
CHAPTER 42 

OPERATION OF HURRICANE BARRIERS IN Nnl ENGLAND 

Elliot F. Cbilds F. ASCE 
Chief, Hydrology and Reservoir Regulation Sections 

U. S. Army Engineer Division, New England 
Corps of Engineers, Waltham, Massachusetts 

ABSTRACT 

Construction of two hurricane barriers to protect the coastal communi
ties of New Bedford and Fairhaven, Massachusetts and Providence, Rhode 
Island is nearly complete. The projects include navigation gates, pumping 
stations, street closures, cooling water canal, and numerous utility gates. 
Operat10n of these various features introduces many problems not generally 
encountered in flood control projects on rivers. Delineation of responsi
bilities, with close coordination and cooperation between governmental 
agencies and local interests is essential to assure full effectiveness of 
the structures during hurricane conditions. 

INTRODUCTION 

H1storic records show that the coast of southern New England has been 
battered periodically by hurricanes. The earliest one of record occurred 
in August 1635. Since then there have been numerous accounts of damaging 
coastal storms, many of which were of hurricane intensity. The 1II0st recent 
major events with good meteorological data occurred in September 1938, 
September 1944, and August 1954 (Carol). 

The 1938 hurricane took 500 lives in New England and caused dam.ages 
estimated at $300 million. The August 1954 storm cost 60 lives and caused 
damages approximating those of 1938. The height of the t1dal surge in the 
1944 storm exceeded the other two. Fortunately, it occurred at low tide 
and damages were less severe. 

Two large cities - PrOVidence, capital of Rhode Island, and New Bedford, 
Massachusetts, see figure 1, - have been particularly vulnerable to tidal 
surges. Losses in lives and monetary damages in both c1ties have been very 
high. FollOWing Congressional authorizat10n in June 1955, studies were 
in1tiated to determine the feasibility of protective barriers at these two 
cities and at other coastal communities. Projects at Providence and at New 
Bedford-Fairhaven were determined to be structurally feasible and economi
cally sound and subsequently were authorized for construction. Work started 
on the Fox Point Barrier at Providence in December 1960 and was followed by 
construction starting in New Bedford and Fairhaven in October 1962. 

Numerous papers, written on the technical features of the investiga
tions, are listed in the attached references. This paper is limited to the 
operational aspects of the two projects during hurricanes and severe coastel. 
storms, the prescribed rules and procedures for operation, and the responsi
bilities and coordination of the local communities, the Corps of Engineers, 
the U. S. Weather Bureau and the U. S. Coast Guard. 

rm1 BEDFORD-FAIRHAVEN BARRIER 

The New Bedford-Fairhaven Barrier (see figures 2 and 3) may be divided 
into three principal features: (1) the harbor barrier and dike across the 
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entrance to New Bedford and Fairhaven Harbor, (2) the Clark Cove Dike whicb 
protects a low area at the head of the cove and prevents high tidal surges 
from t'l.anki.ng the harbor barrier from the vest, and (3) the Fairhaven Dike 
which protects a low area in Fairhaven and prevents tidal flanking from the 
east. 

Tbe harbor barrier extends fram Fbrt Phoenix at the southwestern tip of 
Fairhaven, westward across the harbor to N~ Bedford, a distance of 4,600 
feet. A dike extension at the western end of the barrier is provided for 
4,500 feet along the southeastern shore of Clark Point and return to high 
ground. Top of the barbor barrier, wbere the volume of wave overtopping 
during the design storm does not seriously affect the harbor stages, is ele
vation 20 feet above mean sea level. Top of tbe dike along the shore is 
elevation 22, 2 feet bigher than the barrier in order to minimize the amount 
of wave overtopping onto the land area. 

The naVigation cbannel breaches the harbor barrier with an opening 150 
feet wide. Two sector gates, with sills at elevation - 39.0 feet and top at 
-1-20 feet, will close the channel during major storms and hurricanes. Two 
twin-barrel gated conduits are provided in the barrier section to insure cir
culation of water in tbe southwestern corner of the harbor during the normal 
tide cycles. Eacb conduit is 6 feet wide by 9 feet bigh. As tbis section of 
the project contains the navigation gates and appurtenances, botb the barbor 
barrier and the gates will be maintained and operated by the Corps. Local 
interests contributed a lump sum payment to cover the non-Federal cost for 
this maintenance and operation, as required by law as part of their 
obligations. 

The sbore dike includes three gated conduits, 48, 36 and 24 incbes in 
diameter , and a street gate on Rodney French Boulevard East. The street 
gate consists of two hinged sections, each 31 feet long and 14.5 feet high. 
The street and conduit gates will be operated by City personnel. 

The Clark Cove area is protected by a dike 5,800 feet long around the 
north and east sides of tbe cove with short flanking dikes returning to 
bigh ground (see figures 2 and 4). Top of the dike across the head of the 
cove is elevation 22. 0, while the flanking dike along the easterly side, 
more exposed to wind and waves T is elevation 23. Operational structures in 
this section of tbe project consist of 2 street gates, 6 gates on utility 
conduits and a pumping station. The closure at Rodney French Boulevard West 
has two hinged swing gates, each 31 feet long and 12.5 feet high. The open
ing on Cove Road at the west end of the dike is closed with two gates, each 
31 feet long and 13.5 feet bigh. The 6 utility gates range in size from a 
24-inch diameter sea water intake conduit to a 96- by 84- inch main inter
ceptor sewer. 

The pumping station is for the evacuation of interior storm runoff and 
sewage. It contains 4 vertical propeller- type pumps driven by 350-horse
power motors. Each pump is designed to discharge 122 cfs against a head of 
20 feet. A ponding area adjacent to the station provides about 10 acre- feet 
of storage for inflows that may exceed the pumping capacity. Before initi
ating pumping, the following operations are necessary: (1) clOSing a gravity 
outfall gate, (2) opening the intake gate to the sump, and (3) opening two 
gates to permit inflow from the ponding area. The Clark Cove dike, street 
gates, pumping station and utility gates will be maintained and operated by 
the City. 
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Figure 3. New Bedford- Fairhaven, Mass. Harbor Barrier and Navigation Gates 



Figure 4. New Bedford, Mass. - Clark Cove Dike (Harbor Barrier in Background) 
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The southern portion of Fairhaven is protected by a dike 3,100 feet 
long, with top of dike at elevation 20. This portion of the project has a 
single 4 x 4 foot sluice gate in the drainage conduit that requires oper
ation. There is sufficient ponding area for temporary storage of storm run
off during the few hours that gate closure is required. This dike and gate 
will be maintained and operated by the town of Fairhaven. 

PROVIDENCE, FOX POINT BARRIER 

The Fox Point Barrier, shown in figures 5 and 6, consists of 6 princi
pal features as follows: (1) a concrete dam across the Providence River at 
Fox Point, (2) a pumping station to discharge interior runoff, (3) three 
tainter gates to close the river opening through the barrier, (4) a canal 
to provide cooling water to the Narragansett Electric Company, (5) street 
gates, and (6) utility gates. 

The main barrier includes the pumping station, the three tainter gates 
and the cooling water canal intake. The pumping station, shown in figure 1, 
contains five l09-inch vertical propeller-type pumps, each driven by a 4,500 
horsepower (3,600 KW) motor. Each pump has a discharge capacity of 1,400 
cfs against a 2O-foot head for a total of 1,000 cfs. The pumps are manually 
controlled during an operation. 

The three tainter gates, shown in figure 8, are each 40 feet wide and 
40 feet high. Each sill is at elevation -15 feet msl and the top of gate in 
closed position is ~25 feet. The gates are normally in open position with 
the bottom of gate at about elevation ~23 feet to permit passage of small 
boats and barges. The gates may be lowered 1.5 feet per minute for a total 
elapsed time of about 25 minutes from fully open to closed position. They 
open at a rate of 6 inches per minute. It takes 30 minutes to lift the 
gates 15 feet to provide a full waterway opening and an additional 46 min
utes to open the gates to elevation 23. 

The cooling water canal was required to offset the detrimental effect 
of the tidal barrier on water temperatures. The canal is formed by a panel 
wall along the west side of the river. It provides cool circulating water 
up to a rate of 1,000 cfs to be taken from downstream of the barrier through 
two gated openings in the pumping station. The two control gates, each 10 
feet wide and 15 feet high are normally open. They will be partially or 
completely closed, as necessary, to control the rate of bay water inflow 
during a hurricane operation. The gates may be opened or closed at a rate 
of 12 inches per minute. The warm water from the powerplant discharges in 
conduits through the canal into the river. 

Three street gates require closure during a hurricane. The largest 
gate, located at Allens Avenue, consists of two leaves each 35 feet long and 
12.5 feet high. A smaller gate in the west embankment is located within the 
yard of the Narragansett Electric Company. The third gate closes the South 
Main Street opening in the east embankment (see figures 9 and 10). 

Seven motorized sewer gates require operation during a storm. The two 
largest gates, each 12 x 60 inches, are located in a manhole in Allens Avenue 
to control tidal backwater in a 102-inch diameter trunk sewer. 

More complete description of the project with data on design criteria 
is available in the reference material. 



Figure 5. Artist's Conception of Fox Point Hurricane Barrier at Providence, R. I. 
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RESPONSIBILITIES AND COORDINATION 

Responsibilities for operation of coastal tidal barriers are unique and 
different from conventional Corps of Engineers flood control projects on 
rivers in New England. All major dams and reservoirs requiring regulation 
during a flood normally remain under Corps jurisdiction and are maintained 
and operated by Corps personnel. Some small dams and reservoirs controlling 
relatively small drainage areas and having ungated outlets and spillways are 
turned over to local authorities to maintain. Such projects serve primarily 
to protect a single community located immediately downstream of the project 
site. Local protection projects on rivers involving dikes, walls, pumping 
stations, street and utility gates also become the responsibility of local 
interests to maintain and operate. Rules and procedures for operation of 
river basin projects are straightforward. Their operation is usually re
lated directly to river stages adjacent to the project, in conjunction with 
river forecasts from the Weather Bureau to indicate time and height of ex
pected crest. In summary, river basin flood control projects are operated 
either entirely by the Corps or entirely by local interests. 

As hurricane barriers are considered to be local protection projects, 
Congressional authorization for the New England projects stipulated that 
local interests would provide lands and easements, share in the cost of con
struction, and maintain and operate the project upon completion. However, 
as navigation is a Federal responsibility, the Corps of Engineers will re
tain and direct the operations of all facilities pertaining to this purpose. 
The Weather Bureau also plays an important role in the operation of coastal 
projects. Mobilization and initial operations are based on the location 
and forecast movement of a storm still several hundred miles away, rather 
than on ocean stages immediately adjacent to the barrier. The Coast Guard 
radios information to ships concerning the Corps of Engineers predicted 
time of closure of the naVigation gates at New Bedford, for wben closed, the 
harbor can no longer be entered for refuge. Hence local authorities, the 
Weather Bureau, Coast Guard and Corps of Engineers must coordinate their 
activities to insure the successful operation of the tidal projects. 

LOCAL INTERESTS 

The cities of Providence and New Bedford, and the town of Fairhaven will 
operate and maintain their respective barriers and appurtenances in accord
ance with rules and regulations prescribed by Corps of Engineers operation 
and maintenance manuals. Local authorities must provide a sufficient number 
of technically qualified men to assure timely and adequate action on all oper
ational items. Barriers and equipment will be maintained in satisfactory 
condition. Practice operations will be held at prescribed schedules. Local 
interests are required to establish adequate means of communication to re
ceive Weather Bureau hurricane and coastal storm advisories promptly and 
dependably. Installation of equipment is required to receive the Weather 
Bureau's teletype weather service, in addition to public radio advisories. 

U. S. WEATHER BUREAU 

The Weather Bureau's role in the operation of the barriers is basically 
the continuing responsibility to forecast and keep the public informed on 
the progress and movement of hurricanes and coastal storms. In general, 
operational requirements of hurricane projects do not necessitate any 
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significant modification in the Bureau's past functions or responsibili
ties. Mobilization, closure of gates and activation of pumps by local 
interests normally vill be related to specific terminology in the· fore
casts, such as "watch" and "warning." 
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The Weather Bureau has no specific responsibility or obligation to ad
vise local interests or the Corps when or how to operate hurricane projects. 
The Bureau is not expected to provide personal forecasts or advisories to 
local interests in order to satisfy the particular operational requirements 
of specific projects. However, Bureau forecasters, in close liaison vith 
the Corps, will divulge storm and tide conditions that might develop even 
though such conditions would not be noted in public forecasts. As hurricane 
movements are often erratic and unpredictable, it is essential that all pro
jects be operated for the most adverse circumstances that might occur rather 
than the most probable. Although the issuing of "pessimistic" forecasts may 
result in some unnecessary operations, this is preferable to being caught 
unprepared. 

CORPS OF ENGINEERS 

The prime function of the Corps in hurricane projects is the operation 
of the navigation features. Corps responsibility in the two projects under 
discussion is limited principally to the two sector gates in the New Bedford
Fairhaven navigation opening. The Corps vill also be responsible for oper
ation of a navigation gate in the barrier now under construction at St~ord, 
Connecticut. 

The Reservoir Regulation Section, serving a dual capacity as the Hy
drology and Hydraulics Section in the Engineering Division, New England 
Division Corps of Engineers will issue instructions to field personnel for 
closure and opening of the navigation gates. The Reservoir Regulation 
Section will also maintain close liaison with the Weather Bureau for their 
latest adVisories, and vill furnish predicted time of gate closures to the 
Coast Guard. It is proposed to have engineers from the Corps monitor oper
ations by local interests for several hurricanes to learn whether design 
criteria and regulation procedures are adequate. 

As the Corps is responsible for the operation of the naVigation gates, 
it is a departmental policy that the Corps should not be entirely dependent 
on information from other agencies to fulfill its own obligations. It is 
presently proposed to develop a hydrologic radio network off the southern 
New England coast from which data concerning tidal surge, wave height and 
barometric pressures may be received. "Read-out" from this coastal network 
will be received at the Corps office at Cape Cod Canal, which is open 24 
hours a day, and at the New England Division headquarters in Waltham. It is 
anticipated the Weather Bureau may also have facilities to receive this hy
drologic information for use in their own forecasts. The receipt of coastal 
data will not supercede the need for Bureau advisories on the position of 
storms as they move northward along the Atlantic coast, but vill supplement 
Bureau data and provide a reliable one- or two-hour advance notice of the 
approaching tidal surge. The coastal network may also be of great value in 
spotting abnormal tidal conditions from unpredicted coastal storms develop
ing just south of New England, 

The Corps will furnish local interests all pertinent information 
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received f'rom the coastal hydrologic netrrork, or f'rom any other sou:rc~: 
that 1fOuld affect their mobilization, preparedness or actual opera.t:LO 

U. S. COAST GUARD 

:Lsor:Les 
The Coast Guard will broadcast, by ship- to-shore radiO, all a.d~ :Lge.tiOn 

received f'rom the Corps relative to predicted time of closing the ~e.~a.rrier 
gates at the New Bedford-Fairhaven barrier. With completion of tlle t IIl0re 
the harbor becomes a refuge in time of storm, and it is expected tlle. pUl"r:L
boats than ever will head for New Bedford-Fairhaven Harbor whenever d~a.llce 
canes threaten New England. It is essential that mariners recei~e a. tOrIll 
warning concerning the time the harbor gates may be closed. As tpe S cl.O
center moves north of Cape Hatteras, the day and approximate hour of tpe 
sure will be estimated by the Corps, based on predicted positions bY uS bul
Weather Bureau and knowledge of the astronomical tide cycles. variO e 
letin scripts have been prepared describing predicted time ot cloS~ ~i
notices of closure and opening, and termination of alerts should a. ~:iP for 
cane miss New England. The Corps will select the appropriate buUe pu.:re at 
broadcast. The Coast Guard will broadcast the estimated time of cl..o 
f'requent inter11als to all shipping interests. 

OPERATIONAL CONSIDERATIONS 
~:i.gbed 

There are numerous items that must be carefully considered a,l1a. j.nte
in prescribing operational procedures in a Manual of Operation ana. ) -t11e 
nance. The principal considerations at these two projects are: ( J.. corps 
forecasting problem, (2) the time needed by various personnel of -t;):::le ~d to 
of Engineers, New Bedford, Fairhaven and Providence to be mObilized . J?l?:i.ng 
operate gates, (3) the effect of clOSing the navigation gates on :?:P;;;oj.Jlt 
at New Bedford, (4) the power required to operate the pumps at Fo~ 1:; • 

and (5) the operation of the cooling water duice gates at Fox Po~ 

FORECASTING 
• tes, 

With the use of radar, reconnaissance planes and weather sate~ng and 
the Weather Bureau has continued to improve its techniques for loc@- ~d tem
tracking hurricanes. However, the hurricane "girls" are capricio~~ e~ un
peramental. Their movement in terms of direction and speed are o:e-t'~. 
certain, as those who followed Betsy's course this year will te8t~ 

~:? and 
Besides determination of the size of the storms, wind veloci -t;;::J.... ~ps are 

barometric pressure, the two most important items affecting opera-t;; ~d the 
the speed of the storm as it moves northerly towards New England, c ape Cod 
track of the storm center as it crosses land or veers eastward of:r ::J... t moves 

\ 

and Nantucket. The speed ot the storm, which often accelerates a f7 £'.tion, 
into the northern latitudes, affects the time permitted for mObil:E-~~cation ) 
closure of gates and general preparation for the "big blow." The ~-iiF "Bedford 
of the storm track in passing a coastal community (for example, N~~-- 1.ow 
influences the magnitude of the surge. As all hurricanes and oth~~~se 
pressure systems in the Northern Hemisphere rotate in a countercl~ ~ area is 
direction, the winds will be highest, and southerly, it the projec:::::' ~, the 
eastward of the storm center. On the east side of the storm cent~ burr i-
components of the forward speed of the storm, the high circulatin~ ~e addi
cane winds, and the tidal surge due to a low barometric pressure ~ ~8t are 
tive. Such conditions may cause abnormally high tides and waves ~ 

I 
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often intensified at tbe heads of coves and bays. On the west side of tbe 
storm center, however, the counterclockwise rotation of tbe storm produceS 
northerly winds which are generally offshore and in opposition to the sto:r!1l 
movement . The resultant wind velocities are subtractive and usually smaller 
than those experienced on the east side where the components are additive. 
Offshore winds also tend to oppose the configuration effect of tidal surgeS 
within coastal coves and bays. 

It is not yet possible to determine whether the track of a hurricane, 
still several hundred miles away, may hit or miss New England, or pass to 
the west or east of a project. Thus it is necessary, in operating a hurri
cane project, to assume that every hurricane threatening the north AtlantiC 
will pass close enough to require mobilization of personnel and closure o£ 
gates. It is anticipated that over 50 percent of the storms, for which pro
tective operations are fully completed, will veer away from one or both o-r 
the project localities and produce no appreciable tidal surge. Public re
action and apathy to these "false alarms" may become a problem. 

MOBn.IZATION 

Construction of both projects has not been completed at tbe time o£ 
preparing this paper, so that actual time required to mobilize personnel £ 
and to prepare either project for a tidal surge is not known. Drilling 0 

teams and periodic rehearsals are scheduled to assure that personnel will.. 
be familiar with their assigned duties and that equipment, gates and puag?S 
are all functional. To provide sufficient time to overcome unforeseeable £ 
personnel or mechanical difficulties and allow for possible acceleration 0 
the storm movement, it is presently proposed to initiate mobilization aoCL 
closure of street gates when the Weather Bureau declares a ''Watch.'' Thi.6 
will provide 12 hours or more for most hurricanes in advance of the pre
dicted start of the tidal surge. The advance time for fast moving storzn$ e 
like September 1938 will approximate 7 bours. It may be possible to red"1.1C 

this preparatory time in the future with more operating experience and n-
scientific knowledge of hurricanes, but under present conditions, it is ~C) 
sidered prudent to provide ample time for the operations and contingenc:L.eS ' 

NAVIGATION GATES 

Closing a naVigation channel at the mouth of a harbor in anticipat:L.~Xl 
of a tidal surge poses a problem. New Bedford-Fairhaven Harbor, coveri~~ 
1,100 acres of water area, will be used temporarily for storing the flo~ l..d 
from the Acushnet River and the local urban runoff. The total inflow co~ de
be considerable should the rainfall be heavy during a storm. To provide 8 6 
quate storage for this flood runoff below damaging stages (elevation ph1-:e be 
msl) the navigation and sluice gates in the barrier will be closed when -t ri
incoming astronomical tide, antecedent to the expected arrival of the h~ 
cane tidal surge, rises to elevation plus 2.0 msl. It takes approximat~ :::J.-Y 
15 minutes to either close or open the gates. 

As the storm moves north along the Atlantic coast, the Coast Guard -t ins 
periodically will broadcast via radio to shipping interests, Corps bull~ ~be 
on the estimated day and time of the gate closures. Mariners must heed e 
closing time if they wish to find shelter in the harbor, for once the l~~he 
sector gates have been closed they will not be opened for mariners untiJl-
storm has passed and the tide has receded. The project is constructed 
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principallY for the protection of the city of New Bedford and the towns of 
Fairhaven and Acushnet. Their safety cannot be jeopardized by opening the 
gates for late arrivals seeking refuge. 

It is also anticipated that the existing Coast Guard cutters based at 
New Bedford would put to sea before the channel is closed so they may re
spond to distress calls during a storm. 

PCMER REQUIREMENTS AT FOX POINT PlJl.IPING STATION 

The power requirements at the pumping station (18,000 KW for the 5 
pumps) are so large that the Narragansett Electric Company requires advance 
notice on the estimated number of pumps expected to be used. This permits 
the Company to plan their load distribution and if necessary to procure ad
ditional power from other producers in tbe New England power network. 

The approximate number of pumps required is related to the flow in the 
Providence River. An estimate of the flow will be based on the discharge 
at an index gaging station on tbe Moshassuck River, located just upstream 
of tidewater and near the confluence with the Wonasquatucket River. An 
automatic telephone transmitter in the gaging station will permit frequent 
review of river stages and discharge data during the initial phases of a 
storm. This information will be used for making a quick estimate or revi
sion of the number of pumps required and the corresponding power load. 

COOLING WATER CANAL GATES 

Cool water from the bay side of the barrier flows into the canal through 
two gated passageways located in pumping station. Normally these gates are 
open and tbe passageways (witb a total cross sectional area of 300 square 
feet) produce a negligible bead loss between the bay and tbe canal. 

When the barrier tainter gates are closed and tbe pumping station oper
ated during a storm, tbe greater head differential between the bay and the 
canal makes it necessary to partially close the sluice gates to restrict the 
inflow to the amount required for cooling purposes. This will result in 
frequent gate changes as the bay rises rapidly during a tidal surge and the 
river stage fluctuates with the inflow and pumping. Discharge rating curves 
have been prepared to indicate the gate opening required to provide the de
si~ed cooling water flow for various head differentials between the bay and 
the canal. 

The canal panel wall, consisting of steel H-piles and timber stop logs, 
is designed for a head differential of 2 feet between the canal and the 
river in either direction. To prevent excessive heads from developing, 
either by closure of the canal sluice gates or by too much inflow from the 
bay during a storm, 8 large flap gates; each 6 x 12 feet, are provided in 
the wall. Four of these gates open when a head differential exceeds 1 foot 
in either direction. Although it will be difficult to set the canal sluice 
gates to obtain a precise discharge, the automatic opening of the flap 
gates in the canal wall will compensate for either excessive or insufficient 
flow through the sluice gates. 

All cooling water entering the canal during an operational period is 
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added to the interior runoff and has to be pumped back into the bay. The 
canal sluice gates will be closed to stop the canal inflow from the bay 
whenever 3 or more pumps are needed to evacuate the riverflow. During 
these periods when the sluice gates are closed, water for cooling purposes 
will enter the canal through the flap gates. The need for 3 pumps signi
fies a high rate of fresh water inflow which should provide an adequate 
source of water for cooling purposes during an operational period. 

OPERATIONAL PHASES 

Mobilization of personnel and operational tunctions as prescribed in 
the Manual of Operation and Maintenance are related to the position and 
movement of the hurricane. The operational functions have been divided 
into "phases" to assure clear delineation of responsibilities and actions 
to be taken as a storm approaches and strikes New England. These phases, 
as illustrated on figures 11, 13 and 16 are outlined as follows: 

Phase 

1 

2 

3 

4 

5 

Desi5!!ation A~roximate Position of Hurricane 

Alert(l) North of latitude 30° 
West of longitude 65° 

Watch(2) Latitude 350 , Cape Hatteras, 

warning(2) Latitude 380 , Cape May, N. J. 

surge(l) Leti tude 40° 

Cessation (1) Tidal surge has receded 

(1) Corps of Engineers terminology 
(2) U. S. Weather Bureau terminology 

used in hurricane advisories 

Va. 

The hurricane positions selected to delineate the various operational 
phases are based primarily on the 1938 and 1954 hurricanes which moved very 
rapidly up the Atlantic coast into New England (see figure 11). Other hur
ricanes, similar to Betsy in early September of this year, may move very 
slowly, stall several times, then reverse direction and no longer be a threat 
to New England. It is expedient, however, to be prepared prematurely rather 
than be caught unexpectedly with a fast moving storm. 

Figure 12 shows the result of a study to determine whether there is 
correlation between the forward velocity of a hurricane as it moves across 
different latitudes, and the time in hours before tidal surges are experi
enced on the New England coast. The wide range in plotting positions for 
hurricanes of record illustrates the capricious characteristics of hurri
canes, and the difficulty in forecasting. The minimum times indicated in 
the plotted data should be considered in preparation for an operation. 

Hurricane positions will be carefully noted during future storms to 
evaluate the validity of existing operational procedures. Hindsight analyses 
may indicate desirable and necessary modifications in the present prOVisional 
regulations. 
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STANDARD OPERATING PROCEDURES 

Specific dutles of the various governmental and municipal groups are 
described in standard operating procedures (SOP's). These procedures are 
described in detail in the text of the Manual of Operations and Maintenance 
and are summarized for ready reference, as shown on figures 13 and 16. 

The basic duties to be performed in the various phases are as follows: 

ALERT - All personnel concerned with projects alerted. 
Shipping advised that navigation gates may be 
closed. 

WATCH - Pumping stations and gate control houses staffed. 
Equiplaent tested. Labor crews mobilized to close 
street gates on less heavily traveled highways. 
Advisories to shipping includes predicted closure 
time of New Bedford navigation gates. 

WARNING - Full mobilization. Remaining street gates closed. 

SURGE 

Utility gates operated. Advisories to shipping 
continued. Tdinter gates partially closed at 
Providence. 

- Navigation closed at New Bedford. Shipping 
advised of gate closure. Tainter gates closed at 
Providence. Pumping stations started at both New 
Bedford and Providence. 

CESSATION - Navigation gates opened. Shipping advised. 
Pumps stopped. Tainter gates opened. utility 
gates operated. Personnel demobilized. 

EXAMPLES OF OPERATIONS 

Figures 14, 15, 17 and 18 illustrate examples of operation at the New 
Bedford-Fairhaven and Fox Point (Providence) projects in the event of a re
currence of the September 1938 and September 1944 hurricanes. The tidal 
surge in September 1938 coincided with the astronomical high tide and pro
duced the highest stages of modern record. The tidal surge in September 
1944 was even higher than 1938, but occurred during the astronomical low 
tide with resulting stages somewhat lower than 1938. The more recent August 
1954 hurricane (Carol) has not been used to demonstrate an operation, as it 
was comparable to the September 1938 event. 

Rainfall experienced during these two storms was relatively light at 
Providence and New Bedford. Providence measured about 3 inches in each 
storm while New Bedford received about 2 inches. Some inland areas re
ceived up to 17 inches in 1938 and over 5 inches in 1954. To illustrate 
greater use of the pumping stations, a synthetic storm has been assumed to 
produce a higher rate of interior runoff than was experienced. The stages 
of the predicted astronomical tides and the surges are shown as experienced. 
Closing the various gates in the two projects follow the procedures enumer
ated in figures 13 and 16. 
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'rime is an important factor in the regulation of the two projects. The 
elapsed time in hours for these two hurricanes are sUllDllarized as follows: 

Ela12sed Time in Hours 
Phase DeSignation Se12t 1238 S~t 1244 

1-2 Alert - "latch 10 16 

2-3 Watch - Warning 6 7 

3-4 Warning - Surge 1 1 

4-5 Surge - Cessation 7 7 

The 1938 and 1944 hurricanes were unusually fast moving. Although roost 
other storms have moved much slower., it is essential in prescribing regu
lation procedures to plan for the shortest elapsed times. 

OPERATION OF BARRIERS FOR COASTAL STORMS 

The hurricane barriers at New Bedford-Fairhaven ruld at Providence will 
also he operated for coastal storms, not of hurricane intensity, that appear 
to be severe enough to produce e.bnoI1l'.ally high tides and exceed damage 
stages . Operations for coastal storms where tides may l)e 2 to 4 feet abov-e 
normal will not require closure of street gates, but will require use of the 
other facilities. 

Forecasting for coastal storms often presents a more difficult problem 
than for hurricanes. Some cnastal storms originate in tropical areas sinLi-
1ar to hurricanes and can be reasonably well tracked and predicted as tbey 
move northward. Sufficient warnings and preparation for these storms c~ be 
assured. Otber disturbances, bowever, often develop over the ocean soutb of 
N~w England and strike the coastline witbout adequate warning. The need for 
mobilization and operation of gates could arise with only a few hours notice. 
It is possible that the navlgation gates at New Bedford-Fairhaven may have to 
be closed llith only 1 to 2 hours I notice to mariners. Duration of closure 
for tbe coastal storm tides wo'.lld be relati'fely short and only for 1 or Z 
hours before and after the predicted astronomical higb tide. 

The proposed coastal bydro10gic radio network will be !:Jelpful in prO
viding meteorological and tide data on tbe unpredicted storms developing 
just south of New England. 

INSTRUMENTATION 

Both projects are well instrumented to provide hydrologic data for oper
ations and to maintain communications during hurricane conditions. The :me
chanical and electrics.l features are also well instrumented but these i 1:; ems 
are beyond the scope of this paper. 

NEW BEDFORD-FAIRHAVEN BARRIER 

Tide gages arc installed at the navigation gF.lte control bouse to record 
both the ocean and harbor water levels. Supplementary staff gages are ]Lo
cated in tbe concrete abutments for calibration of the instruments and ~or 
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readings during fair ~eather. Meteorological instruments are provided to 
measure mnd velocity and direction, barometric pressure and rainfall. The 
navigation gates and the barrier Sluice gates are operated from a control 
panel located entirely mthin the shelter of the control house. 

CLARK COVE PUMPING STATION 

Gages are located mthin the pumping station to note the stages within 
the Cove, the temporary storage basin and the pumping station sump. 

PROVIDENCE- FOX POINT BARRIER 

Three water-level recorders are provided in the pumping station with 
level indicators mounted on the main control panel for ease in reading during 
an operation. These recorders and indicators show the levels of the bay, 
river, and the cooling water canal. Staff gages are located on the abutments 
to calibrate the instruments and for fair weather readings. Outside staff 
gages are of little value during darkness, waves, and stormy conditions. 

Electrical controls for the tainter gates and cooling water canal sluice 
gates are located on the panelboard in the pumping station. 

COASTAL HYDROLOGIC NETWORK 

Development of a coastal hydrologic network is proposed in order to ob
tain more data on storm and tide conditions and to gain 1 or 2 hours' advance 
~ning. The tentative station locations are shown on figure 1. A similar 
radio network is presently being installed in many inland river gages to im
prove communications for reservoir regulation. Installation of the coastal 
network mll be initiated as soon as the river system has been completed and 
thoroughly tested. 

COMMUNICATIONS 

Radio faciliti~s are available at the naVigation gate control house at 
New Bedford for contact with the Division headquarters in Waltham, the Corps 
office at Cape Cod Canal, and for ship-to-shore radio contact with ships and 
boats. Walkie-talkie radio is also provided for communications between Corps 
personnel at the navigation gate control tower and City personnel operating 
the pumping station at Clark Cove. City of New Bedford public work vehicles 
are also radio equipped. Telephones mll be installed in the control house 
and pumping station, but they cannot be depended upon during a hurricane. 

As the city of Providence is responsible for the operation of the Fox 
Point project, the PubHc Works Department is planning to install equipment 
for direct receipt of weather forecasts via the Massachusetts Teletype 
Weather Se1~ice. Telephones are installed in the pumping station for con
tacts between city officials and the Narragansett Electric Company. City 
vehicles are equipped with radios which will be helpful during emergency 
conditions. 

SUMMARY 

This paper was prepared as the Ncw Bedford-Fairhaven and the Fox Point 
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(Providence) projects were nearing completion. They have not yet experi
enced a hurricane, although full preparations were made for emergency use for 
hurricane "Betsy" which first appeared to head for the northern latitudes, 
then stalled, changed directions, struck southern Florida and Louisiana, and 
eventually deteriorated over land. Betsy was an excellent example of the 
difficulties in predicting the movements of hurricanes. Such course changes 
pose the most serious problem in formulating procedures for operating hurri
cane barriers. It must be understood and tolerated by all concerned that 
many alerts and initial preparations for an operation may prove unnecessary 
as the hurricane may change course and not affect New England. It is expe
dient, however, in providing reliable protection for the coastal communities 
to formulate plans for the fast-moving, destructive hurricanes that have been 
experienced in the past. 

Successful and dependable operation of the many facilities at hurricane 
barriers requires the close coordination and cooperation of personnel of the 
municipalities, Corps of Engineers, Weather Bureau and the Coast Guard. 
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