
erosion depended on either reducing the wave energy 
at the shore, as does a revetment, or interrupting the 
longshore current and trapping sand, as do groins. 
Through the end of the World War II, to stabilize the 
beaches and control erosion, engineers erected 
seawalls, revetments, bulkheads, groins, and break­
waters.8 [n dealing with coastal erosion problems, 
engineers invariably selected the groin as a means of 
protection, to be used either separately or in conjunc­
tion with other methods. Yet, despite years of use, 
groins were probably the least understOod struc tures 
employed for shore protection. Coastal engi neers 
were unable to agree on groin designs and emulated 
techniques that had worked elsewhere. Their effec­
tiveness depended on a number of factors: groin 
length, height, spacing, permeability, adjustability, 
and orientation.9 

To understand how various types of groins func­
tioned, CERC began in 1965 to study the feasib ility 
of conducting field studies to measure water and sand 
flow over, around, and through experimental. adjus­
table groins under various wave conditions. The 
effort led to installing a Prototype Experimental 
Groin Facility on the Pacific Missile Range property 
at Point Mugu, California, approximately 65 miles 
north of Los Angeles. The 
Los Angeles District had 
begun a littoral environmental 
data collection program there. 
The facility had a pier extend­
ing seaward with the s ix 
experimental adjustable groin 
configurations installed on its 
north side.10 Practical ap­
plications of this research bore 
fruit jn the groin and sand 
replenishment projects at 
Newport Beach, California; 
Presque Isle Peninsu la on 
Lake Erie at Erie, Pennsyl ­
varua; and Prospect Beach, 
Connecticut, on the shore of 
Long Island Sound. 11 

Jetties long had been used 
to keep harbor entrances clear 

terruption of the natural bypassing of littoral drift 
often caused downdrift shores to erode. Sand 
bypassing, the technique of moving sand from the 
accreting side of a jetty to the eroding side where it 
was again available for transport along the down drift 
shore, was one way to restore the sand balance. The 
Nation's first sand transfer plant had been con­
structed at South Lake Worth Inlet, the entrance to 
the port of Palm Beach. Florida. There, in 1927, a 
channel had been dredged and two protective jetties 
built. In 1936, the north jetty 's capacity for im­
pounding beach material on its north side was 
exhausted. Seeking to keep the channel clear, en­
gineers raised the jetty and installed a small pumping 
plant with a pipeline across the inlet. The project's 
effectivene-ss led to the construction of another sand 
transfer plant. 12 

Weir jetty design combined both a jetty and sand 
bypassing in one system. Built from the shore sea­
ward at the entrance to inlets, weir jetties are intended 
to maintain a safe navigation channel and to provide 
a deposition basin on the updrift side of the inlet to 
trap sand moving into the inlet from the adjacent 
shore. Weir jetties have a low sil l e levation along 
part of their length. Sand is transported over this into 
the deposition basin by wave and tidal current action. 
Periodically, a dredge bypasses the sand that builds 
up in the deposi tion basin in the lee of the jetty to 
downdrift beaches to restore the sand lost by erosion. 
Corps engineers first conceived the weir jetty system 

of littoral drift. However, in- Repairs to West Arrowhead Breakwater, Oswego Harbor, New York, 1959 
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to stabilize the habitually migrating inlet at Mason­
bore. North Carolina. 

Between 1966 and 1972, the South Atlantic Dis­
trict constructed other weir jetty projects at East Pass, 
Florida; Perdido Pass, Alabama; and Ponce de Leon 
lnJet, Florida. Because the system had to remove the 
material intercepted by the jetty quickly and then 
deposit it at the san1erate. weir jetty construction had 
to be planned carefully. The responsibility of CERC 
was to develop techniques for predicting shoreline 
changes resulting from weir jetty construction, com­
pute littoral transport. and design weir jetties. 13 

Like groins and jetties, breakwaters were used 
worldwide as wave energy dissipaters. The Santa 
Monica, California, breakwaters were constructed to 
provide a sheltered area fo r a small-craft harbor of 
refuge. Farther north, breakwaters at Channel Is­
lands Harbor and Ventura Marina were designed to 
form a littoral barrier. The ability of breakwaters to 
minimize wave energy reaching the shore suggested 
they could be employed to stabilize beaches, par­
ticularl y where the cost of beach fill was prohibitive. 
Offshore breakwaters in Singapore, at Fumicino, 
Italy. near Tel Aviv, Israel; and at San Juan. Pue.rto 
Rico, had demonstrated the tec)mjque. 

In the United States, offshore breakwaters con­
structed in 193lto protect the seawall and backshore 
area at Winthrop Beach. Massachusetts. had helped 
control erosion. In J 976, CERCs Design Branch 
began a program to provide functional and structural 
guidelines for the use of off-
shore breakwaters to stabilize 
the shore. The CERC work 
unit looked at the structure 
variables of height and length, 
crest width, spacing, and dis­
tance off shore; the hydraulic 
variables of water depths. 
range of water-level fluctua­
tion, height, period , and 
direction for both rhe incident 
and transmitted waves; 
aspects of the transmitted 
wave, including the effect of 
wave overtopping and wave 
diffraction; and sediment 
variables such as the beach 
s lope, shore alignment, and 
the longshore and on shore­

mented offshore breakwaters could protect shores 
from erosion by both reducing wave energy and 
interrupting the longshore current to trap s~d. The 
Corps' Lakeview Park Project, constructed .m 1977 
at Lorain, Ohio, was an early example. Destgned ~o 
protect the shore and provide and protect a pubhc 
recreation beach, it consisted of three 250-foot-long 
detached breakwaters, two groins (one 150 feet long 
and one 300 feet long), and an initiallOO,OOO cubic 
yards of beach fill. Although the Corps had predicted 
annual maintenance at 5,?00 cubic yards of st~d a 
year, untill980 no replenishment was needed. 

The CERC conducted floating breakwater tests 
in the laboratory and constructed several projects to 
assess the feasibility and economic merits of various 
construction techniques. Two sections of break­
water were constructed using a design developed by 
theGoodyearTire and Rubber Company at Pickering 
Beach, Delaware. Another prototype installation, 
constructed at West Point in Puget Sound, consisted 
of two sections of concrete box floating breakwaters, 
two pole and tire breakwaters like those used on the 
East Coast. and three forms of log or wood-type 
breakwater~. 16 

National Shoreline Study 

In the mid- L 960s, Lhe National Association of 
Soil and Water Conservation Districts spurred a 
broad movement for either legislation authorizing 
Federal protection of affected properties or a ruling 
from the Internal Revenue Service making private 

offshore components of the Floating Breakwater at Ketchikan, Alaska 

littoral transport. 14 Seg-
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costs for erosion control tax deductible. Conversa­
tions between representatives of the association and 
the OCE staff prompted the Corps to review its 
coastal erosion program. The talks also raised the 
difficult issue of affording the same Federal protec­
tion of private property along the coast as for public 
land. 17 

TheN ational Association of Soi I and Water Con­
servation D istricts' proposals bore fruit when 
Maryland Senator Joseph D. Tydings agreed to sup­
port legislation to secure the association's aims. 
Personnel in OCE worked with Tydings · staff to draft 
what became Section I 06 of the 1968 Rivers and 
Harbors and Flood Control Acts. They succeeded in 
shifting the focus from the narrow concern of protect­
ing private property to the more general issue of 
analyzing the U.S. shorelines under the Corps' 
auspices. 18 

The National Shoreline Study (1970-1973) had 
mixed results. The CERC. wh ich lem assistance. and 
OCE treated the study as a way to assess shore 
erosion problems and identify remedies; to target 
areas of priority; and to review existing policies, al l 
with the aim of producing a guide to comprehensive 
planning for shore areas. The criteria and methodol­
ogy used to assess the seriousness of the e rosion 
problem were inconsistent across the various Corps 
Districts, partly due to limitations imposed by the 
time and funding Congress allotted for the work. 
During the National Shoreline Study. the Corps ex­
amined 84,000 miles of coastline. fmding that about 
21,000 miles or about one-quarter was si1wificanrly 
eroded. 19 ... · 

Some conclusions in the study were not wel l 
supported by data. The emphasis on definin g and 
classifying erosion areas, the cost estimates for 
shoreline protection, and the attempts to identify 
areas requiring protection seemed to serve the inter­
ests of those calling for a far greater Federal role in 
project construction. 20 

Shoreline Erosion Advisory Panel 
and Projects 

By defming the severity of coastal erosion, the 
National Shoreline Study heightened interest in ad­
ditional Federal programs. Because approximately 
75 percent of the affected property was in private 
hands, under existing law the Corps could not under­
take projects to mitigate the damages. Changing the 
statutes to permit Federal fmancing for projects to 
protect private property appeared neither desirable 
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nor feasible. The cost of fiKing only 2,700 miles of 
eroded coastline was estimated at $1.8 billion in 
1970. and Congress was unwilling to underwrite a 
protection program of thi s magnitude. However, 
based on the CERC studies of low-cost shore protec­
tion, Congress was willing to authorize $8 mi II ion to 
develop techniques that property owners could apply 
as they deemed appropriate. Congress's solution thus 
was to enact the Shoreline Erosion Control Act of 
1974. It established a Shoreline Erosion Advisory 
Panel to provide general guidance and expert techni­
ca l adv ice to the Chief of Engineers on the 
establishment. conduct, evaluation, and dissemina­
tion of results of the National Shoreline Erosion 
Contro l De ve lo pm e nt a nd D emo ns tration 
Program.21 

The Shoreline Erosion Advisory Panel consisted 
of 15 nonfederal employees. It met six times be­
tween 1974 and 1976, reconunended the criteria for 
selecting demonstration sites. and named 57 suitable 
sites a long the coasts of the United States and the 
Great Lakes. The panel also listed useful erosion 
control devices to be tested and evaluated; compiled 
examples of institutional, financial, and legal project 
needs; and wrote guide lines for monitoring the func­
tional and structural behavior of the dev ices install.ed 
at rhe demonstration sites. Most of the decisions and 
recommendations were based on CERC studies. On 
16 November 1976, Chief of Engineers Lieutenant 
General John W. Morris named 16 coastal sites 
where low-cost erosion control measures would be 
tested, the first step of a five-year program. Six sites, 
all in Delaware, had been specified in the Water 
Resources Development Act of 1974, Section 54. 
The remaining ten si tes, picked from the list recom­
mended by the Shoreline Erosion Advisory Panel, 
were a long the Atlantic, gulf, and Pacific coasts and 
the Great Lakes. Politics and the desires of the 
rquired local project sponsors constrained site selec­
tion and the types of projects to be constructed.22 

The projects varied widely in the problems ad­
dressed. The Oak Harbor Demonstration Project at 
the Whidby fsland Naval Air Station, in the Corps' 
Seattle District exposed four basic types of revet­
ment to the ocean. A sand -cement bag revetment 
protecting a 30-foot-high bluff at the eastern end of 
the project included two designs. Half the revetment 
was constructed of standard sandbags ftlled with 
concrete and placed while the concrete was wet. The 
other half was built of dry, ready-mix sand-cement 
of the variety available to homeowners at local bui ld-



ing stores. A second revetment used at the site was 
a gabion structure. Here, two sections of timber 
bulkhead were constructed of vertical timber piles 
spaced approximately four feet apart with timber 
planks behind them. T iebacks were constructed 
from logs that had been washed up on the beach. One 
section of timber bulkhead was of untreated timber; 
another section was creosote treated. The most un ­
usual section of the project was a timber-pile, 
scrap-tire bulkhead.23 

The demonstration projec t located at the Basin 
Bayou State Recreation Area on Choctawhatchee 
Bay, Florida. tested several new techniques with 
futuristic names. One was the Sandgrabber, at the 
western end of the project, which consisted of spe­
cially fabricated concrete blocks he ld together with 
steel rods to form a crescent-shaped breakwater con­
nected to the shore at both ends. The Surgebreaker 
was a conventional offshore breakwater filled with 
sandbags. Another technique involved using a hog­
wire fence-sandbag bulkhead that was built by 
placing sand-filled acrylic and polyester bags behind 
a hogwire fence.24 

Geneva State Park, Ohio, was the site of a dif­
ferent demonstration project. The park has a 1 0- to 
1 5-foot bluff fronted by a beach that varies in width 
up to 50 feet. The project consisted of three offshore 
breakwaters, each approximately I 00 feet long with 
a bottom elevation at 1 -foot below low-water datum, 
and each constructed differently . The gab ion break­
water was made up of wire-mesh baskets 3 feet wide, 
18 or 36 inches high, and up to 12 feet long. When 
filled with stone and wired together, they created a 
massive structure to ward orr wave att.ack. The Sta­
Pods breakwater was constructed from individual 
concrete units similar in appearance ro the armor 
units used in breakwater and jetty design. They 
consisted of a 2-foot-d iameter cylindrical trunk with 
fo ur legs attached at the midpoint and inclined 
downward at about a 45-degree angle. The Z-wal l 
was constructed of reinforced concrete panels bolted 
together at the site. Each panel projected 14 feet 
perpendicular to shore and 7 feet alongshore. The 14 
panels of the Geneva structure fa nned a breakwater 
98 feet long, 14 feet wide, and 6 feet high.25 

Beach Construction 

One of America 's rapidly growing recreation 
industri es added a new dimension to the Corps ' 
interest in beach restoration. By the late 1960s, tJ1e 
development of lighter, faster surfboards caused a 
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boom in the sport of surfing. In California 600,000 
surfers donned rubber suits and subjected themselves 
to the thrill of the waves and the pollution of man. 
No longer a seasonal activity. surfing extended over 
365 days of the year. As visits to the surfing beaches 
averaged about 10 days per surfer, the economic 
effects were substanti aL Based on the Corps' 
economic analysis figure of 50 cents per visitor day, 
surfing represented an annual benefit of $2 million 
in California. Moreover, the state manufactured over 
50,000 surfboards which, with their accessories, rep­
resented a gross ann ual business of over $8 million 
by 1967. 

While recreational benefits were not considered 
a primary project benefit in the formulas employed 
by the Corps in evaluating projects, thi s particular 
activity posed the question of whether or not the 
Corps should expand its coastal engineering role. 
Since 1933, as authorized by law, the Corps had 
concentrated on restoring and protecting, but not 
developing, beaches. Reflecting an appreciation of 
emerging public concerns, the Corps elected to ex­
pand into the area of beach development, but 
slowly.26 

Problems on the Great Lakes 

Beginning in the 1960s. rising lake levels 
threatened the lives and property of the nearly 40 
million people who lived around the Great Lakes. By 
1973 , emergency flood-control measures were re­
quired. Because people had built too close to the 
water. protective projects would be extraordinarily 
expensive. In fact, studies showed there was not 
enough money in the Federal treasury to protect the 
shoreline. Moving people back from the shore was 
not feasible because the states lacked the funds to buy 
the land and put it into the public domain. So a large 
number of landowner planned to stay in the hazard 
zone. However. they looked to the Government to 
solve their problem. 

Several agencies were involved in various coas­
tal programs affecting the Great Lakes. Federal 
legislation authorized the Corps to implement emer­
gency flood measures. but these did not include 
hui.lding emergency erosion works. Consequently, 
the Corps merely cou ld recommend scientific ap­
proaches to managing the shorel ine problems. 
Self-proclaimed experts also made a number of 
recommendations, and after listening to them, 
property owners instal led all sorts of protective 
devices. Few worked. 



Some in the Corps began to fear that the Environ­
mental Protection Agency, which championed 
land-use regulations. would usurp the Corps' leader­
ship position in dealing wtth coas tal flooding 
problems. In addressing eros ion problems on the 
Great Lakes, the Corps was in a politically difficult 
position. Occasionally , the most cost-effective solu­
tions involved removing people from vulnerable and 
endangered shorelines. However, such proposals 
were public relations nightmares. Needing an initia­
tive, the Corps called for a federal -nonfedera l 
strategy. The proposed joint effort would include 
cooperation with states and municipalities in plan­
ning and developing both s tructural and 
nonstructural temporary and long-tem1 protective 
measures. The Office of Chief of Engineer:- tasked 
CERC with providing technical advice on erosion 
problems: monitoring the perrormanc..:e of structures; 
and, in cooperation wi th the Great Lakes states. the 
Federal Regional Council. and the Great Lakes Bas in 
Commission , examining the various a lte rna tives. 
These included lake level regulation. land-use re­
quirements, zoning and setbacks. land acquisition. 
relocation. structural protection. regulation of con­
struction activities throu9h pen11its, and insurance or 
damage reimbursement. -7 

The approach of CERC was to inventory sand 
deposits. It was based on an existing program. ln 
1968, the CERB, concerned with the need for shore 
protection in the face of rising water levels, had 
recommended beginning a sand inventory to obtain 
data on s uitable sand deposits. Ho wever, the 
presidential order creating the National Oceanic and 
Atmospheric Administration (NOAA) (signed 3 Oc­
tober 1970) removed the U.S. Lake Survey from rhe 
Corps and established a Lake Survey Center under 
the National Ocean Survey. Following the change, 
the Lake Survey expanded its program to obtain 
cartographic data on lake bottoms such a~ reflecting 
topography, sediment thickness, sediment distribu­
tion , and subbottom geological profiles. 28 These 
organizational shifts delayed the start of CERC's 
Sand lnvento~ Program for the Great Lakes unti I 
summer 1975. 9 

The CERC began by making a seismic reflection 
survey of eastern Lake Michigan to locate and 
delineate sand deposits on the lake floor. Seismic 
reflection profiling, a technique widely used for 
delineating subbottom geological structures and bed­
ding surfaces in seafloor sediments and rocks , is done 
by generating repetitive, high-energy sound pulses 
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near the water surface and recording the "echoes" 
reflected from the seafloor-water interface and sub­
bottom inte rfaces between acoustically dissimilar 
materi als. Seismic-re flec tion surveys of marine 
areas are made by towing variable energy and fre­
quency sound-generating so urces and receiving 
instruments behind a survey vessel that follow 
predetem1ined survey tracklines. 

One seafloor coring device was a pneumatic, 
vibrating piston coring assembly consisting of a stan­
dard stee l core barrel, plastic inner liner, shoe, and 
core catche r, with a pneumatic driving head attached 
to the upper end of the barrel. The elements were 
enclosed in a tripod-like frame with articulated legs 
that allowed the assembly to rest on the seafloor 
during operation. Power was supplied to the pneu­
matic vibrator head by a flex ible hoseline connected 
to a large capacity, deck-mounted air compressor. 

New computer programs designed by CERC for 
hand ling large numbers of sediment samples shor­
te ned th e time req uired to r e turn usabl e 
information .30 The CERC completed the field work 
for an Offshore Sand Source Study for eastern Lake 
Michigan in 1976. ln 1977, CERC personnel, in 
cooperation with the Ohio division of the Geological 
Survey, surveyed 350 kilometers of the Lake Erie 
shoreline from the New York-Pennsylvania border 
to the western end of the lake and extending about 15 
kilometers offshore. They collected I 07 beach and 
lake-bottom sample cores over a two-year period. ln 
1979. CERC turned these over to the University of 
Toledo 's Subsurface Data Center, whe re they are 
available to industry, Government, and academia for 
use in 5eological, environmental, and engineering 
stud ies. 1 

The CERC ex tended its Sand Inventory Program 
to the Southwest in 1977. At the request of the 
Galveston District, CERC conducted a combination 
geophys ical and cor ing s tud y to assess th e 
availabiLity of offshore sand along 85 kilometers of 
the Texas Inner Continental Shelf cente red on Gal­
veston and extendi ng about 10 kilometers offshore. 
The published report ( 1978)provided information on 
the general geological character of the region. 32 

In the late 1970s, CERC initiated a more sophis­
ticated vers ion of the Sand Inventory Program: the 
Inner Continental Shelf Sediment and Structure 
(ICONS) Program. The field exploration phase of 
the ICONS Program consisted of continuous seismic 
reflection profiling supplemented by obtaining cores 



of the bottom sediment. Contractors supplied data 
that the CERC Geology Branch staff analyzed and 
interpreted. The CERC staff laid out geophysical 
survey tracklines for study areas in two basic config­
urations: grid patterns, to cover areas where a more 
detailed picture of seafloor and subbottom geological 
conditions was desirable, usually those areas thought 
to contain sand and gravel; and reconnaissance I ines, 
which consisted of one or more continuous shore­
paralleling zigzag lines that provided a means of 
correlating geology between grid areas. The res ult­
ing data revealed the general morphological and 
geological aspects of the area and identified seafloor 
areas where more detailed data were needed.33 

Public Issues and Changes in 
Corps Progra ms 

In the 1960s, the American people became more 
concerned about the deterioration of the natural en­
vironment. Environmental groups, though operating 
with modest resources and limited access to decision­
makers, became potent forces for change in Federal 
policies.34 As the environmental debates drew na­
tional attention, they rai sed three important 
organizational questions. The first involved what 
position the Corps should take regarding the environ ­
ment. A second was how to resolve the clash 
between the traditional engineering orientation, 
prominent at the District and Division levels. and the 
environmentally sensitive attitude emerging within 
OCE. The third was how to preserve the Corps ' 
traditional decentralization of authority and yet 
achieve uniformity in this important policy area. 

The Corps' top leadership opted for a break with 
traditional policies. Lieutenant General William 
Cassidy-s June 1969 memorandum to the Assistant 
Secretary of the Army for Civil Works suggested that 
the Corps adapt to new national requirements. He 
recommended expanding the Corps' research, espe­
cially for Jake and ocean shore protection.35 Jn the 
National Environmental Policy Act of 1969, Con­
gress required the Corps to assess the impact of its 
projects on the environment. On 2 Aprill970, Chief 
of Engineers Lieutenant General Frederick J. Clarke 
created an Environmental Advisory Board consisting 
of six prominen t environmentalists and began a 
process of formally exchangi ng views with the en­
vironmenta l community. On May 11, Clarke 
explained the new Corps polic ies in a letter to the 
field organizations; he spelled out the procedures the 
Corps wou ld take to "demons trate institutional 
maturity in acting on environmental issues.' '36 
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In time, the expanding environmental movement 
led President Jimmy Carter to proclaim 1980 the 
"Year of the Coast." The coastal zone received 
attention concerning three issues. The first, relative­
ly noncontroversial, related to the urgent need for 
more understanding of the natural processes affect­
ing physical changes in the coastal and beach areas, 
many of which were undergoing a development 
boom that showed no signs of abating. The second 
pitted advocates of controlled development against 
those advocating no development at all. Third, the 
resulting debate focused on the future of the un ­
developed barrier islands. Soon, this third issue 

. 37 began to overshadow other coastal zone questiOns. 

Barrier Islands 

Almost one-half of the United States coastline 
and more than 60 percent of the Atlantic and gulf 
coasts are composed of barrier island landforms. 
The 293 barrier islands along the eastern and gulf 
coasts of the United States stretch in a broken and 
irregular chain from Mai ne to Florida and west to 
Mexico. Barrier complexes can be divided into two 
main e lements: the barrier itself, which may be 
either a barrier island, barrier spit, or bay-mouth 
barrier; and the bay, lagoon, or estuary shel tered by 
the bar,-ier. These elements can in tum be divided 
into a numberofsubenvironments with characteristic 
morphology, sediment distribution, fauna, and sedi­
mentary processes. 38 

Scientists assume three primary origins for the 
linear, shore-paralleling barriers: the development 
of spits paralle l to the coast that subsequently are 
dissected by inlets. the submergence of coastal ridges 
due to a rising sea level, and the buildup of subtidal 
sand shoals. Barrier islands prevent tidal waves from 
advancing. Inlets between barrier islands are similar 
to spillways because they permit water to be forced 
landward as the tidal wave approaches and crests and 
then reverses the flow as the tide ebbs. Barrier 
islands can be separated into distinct groups. Differ­
e nt th eories e xplain the morpho log ical 
characteristics of each. While barriers vary consid­
erably in shape and relief, most are composed of 
loosely compacted sandy sediment easi ly transported 
by wind and wate r. thereby leading to e rosion or 
deposition on the islands and in adjacent areas. Bar­
rier is lands are inherently unstable and 
unpredictable.39 

Public inte rest focused on understanding the nat­
ural processes of how barriers formed and evolved 



and the degree to which the islands could be inhabi ted 
without causing detriment to nature. 

Development of banier islands was negligi ble 
unti l roads, causeways, and bridges were built to 
provide vehicle access. By 1973, approximately 
14 percent of the banier island acreage was urban. as 
compared with 3 percent urbanization of the total 
lands within the United States.40 By the 1970s. 
70 bamers were highly developed, and approximate­
ly 100 more were being developed.41 Two kinds of 
public financ ial support underwrote the develop­
ment: funds for basic community facilities and a id 
to protect developed areas. The public subsidy 
amounted to more than $96.7 million for 3.784 acres 
or $53,250 per developed h~rrier islanrl acre_-l:! 

CERC Barrier Island Programs 

Despite an alleged bias toward construction 
projects. the Corps had shown linle interest in work 
on the 68 unspoiled barrier islands. When the fate of 
the undeveloped and partially developed banier i.'-. ­
lands first emerged as a political issue, in the fall of 
1969, CERC conducted two workshops to determine 
the present state of knowledge and research.43 

Various other studies, mainly data gathering. fol­
lowed. By 1980, the growing public interest in the 
future of the barrier islands and the accumulated data 
led CERC to reorganize its efforts in a broad-based 
research program designed 10 address some of the 
technical and scientific questions about bamerisland 
formation and the natural processes causing their 
dynamic nature.44 TheCERC 
researchers were interested in 
five general topics: 

1. Research to identify 
and quantify sources of sedi­
ment that comprise barrier 
environments. This involved 
analyses of sediment samples 
from various islands and adja­
cent nearshore areas as wel l as 
the use of geophysical and 
side-scan sonar equipment to 
identify sediment so urces, 
transport paths, and sinks. 

2. Research using the re­
sults from field investigations 
that bore deeply into the soil 
and revealed long cores and 
from mapp ing s urveys of 

New Jersey. Analysis would lead to a better under­
standi ng of the processes and envi ronmen tal 
conditions needed to form and maintain biologically 
productive marshes. 

3. Exploring furthe r the three-dimensional 
sedimentary framework of several Virginia islands 
that had been detennined by careful analysis on long 
cores. Age dates of organic material in the cores, 
determined by radiocarbon techniques, yielded c lues 
to large-scale changes in sea level e levation. The 
core data and historic maps of the Assateague region 
of Virginia also proved usefu l in describing how 
capes could form on prev iously straight coastlines. 

4. Continuing joint research with NOAA's Na­
tiona l Ocean Survey, which had produced a series of 
maps showing changes in coastal morphology for 
De laware, Virginia. Maryland, and North Carolina 
over the past 130 years. This information, combined 
with cores and profiles from shoreface areas, was 
also being used to study how the nearshore responded 
to past rises in mean sea level. 

5. For purposes of 50- to I 00-year design and 
for planning, reviews of the literature on long-term 
sea level changes which, hopefully, would allow 
researchers to verify and quantify the major local and 
worldwide factors that affect sea level e levation.45 

The CERC barrie r island work unit developed in 
the 1980s from the requirements of the Barrier Island 
Act. One popular idea was that barrier islands rolled 

marsh areas in Virginia and View of Fire Island at Davis Park, New York, 1962 
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over, that is, mi grated by accreting on the ir land side 
while eroding on the ir ocean side. The concept had 
emerged from studies of the special conditions of the 
North Carolina barrier islands, which are shorter and 
have thicker ground cover and fewer inlets than the 
Virginia barriers. 

Each barrie r is land area presents different 
problems. The Louis iana barriers are deltaic; they 
first formed as sandbars and then shaped into barrier 
islands. As material compacts and subsides, these 
islands begi n to sink. In New Jersey, a sediment 
deficit exists. Most barrier islands have receding 
shore lines, which are not always caused by eros ion. 
On the North Carolina coa:;t, which is affected by a 
progress ively ris ing sea, barrier islands face inunda­
tion from both the ocean and land sides. The shape 
of the land on a barrier island is important. On a flat 
slope. short-term changes of as little as one-third of 
a meter are significant because shoreline movement 
of 60 to I 00 feet can affect calculations of the effec­
tiveness of a struc ture or project maintenance 
costs.46 

The Barrier Island Sedimentation Study indi­
cated that with back-bay marshes growing on a 
variety of sub trate materials. sand overwash was not 
as vital as some researchers had contended: that inner 
she lf areas feed sand to the coastal littoral budget; 
and that, according to a study of shore I ine change 
maps covering an historical period of as much as 150 
years, barrier islands showed complex changes 
which were not always due to the works of man. By 
1983, a study of approx imately 97 miles of North 
Carolina barrie r islands to determine changes over 
pe riods ranging from about 75 to 100 years had 
concluded that most of the ba rTier islanrls were erorl­
ing on both the ocean and sound sides, but none of 
the islands seemed to be migrating landward. The 
resu lts sugge~ted that theories of barrier island rol ­
lover could have appli cation in geological, but not 
historical timc.47 

When CERC moved to Vicksburg, most of the 
barrier island work group stayed in the Washington 
area. As the new team was assembled. members 
reorgan ized the program to identify particular con­
troversial issues that inte rested planners in the 
Districts. Specifica ll y, the work group moved to do 
more .conccntrated study of the phenomena of sea 
level rise, jetty and groin projects, and subs idence. 
(The last is a significant problem a long the gulf coast 
shoreline where Loui siana loses some 50,000 acres 
of marsh per year. Causes include land sinking after 
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gas is pumped out, sediment consolidation, and rising 
seas. Swamp buggies used for oil rig explorations 
are also a major factor. The buggies cut wide s waths 
through marshlands, and the resulting channels lead 
to marshl and loss.) The work group also investigated 
the shorter term fluctuations that increase water 
along the shore because of atmospheric pressure 
changes offshore. This resulted from changes in the 
upper atmosphere winds, the El Nino cycle, and 
shifts in the warm-water Gulf Stream that cause the 
denser nearshore cold water to move.48 

Environmental a nd Ecological 
Programs 

CERC's ecological research program had its 
beginnings in the Beach Eros ion Board 's develop­
ment of methods to use vegetation to solve coastal 
engineering problems. Experiments conduc ted be­
tween 1956 and 1976 demonstrated that dune grasses 
planted on barren sandy areas on the land ward side 
of the beach trapped wind-transported sand to create 
dunes. rn North Carolina, the average annual sand 
capture rate on planted areas was approximately 5 
cubic yards per linear foot of beach. On some 
stretches of the shore. rates ran as high as 12 cubic 
yards. In North Carolina and Texas. experimental 
dunes grew verticall y at an average rate of more than 
a foot a year over a five-year period. 

Marsh development was pioneered in the late 
1960s unde r re earch partly supported by CERC. By 
197 1 , researchers had transfonned a barren, dredged­
material is land in Cape Fear estuary into a productive 
intertidal marsh. Successful plantings on dredged­
materi al deposits and eroding banks proved to be an 
effective and low-cost method of stabil ization and 
erosion control. Jn the Chesapeake Bay. two parts of 
an eroded island were rejoined through the use of 
marsh pl ants.49 

Using vegetation to control erosion was intro­
duced into the Great Lakes after discussions at a 
December 1976 workshop disclosed the lack of ex­
peri mental work. The North Central Division and 
CERC cooperated with the Michigan Department of 
Natural Resources and the Pennsylvania Department 
of Environmental Resources in dune building field 
tests at Ludington State Park, Michigan, and Presque 
Isle State Park. Pennsylvania. After the dune system 
at the latter site was leveled by a 1968 storm, the 
shoreline receded and fo rmed a narrow beach bor­
dered by a forest. The fie ld test involved planting 
250 feet of this beach with American beach grass 



summer drought, the plantings 
were not as successful.50 

T wo Coastal Tech ni ca l 
Aids on vegetative erosion 
control were published by 
CERC. CETA 77-3, based on 
CERC field studies on the At­
lantic, gulf, and Pacific coasts, 
addressed the use of plants for 
bank stabilization and marsh 
development; it included in­
fonnation on plant selection, 
planting techniques, and labor 
requirements for salt marsh 
development projects. CET A 
77-4, based on more than 15 
years of CERC field studies, 
set forth design criteria for 
dune creation and stabiliza­

Before and After View of Marsh Restoration at Duck, North Carolina 

tion using beach grasses. In 
1979, CERC published the 
Special Report series, the first 
comprehe ns ive report o n 
coastal marsh creation in the 
United States. By now, CERC 
investigations had established 
that marsh plants were effec­
tive in stabilizing erod ing 
banks in many sheltered coas­
tal areas; that techniques were 
avai lable for the effective 
propagation of these marsh 
plants; and that the methodol­
ogy, applied by various Corps 
Districts and local agencies 
and institutions, had produced 
exceptional results in various 
environments at a fraction of 

obtained from the Soil Conservation Service. The 
Ludington site was a part of State Highway 31 that 
had been relocated due to shore erosion. American 
beach grass and prairie sand reed were planted along 
a 1 ,200-foot section of beach. A survey of the test 
planting at Presque Isle in October 1977, five months 
after planting, showed the survival and growth of the 
American beach grass plants were among the highest 
ever recorded. At the Ludington State Park demon­
s tration si te, which had experienced spring and 
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the cost req uired for com­
parable struc tural 
protection.51 

Ecology Research Program 

A fonnal ecology research program originated 
with problems related to the dumping of sewage 
s ludge in the ocean off New York Bight. The highly 
publicized dumping raised questions about the 
Corps' pennitting authority and procedures. Con­
cemed because the Corps had issued the permits and 
thus drawn fire from environmentalists, the Chief of 
Engineers in I 968 instructed CERC to study the 
question.52 Hydrographic, geological, chemical , 



and biological investigations contracted by CERC 
es timated ci rculati on patterns, made chemical 
analyses of the concentrations of a number of ele­
ments, analyzed sediment samples, and developed 
basic data re lated to the disposal of sewer sludge, 
dredge spoils, and acid-iron wastes. The research 
task required hi ring the ftrst CERC biologists. The 
result wa a moredetailed environmental description 
of the bight dumping grounds and adjacent areas . 53 

From these beginnings came the CERC ecology 
program and the Coastal Ecology Branch, fonned in 
FY 1970. The branch, staffed by three professional 
biologists and one co-op student, examined the en­
viromnental effects of all Corps coastal engi neering 
activity. A major part of the program was concerned 
with the uses of vegetation in coastal engineering and 
involved studies of dune building and stabiHzation, 
marsh building on spoil, and vegetative control of 
bank erosion on the Atlan tic and gulf coasts. The 
program also studied the effects of coastal engineer­
ing activities on ecosystems. Other investigations 
included studies of the effects of offshore dredging, 
including the use of dredged material for beach fill , 
of dredge spoil deposition. and of the effects of 
sus pended and deposited sediments on estuary 
organL ms.54 

When CERC completed its Field Research 
Facility. the Coastal Ecology Branch established an 
environmental measurements program to measure 
and record data o n m eteorological and 
oceanographic conditions. The CERC tested the use 
of native marsh vegetation to abate erosion of the 
eroding shoreline. The experiment, carried out with 
four plant species, was successful ; the erosion rare 
slowed, and many new plant and nn imal species 
invaded the new marsh habitat. In 1980. observa­
tions showed that experimental marsh plantings 
established between April and September 1973 had 
stabil ized the sound-side shore of CERC's Field 
Research Facility, which had been eroding at a rate 
of approximately five feet per year. 55 

In related experiments. CERC conducred re­
search to obtain quantitative in formation on the 
ecological effects of constructing rubble-mound 
coastal structures such as groins, jetties, breakwaters. 
and islands.56 The CERC also experimented with 
marsh development using dredged material (called 
"spoil" until 1979, when the name was replaced by 
the Jess offens ive term) that was produced in great 
quantities to maintain nav igation channels within 
sounds and estuaries. This work ori ginated from two 
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imperatives. Beginning in the 1950s, the number of 
acceptable landfill disposal s ites had dwindled, 
making the disposal of dredge spoil material a major 
problem. The Waterways Experiment Station estab-
1 ished a research program to develop, test, and 
evaluate the use of material in marsh development. 
The WES surveys identified environmental beneftts. 
The CERC found that Corps-built rubble-mound 
structures. used in breakwaters, were ideal artiftcial 
reefs. Because they were built of narural stone with 
various cracks and crevices exposed to the entire 
water column, such struc tures attracted a great diver­
sity ofreef dwellers. 57 

Offshore Construction 

Ninety percenr of all marine construction takes 
place in water less than 50 meters deep. Early on, 
CERC began to summarize laboratory and field 
studies in the United States to better understand the 
interaction of the beach and the littoral zones with 
and without man-made structures. In 1976, CERC 
began to reorient its research program toward better 
Corps Division and District support for dealing with 
geotechnical engineering problems. 58 

The CERC' Offshore Engineering Program 
consisted of four types of work. One set of srudies 
assisted engineers in designing structures. An ex­
ample was the Sub-Ocean Soil Mechanics Study. Its 
objectives were to determine what knowledge was 
avai lable on ocean floor soil mechanics and to iden­
tify the most-needed areas of study relating to 
subsurface exploration: in situ testing: and construc­
tion activities such as excavating, fill. and structural 
foundations. This research also focused on develop­
ing equipment Rnd procedures to meet the needs 
defined by the materia l survey. After accumulating 
sufficien t data on engineering characteristics of 
ocean floors, researchers examined and tested the 
applicabi lity of existing soil mechan ics design tech­
niques and procedure for engineering projects on the 
ocean noor. The program also re ulted in the publi­
cat ion of .. State-of-the-Art and Marine Soil 
Mechanics and Foundation Engineering:·59 

The second part of CERC's Offshore Engineer­
ing Program con isted of laboratory studies to gain 
bas ic insight into the physics of coastal construction. 
Coastal structures subject to high breaking waves 
cannot be bui It of stone when the waves exceed 30 
feet. Common engineering practice was to use 
various ly shaped concrete blocks, wh ich were re la­
tively more stabl e than stone. When a review of 



published stability coefficients for the am1or units 
indicated that the dolos shape (developed in South 
Africa and tested at the Waterways Experiment Sta­
tion) yielded the most stable structure, CERC 
formulated a design that was subject to hydraulic 
tests. Other search led to the publication in 1978 of 
a study of the effects of wave forces on submerged 
pipelines. The study results allowed designers to 
evaluate the altemative of emplacemem without a 
trench . Other studies related to construction in rela­
tively deep water and the effect of large nearshore 
structures on waves hitting adjacent beaches_60 

As the third element of the program. CERC 
undertook fie ld studies to veri fy the results of the 
laboratory studies and to acquire additional infonna­
tion. In vestigators li s ted offs hore structures. 
including locations and basic construction details. 
the design conditions under which each was built, 
and the general purposes the structure:-- served . Re­
searchers studied break water perrom1ance. inc I ud ing 
that of a floating breakwater. and wave forces as­
saulting pipelines near the bottom . Laboratory 
researchers tested e lements of the four- and six-unit­
wide Goodyear Modular Floating Tire Breakwater in 
the CERC large wave tank.61 

Finally, CERC evaluated projects for thei r 
economical and ecological feasibility. The Rincon 
Island Study was the most elaborate. Located ap­
proximately one-half mile offshore in the Santa 
Barbara Channel of California, the :2.1-acre island 
was built in 1959 in 45 feet of water to develop a 
I ,200-acre offshore oil lease. After the island was 
built, the Atlantic Richfie ld Company decided to 
construct a steel -pile causeway. C:F.RC: contracted to 

determine whether the island was meeting its in­
tended purposes: the effectiveness of the 
construction methods; the effects of the structure on 
the physical environmenr. waves, sediments moving 
along the beach , and sediments in the vici nity of the 
island; and the effects on the ecology of the area. The 
west side of the is land was protected by ap­
proximately I ,300 31-ton tetrapods. Designed for 
27-foot-high waves, the tetrapods had withstood 20-
foot waves and remained stable for 14 years. Study 
revealed that three different marine environments 
had been created in the island 's vicinity with differ­
ing types of marine life. Prior to the island's 
construction, marine life was estimated at 25 to 30 
species, of with 14 species had been identified. After 
construction, 298 species of marine life were iden­
tified and probably more were present.62 
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lise of Dolos for Construction at Crescent City, 
California, 1986 

Hurricane F looding 

Long responsible fo r maintaining and improving 
ship channels into coasta l harbors, by 1963 the Corps 
of Engineers also was charged with protecting shores 
and beaches from erosion and preventing the flood­
ing of coastal areas by hurricanes and tsunamis. The 
increasing use of shore areas and nearshore waters 
for recreation gave new impetus to the building of 
small craft harbors with suitable access channels and 
to the restoration and widening of eroded beaches. 
To accomplish these tasks, the Beach Erosion Board, 
heretofore concerned with problems of land-sea in­
te raction, also had focused on the air-sea interaction 
(wave and stom1 surge generation) and air-land in­
teraction (beach decrease and dune building and 
stabi lization).63 

By the mid-1970s, the Corps had several new 
reasons to calculate sea level reactions to hurricanes. 
The Federal insurance Administration, which had to 
set insurance rates in coastal areas, tumed to the 
Corps for estimates of the probability of flooding in 
hurricane-prone regions. The Nuclear Regulatory 
Agency needed similar estimates to ensure proper 
safeguards for licensing nuclear power plants . 
General construction projects had to be planned with 
the knowledge of flood damage probability due to 
storms. Being able to predict surge heights also 



would provide better emergency warnings for which 
NOAA's National Weather Service was 
responsible.64 

The Storm Surge Work Unit in CERC's 
Oceanography Branch used various numerical 
models to determine the anomaly from mean sea 
level due to tides and severe storms. (Numerical 
models had to be employed because physical models 
constructed in laboratories had been unsatisfactory; 
simulating hurricane wind fields was not possible.) 
The most common numerical model was the finite­
difference model. of which there were two types. 
One predicted surges for large, open coastal regions. 
The other was limited to smaller scale and in-shore 
regions. Each model had strengths and weaknesses. 

The Stonn Surge Work Unit's aim was to use 
both the open-coast and in-shore models to examine 
coastal effects and details by area. The open-coast 
models used by OAA and the WES allowed a 
coastline to be represented as a curvilinear boundary 
rather than a straight line and could predict the water 
level at the coast, but they could not predict flooding. 
A model developed for the Flood Insurance Ad­
ministration by Tetra Tech of California. known as 
the Tetra Tech model, allowed flooding of the coast 
by removing the vertical wall between land and 
water. The WES in-shore model predicted the water 
level in an inlet region but failed to show the effect 
on local rivers. One CERC model predicted water 
level for an in-shore region and showed the effect of 
river transport. 65 

By I 976, CERC had produced a model that 
incorporated the output results of the NOAA model 
(SPLASH H) to suppl y boundary cond itions for the 
CERC inshore model. The Office of Chief of En­
gineers directed WES and CERC to run three 
open-coast mo9els (NOAA SPLASH, Tetra Tech. 
and CERC's $-SURGE Ill) and three inland models 
(SURGE, Tetra Tech, and the WES Implicit Flood­
ing Model, WTFM). The Office of the Chief of 
Engineers also directed the Committee on Tidal 
Hydraulics to evaluate the results either to select a 
model for unifonn use within the Corps or to deter­
mine if research were needed and. if so, what type. 66 

The research findings were inconclusive. While 
the hydrodynamic models were developed adequate­
ly, the meteorological input was not. and both the 
calibration and verification bases were lack ing. 
Also. the different hurricane models did not agree. 
A major problem was that the application of the 
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Federal Insurance Administration model proved so 
difficult for developers and others in politically sig­
nificant communities that Congress had backed away 
from taking a stand. In fact, some congressmen had 
found their reelection threatened because they had 
sup ported the rigid application of professional 
knowledge to the economic development of the 
coast.67 

For several years, as part of a research project for 
predicting stom1 erosion, CERC field crews sought 
to anticipate major coastal stonn activity early 
enough to survey a particular beach just before and 
after a storm occurred. On 9 August 1976, Hurricane 
Belle raged up the east coast, forcing vacationers to 
evacuate beach resorts from North Carolina to Rhode 
island. The CERC employees went to Ludlam Is­
land, New Jersey, to monitor the stonn 's effect. The 
stonn arrived two hours late r with torrential rains and 
a spring high tide. At peak intensity the stonn was 
25 miles east of Atlantic City with sustained winds 
of 100 miles per hour near its center. Researchers 
surveyed the beach along Ludlam Island after the 
stonn had passed; conducted poststonn inspection 
trips to North Carolina and Long lsland. New York; 
and contracted poststonn beach surveys at Virginia 
Beach, Virginia, and in Dare County, North Carolina. 
Similarly, following the damaging coastal storms 
along the east coast in the winter of 1977-1978, 
CERC survey teams visited sites in New Jersey and 
North Carolina.68 

Summary 

The Coast Engineering Research Center's re­
search progran1s. with their field and laboratory 
testing and data collection. had immense practical 
value. Before beach nourtshmem could be used 
widely. offshore sand deposits had to be located and 
simple, economic methods of transporting the 
material had to be devised. The Sand Inventory 
Program found plentiful supplies of sand deposits 
necessary for beach nourishment and pioneered new 
transport methods. The sophisticated ICONS Re­
search Program also detected sand deposits for use 
in shore line nourishment and improved under­
standing of geological and hydrological processes. 

Engineers had long used groins, jetties, and 
breakwaters. The seemingly proven qualities of 
these structures obscured the fact that most engineer­
ing involved was rule-of-thumb. The Coastal 
Engineering Research Center pioneered field studies 
to determine how groins behaved under various 



Sand Fencing at Padre Island, Texas. 1971 

shore conditions; conducted field and laboratory 
tes ts of various types of offshore breakwaters. 
providing guidelines for their u~e: and was at the 
forefront of weir jetty design and research that com­
bined the j etty and sand bypassing in one system. 

The Coastal Engineering Research Center repre­
sented the Corps in major national stud ies. The 
Center provided much of the manpower and exper­
tise for assembling and evaluating data from the 
National Shoreline Study, the first detailed inventory 
of the Nation ' s coasts. Congress's establishment of 
the Shoreline Erosion Advisory Panel was based on 
prior C:ERC studies. and CERC played a key role in 
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the site selection and design 
review of projects under the 
panel's auspices. 

The Corps· long-term dis­
inclination to participate in 
proj ec ts promoting the 
development of unspoi ted bar­
rier islands dated back to the 
days of the Beach Eros ion 
Board. When environmental 
issues eme rged , CERC re­
search laid a firm base for the 
Corps' responses. The Bar­
rier Is land Sedimentation 
Study tempered the emoti onal 
debates by providing more 
precise data about the types of 
barriers and the changes they 
we re und e r go ing . Th e 
Ecological Research Pro­
gram. which was created to 
find ways to deal with the 

problem or sewage dumping, pioneered in de velop­
ing ways to use vegetation to solve coastal 
engineering problems and in techniques of marsh 
d~velopment. Beginning in 1970, an expanded 
CERC Ecology Program looked at the environmental 
effects of all Corps coastal engineering activity. In 
other areas. CERC field and laboratory research 
made signifi cant contributions in the areas of off­
s hore e ngineering and construction and in 
anticipating the effects of hurricane storm surges. A 
practical application of the latter work has been the 
use of CERC poststorm beach surveys to estimate 
disaster relief funds in the wake of hurricanes. 





When President John F. Kennedy took office in 
1961 , the Corps prepared for a period of increased 
public works construction . Asked to fonnulate a 
public worb program thai addressed the needs 
stressed in Kennedy's campaign. the Corps estimated 
that by the mid-1980s the United States would re­
quire new construction projects w ith first costs 
totaling $28.2 billion. 1 The actual programs were 
less extensive, but still Corps budgets rose rapidly. 
Between 1952 and 1958, annual appropriations for 
Corps civil works activities had averaged $551.6 
million annually. Congress appropriated fo r the 
Corps $975.1 million in 1962; S I ,046.4 million in 
1963; $ 1,096.7 million in 1964; and $ 1, 167.2 million 
in 1965 .2 The Coastal Engineering Research Center 
benefited from the New Frontier phi losophy charac­
terized by growth and optimism. 

Reorganization of the Corps 
Planning Process 

The Corps was not considered a good planning 
agency. Staff in the offices of the Secretary of the 
Army and the Bureau of the Budget often despaired 
of getting the Corps to broaden its base of expertise 
and look beyond project construction. Some doubted 
the Corps' capability to carry out a unified and inte­
grated national water resources policy. A 1962 
internal Corps study recommended that the Secretary 
oftbeAnny appoint an advisory council to assist him 
with the civ il works program, a response to frequent 
criticism that the Corps had a narrow and strictl y 
engineering approach to the development of natural 
resources. In 1964, Army Secretary Cyrus R. Vance 
appointed a Civil Works Study Board to make 
specific recommendations for Corps changes. 3 

At the Bureau of the Budget, interest in the Corps 
focused on coordinating the construction programs 
agencies and reviewing and appraising these projects 
using comprehensive planning techniques. The 
Bureau's posi tion was that although the Corps had 
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initiated some reforms, the organizational response 
was too s low.4 As a bureau memorandum written in 
1965 put it, 

.. . in general , the [Corps ' ] planning process 
is still dominated by the engineering profes­
sion, and is often very na.rrow in concept and 
unimaginative in execution ... it will not 
improve greatly unless a major effort is 
made to diversify and strengthen the plan­
ning staff and pull it out of the engineering 
(constructi on dominated) organization.5 

In January 1965, Secretary Vance's Civil Works 
Study Board completed its work, and Congress in 
February 1966 published a report criticizing the 
Corps for "current policies, procedures, organization 
and staffing" that failed "to deal effectively with a 
much changed and continuously changing water 
resources environment." Legislation introduced in 
Congress in 1965 called for creating a new depart­
ment of natural resources that would absorb the 
Corps ' civil works functions.6 This was the seventh 
attempt since World War 1 to shift civil works to the 
Department of the Interior o r its equivalent. In a 
letter to Senator Frank E. Moss, Chief of Engineers 
William F. Cassidy responded that the country did 
not need a new agency, but that executive agencies 
needed to apply the modem principles of organiza­
ti o n and adminis tr ative manageme nt to th ei r 
operations.7 

Cassidy was referring to business management 
concepts designed to prepare organi zations fo r the 
long tenn. The most popular ideas were the Plan­
ning-Programming-Budgeting System (PPBS) and 
systems analysis, which Secretary of Defense Robert 
McNamara had introduced into the Department of 
Defense budgeting process to integrate long-range 
planning with fiscal year budget requests.8 On 12 
October 1965, the Bureau of the Budget notified the 
heads of executive departments and agencies that an 



integrated PPBS would be adopted to improve the 
program review process.9 The bureau assumed that 
the most effecti ve policy choice could be identi fied 
bye timating quant itatively the factors involved in 
alternative courses of action. 

At OCE, staff members considered ways to 
upgrade the Corps' planning capabilities. The best 
of the proposa ls called for establi hing in each 
Di vi ion and District office a civil works planning 
di vision comparable to that in OCE. The planning 
di visions wou ld be headed by the most able in ­
dividuals the Corps could obtain, who would hold 
General Schedule grades equal to the chiefs of the 
engineering divisions, trad itionally the most pres­
tigiou and powerful positions in the Corps. 10 

The Planning-Programming-Budgeting System 
was introduced into the Corps on 22 March 1966. 11 

In Jul y, a Policy and Analysis Division was estab­
li shed in OCE' Direc torate of Civil Works. 
Designed ro formulate and disseminate policies 
governing the civil works program. the new division 
provided the Chief of Engineers wi th the staff re­
quired to reinforce pol icymaking. 12 

The divi sion was organized under the direction 
of B. Jo eph Tofani. a profes ional engineer. He had 
begun work in the water resources field in 1935 with 
the Bureau of Reclamation; served with the Soil 
Conservation Service. the Corps. and the Common-
wealth of Pennsylvania: and, after returning to the 
Corps in 1942, had moved up 
through the organ;zation to 
become, in 1966. the chie f 
civ il ian advi. or to the Chief of 
Engineer . Totan 1 fe lt the 
Corps needed to make broad, 
basic changes in its operation . 
Establishment of the Policy 
and Analy s i ~ Divi sion 
substantia ll y expanded hi s 
capacity to intluence policy to 
thi s end. With the backing of 
succes..,ive chief<.;, Tofani reor­
ganized the Office of Chief of 
Engineer~. lns1ead of the 
various civil work~ division~ 

reporting to the executi ve of­
ficer~. with engineering the 
primary division, the Policy 
and Analysis Division was in -

decisions.13 The Policy and Analysis Division ap­
plied the PPBS to all civil works activities. Under 
earlier pi ann ing procedures, Corps field offices made 
up their own -.: trategic plans, which then were fitted 
together as they progressed up the organizational 
chain. Under PPBS. the planning environment was 
organized into mission areas. Each Corps research 
group was directed to develop a Research Program 
Memorandum. Designed as a practicable way ro 
present information about research activities and to 
give reviewers a rational basis for making sound 
decisions on the total research program. including 
appropriate trade-offs among various subprograms, 
the Program Memorandums required laboratories LO 

justify thei r activities in dollar terms. 14 

Emphas is on this type of carefu l budget planning 
intensified after Assistant Secretary of the Army for 
Research and Development Robert Johnson visited 
various Army Re earch and Development (R&D) 
laboratories in 1971 . Believing that better planning 
would help the Army laboratories meet future Army 
needs. he initiated publ ication of an Army Regula­
t ion that recommended additional planning 
guideline . On I November 1 97~. the Office of 
Chief of Engineer . by establishing a Civil Works 
R&D Board to provide policy guidance. review 
program . and oversee and evaluate projects, im­
posed PPBS on the re. earch laboratories. 1) 

volved in most subsl<lntive Seawa ll at Ventura, California, 1972 
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Research and Development Office 

The next step was the establi shment of a research 
and development office for the Corps. Traditionally, 
OCE had administered two distinct yet complemen­
tary programs: the comprehensive civil works water 
resources deve lopment and multi- faceted con­
struction supporting national mi litary objectives. 
Research was conducted primarily at five eng ineer 
R&D centers: the Construction Engineering Re­
search Laborato ry at Champaign, Illino is: the Cold 
Regions Research and Engineering Laboratory at 
Hanover, New Hampshire; the Waterways Experi­
ment Station at Vicksburg, Mississippi; and the 
Coastal Engineering Research Center and the Engi ­
neer Topographic Laboratory, both at Fort Belvoir. 
Some additional research and development work was 
perfonned by the Institute fo r Water Resources at 
Fort Belvoir; by the Hydrologic Engi neering Center 
at Davis, California; and by the Faciliti es Engineer­
ing Support Agency at Fort Belvoir. In 1976. the 
Corps laboratories were staffed by approx imately 
2,400 scientist<;. engineers , and support personnel 
and operated with a combined annual budget of more 
than $75 million . A n additional S 13 million in Corps 
research funds was budgeted to support the Army 
Environmental Scientist~ Research and Technology 
Program at five Army laboratories. l6 

The Hydrologic Engineering Center, CERC, 
WES. and the Institute for Water Resources reported 
to the Director of Civil Works, who, in his operations 
and engineering branch , had an assistant director for 
research and training and about 12 program or tech­
nical monito rs who oversaw the work of these fo ur 
entities. The military Construction Engineering and 
Operations Division had 30 to 35 techn ical monitors 
and a small staff cal led the Office of Planned Re­
search and Systems. In addition , the Director of 
Military Engin ee ring and T opography had a 
Resource and Development Division that monitored 
the Engineer Topographic Laboratory. There were, 
then, eight subun its reporting to three direcrors. 17 

When Chief of Engineers Lieutenant Ge neral 
William C. Gribble moved to the Corps from the 
Army Research and Development Office in 1973, he 
quickly became concerned about the overall Corps 
R&D program. He felt that while every element of 
the program was technically sound, includ ing the 
work of the laboratories, the components needed to 
be combined in a cohesive program. Gribble soon 
replaced the R&D Board with a Research and 
Development Review Board, made up of at least 
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three directors plus the Deputy Chief of Engineers 
for Civil Works, who chaired it. The board activities 
were reviewed by a designated Corps chief scientific 
advisor, who (with no staff) was briefed by vari ous 
elements of the Corps. 

In the late summer of 1973 , Gribble asked Wil­
liam Taylor to jo in his staff to plan an improved R&D 
program that would oversee both the mi litary and 
civil works R&D activities. Gribble 's guidance to 
Taylor was to concentrate on the role of the user, " the 
guy who has the problem which needs to be solved." 
At the time, c ivil works R&D totaled some $ 15 
mi llion yearly, excluding reimbursable work, ap­
prox imate ly I pe rcent of the total civ i l works 
program. The military R&D work amounted to $15 
to $20 milli on a year. approximate ly I percent of the 
Anny 's research, development, technical, and en­
gineering program. 1R 

Gribble's proposal took shape in a research pro­
gram that called on the Districts and Divisions to 
define operationa l problems. These then would be 
grouped into fields of research activity. The eight 
Corps research units would propose programs to the 
progran1 office of the Deputy Chief of Engineers. 
The Research and Development Review Board 
would recommend the total research program. Prob­
lem-solving research would have top priority. To 
speed up results, laboratory directors would be given 
increased authority and considerable latitude, but the 
laboratory efforts would be reviewed and , if neces­
sary, redirected. The techni cal work would be 
continuously monitored, and all programs would be 
reviewed periodically. Researchers would strive to 
see that their results were com municated in a form 
users could e mploy. Taylor told the CERB in 1974 
that the new sys tem would solve the proble m 
whereby the laborato ries would do excellent research 
but produce a technical report that the Division or 
District eng ineers could not use because they lacked 
the time to translate the research into engineering 
specifications.19 

The more intensive focus on applied research 
differed significantly from the CERC philosophy. 
Personne l in CE RC agreed that a ll Corps 
laboratories, including CERC, had an applied basic 
research miss ion. The Center, however, de fined 
"Basic Research" as that "directed toward obtaining 
an understanding of some phenomenon without con­
cern for its eventual usefulness in solving real 
problems" while " Applied Research' ' was that 
"directed toward obtaining an understanding of some 



phenomenon with the application of that knowledge 
to the solution of a real problem ." The Center then 
concluded that a ll of its research "must be considered 
applied." Wi thin its own organizational frame of 
reference. CERC defined its output as "direct applied 
research,'' meaning re earch result ing in information 
that could be applied to problems faced by the Corps· 
field offices immediately; "supporting applied re ­
search ,'' research not appropriate fo r direc t 
application; ' 'technology transfer,'· which put re­
search find ing into design c riteria or provided data 
analyses for solving of fie ld problems; and "data 
collection.·· which was research for field use in plan­
ning and design _:!O 

Now CERC asked for and received an exemption 
from the regul ations govcming the preparation of 
budge t req ues t s as app l ied to othe r Army 
laboratories. Unlike the other laboratories, CERC 
sent OCE a list of its goals and objectives attached to 
a cover letter updating the CERC ten-year plan that 
OCE had adopted in 1965. Acting CERC Techn ical 
Director Thorndike Saville, Jr. , appended a notation 
that OCE had determined that the particular Anny 
Regulations did not apply specifically to CERC.21 

This opinion was shared generally by the CERB. 
When briefed on a proposed Engineer Regulation. 
fo r example, a CERB subcommittee requested spe­
c ial imerpretations for CERC. At a 1974 meeting. 
CERB members commented that because the Dis­
tricts and Divi o;; ions could not poss ibl y respond to all 
the various future problems, a group like CERC had 
to concentrate on the Corps ' broader research 
needs.22 

While CERC was proceeding internally to define 
research, a Resea rch and Development Office 
(ROO) emerged as a directorate on the OCE staff 
with command and control over the laboratories and 
a bias toward military-oriented problem solving. 
The impetus to create the ROO had come from the 
military side of the Corps, and the office had been 
organized by a military engineering study group. 
Both military and c ivil works func tions were created 
within the ROO. but none of the high-leveJ technical 
personnel came from the civil side. The larger and 
more impon ant mil itary program now began to push 
the Corp" laboratories more into applied research.23 

Over the nex t decade. c lear-cut procedures 
evolved. Under the Di rectorate of Research and 
Development (DO RD ), successor to the ROO, 
programs were organ ized into :-;even research areas. 
Afte r a need was idenlificd, the technical monitors 
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set priorit ies, and DORD directed the Corps labora­
tories to develop programs to respond to them. Each 
program went through repeated reviews. Chaired by 
DORD, the e involved Headquarters, laboratory per­
sonnel. and the District and D ivis ion users . 

Out of the reviews came changes, refinements. 
and adjusted priorities. The Directorate of Research 
and Development then submitted the packaged 
review program as a recommendation to the Civil 
Works Research and Development (CWRD) Review 
Committee. Chaired by the Deputy Director of Civil 
Works, the committee was the real decision-making 
body for the civil works portion of the Corps budget. 
Members i ne t uded D ivis ion chiefs in the Civi I Works 
Directorate and from the Engineer and Construction 
Directorate. From the CWRD Review Committee, 
the amended research package went to a Research 
and Development Review Committee for an infor­
mation briefing. to the Deputy Chief of Engineers. 
and then into the budget review process defined by 
the Office of Management and Budget. 

Once the Corps' research and development bud­
get was approved, DORD monitored it. keeping track 
of the re earcher and programs to ensure that opera­
tions remained wi thin budget. Major questions were 
decided within DORD. which saw itself as a service 
organization to the Corp charged with ensuring that 
research met a valid need in the civil works and 
military program . Many DORD accomplishments 
were much needed: DORD improved the checks 
and balance in the existing system, made sure that 
Corps procedures were followed. standardized 
budgeting and accounting procedures, established 
justifications for research. required new reports to 
enhance the Corps ' image, and instituted five-year 
programs incorporating principles of management to 
upgrade laboratory perfom1ance.24 

Coasta l Engineering at the Waterways 
Experiment Station 

As de cribed prev iously. the Waterways Experi­
ment Station had been directed to limit its general 
investigations of tidal inlets to basic research. Denied 
the right to u e the fac ilities funded by CERC, for 
site-spec ific mode l ·tudies. the WES Wave Dy­
namics Division shrank to a small group that carried 
out mostl y traditional. technical studies of break­
waters and small -boat harbors . In 1969. a CERB 
subcommittee pointed WES in a new direction when 
it recommended that a ten-year schedule for the 
model inlet stud ies program be compressed to five. 



The subcommittee moreover reminded WES that the 
Bureau of the Budget wanted the Corps to upgrade 
its gen eral investigations and research 
methodologies and that new inlet investigations 
should begin using mathematical models.25 

In 1971, Robert W. Whalin became the Chief of 
the Wave Dynamics Division (WDD) of the 
Hydraulics Laboratory. With a B.S. degree in 
physics from the University of Kentucky, an M.S. 
degree in physics from the University of Illinois, and 
a Ph.D. in physical oceanography from Texas A&M 
University, Whalin was a registered professional e n­
gineer with a large number of technical reports and 
papers to his credit. More important to the immedi­
ate future at the WDD, he also was familiar with the 
mathematical modeling techniques that were gaining 
more atte ntion in the field. 

In 1971, WDD was handling laboratory. numeri­
cal, and field investigations concerning coastal and 
ocean engineering aspects of Corps project studies. 
In January 1974, the WDD took over investigation 
of tidal inlets research and project-related studies. 
The change, part of a genera l reorganization that 
reduced the number ofWES laboratories from six to 
four and the number of divi sions in the Hydraulics 
Laboratory from six to five , centralized all coastal 
and tidal inlet-related work at WES in one division, 
an outcome Whalin favored. 26 

Robert W. Whalin 
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Whalin had one ambition, a plan to achieve it, 
and three problems, two of which were major and one 
more soluble. His ambition, simply, was to make the 
WDD the best organization of its kind: a leader in 
the field with worldwide recognition for its work. 
The WDD could use its site-specific work to do basic 
research while also addressing specific Corps con­
cerns. The Divi sion faced two challenges. To 
become the acknowledged leader in the field, it 
needed to recruit experts in applying numerical mod­
eling techniques and to convince the WES Di rector 
to acquire expensive, high-quality, unique facilities. 
A less difficult problem was funding. The WDD had 
a backlog of experimental technical studies and test­
ing projects and was e nsured a steady flow of work 
from Corps Districts as long as it produced results 
within the estimated time and budgets.27 

Construction and operation of the Los Angeles­
Lena Beach model in 1972 enabled the WDD to 
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emerge at the cutting edge of experimental, numen-
cal, and field measurement technology. Because of 
the model's large size, it required the automation of 
all laboratory data acquisition and precise control of 
the wave generators. The wave generators, designed 
and procured for the model in 1974. were the first at 
WES capable of generating a unidirectional wave 
spectrum. The significance was that the WDD now 
could study laboratory waves more complicated than 
those generated from a single source, waves more 
like those affecting Corps projects. 

At that time, the wave generators in use around 
the world were, like those at WES and CERC, 
monochromatic. They came in several types, but all 
were based on the same principle. In some. a paddle 
pushed water fo rward to create a wave; in others a 
lever hinged at the bottom or a plunger initiated wave 
action. A simple mechanical arrangement produced 
a series of identical waves of the desired height and 
period. A monochromatic generator could not dupli­
cate the action of waves of varying heights and 

. d h 28 peno s, owever. 

Whalin was convinced that to be on the forefront 
of research, the WDD required a directional, spectral 
wave generator in addition to unidirectional spectral 
generators for all wave tanks and model basins. No 
directional spectral generators existed anywhere, al­
though a $25 mi llion facility was under construction 
in Norway and plans were under way in England to 
build a special purpose faci lity to study wave prob­
lems affecting offshore oil platforms. In the planned 
spectral wave generator, a variable sjgnal could be 



in the po li tically sensitive 
process described in the fo l­
low in g sec ti on, f in a l ly 
succeeded.30 

Wave Tests at F ish Harbor Model. U.S. Army Engineer Waterways 
Experiment Station 

G reat Lakes Study 

During the early stages of 
thi s planning, Whalin was 
confe rring with the North 
Central Division (NCDJ about 
what was threatening to be­
co me a n ex trao rdi n ar i ly 
expensive construction proj­
ect on the Great Lakes. For 
years. the Corps had kept har­
bors open by dredging and 
disposing of the dredged ma­
teri al in open lakes. In 1970. 
the Environmental Protection 
Agency indicated that the 
Corps· con tinued dumping 

sent from a computer to the wave board to create 
waves which wou ld differ in height and period. A 
long-tem1 plan to upgrade all WOO monochromatic 
generators to spectral generators was adopted in I 975 
and implemented as rapid ly as funding allowed. In 
1979. the WDD procured a unique spectral wave 
generator, which pem1 itted total I y independent con­
trol of both the piston and the llap (hinged-type . 
motion), and installed it in a newly constructed wave 
tank. Acquiring this one-of-a-ki nd l'aci lity gave the 
Division considerable flexibi lity in conducting 

. ?9 expenments.-

Finding a way to alter wave directions \.vas the 
next step to more closely rep licate conditions found 
in nature. This required a row of spectral generar.ors. 
each capable of imparting a variable signal to its own 
padd le. with the paddles linked together with hinges. 
Whalin eventually wou ld submit plans and a request 
to WES to construct a new test bas in with a direction­
al spectral generator spec ially designed at the WOO. 
It would have four sec tion~. each 2~- 1 /2 f'L'ct long and 
each with l S paddle~. Including a hui lding to she her 
it, the fac ility wou ld cost approximately $2.5 million. 
When a cost anal ysi~ showed that WDD could return 
from re imbursable work tlw money borrowed from 
the Corps' revolvi ng fund. and artcr approva l by 
WES Headquarters. the request was inse rted as an 
item in tile WES Five-Year Plan. In 1978. WES 
began to seek OCE approva l or the acqui sition. and. 
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would contaminate the drink­
ing warer supply. This meant 

dredged materia l wou ld have to be contained in diked 
areas. 

By 1974. the NCO was looking at a disposal 
program that con templated the design of some 41 
dredged-materia l disposal sites. They would be con­
. tructed out in the lake. on the hore. or in the lee of 
a breakwater and as close as possible to the naviga­
ti on channels and harbors be ing dredged. The 
disposal s ites had to be sturdy enough to withstand 
stQilll-incluced waw damage. The construction pro­
gram was es timated 10 cost approximately $500 
mil l ion .3 1 Usuall y. the Div ision contracted for in ­
dividua l sLUdies to ca lculate the wave action at each 
site. Because a s ite su rvey could cost from $5,000 to 
$20.000, the total cost for fie ld studies of materi al 
di!:iposal sires threatened to exceed a $500.000.31 

Only two way~ existed to acquire adequate wave 
data. One was to collec t it in the field from wave 
gages at numerous s ites over a long period of time. 
This had disadvantages. A network of wave gages 
could provide re liable infom1ation. hut on ly after 
many yea rs and considerable construction expense. 
Broken or stolen instrumen ts and hun1an en·or also 
hampered field data coll ection. The other technique 
was to hindc;~st. As described earlier, this was the 
techn ique of using a numerical model and chronolog­
ical claw to construct a past wave climate and thus a 
statistica l base to predict furure wave activity. The 



Coastal Engineering Research Center used a model 
developed at the National Weather Service's Tech­
nical Development Laboratory. Completely 
automated and fully operationaL this wave forecast­
ing model used estimates of wind speed, fetch. and 
duration to hindcast wave conditions at 64 points on 
the Great Lakes. However, because ir consistently 
made high estimates of waves, the model needed to 
be refined. 33 

Serious prob lems resulted from poorly des igned 
disposal sites. Problems that plagued Saginaw Bay 
dredged material fac ilities in 1976 and l97R (they 
had been constructed to the standards in the CERC 
Shore Protection Manual) demonstrate the diffi­
culties . Intended to contain some ten million cubic 
yards of dredged material. the Saginaw Bay facility 
consisted of a perimeter dike of 14,000 feet and a 
crossdike 4,000 feet long. Several de<;ign mi-;cal ­
culati ons later proved to be critical. One was the 
design still-water level of 580.51 fee t. whic h was 
derived from gage reading:-; that gave a ten-year Lake 
Huron and Saginaw Bay design reading. Others 
were the maximum fetch length of 6~.9 miles out of 
the northeast; the design 1..vave heigh t of 5.7 feet, 
which was calculated from using a sustained wind of 
45 miles an hour: and an anticipated wave runup on 
the dike structure of plu:-. 11 feet. which was calcu­
lated from the rule-of-rhumb ratio of about one to one 
between the design wave and run up (i.e. , ifrhere were 
a design wave of abour 5 feet. then the expected 
runup was, on the average. about 5 or 6 feet). 

In 1978, a storm whose characteristics were 
within the design parameters washed out l ,000 feet 
of dike at the open end of Saginaw Bay facing Lake 
Huron. In May 1979. another :.rorm, a little more 
severe but within the design calculations, carne out 
of the northeast. Again , the runup was greater than 
expected. This time 3,000 feet of dike washed away. 
Investigations uncovered three problem\. One was 
the form ula specified in the Shore Protection Manual 
for calculating runup. wh ich was far le-.<:> than what 
was occuni.ng in the field. The second was that the 
wave climate in Saginaw Bay was very irregular. 
This caused engineers to wonder whether the 
laboratory tests were replicating the ac tual cond i­
tions. The th ird was the fact that fetch calculations 
were much greater than originally estimated: they ran 
all 120 miles to Canada rather than the calcu lated 
62.9 miles.34 

Contemplating the expenditure of more than 
$500,000 to obtain the wave data critical to designing 
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the dredged-material dikes at a large number of sites, 
NCD personnel wondered if it would be poss ible to 
design a numerical model that coul d provide infor­
mation about wave action at any point on the Great 
Lakes shoreline. They asked the CERC for an 
opin ion.35 Poinring to data in the Shore Protection 
Ma11uol. CERC repli ed that designing such a numeri­
cal model was beyond the state of the art. 

Whalin had reached a different conclusion. In 
the spring of 1974, wi th the possibi lity of a major 
study of the Great Lakes in mind, he recruited Donald 
T. Resio and C. Linwood Vincent, two recent Ph.D. 
graduates from the University of Virgin ia experi­
enced in numerical wave modeling. After they had 
been at WES for a whi le. Whalin asked them if one 
could construct a hindcast model of the Great Lakes. 
"Of course." they replied. Resio. who had used a 
hindcasL model in his doctoral di ssertation, saw no 
problems from the effects of geographical physical 
outcropp ings, and no catabacic effects (d ifferent air 
mass densit ies) or baroclinic (weather front) effects 
to consider. Because wave action on the Great Lakes 
was overwhelming ly generated by the winds overt he 
lakes, in Resio 's opinion the project's success in­
volved predicting the winds over the lakes and 
constructing a wave model that would work in an 
irregular shoreline geometry.36 

By July, WES and NCD had worked out the 
details of what would become the Great Lakes Wave 
[nfonnation Study. The Division authorized the ex­
penditure of more than $500,000 for a three-year 
project to construct and operate a numerical model 
to use wind data and to generate a series of numerical 
-,imulations that would quantify the wave cl imate 
wi thin fa irly narrow pararm:lt:rs. [ f Lht: rnodt:l 
worked, the cost was a bargain. The NCD was 
i nve!iri ng on I y one-tenth of l percent of the construc­
tion costs in a study that, i r successful, would recoup 
the initial investment many times over. Resio and 
Vincent fel t they could produce the model. They also 
I iked the challenge . Whalin was certain that even if 
the larger goal or constructing a fully operational 
model were not attained, the WDD wou ld be 
able lo deliver a technically adequate product to the 
NCD.37 

To construct and operate their model, Resio and 
Vincent proposed to take 69 years of historical data 
of the wind fields over the Great Lakes and apply a 
numerical wave model to estimate wave heights. 
Factors invo lved in the model included the coupling 
between the atmospheric boundary layer and the 



waves generated by wind motion. the interaction 
between waves and the lake bottom, and interaction 
among spectral wavecomponents.38 The CERB was 
impressed and enthus iastic about the plans and tech­
niques.39 A year wac; required to construct the 
numerical model and get it working; computer faci li­
ties capable of handling the large data banks were 
avai lab le onl y at the Los Alamos Scientific 
Laboratory and there only on weekends.40 For two 
years, Resio and Vincent worked more than a full 
week at Vick burg and then commuted to Los 
Alamos to gain access to a Control Data Corporation 
6-7600 Computer. They often pursued their research 
through an entire weekend with little or no sleep.41 

Because of the l::tck of continuous wind observa­
tions over the Great Lakes. Res io and Vincent had to 
estimate winds over a lake from such sources as 
pressure and wind observati ons at adjacent land sta­
tion · and from ·ynoptic weather maps. From these 
muces. sufficient historical data ex isted only for the 

wind observat ion. around a lake. Eventually. Resio 
and Vincente tabli hed theoretical relationships be­
tween winds over land and winds over a lake and 
between lake wind and lake waves.42 

Two approaches were available for verifying the 
model. The fi r 1 required a detailed field study on 
one or more of the Great Lake!-. in volving the col lec­
tion of wind, air and sea ~urface temperature. and 
wave data. This wou ld be cost ly and could be per­
fo rmed only within a narrow range of environmental 
conditions. Verification testing thus employed a 
second approach. a double blind experiment between 
model hindcas ts at WES and wave gage records 
gathered by CERC for Lakes Erie and Michigan. 
The Resio-Vincent model hindcas ted wave estimates 
that then were compared with actual wave gage 
records. 

Three scrs of data were used. The Center sent 
Resio and hi!> team the wind infonnation from sur­
rounding ai rpor1 stations. The team appl ied the data 
to the wind tran<;formation mode l to arrive at a wind 
field over the laJ..e. Those data were ted into the wave 
generation model to calculate the laJ..e waves. 
Rc'>ults v.erc mailed to CERC. wh ich compared them 
with the measured CERC data that Resio ·s group did 
not.43 The model achieved a reliabi lity on rhe 
diverse geometries or the two laJ..cs better than the 
hoped-for model reliability of between 1.5 :mel 2.0 
feel for wave heightc.;.44 The actual error was I foot. 
a c lose ril bet ween the model and real world data. 
Betwt!Cil January 1976 and June 1978, the rl'su lts of 
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the Great Lakes Wave Jnformation Study were pub­
lished in five reports. Each presented a synthesis of 
three ph a. es of wave hi ndcasting for one of the lakes 
and included the estimation of winds over the warer, 
a picture oft he model's operation. and the calcul~tion 
of wave return periods from program outputs.4

) 

The highly successful Great Lakes Wave Infor­
mation Study established the WDD as a leader in the 
research fie ld of wave climatOlogy. Resio and Vin­
cent had demon~trated that numerical models of 
wind-dri ven circulati on, surge leve l ~ during stonns, 
and wind-generated o; urface waves on the Great 
Lakes produced realistic results when reliable wind 
data were available. Despite some prior criticism 
that the land-wind transformation method Resio and 
Vincent hud employed was unreliable, they had 
demonstrated theoretica l justificati on for the techni ­
que and theexistenceofampleempirical infom1ation 
to eva luate the relationships required in the 
transformatiOn'-.46 

Their ucce now led researcher to conclude 
that the hindcasting technique could be employed for 
the Atlantic and Pacific Oceans and the Gulf of 
Mexico. With good wind and wave models and 
appropriate ·tati tical and retrieval techniques. Resio 
and Vincent believed they could extend their work to 
alltht: Nation·~ ·ea hore ·. The Corps· South Atlan­
tic Division (SAD). with whom Whalin had been 
holding discu . .:;ions. was ready to put upS 100.000 to 
start an initial . tudy.--17 The WDD now was ready to 
calculate the direc tional wave climate for all the 
coast ~. It also was c~ntral l y involved in CERCs 
prime research area. 

Ocean Wave Informa t ion 
Study 

Some at CERC contended that because the Cen­
ter directed the Corp. · coastal engi neering research, 
Corps Divisions and Districts shou ld refer research 
request to CERC. The Center proposed to do the 
projected WES-SAD ocean wave study by deriving 
the wave climate for the near coastal zone from data 
on the wave cl imate in deep water. The data would 
be obtained by u ing a deepwater hindcast cl imatol­
ogy model deve loped by the avy. Se lection of this 
technical instrument rested on the popular assump­
tion that any wave 1nodel would provide reasonable 
answers when properly applied; deviations between 
measured waves and predi cted waves could be ex­
plained by discrepancies between act ua l and 
estimated wind fields.4l:l 



Resio 's doctoral dissertation at the University of 
Virginia had employed a Navy-type hindcastmodel , 
and Vincent and he had tried to use it in the Great 
Lakes study. They had found that not only did the 
Navy-type model not work, but it could be made 
operational only through radical upgrading.49 In 
short, Resio and Vincent had found that the common 
assumption about models was incorrect. Even if the 
wind field were specified. Resio said (at a conference 
called to resolve disagreements between CERC and 
WOO researchers) different models would deviate 
significantly in pred icting waves .50 The Navy's 
model was unrel iable, he continued, and because 
re liable shallow-water data depended on accurate 
infonnation on deep water. the Navy model should 
be verified before using it in the type of coastal s tudy 
CERC planned.51 Later, Resio wou ld publish a 
study showing why th e Navy model wou ld not 
work.52 

Further meetings between CERC and WOO per­
sonnel neither reso lved the differences nor changed 
Resio 's stand. His position. fim1ly backed in WOO 
and by WES. was communicated to OCE as an 
objection to the proposal that CERC conduct the 
offshore study. The outcome was a decision allow­
ing th e WOO ro conduct the Ocean Wave 
lnfonnation Study for the SAD. which funded it the 
first year. The second year the costs wae paid by 
OCE, wh ich coordinated research efforts with 
NOAA. the Navy. and others.53 

Because it is difficult to predict from what area 
the Corps will need its wave infonnation and precise­
ly what infom1ation will be required, the first task 
was tO develop a model containing cl imatology data 
for unknown areas. The research team had to find 
suitable wind data and analyze it to determine the 
wind field over the enti re North Atlantic Ocean. 
Considerable time was spent analyzi ng the availab le 
infonnarion sets. 54 However. in applying their Great 
Lakes model to the oceans. Resio and Vi ncent found 
an error: the model predicted more wave action than 
field data confinned. It took three months to locate 
the source of error, but once the correction was made, 
Resio and Vincent had a model where "wave spectra 
in any depth of water adjust to a constant shape in 
wave number space." Theoreticall y, the model 
would work for bodies of water of all sizes. 55 

The Ocean Wave Information Study itself began 
with a technique basic to computer science and allied 
fields called the topdown concept. A schematic of 
various phenomena such as low pressure areas or 
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thunderstorms was organized in scales and then ap­
plied to the wave action in three selected zones. Each 
required a different set of physics to model it proper­
ly: the deep ocean. where wave generation was best ; 
the nearshore zone: and the surf zone, where research 
find ings were at best tentati ve. 

The study used a full ocean model that took 
pressure fie lds. transferred them first into winds and 
then into wind and wave interactions for the deep 
ocean, and then verified the findings by comparing 
the model outcome with ship observations. The two­
dimensional spectra proved reliable for modeling the 
entire North Atlantic Ocean. From this point, the 
model was stepped down twice, first to an enlarged 
and more detailed study of the nearshore zone and 
then to a ten-mile segment of the coast. The process 
resembled the photographer's technique of high­
lighting details by mak ing successive enlargements 
of a portion of a photograph. To acquire the more 
detailed in formation needed to focus on the near­
shore zone. se lected infom1ation from 20 years of 
hindcasts was fed into the model and then compared 
with the wave gages on the coast and in deep water. 56 

The deepwater comparisons proved to be good. Data 
were organized and stored in a huge database, the 
Seastate Engineering Analysis System (SEAS). 
Here the thousands of indexed computer tapes could 
be accessed by engineers.57 

As the Ocean Wave Infom1ation Study proved 
successful, CERC expanded its Coastal Field Data 
Collection Program, wh ich ex isted to make Corps 
planners, designers, and operators aware of the avai t­
able information, to include the Resio-Vincent 
hindcasting techniques. Supported by $700.000 in 
CERC funding, one pan of the program aimed at 
obtaining ocean wave data. Although extensive 
wave gaging had been done on the South Atlantic 
coast and to some extent in the gu lf, the measure­
ments large ly had been limited to s ites where 
experiments had taken place or construction data 
were needed. In the first phase of the program, 
CERC used real wave data to verify the Atlantic 
Ocean deepwater hindcast data generated by the 
WDD and then adjusted it for shallow water. Phase 
two brought the deepwater data to the Continental 
Shelf, 10 to 30 miles offshore, at points about 30 
miles apart. Phase three generated nearshore data at 
a minimum 20-foot depth for points abou t ten miles 
apart. Resio was confident of the system through 
phase two but felt the nearshore data had to be 
improved. The measurement program got underway 



in May 1979 wi th data collected along the California 
coa1.t. Later, the mca~urement program was enlarged 
to inc! udc the northwe~tcm United States coa~t and. 
to some ex tent Florida.5X 

A ~;econd element in the expanded Coasta l Field 
Data Collection Program ''as the construction of 
beach profiles. Thi~ included collecting observa­
tions of the beach slope, breaker height. breaker 
directions, wi nds. and other infonnation applicable 
to designing projecb in an area. One of the initial 
findings of the ocean wave portion was that most of 
the sed iment transport along the southem Califomia 
coast was associated with four to six storms per year. 
This meant that if engineers modeled storm events 
correctly, they likely could determine the sediment 
budget (net gain from UITiving material mif!US the net 
loss of departing sediment ) at given sites.;-l9 In part 
due to the efforts of the San Diego Association of 
Government ·. funds were appropriated in July 198 I 
for the Corps to undertake a comprehensive study of 
southem California. To provide a basis for coastal 
planning decision<;. the Corp would develop a pro­
gram to document long-term shoreline changes on a 
regional <;Cale.6<1 

Vincent later tran~fern.:d from WES to the CERC 
to pur~ue research into wave propagation in shallo'' 
water. Progres~ in the fie ld came rapidly. In 1976. 
a <;erie" of mea,u remen t" we re proces-;ed at 
Rij"-swater-,raat m The cthcrlands. rn 1979, the 
Marine Remote em. ing Experiment collected data 
in the southern half of the North Sea.6 1 In 1980. the 
American Atlantic Remote Sensing Land Ocean Ex­
periment (ARSLOE) collected a 20.000 wave record 
database at a ~ itc open to the ocean. This provided 
Vincent with inl'ormation on the low-frequency por­
tion of the wave spectrum and wind fie ld and the 
changes that occurred a:-. the wave propagated from 
deep to sha ll ow water. with or without wind.<l~ 
While analyzing ARSLOE data. Vincent attended a 
con ferencc to report on the European experiment~. 
There he di-;cu~-;cd wi th fore ign sc ienti sts the 
~i milari ties he had found wi thin the data sets and hi~ 
emerging hypotht.:'>l\ that the :,hape of growing wind 
wave c;pcct ra i.., rcgu Jar. to a reasonable degrcl', and 
can be mathematically de~crihccl.63 

By 19H5, rc,carcher~ lnl lowing thi ~ lead had 
combined 'iimilar clcmcnh within the three ~epa ratc 
studie~ to indicate that wave growth in ~h~lllow 'iL'as 

also might lx: determined through familiar mathe­
matical rrinciplcs. One imro11ant conclusion was 
that the wind sea sr cctrum has important -.;imilarities. 

60 

irrespective or water depth. Another was that rhe 
similarities imply that the relati ve balance of energy 
input, dissipation, and transfers within the spectrum 
are not innuenced by bottom conditions. To en­
gineer-,. th e findin g5 sugges ted that when 
determining the design characteri stics of a coastal 
engineering >,tructure, they could work confidently 
using onl y the wind field data.64 For re earcher . the 
finding~ led to the development of a self-similar, 
-.,pectral-shape equation for waves in a finite water 
depth. With the~e. other shallow-water spectral 
models wou ld be dcveloped.65 

Other WES Successes 

Researchers in the WOO were producing theo­
retical and experimental studies ar the frontiers of 
other specialties. The most dramatic advances were 
made in applying numerical theory in the modeling 
experiments of rhe Oregon Inlet umerical Sediment 
Transport Study and in the area of tsunami research. 

In 1978. the Wilmington District and the U.S. 
Park Service were embroiled in a technical con­
troversy over a project for jetty construction and a 
-;and-bypa <..,ing . y ·tern at Oregon Inlet. The Di trict 
claimed its project de~ign ,.,ould en ure the slowing 
of ero~ion. The Park Sen ice and its con~ultanr~ 
di-;agreecl. Whalin believed a simulation was po -
-;ible using available theoretical and numerical 

.James R. 1-louston 



technology to formulate a numerical sediment 
transport model using data from the now successful 
Atlantic Coast Open Wave Lnformation Study as the 
input wave cl imate. Such a study would compare 
both eros ion and deposition for existing and after­
project conditions for alternat ive sand bypassing 
schemes. o quantitative numerical coastal sedi­
ment transpon study of this magnitude had ever been 
attempted. The study results bore out Whalin' s con­
viction that compl e x num e rical mod e l in g 
simulations could be valuable assets to the Corps. 
The engineer who led the study was James R. I lous­
ton. later to fo llow Whalin as Chief of CERC.66 

The tsunami is one of the most destructi ve water 
waves occurring in nature . The waves :we generated 
by undersea earthquakes of magnitudes greater than 
6.5 on the Richter scale. Typica ll y. they are less than 
one foot high in the deep ocean. ha,·e wave peri ods 
varying from fi ve minutes to several hours. and can 
travel at speeds of more than :100 miles an hour. 
When tsunami '' a\ es approach a coastal reg ion 
where the water depth dec rease-. rapidl y. they are apt 
to appear as rapidl y rising water leveb and can cause 
immense loss of life and destruct ion of property. To 
provide the Corps with an instrument to delineate the 
inundation limits of tsunamis. Houston dev ised a 
numerical model to deal with the prob lem of tsunami 
propagati on from the deep ocean to the coasts. first 
for the Hawaiian Islands and then for the Pac ific 
coast of the United States.67 

Coastal Engineering Research Cen ter 

As the Wave Dynamics Division emerged as a 
laboratory capable of producing innovations in coas­
tal zone research. OCE personnel dec ided that CERC 
operations needed improvement. This resulted part­
ly from the fact that OCE was becoming more 
familiar with CERC and hO\\ it operated. At 
Dalecarlia, CERC had been i)olated and ou t of direct 
daily contact with other Corp'> organizations. The 
siruation was reversed at Fort Belvo ir. A" contacts 
increased, CERC lost its mystery.6X 

Many at OCE believed that CERC did only a 
limited amount of reimbursable work and was not in 
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touch with the field. In turn, some field organizations 
viewed CERC as too academic and in ward-looking. 
Consequently, the Divisions and Districts became 
less aware of CERC's capabi lities. Many CERC 
s taff assumed that the Dis tri cts shou ld apply 
whatever the Center was developing. Many at OCE 
thought CERC should be more customer conscious. 
The Center also had not found the satisfactory mar­
riage between theoretica l and app lied research. 
"What are they doing?" became a common question. 
The CERC acknowledged its problems in responding 
ro District needs, but regarded these as unfortunate 
difficulties associated with getting fully operational 
after the move from Dalecarlia. The Center acknow­
ledged its problems in coordinating with WES roo, 
but discounted tile seriousness ofthequestions which 
were being raised.09 

As these i~sues were brought to the atten tion of 
the staff in the late 1970s, CERC began to orient its 
work more to meeting Corps needs. In 1978. CERC 
reordered its research program to concentrate on 
">uch areas as shore-beach control: flood and storm 
protection; harbor. coastal. and offshore structures: 
and nav igation improvement and recreation. The 
Center began developing two new ways to transfer 
research findings into technology useful in the field. 
Field Guidance Letters summarized the results of 
particular studies, and a Coastal Design Notebook 
gave practical advice.70 

In 1980. CERC began publishing Coastal En­
g ineering T echnical Aids (CETA ). how to 
publications for the fie ld . One presented linear 
refrac tion computer program models. A CERC tech­
nical repon summarized the wave data col lected over 
the past 20 years covering much oft he South Atlantic 
coast and some of the gul f coast. Another CETA. on 
limited wave height, c;uggested where Districts might 
save on construction cosrs_? t 

However. CERC's situation had changed. The 
WOO at WES had become a competitor in coastal­
zone research; now the Corps had two laboratories 
capable of doing similar work. 





VI 

As the Wave Dynamics Division improved its 
research programs, observers in OCE concluded that 
WES could do the work for the Districts that CERC 
was not doing. One example involved the De troit 
District's search for a solution to a wave problem. 
First, the District contacted WES. and WES refe rred 
the District to CERC, which replied it did not have 
the gages to acquire the needed data. The District 
then asked about running the Great Lakes model 
hindcast data. The CERC responded that the results 
from that kind of study would be difficult to support. 
The District then turned back to WES. which 
procured the gages and carried out the study. When 
the Directorate of Research and Development asked 
why CERC had not been able w respond, Colonel 
Ted Bishop, CERC Commander, replied that if the 
Center were to be the Corps' "wave experts," it 
should not be on call to fulfill any Corps need but 
should meet only special requests. The DORD 
~iewed .the response as tipifying c .ERC's problems 
m meetmg Corps needs. Accordmg to an internal 
memorandum written by C. Linwood Vincent (now 
atCERC), the incident illustrated not only that CERC 
lacked the capacity to respond quickly to this type of 
data collection request but that WES was better 
equipped than CERC to provide hindcasts.2 

By May 1978, WES was reporting that its Wave 
Dynamics Division had work units involved in seven 
areas that CERC thought had been reserved to the 
Center. The CERC Commander Colonel John H. 
Cousins claimed that WES was duplicating basic 
research carried out by CERC. He asked OCE to 
assign the field responsibility for the coastal en­
gineering program to CERC.3 Th e WES 
Commander Colonel John L. Cannon rebutted that 
while CERC had full management of the coastal 
engineering research program, WES was to conduct 
the site-specific reimbursable coastal engineering 
work for the Corps Divisions and Districts. This 
involved a combination of field studies and physical 
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and numerical modeling, represented about one­
quaJ1er of the workload at the WES Hydraulics 
Laboratory. and resulted in the acquisition of reliable 
and comprehensive prototype data. Cannon said that 
while these researchlike mi ss ions cou ld be trans­
ferred to CERC, the Corps would incur the costs of 
constructing facilities at Fort Belvoir duplicating 
those at WES requiring approximately $5.2 million 
in capital equipment and $ 1.5 mill ion in laboratory 
equipment and hiring some 40 additional people. 

The most prudent solution, Cannon suggested, 
was to let WES manage its own research program.4 

On other points, Cannon was more emphati c. 
Reporting to the Di rectorate of Research and 
Development in a separate letter, which reflects 
drafting assistance from WDD, he stated that". . . 
essentially all recent advances and improvements in 
physical hydraulic model technology in the U.S. , as 
well as most advances in numerical mode ling tech­
niques for application to CE problems, have occuJTed 
at or through the instigation of WES."5 The dispute 
caused OCE to reappraise the respective laboratory 
missions. The resulting OCE decision appeared to 
validate the CERCcontentions that the Center should 
be the Corps ' primary facility for coastal research, 
that research should be defined broadly to include 
inquiry into basic phenomena, and that CERC's mis­
sion differed from those of the other laboratories. In 
1978, OCE issued an Engineer Regulation defi ning 
the CERC mission statement in terms nearly as broad 
as CERC' s 1963 charter. At CERC the outcome was 
hai led as a victory.6 

Budget Imperatives 

Major economic problems began to appear in the 
late 1960s as the Nati on dealt with deficit budgets 
while financing the Vietnam War. By 1973, worsen­
ing economic cond itions h ad yielded annu a l 
I 0-percent inflation and unemployment rates. In the 
winter of 1973-1974, the Arab nations that domi-



nated the Organization of Petroleum Exporting 
Countries (OPEC) began using oi l as a diplomatic 
weapon. Fuel prices ~oared. In 1977, 1978, and 1979. 
omnibu water re ources bills failed to pass Con­
gress. A movement to cut government budgets­
dubbed Proposition 13 fever after the California 
referendum initiative- wept the country. By the 
late 1970s. the Corps faced serious funding 
problems. 

About hal [the Corps budget was related to con­
struction. which depends heavily on fuel. In a typical 
Corps construction contract. fuel wou ld account fo r 
20 to 30 percent of the costs. When fuel costs rose 
sharply again in 1979. the Corps found itself about 
$240 million sho11 in meeting its obligations.7 

The Corp · R&D budgets had not anticipated 
these econom ic conditions. In October 1972, OCE 
had laid an R&D program before the Office of 
Management and Budget (0MB) that cal led fo r 
spending $14.5 million in FY 1974 and increasing 
that figure by approximately 20 percent annually 
over the next five years, a research program totaling 
ome $I 25 million. The CERC planning had been 

based on the ·e figure . Consequently. while in I 972-
1974 CERC budget. ro~e in constant dollars, they 
decrea ed in real dollars due to inflation. 
Meanwhile. CERC's fixed operating costS rose. At 
Fon Belvoir. the charges for operating the wave tank 
went from approximately $200 per hour to over 
$600 per hour. Because CERC was the facilities 
manager of the Kingman Building complex (now 
called the Humphreys Engineer Center). 10 to I~ 
people had to be allocated to this duty. The ad­
ministrati ve work took more time and positions than 
CERC was budgeting, and the Commander 's rime 
was reduced by the need to run the Fort Belvoi r 
complex. With more budget supporting routine or­
ganizational opermions. CERC research suffered.8 

In 1976, OCE increased CERC budgets ap­
proximately 15 percent.9 It wasnotenough. In May. 
the CERB reviewed the CERC program and ex­
pressed concern over the absence of resources: 

.. . The Corp:- i:--. the major United States 
researcher in coastal engineering and has 
long been a reco!!ni7cd world leader in the 
field. The stat <.: of the art in coastal engineer­
ing, relative to other areas researched by the 
Corps. is not well advanced. The Corps' 
laboratory faci lities and staff capabi lities for 
coastal engineering research are certainly 
unequaled in the United States and probably 

in the world. Present funding Jevels do not 
permit full and efficient exploi tation of these 
resources. Because of th e Corps' 
preeminence in the field, a constraint on 
Corps coastal engineering research trans­
lates on a nearly one ro one ratio to a 
constraint on United States coastal engineer­
ing research. The long range effects are 
l .k I b . . . I 10 1 e y to e qwte crmca . 

But OCE could not provide more funding. All 
the Corps program were being scaled down, and 
there was considerable competition for the avaiJabJe 
money. In 1976 and after, CERC's requests did not 
prosper befo re the Corps' Civi l Works Review 
Committee. t 1 

ln 1978, OMB proposed cutting $ 1.6 million 
from the Corps' FY 1980 coastal engineering re­
sea rch program because the figure appeared 
excessive in proportion to the number and cost of 
Corps beach erosion projects. Arguing against the 
cuts, Thorndike Saville. Jr .. CERC Technical Direc­
tor, pointed out that, based on the engineer building 
cost indicc (FY 1972-1979 at l. 7 time ). the 1972 
appropriation for Corp coastal engineering research 
($4.275.000) represented S7.~65.000 in current dol­
lars. The $7 mi II ion total research appropriation 
requested for 19 0 thus was an actual decrease in real 
dollar" over the even-year period. 1 ~ 

Some at CERC perceived a different problem. 
The cuts. they fe lt. could be traced to a desire within 
the Civi l Work Directorate to lower funding for 
CERC project~ and use the money elsewhere. They 
pointed to lhe 1979 mission problem statements for 
research and deve lopment (the Corps ' official 
prioriry r~llingl which included 35 items directly re­
lated to coastal enginee ring. Four of these ranked in 
the top ten. nineteen in the fi rs t fifty. and all but five 
were in the upper ha lf. That rating of research needs 
stood in striking contrast to the research priorities 
within the Civi I Works Directorate, where, in ranking 
the 2~ research area, . the staff placed aJI coastal 
research in the lower ha lf. tJ To the internal struggles 
within Civil Works was added the Chief of 
Engineer~· emphatic statement that he intended to 
protect the mobilization-related miss ions in the 
budget tirst. If something had to give, it wou ld not 
be emergency preparedness. 14 

Budget decisions now began to reflect CERC's 
erod ing power ba ·e in the Corps. Prior to the estab­
lishment of the R&D. CERC commanders and 
technical directors could defend their programs at all 



le vels in the Corps and before the Bureau of the 
Budget and before congressional committees. 15 

Now the ROO made budget decisions and fought the 
battles. In theory. under the new system, civ il works 
program budget reques ts were generated at the 
laboratory leve l. forwarded ro RDO for rev iew and 
approval, then went tO the Civil Works Directorate. 
and finally were forwarded to OCE prior to their 
submission to OMB. ln practice, planning budgets 
reflected not on ly needs and resources but also what 
would w obably be supported in the President 's 
budget. 6 

Long-term CERC research projects and data co l­
lection programs suffered as the budgets dec reased 
and priorities changed. At a 1979 meeting of the 
CERB, Major General E. R. Heiberg IlL the board 
president and Director of Civil Works. agreed that 
projects with identifiable research need:-- .;hould be 
rated higher than general re earch projects. A com­
mentator suggested that instead of concentrating on 
short-tem1 applicat ions, CERC research should an­
ticipate future problems. At aCERB meeting the next 
year, the director of the Corps· Directorate of Re­
search and Development noted that even though 
basic research might save many times ih investment, 
in the avoidance of future outlays. the fact was that 
the Civil Works director telb the DORD "what the 
recommended priorities are and the funding leve l, 
and we do essentially what Ci\·il Worb requests us 
to do." 17 

Particularl y frustrating tO CERC researchers was 
the fact that only limited funds were available to 
gather data essential to project design. However, if a 
problem developed after a project was constructed. 
vast amounts of money were available to correct the 
error. Just as medical experts argued that spending 
money to prevent illness cost less than treatment. 
CERC contended that data collection while projects 
were still in the design -,tage would save money in 
the long run. A related issue was that in the CERC 
budget no distinction was made between data collec­
tion and expenditu res for other types of research. 
Why, asked CERC and CERB, shou ld the necessary 
data coJJection programs be called research? The 
Center was handicapped by the language of the 
people in the budget business, declared participants 
at a 1980 CERB meeting; nobody in the Corps un ­
derstood the entire research process or acted with 
long-range goals in mind. The Corps' R&D program 
had been level funded at approximately 1 percent of 
the Civil Works budget since 1975, replied the Direc-
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to rate of Research and Development (DRD) director, 
and no more money was available. (His figure did 
not include rei mbursable work.) General Heiberg 
added that the Government gave the Corps an annual 
budget number. Everything had to fi t into thar. The 
process was agoni zing. and it was the same every 
year. 18 

New administrative systems were imposed on 
CERC as OCE began exercising more oversight. To 
some CERC staff, this was micro-management that 
not onl y fai led to control expenditures but made it 
more difficul t to get things done. They cited ex­
amples. In April 1978, the orfolk and Baltimore 
Districts asked CERC to produce a shore protection 
pam ph let. Four months late r CERC forwarded a draft 
that •vas completely satisfactory lo the Districts. 
Then OCE took 13 months to review the pamphlet 
and retum comments . The original plan was to sup­
ply camera-ready copies 10 the Districts for local 
printing. This idea was abandoned in favor of publi­
cation and public distribution by the Govemment 
Printing Office (GPO) Making that decision took 
five months. As a result , add itional rev iews were now 
required. Two years afte r the initial request, the 
product in fo rmally promised by CERC had not been 
delivered to the District. 19 " When I began my second 
six months as CERC commander and director," 
Bishop wrote James Choromokos, Jr., Director of 
DRD, 

... we entered the 198 1 budgeting process 
where internall y we rev iewed what CERC 
had done in the past and what we thought 
should be clone in the future in coastal en­
gineering. From that we proceeded into the 
RDRB (Research and Devel opm~:;nt Review 
Board). then into the program rev iews. and 
mos t recently through a series of frustrating, 
confusing budget reduction exerc ises. . .. 
With the vo lume or information that is now 
provided to OCE, and your cover letter 
which indicated that you needmore informa­
tion for making meaningful management 
deci sions at the OCE level. it appears that 
day-to-day intemal management of the cru­
cial resources-manpower and money- must 
take second position to reporting stati stics to 
OCE.2o 

Bishop's frustration reflected something far 
more seri ous than the question of how much infor­
mation was needed to make a decision about a 
research program. The budget crisis that had de-



scended on the Corps now was threatening CERC's 
existence. 

Budget Pressures on CERC 

The funding problems of CERC had become 
critical in 1979. Though the deputy director of Civil 
Works was willing to support requests for coastal 
engineering research of$7 .0 and $7.6 mill ion respec­
tively for FY 198 1 and 1982, the appropriation FY 
1981 was $6.87 million; for FY 1982, $6.72 million; 
and for FY 1983, $6.66 million. Of that funding, 
approximately $ 1 million of the general investigation 
coastal research and development funding was ear­
marked for WES research. Bishop pointed out that, 
in addition to budget cuts, an increasing proportion 
of CERC's coastal research and development fund­
ing was required to repay the revolving fund. At the 
same time. he said, OCE was directing the RDO and 
CERC to continue upgrading research facilities and 
ro support equipment to at least state of the art. 

Still, CERC's equipment needs had become so 
critical that the Center could not serve the Districts 
as before. The large wave tank, for example, had 
been state-of-the-art research technology in the 
1950s, 1960s, and into the 1970s, but by the late 
1970s it had less application. The Center required 
new wave generators ($700,000), a tidal system 
($200,000) for the closed shore processes test bas in , 
and a wave generator for the large wave tank 
($500,000 to $ 1 million). By 1980, the essential 
fac ility improvements a t CERC totaled between 
$2.850,000 and $3,350,000.21 However, the fu nds 
were not forthcoming. 

The money problems facing CERC were similar 
to those that other Corps e lements were addressi ng, 
but in CERC's case the issue was more acute. Unlike 
the WES, CERC cou ld not fa ll back on a system of 
combining research goals with re imbursable work 
done for other agencies. Nor could CERC count on 
finding support funds by moving aggress ively to do 
more re imbursable work. At a 1979 meeting of the 
CERB, Nei ll Parker had reported that to engage in 
more reimbursable work, CERC would need lO hire 
more people. The net res ult would be that any addi­
tional income would be eaten up by the increased 
expenses. For example, most of the approximately 
$ 1 milli on for re imbursable work CERC had 
received in 1979 had simpl y passed through CERC' s 
checking account to contrac tors. 

The real problem was Ihat the Ct.:nter received 
numerous requests from the Districts and Divis ions 

66 

to do routine engineering but did not have the per­
sonnel or equipment to comply promptly. Parker 
concluded that CERC lacked the physical equipment 
to become a high-quality , wide-ranging technical 
support facility but, given the personnel and their 
collective experience, the Center did have the com­
petence to become the Corps · Center for 
sophisticated undertakings , to provide technical 
guidance and technical support at a senior level for 
Corps projects, and to carry out the specialized re­
search not be ing done elsewhere. Parker's closing 
statement was less reassuring. Until basic equipment 
needs were me t. CERC could not re-emerfe as the 
center of experti se in coastal engineering.2 

Parker 's factual definition of CERC's dilemma 
confirmed fears that o thers had reached intui ti ve ly. 
Already. CERC and its advocates within the Corps 
were arguing that the Ci vi l Works Directorate under­
mined Corps research policies and plans wi th 
inadequate budgets and little recognition of coastal 
engineering projects. These arguments changed 
nothing.23 Corps laboratories came under increased 
pressure to offset declining research budgets by 
doing more reimbursa ble work. They needed to 
aggressive!_¥ solici t projects from the Districts and 
Di visions? 

On 9 and I 0 June 1980. in response to a special 
request from Bishop, the c ivilian members of the 
CERB met in Cleveland to examine the ove rall 
coasta l engineering program. The meeting focused 
on specific questions Bi hop submi tted and the 
budgets for FY 1980 and 198 I. 25 The discussions 
yielded no solutions ro CERC's budget dilemma. 
Hamstrung, CERC now sought policy guidance from 
DORD.:26 

As yet, CERC's problems had not engaged the 
attention of the Chief of Engineers or other top-level 
dec isionmakers. Thus, the crucial decision was 
made wi thin the Directorate of Research and 
Development. The issue emerged in 1978 when 
Robert Whal in 's plans to upgrade equipment in the 
WDD had progressed to the point where WES had 
budgeted for a multidirectional spectral wave gener­
ator to be paid for through re imbursable work. The 
CERC objected to the proposed expenditure because 
under present c ircumstances the Corps could afford 
only one extremely expensive wave testing system. 
Furthe rmore, funding the new wave generator at 
WES meant CERC's shore processes test basin 
would remain in its current useless condition. 



In early 1979, interim DORD Director Colonel 
Maxim Kove\ decided to support the WES proposal. 
In essence, his deci sion overturned that made by 
OCE the previous year when its 1978 Engineer 
Regulation reaffirmed CERC's primacy in perform­
ing Corps' coastal research. In effect. Kovel's action 
relegated CERC to the position of an inferior 
laboratory. While not providing a clear answer, 
DORD documentation suggests that Kovel judged 
the WES proposal more cost effective because WES 
could pay for the generator out of reimbursable 
funds. but CERC could not.27 

Dismantling CERC 

The seri es of decisions that culminated in 
CERC"s relocation as a WES laboratory reflected 
organizational pressures affecting the Corps. The 
basis fo r the decision dated back to 1963. That year 
a Bureau of the Budget ci rcular described the criteria 
for carrying out plans set forth in a 1962 presidential 
memorandum in tended to limit the number of 
Federal employees in the National Capital Region. 
(Federal employment was not to exceed 450,000 by 
the year 2000 and Federal activities not essential to 
the seat of government were to be decentralized.)28 

In 1979, OM B Director James T. Mcintyre. Jr .. ad­
vised the executive departments and agencies that the 
Civil Service Reform Act of 1978 (Public Law 95-
454) required him to conduct a detailed study of 
decentralization of Federal governmental func­
tions.29 The Corps was asked to respond to the OMB 
request in May 1979. In June, an edgy Colonel Ted 
Bishop asked if CERC had been identified as a 
candidate for relocation.30 His inquiry reflected the 
unease that had spread through CERC. 

The man who would make the decision and carry 
out the relocation ofCERC. James Choromokos. Jr. , 
arrived at OCE in September 1979. Born in Chicago, 
Illinois, Choromokos received his civil engi neering 
degree from the Uni versi ty of Miami in 1953 and 
then entered the U.S. Air Force. He served 23 years, 
retiring as a colonel in 1976. In the service, he 
obtained M.E. and Ph.D. degrees from the Uni versity 
of Wyoming. Choromokos divided his Air Force 
career between civ il engineering and managing re­
search and development programs. In 1976, he went 
to the Illinois Institute of Technology, where he 
formed the construction management program. 
When he came to head DORD, he knew something 
of the Weapons Effect Laboratory at WES, but little 
of the Corps ' other laboratories. This did not matter. 
Choromokos was picked not to expand the Corps' 
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research operations but to reorganize them within the 
confines of new budget realities.31 

It took a year for Choromokos to settle in and feel 
comfortable in his new position. To orient himself, 
he visited the Corps laboratories. His impression of 
CERC was that it was searching fora mission. While 
CERC had considerable technical and computer 
capability, it was too small to compete with WES. 
The Center was collecting but not using data for any 
broad theoretical purpose. Choromokos felt that 
CERC was doing experiments without knowing why. 
He was not impressed with CERC's large wave tank, 
nor was he when he walked into the Kingman Build­
ing and heard the CERC complex referred to as "a 
campus." Little at CERC fined Choromokos' cen-

t- A I b 32 cept o an nn y a oratory. 

By contrast. Choromokos found WES to be a 
large and able organization. He termed it "respon­
sive, quick, overwhelmed with reimbursable work , 
and composed of go-getters who were inclined to 
view the Directorate of Research and Development 
as an obstacle to thei r progress." On 18 December 
1979, Choromokos met with the laboratory com­
manders and technical directors and DORD staff to 
share his philosophy. Privately, he already had con­
cluded that the cost of doing business at CERC was 
too high. With tightening of operational funds and 
manpower spaces, Choromokos calculated that the 
Corps could no longer afford to maintain CERC as a 
separate research center. In early 1980, a study com­
missioned by Choromokos suggested changing 
CERC's management and moving the operation to 
WES. In October, Choromokos decided to move 
CERC. Short of a vast increase in Federal funding 
for coastal research, nothing would have changed his 
mind.33 

ln 198 I. the Corps was directed to reduce per­
sonnel by I 0 percent. The cut was across the board. 
The DORD staff was to be reduced by 130 or more 
positions. (Cuts in research amounted to 14 percent 
of the Corps' personnel cutback.) Choromokos now 
asked CERC to provide his office wi th information 
regarding a potential move to WES.34 

In response, Bishop recommended creating a 
new coastal laboratory (to be the fifth research labo­
ratory at WES) and placing in it the CERC divisions 
involved in wave-sediment, wave-structure, and 
sediment-structure interaction. The laboratory also 
would take on the work of the WES Wave Dynamics 
Division in the WES Hydraulics Laboratory. The 



reorganization. said Bishop, wou ld account for five 
of the ix line branchc at CERC. The remaining 
Ecology Branch would become a new branch in the 
WES Environmental Laboratory. The Field Re­
search Facility at Duck, North Carolina, would not 
be affected. The CERC's administrative and support 
element would be di banded. As for the impact on 
mission and perc;onnel. Bishop speculated that fewer 
than 30 percent of the enior people wou ld move to 
Vicksburg. The CERC large wave tank would be lost 
to the Corp ·, a · would the hore processes test basin. 
The CERC' admini trative support of Corps 
facilities at Fort Belvoir wou ld have to be replaced. 
Because 98 positions would be transferred to Vicks­
burg, the Corp ·sav ings in manpower would total 48 
positions.35 Later. Bishop wou ld estimate the cost 
of the move at $ 1 J million.36 

ln April 1981. an in-house DORD study ad­
dressed the problem of accomplishing '·essential 
coastal research and field con. ulting in the most 
efficient way:· Assessing the quality of coastal re­
search the Corp. requi red for the next ten years, the 
tudy as umed that budget levels would remain at 

about $6.7 million in constant dol lars. that civil re­
search and manpower authorizations would allow 
CERC to continue as a viable laboratory, and that the 
obligation to repay the revolving fund fo r CERC 
facilitie would continue. 

Among the facts bearing on the problem, as 
DORD defined it. were the ob olescence and dete­
rioration of key laboratory facilities at CERC. which 
degraded CERC's capability fo r research and reim­
bursable work ; the conce rn and controversy over 
dividing coastal research work between CERC and 
WES: and the fac t that with the emergence of the 
Wa ve Dynamics Di vision at WES. the Corps ap­
peared to have deve lo ped para lle l coasta l 
enginee ring facilities. The study speculated that the 
problems in coordinating coastal research and reim­
bursable work between CERC and WES would 
wor en. affecting both the laboratories and fie ld 
users. The most critical problem was the anticipated 
dtvergence between fixed budgets and rising costs 
through the 1980s. The study examined four alter­
nati ve-, and concluded that el iminating the coastal 
research capabi lity at Fort Belvoir and reconstituting 
CERC at WES wou ld be the hcst solution.37 

On I October 1981. Budget Director David 
Stockman targeted the Corps for a reduction in force. 
On October 17, Choromokos requested approval to 
move CERC. Consistent wi th the data he had 
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received from Bishop in March, he calculated that 48 
positions would be saved if 98 were shifted to WES 
and only 50 people moved. Driven by budgetary 
imperatives and his own judgment of the quaJity of 
the work done at CERC. Choromokos was more than 
will in~ to disas emble CERC and rebuild it at Vick­
sburg. 8 General Heiberg. the Director of Civil 
Works, concurred in November that consolidating 
the laboratories was the correct decision.39 

The CERB met on 16-18 November at WES and 
during the executi ve session was informed of the 
pending change.40 On 4 December 1981. CERC 
personne l were to ld officially that the '·possible 
movement ofCERC to WES is being studied.'. Care­
fu l phrasing implied that no decision had been made, 
but the people at Ct:KC knew better.41 The Chief of 
Engineers approved the move on 23 February 
1982.42 

Sub equcnt di cus ions within DORD ratified 
Choromoko ·~decis ion. An internal memo written 
in December evaluating a possible CERC move tO 

WES had indicated that Fort Belvoir had no facilitie 
that would compel the Corp to keep CERC there. 
The 3- by 15-foot concrete wave tank in the J. V. Hall 
Laboratory Building v.ould be replaced by three 
WES wave tank-,. The large wave tank at Fort Bel-._. 

voir wou ld be lost if CERC moved. but the United 
States had two other large wave tanks. The shore 
processe te t basin at Fort Belvoir had been closed 
for a year and a half becau~e of CERC's inability to 
fund 1he repayment costs fo r new wave generators 
required to update the faci lity. The tidal inlet faci lity 
at WES could be u ed in the place of the moribund 
SPTB. These and all other problems associated with 
a move were solvablc.·t1 

At the ti me the decision that CERC should be 
moved was made. Choromoko · rated the probability 
of any transfer tal-.ing place at a 50-50 chance. He 
asked each of the five final candidate for technical 
director if they were wi ll ing to go to Vicksburg. He 
selected Robe rt Whalin. His appointment was ap­
proved on 30 March. On 3 May. Whal in reported to 
Fort Belvoi r. To protect him with CERC employees. 
Choromokos deliberate ly kept Whalin our of all plan­
ning for the move.-'-' 

Bbhop had mounted a spirited defense for retain­
ing CERC at Fort Belvoir. The Corps had made the 
important decision to locate in the Kingman complex 
a modern, efficient coastal engineering research 
laboratory. he wrote in a lengthy memorandum in 



early December 1981. The long-tern& master plan at 
the time that decision was made called for improving 
CERC's fac ilities. Over the years, CERC had bui lt 
up a well -educated, highly motivated multidiscipli ­
nary staff whose expertise was unmatched in the 
United States and poss ibly in the world . Success ive 
chiefs of civil works and chiefs of research and 
development had supported budget and manpower 
levels to gradually increase CERC's capabilities. 

When the issue of moving CERC to WES had 
arisen, morale at CERC had suffered substantially. 
The decision had never been analyzed thoroughl y, 
Bishop said, and the option paper prepared by the 
DORD staff contained little in the way of hard fac ts. 
The best way to save money and operate more effi­
ciently would be to absorb the WOO into CERC. a 
relati ve ly simple change.45 To thi s .... uggcstion. 
Choromokos made no response.46 

The Move to \ "icksburg 

The Directorate of Research and Development 
planned to relocate CERC quickly. The move was to 
be effect ive I October 198~ . Some 89 of the 98 
positions were to be shifted to WES. The nine pos i­
tions at the Field Research Facility at Duck. North 
Carolina, would be retained there. About 30 support 
positions at the Kingman Building vvou ld be trans­
ferred ro the Corps in downtown \\·ashington, D.C. 
Choromokos made very conservative estimate of 
the savings and cos ts that would be associated with 
moving CERC to WES because he wanted to be in a 
strong pos ition if he had to weather a Congressional 
inves t i§a t ion or General Accoun ting Office 
inquiry. 7 

Few secrets are kept in any large organizat ion. 
Although DORD had included no CERC staff in the 
discussions leading the move, everyone knew what 
was coming. Bishop advised Choromokos on 
9 March that unless action was taken quickly, like 
identify ing needed personnel, key people wou ld be 
lost. At a scheduled meeting at Fo rt Belvoi r, 
Choromokos told CERC staff of the 1 October 
moving date and assured them that all personne l 
would have ample time to decide whether or not to 
go and to plan accordingly. Ten days later the WES 
personnel staff held a second meeting, which was a 
disaster. Speakers shocked CERC employees by 
tell ing them they had just one month to make plans. 
The CERC staffers exploded from the room in anger 
and jam med the phone lines to Virg inia Con-
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gressman Stanford E. Parris . The WES staff scurried 
back to Vicksburg.48 

The poorly handled and blunt announcement that 
CERC staff had just a month to rean ange their lives 
caused a public outcry and ultimately cost the Corps 
considerable time and money. Panis, Virginia's 
Eighth Distri ct Congressman and a second-term 
Republican, contacted Secretary of the Army John 
Ma rsh . a fo rme r Virg ini a Congressman, on 
17 March. Not mol lified by Marsh's explanation 
that came on 6 Apri l (and had been prepared in 
OCE). th at conso lidating the Corps ' laboratories 
would result in a temporary loss of30 employees but 
a long-term net increase of l 04 employees at Fort 
Belvoir. Parri~ pressed the matter.49 

The Corps public ly announced the planned move 
on 9 April. On the 13 ApriL Parris met with Marsh 
and received ass u ranees that the Army Secretary 
would look into plans. With in a week, Marsh had 
asked the Corps to initi ate a restud y. Parris 
meanwhi le launched a broad campaign to block the 
transfer. All ten Virginia Congressmen, together 
with Senators John W. Warner and Harry F. Byrd , 
wrote the Secretary of the Army protes ting the 
proposed change. Parri s claimed that " the Corps 
plans to move its entire Coastal Engineeri ng Study 
[sic] Center to Vicksburg to satisfy a "hotshot' en­
gineer it wants to hire as the center director.'·50 

The move would cost Fairfax County 100 jobs 
and $4 million yearl y in local sales and cost the 
Government $2.6 mill ion in moving expenses, Panis 
declared. But he also acknowledged that Miss issippi 
Senator John Stennis, the ranking Democrat on the 
Senate Armed Services Commi ttee and one of the 
Senate ·s most powerful members, might have 
enough influence to force CERC's transfer to 
Vicksburg.51 

Unhappy CERC employees brought political 
pressure to have either OCE or Congress reverse the 
decision. The most comprehensive presentation was 
by Frederi ck Camfield of CERC, who ad vised 
Senator Warner th at the CoqJs' ''fact sheet was poor­
ly prepared and seemed w contain various errors and 
omissions." Camfield passed along comments sup­
plied by a num ber of CERC employees. He disputed 
DORD's contentions that CERC equipment was 
technologica ll y outdated, needed replacing, and was 
not being fully used. Camfield pointed out that OCE 
had not allowed CERC to buy the generators it 
needed for the shore processes test basin , but had 



approved similar funding for WES. He argued that 
the coastal research and tests requiring a large wave 
tank could not bedoneifthe fac ility were abandoned. 
He attacked the Corps' plan to reduce funds fo r 
coastal research and development at a time when 
more people were moving into the coastal zone. 
Claiming the move was not cost efficient, he pointed 
out that because few key people would move to 
Vicksburg, the scientists, engineers, and technicians 
and their cumulative expertise would be lost to the 
Corps.52 

In the contest between DORD and CERC to see 
who would influence OCE, DORD controlled the 
agenda. CERC advocates were able to win only a 
delay. As a result of the political sensitivity of 
relocating the facility in an election year, the Corps 
was asked to postpone the transfe r until after the 1982 
Congressional elections. However, as soon as the 
elections were over, Choromokos initiated the move. 
He late r said that the timing of the announcement, 
just before the Christmas break, was unfortunate but 
necessary; the people at CERC had to be informed. 53 

Again Parris raJl ied the Virginia Congressional 
delegation. He also tried to get the House of Repre­
sentatives to block funding for the move. The 
inability of Congress to adopt a budget in the fall 
prevented that action, and neither Budget Director 
David Stockman nor Representative Walter B. Jones, 
a North Carolina Democrat and chairman of the 
Committee on Merchant Marine and Fishe ri es. 
responded to Parris's pleas to intervene. 

At the same time, Mississippi 's Senator Stennis 
and Representati ve Jamie Whitten pushed for the 
move. On 16 December, the Secretary of the Army 
again gave his approval. The CERC employees were 
informed the same day that the Center would be 
transferred to Vicksburg, population 25,434 (one 
twenty-fifth the size of Fairfax County. Virginia). 
Choromokos visited CERC on I 6 December prior to 
distribution of the news release to explain that a ll jobs 
were secure. The question and answer session was 
heated. The CERC employees were given official 
personnel transfe r of function le tters on 11 January 
1983 with responses due back by 9 February. The 
Military Traffic Management Command began coor­
dinating the trans fer of equi~me nt in a move 
expected to cost $ 1.442 million. 4 

The CERC employees continued to protest what 
they claimed was the di smantling of a cadre of scien­
tists at the forefront of coast! ine research in the 
United States. Accord ing to their estimates, as much 

70 

as $336,000 of CERC's annual operating budget of 
$7 million had been siphoned off each year to pay for 
the eventual replacement of buildings and 
laboratories. As a result, they claimed, the indoor 
model test basin , built in 19'72 at a cost of $3.7 mil­
lion, had to be closed in April 1980, after being used 
for just two experiments. (This was to save CERC 
$ 100,000 a year under the payback system.) When 
queried about this, the Corps replied that the Carter 
administration had been responsible for the reduced 
fund ing that had affected CERC. Parris continued to 
oppose the move, accusing the Corps "of throwing 
$ 14 million down the rat hole and making the move 
primarily for political reasons and the convenience 
of its new technical director. "55 Choromokos called 
PaJTis's charges "outrageous." The move, he said, 
"was made not for political reasons but for efficiency 
and economy ... I hired Whalin ... and there was 
no promise or anything like that made. "56 The docu­
mented record supports Choromokos ' version of the 
events. 

On 15 February 1983, CERC released a Realign­
ment Fact Sheet explaining the transfer. Funding 
difficulties and the decreasing emphasis on coastal 
engineering research had led to a reevaluation of the 
organization and management of the total research 
program. A decision had been made to consolidate 
all Corps coastal research in one location. Water­
ways Experiment Station was selected because the 
hydraulic research facilities were more modem and 
extensive than those at CERC. The transfer action 
would affect 135 full-time permanent civilian posi­
tions: 79 would be transferred to WES: 30 to the 
Humphreys Engineer Center Support Activity; 9 
would remain at their cuJTent duty station in Duck, 
North Carolina; and 17 positions would be abolished. 
Elimina ting the 17 pos it io ns would save ap­
proximately $555,000 per year. The Corps would 
offer all current, full-time employees continued 
employment. Economic and environmental impacts 
were predicted to be minimal in both Virginia and 
Miss issippi. Taxpayers were reassured that the 
Corps planned no new construction.57 

The fact sheet went on to state that the CERC 
large wave tank , with a depreciated value of $1.14 
million, had limited uti lity.58 The 140- by 15- by 
4-foot concrete wave tank built in 1976 would be 
abandoned. The computer-controlled spectral wave 
generator, valued at $444,000, and associated instru­
mentation, which had cost approximately $60,000, 
would be moved and retrofitted on an existing wave 



tank at WES. Two glass wave tanks, each 150 feet 
long. 3 feet deep, and 1.5 feet wide. valued at 
$35 1,000, would be relocated with their associated 
spectral wave generators for continued use at WES. 
The costs were not specified fo r the plans to conven 
the shore process test basin into needed storage space 
fo r the Corps· publications depot and the Corps' 
museum and hi storical warehouse. 59 (This conver­
sion did not occur.) 

The Directorate of Research and Development 
asked WES to put together a trans ition assistance 
team to answer questions about the move to Vick­
sburg. Few sought their services. and a high 
percentage of scientists and engineers left CERC. Of 
the R3 people offererl tr::~nsfer of function to WES, 38 
initially responded "yes:· but fewer than 2-+ actua ll y 
moved . Of these. two had been hired from WES in 
1982 and one had been hired at CERC for transfer to 
WES.60 

Analysis 

Just as CERC readied itselfto expand and play a 
larger research role, external factors undermined and 
constrained that capability. First. plans were made 
elsewhere in the Corps to expand the facilitie-. at the 
Dalecarlia reservation in the District of Columbia, 
home of the Beach Erosion Board. When these plans 
were opposed, decisionmakers in OCE failed to ex­
amine the fundamental issues closely. If CERC were 
expected to expand slowly, it could have been kept 
at Dalecarlia longer. If CERC were to become a 
much larger operation in the near future, it should 
have been moved to Fort Belvoir more quickly. If 
CERC were to undergo only limited expansion over 
the next four or five years, the best option would have 
been to reserve the Fon Bel voir site and leave CERC 
at Dalecarlia until adequate funds for new faci lities 
were ac;sured. The record suggests that OCE in ­
tended for CERC to expand rapidly. 

The decision to move CERC was made after an 
OCE command inspection in December 1967 con­
cluded that Dalecarlia had insufficient space for the 
CERC of the future. The budget-driven plans con­
tained a fatal flaw. Though some CERC equipment 
was almost obsolete, the construction of the Fan 
Belvoir complex was based on an understanding that 
the Corps would re-create CERC faci lities but would 
not underwrite major improvements. The move it­
self ran over budget, and acquisition of new 
equipment required for minimal upgrading was 
delayed; by 1975, when the move was completed, 
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CERC had passed through years of organizational 
instability and work disruption. 

The Coastal Engineering Research Center now 
had new financial obligations. Facilities construc­
tion at Fort Belvoir was financed through the Corps ' 
revolving fund, a line item in the OCE budget that 
enabled Divisions, Districts, and other Corps ele­
ments to "bonow" money for capital expenditures. 
Yet, though ris ing in constant dollars, CERC budgets 
decreased consistently in real dollars in 1972, 1973, 
and 1974 due to inflation. Meanwhile, fixed operat­
ing costs rose as a consequence of the move and 
because CERC was the faci li ties manager of the 
Kingman Building complex. To these debt burdens 
was soon added the $6 mill ion cosl of ::lC([niring the 
Fie ld Research Faci lity. Concerned about the impact 
of rising fixed costs on research efforts, the CERB 
reviewed the coastal engineering program in 1976 
and asked for a major increase in CERC funding. 

The timi ng was not propitious. Beginning in the 
mid-1960s, the Corps of Engineers had gone through 
a period of organizational restructuring. Changes in 
the budgeting process began when the Planning­
Programming-Budgeting System was introduced 
into the Corps in March 1965. In July, a Policy and 
Analysis Division was created. It soon extended 
PPBS to all civil works acti vities. including research. 
ln l 971, the Assistant Secretary of the Anny for 
Research and Development said he wamed better 
planning in Army laboratories. This was followed 
by an Army Regulation requiring that program plans 
include cost figures so that research projects could be 
compared. Then and later, CERC researchers wou ld 
debate whether this was the most meaningful stand­
ard for comparing projects, but they had no audience 
at OCE. 

Next. Chief of Engineers Lieutenant General 
Wil li am C. Gribb le set plans in motion that ultimate­
ly resu lted in the creation of the Directorate of 
Research and Development. In time, DORD had a 
primary organizational effect on CERC. The new 
resea rch and development structure began to 
generate policies that dictated appropriate areas for 
Corps research and set priorities for funding. These 
policies differed appreciably from the 1963 OCE 
emphasis on the coastal zone and. of course, changed 
CERC responsibilities. 

Whi 1e CERC's situation at this point might be 
compared with that of a badly undercapitalized busi­
ness, the Center faced no real problems in dealing 



with OCE so long as it had no competition. How­
ever, that condition was changing. Simultaneously 
with the onset of CERC's move-related troubles, 
WES began developing capabilities that rivaled 
CERC's. In 1971, Robert W. Whalin became Chief 
of the Wave Dynamic Division at WES. In January 
l974 , in a reorganization he promoted, the General 
Investigation Tidal Inlets research program was 
transfened to his division. Thus, all coastal in let 
work was centralized. Ambitious to make WDD the 
best facility of its kind and well versed in new statis­
t ical methodologies . Wha lin used site-spec ifi c, 
reimbursable work as a means to move into areas 
combining basic research wi th the need to solve 
particular Corps problems. 

The re were two obstacles to the growth of WDD. 
The first was that to become the leader in the field, 
WDD would have to recruit those qualified in apply­
ing numerical modeling techniques. This req uired 
the promise of new and interesting projec ts. The 
second problem was that WDD would have to con­
vince the directorate at WES and then OCE tO 

support the acquisition of expensive, high-quality. 
unique facilities. Though none were in operation 
anywhere, Whalin wanted a test basin wi th a 
directionaL spectral wave generato r. The potential 
of an extraord inaril y expens ive construction project 
on the Great Lakes provided WOO with the oppor­
tun ity to succeed. 

The CERC Commander Colone l Jo hn H. 
Cousins, noting that WES was beg inning to duplicate 
CERC in basic research, asked OCE to assign the 
field -level coastal engi neering program to his or­
ganization. This prompted OCE to reuppraise the 
respective laboratory missions. The outcome was an 
Engineer Regulation iss ued in 1978 that rees­
tablished the CERC basic research mission in the 
original broad terms. Some at CERC hailed the 
decision as signi fying the Center wou ld be " the 
Corps' Office of Naval Research. " 

By the late 1970s, the Corps was strapped for 
resources, and the American economy was in 
decline. When fuel costs rose ror a second time. in 
1979, prev iously prepared budget programming and 
contracts left the Corps $240 mi ll ion short in mee ting 
its obligat ions. The Corps raced considerable pres-
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sure to cut expenses by realigning operations, and 
support for basic research studies waned as OCE 
budget-makers emphasized research applicable to 
spec ific construction. 

Budget considerat ions were the critical factor 
when WES in 1979 asked for funds to build its 
multid irectional, spectral wave generator. Knowing 
the Corps could afford only one high-cost wave­
testing system, CERC protested. Colonel Maxim 
Kovel, Interim Director of DORD, supported the 
WES proposal because the WES generator cou ld be 
paid for out of reimbursable work . By placing the 
most modem equipment at WES, Kovel relegated 
CERC to the position of an inferior laboratory and , 
in effect, reversed the 1978 OCE Engineer Regula­
tion reaffim1ing CERC's primacy in coastal zone 
research. 

The financial situation of CERC worsened as an 
increasing proportion of the Center's funding went 
to repay the Corps revolving fund . Simultaneously, 
DORD and OCE were applying pressure on Corps 
laboratories to upgrade eq uipment to at least the state 
of the art . AtCERC. these essential facil ity improve­
ments would cos t $2.850.000 tO $3,350.000. A 
logical sequence of events fo llowed. Anticipating 
fu ture budget difficulties. in 1979 DORD Director 
Choromokos commissioned a study of CERC. lt 
suggested that the fac ili ty be changed and relocated. 
C horomokos concluded that with WES and CERC 
having the same research capabilities, the cost of 
continuing to operate at Fort Belvoir was too high. 
By October 1980, he had made up his mind to move 
CERC to WES. Short of a vast increase in Federal 
funding for coastal research. nothing would have 
changed this decision. 

In 1981. OMB directed the Corps to reduce 
pe rsonnel by 10 percent. T he reduction did not affect 
all offices equally. DORD was cut by 14 percent and 
had to e liminate 130 or more pos iti ons. Hard 
decisions now had to be cons idered. T he changed 
cond itions in CERC's external organ izational en­
vironment dictated the choices that were made. 
Under the c ircumst;lllces. reconstituting CERC made 
financia l a nd organ iza ti onal sense, a nd outside 
CERC, there was 1 ittle support fo r reta ining the Cen­
ter at Fort Belvo ir. 
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Research Legacy 

The observation and data collection programs of 
the Coastal Engineering Research Center carried out 
during its tenure at Fort Belvoir bui 1t up an immense 
database. This increased knowledge regarding wave 
action and sand transport, the effect:- of tides and 
waves on shore erosion and accretion. sediment 
movement. inlet and estuary d) namic:-.. and the ef­
fects of construction. The data also ass is ted 
engineers engaged in projec t planning by providing 
them with site-specific infonnation. 

Other CERC research programs spanning the 
years 1963-1983 had equally significant re~ults. 

They advanced the capaci ty to compare different 
types of materi al and to quantify and predict sedi­
ment losses from the beaches. The Sand In ventory 
Program. begun as a search for e\plo itable deposits 
of sand and expanded geographicall) to include the 
Great Lakes as well as the oceans. became in<;reas­
ingly more sophisticated with the incorporation of 
new technology. The Center pioneered in economi­
cal methods of beach nourishment, using offshore 
sand deposits as the borrow sources, and refined 
techniques for transferring sand from offshore 
deposits to the beach zone. This included the first 
American tests of split-hull dump barges. 

Research conducted at CERCs Prototype Ex­
perimental Groin Fac i I ity mode rni zed g ro in 
engineering. The CERC deserves much of the credit 
for developing the methods for detennini ng I ittoral 
transport and computing the physical design charac­
teristics for weir jetties and then predic ting the 
shoreline changes resulting from their construction. 
Basic research and the construction of a number of 
novel projects by CERC advanced the understandi ng 
of breakwater design. Studies by CERC guided the 
Corps in selecting sites and projects for demonstra­
tion projects in the five-year program to test and 
evaluate low-cost erosion control measures. 
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The Corps· enlightened attitude regarding the 
shoreline environment, particul arly the Corps' stand 
favoring protection of the unspoiled barrier islands, 
re flected CERC recommendations aru.l dovetail ed 
with the Corps · reluctance to use Federal money to 
protect coastal development. When the potential 
develorment of the barrier islands became a political 
issue, CERC took the lead in addressing the technical 
and sc ientific questions about barrier island forma­
tion and the natural processes responsible for thei r 
dynamic nature. 

The Center pioneered studies using vegetation to 
solve coasta l engineering problems. By estab lishing 
a formal ecology program , CERC advanced 
knowledge of the effects on ecosystems of such 
activities as offshore dredging, beach borrow and fil l, 
and ocean dumping. The program also provided 
information on the impact of constructi on-generated 
sediments on estuarine organisms and changes in the 
ocean environment resulting from offshore con­
struction. Along with the work of other agencies, 
CERC's hurri cane studies advanced knowledge of 
the effects of wave and storm surges on the coast. 

Organizational Legacy 

The Coastal Engineering Research Center's or­
ganizational li fe cycle provides valuable lessons. 
When it was created, CERC was the on ly Federal 
agency with a coastal zone research mission and was 
nearly alone in funding studies of waves and their 
effects. The Center's strength lay in its promise of 
fulfi lling the expectations of its staff. the Coastal 
Engineering Research Board, and the Corps that 
CERC could do more and better research than the 
Beach Erosion Board. The Office of Chief of En­
gineers and CERC staff perceived that while direct 
benefits accruing from basic research were difficul t 
to translate into exact dollar values (such things as 
improved safety , convenience, lesser degree of risk, 
and greater protective capability were difficult to 



quantify), basic research paid off handsomely. Ad­
vocates claimed returns of I 0 percent of program 
costs in the Corp budget. 

The early 1960s were years of expanding mi!>­
sions. budgets, and prospect, for the Corps. No one 
in OCE or elsewhere in the Federal establishment 
suggested that CERC should plan conservatively for 
research or its future as an independent laboratory. 
The CERC activitie · thu a umed an ever-widening 
research mi ion. A a result. !>taff assumed many 
things: CERC would commit to research that would 
produce long-range benefits. The CERB would be 
the primary source of advice to the Chief of En­
gineers on coa tal zone research. The CERC would 
have its separate line item, or something like it. in the 
Corps budget and would remain favorably positioned 
in the research budgeting process. Because the coas­
tal zone wa an important yet little-studied area of 
expanding public and Federal interest. the Corps 
would uppon CERC research over the long term. 
These assumptions were fundamental to CERC plan­
ning.. and over time all proved invalid. 

OrganiLational crises do not announce their 
beginnings. They do not burst upon the scene but 
rather creep in. most commonly as the consequence 
of operational ')hon -te rm olutions to pressing 
problems. The CERC crisis at Fort Belvoir evolved 
from the fac t that three of the four actors-the Office 
of Chief of Engineers. the Wave Dynamics Divi ion 
at the Waterway Experiment Station , and the Direc­
torate of Re earch and Development- came to 
pursue new objectives wh ile CERC held fast to an 
older course. 

The Coastal Engineering Re.search Center was 
created aLa moment when Federal policies favored 
Corps programs. and CERC's ideas and plans were 
wel l rece ived for a decade thereafter. The CERC 
staff naturally came to view the salubrious Corps 
climate of the early 1960s as a permanent envi­
ronment. But a~ early as 1965. when OCE began 
fashioning new budget systems and procedure-,. 
CERC's organizational environment was changing. 
Becau<>e its manager'> and staff did not pay close 
altention to the larger organiLation within which the 
Center worked. CERC slowly drifted from the 
mainstream of Corp.., thinking. 

The ability of CERC to conduct basic research 
was always the major ~ource of its organizational 
strength. While it was both the Corps' lead agency 
and at the forefront or coastal engineering research, 
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CERC was able to nurture its unusually independenr 
ex istence inside the Corps. 

In thi~ context and with the endorsement of the 
Coastal Engineering Research Board, CERC's 
decision to focus on data collection and laboratory 
and modeling experiments to search for applicable 
general theories was critical. Establishing the basic 
research foc us meant telling researchers what 
problems CERC and the Corps considered important 
and how to approach them. In time, these researchers 
discovered new and interesting questions and looked 
for answers within their operational framework. 
While much good work came out of their programs, 
CERC researchers failed lO achieve the meld of 
theoretical and applied research leading to a handy 
general reference to provide the Corps • customer 
with answers to specific problems. 

Fatefull y. CERC' s focus on data collection 
caused researchers there to overlook the possibilities 
implicit in the new methodologies that the Wave 
Dynamics Divi~ion was able to exploi t. When WDD 
responded to the request from the J onh Central 
District for a study of the wave climate on the Great 
Lake . the way wa open for WES to develop re­
search capabilities that paralleled tho e at CERC. 

1 o long-range planning process in the early 
1960s could have anticipated the Federal budget 
problems of the late 1970 . The sudden and sharp 
reduction in the Corps· research budget that re­
quired DORD to make deep cuts originated outside 
the Cor·p!:>. At the same time. CERC found it had 
shaped itse lf to the designs of 1963 too well. In 
providing experti e for many innovative undertak­
ings. CERC offered the Corps technical guidance and 
suppon at a senior leve l. The Center could do the 
speciali zed research that was not a part of the Corps 
overall rc'\earch development program but was none­
theles. important. However, CERC could not 
reemerge a the center of expertise in coastal en­
gineering unti l ba ic and costl y equipment needs 
were met. 

When hard choices had to be made. the Corps 
elected to relocate CERC. that is. to move the or­
gani7a tion fro m Fort Be lvo ir to Vicksburg. 
However. if the essence of an organization is its 
people. th i-, is not what happened. An overwhelming 
numberofCERC'-,peopleclectednottotran fer. By 
December 1983. when I 05 of the 134 personnel 
spaces had been fi !led. CERC con is ted of 20 people 
who had moved to Vicksburg; 14 people at the Duck, 



orth C:u·nlina. Field Rc~carch Faci I it y: -12 pcoplc at 
the Waterway-. E\pl'rimcnt tat inn" IHl tran~rerred 
from the Wave Oynam1L·" Di' i'Hlnto CERC: and 5X 

new hire~ . The old Center had ceased to exist. A'::> 
DORD and OCE desired. a new CERC had been 
created. 
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