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2.4 HYDROLOGY 

2.4.1 HYDROLOGIC DESCRIPTION 

2.4.1.1 Site and Facilities 

The St. Lucie Plant is located on Hutchinson Island which is just off the east coast of the state of 
Florida and is approximately 80 miles north of Miami Beach, Florida. The site consists of 1132 
acres with approximately 12,000 feet of frontage along both the Atlantic Ocean on the east side 
of the plant, and the Indian River (a tidal lagoon) on the west side. The plant uses an open cycle 
heat removal system with the Atlantic Ocean as a heat sink (see Section 9.2). Seismic Category 
I structures, systems, and components are protected from the effects of high water levels and 
wave runup through either design to withstand such effects, positioning to preclude inoperability 
or housing within waterproof structures. The plant grade around the structures is elevation plus 
18.5 ft. mean low water (MLW). Structures are flood protected up to elevation plus 19.5 ft. MLW. 
Any exterior doors and penetrations at or below elevation plus 19.5 ft. MLW which lead to areas 
containing safety related equipment are watertight. Flood protection is described in Section 3.4. 

Figure 2.5-43 shows the facility topography and Figures 3.4-3 and 4 show the drainage features. 

2.4.1.2 Hydrosphere 

The climate of the site area is humid and sub-tropical, with an average annual temperature of 
74°F. The average annual precipitation at Fort Pierce is about 55 inches. Rainfall is seasonal, 
with about 60 percent of the annual amount occurring during the rainy season from June through 
October(1). 

The average annual water loss due to evaporation in the area is estimated to be 40 to 45 
inches(2). 

As shown on Figure 2.4-2, St. Lucie Unit 2 is located on Hutchinson Island, a narrow barrier 
island along the east coast of south central Florida. The plant is about nine miles south of Ft. 
Pierce inlet at the northern end of the island, and about 13 miles north of St. Lucie inlet at the 
southern end of the island. The width of Hutchinson Island varies irregularly from less than 1000 
feet to about 6000 feet. In the immediate site vicinity, it is about 5500 feet wide. The island is 
generally quite flat, with the natural high ground being about 15 feet above mean low water. 
There are no existing or proposed water control structures which could influence conditions at 
the site. 

The eastern side of Hutchinson Island is bounded by the Atlantic Ocean. The Indian River, to 
the west of the island, separates the island from the mainland. The Indian River is not a flowing 
stream, but rather a long, fairly shallow, tidal lagoon which parallels a portion of the eastern coast 
of Florida and separates the mainland from a series of barrier islands, one of which is 
Hutchinson Island. The Indian River is part of the intracoastal waterway. The east coast of 
Hutchinson Island is relatively smooth and regular. Fronting the Atlantic Ocean is a typical east 
coast grassed dune. This is generally continuous and ranges in elevation from about 8 to 20 ft. 
above local mean low water. State highway A1A has been constructed along most of the island 
to the west of the dune. West of this highway, Hutchinson Island is generally flat, swampy, and 
densely vegetated. The vegetation is typical of Florida coastal mangrove swamps. The western 
coast of Hutchinson Island is very irregular and is typified by points, bays, and inlets. Large 
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portions of the island have been diked to maintain minimal water levels (six to eight inches) as a 
mosquito control measure(3). 

The plant site is bounded by Herman Bay to the south and by Big Mud Creek to the north. Big 
Mud Creek is not a flowing stream but rather an inlet off of the Indian River. Surface drainage 
from the site is either to the Atlantic Ocean, Indian River, or to Big Mud Creek and hence to the 
Indian River. All of these are saline bodies of water and do not serve as potable water supply 
sources. 

Tidal analysis is based on data for a 38 year record at Miami Beach and for the June 1970 - 
November 1973 NOS Monitoring Program at Vero Beach. The lowest low tide expected should 
not exceed minus 1.4 ft. mean low water (MLW). This estimate is based on the lowest low tide 
measurements of minus 1.4 ft. local MLW at Miami Beach for 38 years of record and minus 
1.3 ft. local MLW at Vero Beach for three years of record.  

To account for weather disturbances occurring simultaneously with a spring high tide, a 
conservative maximum high tide is predicted using a Gumbel plot(4) of Miami Beach tide data, 
adjusted for the Vero Beach tide, which is more representative of the site. As shown on 
Figure 2.4-3, the one in five year predicted high tide is plus 6.8 ft. MLW. 

For the tide frequency and duration analysis, a three-year record of Vero Beach tide data is 
used. The mean range of 3.4 ft. between low and high tides for the Vero Beach record is in close 
agreement with the 3.28 ft. determined from the one year tide monitoring program at the site. 

Results of the tide frequency analysis are presented as occurrence probability of daily highest 
high tide and cumulative monthly duration of water level above elevations. Elevations are 
specified at one-half foot increments from plus 2.5 to plus 6.5 or plus 7.0 ft. relative to the St. 
Lucie Datum. 

The occurrence probability of daily highest high tides shown in Table 2.4-1 is based on monthly 
averages of the 38-month record of tides at Vero Beach, Florida. An unweighted annual average 
is calculated from the listed monthly averages, assuming that the monthly averages are typical of 
seasonal variations. Because of missing data from the NOS record there are only two replicates 
for February and March data with four replicates of the July through October tide data. 

Seasonal variation of the probability of occurrence of the daily highest high tide indicates lowest 
high tides occur in the summer months and highest tides in autumn. The fortnightly spring high 
tide ranges from an elevation of about 3.5 ft. in July to nearly 4.5 ft. in October, and comprises 
about eight percent of the daily high tides. Since this record is based on actual measurements, 
seasonal effects of local marine climatology are included. The annual average shows that nearly 
all of the daily highest tides exceed 3.0 ft.; the 50th percentile is approximately 4.2 ft., and the 
0.005 probability occurs at 6.0 ft. 

The cumulative monthly duration of water level above St. Lucie Datum indicates a bimodal 
annual distribution (see Table 2.4-2). The longest duration of high water with reference to the 
5.0 ft. elevation occurs in November with a secondary mode in May. 

For a 720-hour month, the annual average duration of tide levels above 3.0 ft. is about one-third 
of the total time. At 4.0 ft. elevation, the duration decreases to 10 percent of the time, with only 
one percent above the 5.0 ft. elevation(5). 
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Current data are based on measurements collected between March 25 and April 4, 1977 from 
four current meters installed in the vicinity of the St. Lucie Plant(5). 

Nearshore circulation along Hutchinson Island in the vicinity of the diffuser is a combination of 
drift, wind-driven currents and oscillatory flow due to astronomical tides. At sustained wind 
speeds greater than 15 knots, current direction and speed is dominated by the wind-driven 
component. For light variable winds, tidal reversals are observed. The tidal component is 
generally less than 0.4 feet per second (fps) whereas wind-driven currents can exceed 1.2 fps. 

Current measurements taken at St. Lucie during 1974(6) and during 1977(7) demonstrate that 
nearshore currents generally flow parallel to the shoreline, with a prevailing northward direction 
and a secondary mode to the south. Currents directly on or offshore are infrequent and of brief 
duration. An onshore wind will drive water toward the shore until current flow changes to the 
longshore direction. 

Water levels in the Indian River are essentially controlled by the levels in the Atlantic Ocean. 
The nearest tidal inflows and outflows occur at Ft. Pierce Inlet and St. Lucie Inlet, respectively 
north and south of the site. 

In the four county region encompassed by St. Lucie, Martin, Indian River, and Okeechobee 
Counties, two main aquifers are found: (1) a shallow, nonartesian or locally artesian aquifer; (2) a 
deeper, artesian aquifer known as the Floridan Aquifer. The shallow aquifer is located primarily 
in the Anastasia formation. It is separated from the Floridan Aquifer by an aquiclude, mostly in 
the Hawthorne formation. Pumping of the shallow aquifer along several portions of the mainland 
coast has caused salt-water intrusion. In general, however, the hydraulic gradient in the 
Anastasia formation is toward the Atlantic Ocean, precluding movement from the site westward 
toward the mainland. The piezometric level in the Floridan Aquifer is higher than that in the 
shallow aquifer in the site area. This, in addition to the aquiclude separating the two aquifers, 
precludes movement of water from the site downward to the Floridan Aquifer. A list of 
groundwater users is contained in Subsection 2.4.13.2. 

A detailed regional and subregional discussion of the physiography of the areas is included in 
Subsections 2.5.1.1 and 2.5.1.2; however, a brief description of features of hydrologic 
importance follows. 

The topography of the four county area varies from flat to slightly rolling, and is typical of an 
emerging coast. To the west of Indian River, on the mainland, a narrow beach ridge extends 
along the shoreline. The maximum elevation is about 40 feet. Behind the ridge, long, shallow, 
swampy, mucky-bottom swales are found. These swales are called "the Savannas” and parallel 
the narrow beach ridge bordering the Indian River. Beyond the Savannas the topography is 
generally flat. The maximum elevation is about 30 feet. 

West of the Savannas and the beach ridge the following surface drainage characteristics are 
typical: 

a) Internal (vertical) drainage is the most predominant feature. 

b) The two primary surface drainage features in the area are the St. Lucie River 
(North Fork in St. Lucie County, South Fork in Martin County) and the Kissimmee 
River. 
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c) Sandy ridges and bluffs paralleling the coastline are found inland at several 
locations. 

d) Man-made works such as canals and spoil banks have distorted the natural 
drainage patterns in some areas. 

Drainage from the mainland to the Indian River consists primarily of small streams and drainage 
canals, the largest of which are Sebastian Creek, the St. Lucie River, and a canal system in the 
Vero Beach vicinity. Because of its numerous connections with the Atlantic Ocean, the water 
level in the Indian River is not affected by flow from the mainland. 

Aerial photographs and air reconnaissance were used to study the surface drainage of the 
mainland area immediately west of the site. The area studied included four counties: Indian 
River County, St. Lucie County, Martin County, and Okeechobee County. The study was 
conducted in the following manner: 

a) A detailed map of the surface drainage paths was prepared from a photo mosaic 
(see Figure 2.4-2). 

b) A study was made of low areas and possible subsidence areas. 

c) An effort was made to delineate the areas and study the effect of artificial 
drainage works on the natural drainage patterns. 

The north and south forks of the St. Lucie River (see Figure 2.4-2) have a braided drainage 
pattern upstream and a slightly reticular drainage pattern near the mouth. Numerous marshy 
areas were noted along the drainage paths of both rivers. The tributary densities on the west 
banks were higher than those on the east banks. Near the Indian River areas of elongated bays 
and associated channels and oval lakes occur within the swamps or marshes. The long axes of 
these ovals generally parallel each other and the coastline. Several ovals are not drained by 
surface channels, indicating that the materials along the eastern edges of these bays are 
unconsolidated and coarse grained. The materials in the bays are generally soft, unconsolidated 
silt, peat, or other highly organic matter. These apparently were swales in the original beach 
deposits. 

Several terraces are noticeable inland of the study area. A well-drained slope parallels the 
coastline along the northeast corner of Okeechobee County into the western half of Martin 
County. This slope represents the limit of the Penholoway Terrace postulated by Cooke (see 
Regional Geology Subsection 2.5.1.1). 

In general, the occurrence of the basins increases midway between these ridges; otherwise, the 
basins are randomly distributed. Although a general southeasterly drainage direction is indicated 
for the primary drainage features, the secondary drainage paths produce a random distribution in 
drainage directions. The local non-symmetrical tributary distribution of the secondary and 
primary drainageways appears to be topographically controlled. The secondary drainage paths 
exhibit a generally dendritic drainage pattern. 

Topographic and drainage patterns have strong lineations parallel to the coastline. The 
directions of the elongation of numerous basins are indicative of this general lineation. In Indian 
River County, the Blue Cypress Lake area also strongly shows a topographic as well as drainage 
lineation. This particular lineation appears to approximate an extension of the major ridge 
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traversing the study area. This ridge also forms the drainage divide between the Kissimmee 
River and the St. Lucie River basins. Lineations indicated by the secondary drainageways are 
considered unreliable since artificial efforts have altered natural drainage patterns extensively at 
this level of drainage, sometimes re-establishing minor drainage divides. 

Subsidence areas were classified into various categories according to their density of 
occurrence. The closest evidence of solutioning and related lake development occurs about 40 
miles west of the site. The shapes of the subsidence areas vary from circular to elongated. In 
general, the subsidence areas form a drainage pattern which can be described as a combination 
of basins and shallow depressions. This reflects past littoral action and limestone solution action 
in the flat-lying limestone. 

2.4.2 FLOODS 

2.4.2.1 Flood History 

To date, there has been no recorded flooding of Hutchinson Island in the vicinity of the plant. 
There have, however, been a few tidal surges documented as follows:(8,9)  1) September 1947: 
Indian River near Ft. Pierce, Tides 6-8 feet MSL; 2) August 1949: Stuart near St. Lucie Inlet, 
Tides 8.5 feet MSL; 3) September 1928: Palm Beach (affected Ft. Pierce) Tides 9.8 feet MSL. 

The St. Lucie County Engineer(10) indicates that the highest recorded tide at Ft. Pierce since 
1950 was 4.5 feet MSL. In general, a tide elevation on the order of 8+ feet has been the highest 
observed in the Indian River in the vicinity of Hutchinson Island. 

Flooding due to high tides associated with hurricanes could occur along the Atlantic coast of the 
barrier island, both shores of the Indian River and in the lower reaches of the St. Lucie River 
system. Some flooding along the north fork of the St. Lucie River could occur because of runoff 
from the interior.(11)

 

Flooding in the Indian River due to hurricanes was reported(11) to have caused significant 
damage in 1926, 1928, 1944, 1947, 1949, 1953, 1956, 1959 and 1960. The storm of 1947 was 
the most severe storm in 75 years of record. The U.S. Weather Bureau lists that storm as a 
Category 4 Hurricane.(15) 

2.4.2.2 Flood Design Consideration 

Various hypothetical hydrologic events and combinations of hydraulic events have been used to 
determine the design basis for flood protection for safety-related equipment and facilities. The 
design bases considered and the methods used to determine them meet NRC Regulatory Guide 
1.59, "Design Basis Floods for Nuclear Power Plants," 8/77 (B2) as described in Section 3.4. 
The events considered are: 

a) Probable Maximum Precipitation (PMP) - 

The site storm water drainage system is designed to handle the PMP described 
in Subsection 2.4.2.3 and 2.3.1.2 without backflooding of any safety related area. 
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b) Probable Maximum Hurricane (PMH) Surge -1 

The maximum hurricane surge results in a still water level of 17.2 feet MLW and 
wind- induced waves to 18.0 feet MLW. The details of this analysis are 
presented in Subsection 2.4.5. Flood protection criteria is established at elevation 
plus 19.5 feet MLW whereby exterior doors and penetrations which lead to areas 
containing safety related equipment are made watertight through the use of 
boots, waterstops and waterproofing. 

2.4.2.3 Effects of Local Intense Precipitation 

Postulated flooding of the storm drainage system does not result in flooding of safety related 
equipment (see Section 3.4). 

In the West Palm Beach area the maximum recorded 24-hour rainfall was 15.23 inches in April, 
1942 (Table 2.3-1). Rainfall amounts of 6.0 inches in one hour have been recorded west of the 
West Palm Beach area. 

The probable maximum 24-hour precipitation is 47.1 inches over an area of 10 square miles or 
less, see Subsection 2.3.1.2. 

The roof leaders are designed for a rainfall intensity of six inches per hour. Postulated short 
periods of more intense rainfall result in water running off the edges of roofs with no adverse 
effects to safety related equipment. No water build-up on the roofs in excess of two inches is 
possible except for the shield building dome which is surrounded by a 1'-6" high parapet. None 
of the above conditions adversely affects the structures or safety-related equipment. 

The roofs of buildings housing safety-related equipment handle the runoff of rain in the following 
manner: 

a) Shield Building - dome roof with parapet. Drainage is by three exterior leaders 
from parapet to the storm water drainage system. 

b) Reactor Auxiliary Building - sloping roofs to roof drains. Drainage is by various 
area leaders to the storm water drainage system. 

c) Fuel Handling Building - roof slopes from west to east to a gutter in exterior 
leaders to the storm water drainage system. 

d) Diesel Generator Building - peaked roof slopes to north or south where water 
runs off the edges and eventually into catch basins at plant grade. 

e) Diesel Oil Storage Tank Building - roof sloped to roof drain. Drainage is by leader 
to the storm water drainage system. 

                                                            

1 Reference Section 3.4 for updated surge levels and wave runup analysis. 
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f) Component Cooling Water Building - roof sloped to roof drain. Drainage is by 
leader to storm water drainage system. 

g) Condensate Storage Tank Building - water runs off domed roof edges to the 
ground and eventually to catch basins at plant grade. 

2.4.2.4 Effect of Pooling on the Southern Site Property 

During a rain fall event, water drainage from the power block occurs through drain lines 
toward the West and East Storm Water Basins. These basins will accumulate water, gradually 
drain toward the South Overflow Basin and eventually drain to the Intake Canal through 
the flood control structures. The peak basin water levels are dependent on their initial level, the 
rain fall amount, the duration of the rain fall event, and the position of the control structure 
gate.  In general, heavy intense rain fall events occurring over a very short time frame 
result in higher water levels within the West and East Storm Water Basins. 

UFSAR Figures 2.4-12 and Figure 2.4-13 depict surge hydrographs for maximum surge and 
maximum duration PMH events. The figures depict Ocean and Indian River elevations which do 
not necessarily reflect water levels expected on the plant property. For instance, other than 
affecting drainage of rain fall from the site property, the basin water levels are only affected by 
ocean level increases if the their level exceeds the intake canal berm height. As the ocean level 
subsequently recedes, pooling will occur on the southern plant property until drainage 
occurs over many hours to the intake canal through the flood control structures. 

Due to the elevation of buildings housing safety related equipment and/or the sealing of 
lower elevation penetrations, water levels in the storm basins will not adversely affect safety 
related SSCs. Plant procedures address anticipated backflow from these basins through 
underground systems (e.g., condenser pit, ECCS Tunnel, underground duct bank system). 

2.4.3 PROBABLE MAXIMUM FLOOD (PMF) ON STREAMS AND RIVERS 

No significant streams flow by or near the site: the Indian River and Big Mud Creek are 
inappropriately named. The Indian River is a tidal lagoon, not a stream. Big Mud Creek is an 
arm of the Indian River Lagoon. Water levels are affected by the Atlantic Ocean and by wind 
conditions, not by any stream flow. Thus PMF on streams is not applicable. 

2.4.4 POTENTIAL DAM FAILURES, SEISMICALLY INDUCED 

No dams are located within the hydrological influence of Hutchinson Island, and none are 
proposed. 

2.4.5 PROBABLE MAXIMUM SURGE AND SEICHE FLOODING 

2.4.5.1 Probable Maximum Winds and Associated Meteorological Parameters 

In view of the many looping and stalled hurricanes occurring along the east coast of Florida, both 
the steady-state Probable Maximum Hurricane (PMH) and the stalled-PMH will be considered. 
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2.4.5.1.1 Meteorological Parameters Associated With A Steady-State Probable Maximum 
Hurricane 

Prediction of open-coast storm surge for establishing water level design criteria for coastal 
installations, such as St. Lucie Unit No. 2, cannot be based solely on observed water levels. 
Consequently, statistical analysis of meteorological parameters and forecasting of hurricane 
surge mechanisms have evolved which estimate the upper limit of a PMH occurring at a 
particular site location. 

According to Memorandum HUR 7-97 of the United States National Oceanic and Atmospheric 
Administration.(13) the PMH is defined as a "hypothetical hurricane having that combination of 
meteorological characteristics which will make it the most severe that probably occur in the 
particular region involved, and the hurricane should approach the point under study along a 
critical path and at an optimum rate of movement..." in order to generate the most severe surge 
and wave height. 

Following the recommendations of HUR 7-97, the PMH characteristics selected for the St. Lucie 
plant site (Latitude 27.3N) are as follows: 

a) Central Pressure Index (CPI) or (PO): The minimum barometric pressure in the 
eye of the hurricane is 26.28 inches of mercury, in Hg. 

b) Peripheral Pressure (Pn): The surface pressure at the outer boundary of the 
hurricane, where the circulation ends is 31.28 inches Hg. 

c) Radius of Maximum Winds (R): The distance from the eye of the hurricane to the 
locus of maximum winds are: 

RS (small radius) = 5 nautical miles (nm) 
RM (medium radius) = 11 nm 
RL (large radius) = 20 nm 

d) Translation Speed (T): The rate of forward movement of the hurricane are:  

ST (slow translation speed) = 4 knots 
MT (medium translation speed) = 11 knots 
HT (fast translation speed) = 18 knots 

e) Maximum Wind Speed (Vx): The highest wind in the belt of maximum winds, 
measured at 30 feet above water. In the case of HT, Vx for RS is 157 mph; Vx for 
RM is 156 mph; Vx for RL is 155 mph. 

f) PMH Track: In order to generate the highest storm surge at the site, the critical 
PMH path was selected so that the maximum isovel will approach the site 
oriented in a direction normal to the bathymetric contours as shown in Figure 2.4-
4. Using the above meteorological parameters, nine PMH wind fields were 
generated and analyzed. The method for generating the wind field is described in 
HUR 7-97 and a typical wind for the PMH is shown in Figure 2.4-5. 
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2.4.5.1.2 Meteorological Parameters Associated With A Stalled Probable Maximum 
Hurricane 

2.4.5.1.2.1 Historical Looping or Stalled Hurricanes 

In order to establish the hydrologic conditions that will optimize the potential erosion at the St. 
Lucie site, a study of historical looping and stalling hurricanes was conducted for the period 1900 
to 1973. Based upon the results of this study, several stalled-PMHs were formulated to reflect a 
more severe wind field system than actually occurred for the purpose of generating both the 
optimum surge duration and erosion (14a-14l). 

A total of 30 historical hurricanes were selected for detailed study and analysis. The storms are 
listed in Table 2.4-3, and the discerning storm features used for selection screening include the 
following items: 

a) All hurricanes moving with translation speeds of five knots or less for at least 48 
hours; 

b) All hurricane tracks with loops that took a minimum of 48 hours to complete 
(several cases of U shapes or hairpin turns were also included); 

c) In addition, six very intense and relatively fast-moving hurricanes were also 
studied for the purpose of comparing the hurricane characteristics. 

Among the 24 looping and stalled hurricanes selected, eight were located in the western Atlantic 
Ocean, within a grid defined along the east coast of Florida (70 W to 80 W longitude, 25 N to 
35 N latitude) as shown in Figure 2.4-6. These eight hurricanes are consequently more site 
representative than those occurring in the general region of the site. 

Table 2.4-3 provides the general hurricane characteristics (CPI, R, T, Vx and track) including the 
variations of these characteristics during the loop. In addition, the distance of the loop measured 
from the coast is also shown. 

Table 2.4-4 summarizes the quantitative ranges of various hurricane characteristics for all 
looping and stalled hurricanes (Nos. 1H-24H), including the eight hurricanes along the Atlantic 
Coast (Nos. 17H-24H), together with the intense hurricanes (Nos. 25H-30H). It can be seen that 
the looping hurricanes along the Atlantic Coast are not the most intense ones from among all the 
looping hurricanes and are significantly less severe than the intense category hurricanes. 

Based on the data shown in Table 2.4-3 the following conclusions can be made concerning the 
behavior of slow moving and looping hurricanes in the vicinity of the Florida east coast: 

a) Hurricanes do not stall (i.e., come to a complete halt) but instead may meander 
with slow translation speeds. The lowest historical translation speed is one knot; 
while the postulated slow PMH speed for this geographic location is four knots, 
according to HUR 7-97. 

b) Intense hurricanes normally move with higher translation speeds of six knots or 
greater, and do not stall or loop during their intense nature phase. 
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Only two hurricanes, Camille (1969) and the September Hurricane of 1938 have 
been known to approach an intensity of a PMH in this century. Their translation 
speeds were respectively 12 and 50 knots. 

c) None of the looping and stalled hurricanes approached the intensity of a PMH. 
The historical wind speed data, compiled in Table 2.4-3, provides a value of Vx, if 
not missing, for each hurricane. 

In addition, for the looping and stalled hurricanes only, three observations are 
reported specifically for the looping phase of the track. Figure 2.4-7 shows a 
graphic distribution of all the reported wind speed data. The graph indicates that 
a significant difference in wind speeds exists between looping and steady-state 
hurricanes. The intense hurricanes develop wind speeds much greater than 100 
knots, while the looping and stalled hurricanes have an average 10-minute wind 
speed of about 65 knots, according to this graph. In fact, of all the looping 
hurricanes, only four attained winds greater than 100 knots, namely; Betsy (1965), 
Gracie (1959), Daisy (1958) and Easy (1950). Comparison of hurricane intensity 
between two types of hurricanes can be measured by the kinetic energy, which is 
directly related to the square of the magnitude of wind speed. For a wind speed 
of 100 knots, the maximum kinetic energy for a stalled PMH is computed to be 
less than one-half that of the fast-moving PMH. 

All maximum wind speeds above 100 knots for the looping hurricanes are 
associated with medium to high translation speeds, and are usually reported to 
have occurred many hours or days before or after the loop phase. 

d) None of the looping or stalled hurricanes remained within a region of 200-mile 
radius from the plant site for any 24-hour period. 

e) The hurricane tracks shown in Figure 2.4-6 display large variations. This fact 
suggests that it would be difficult for a stalled PMH to follow the proposed critical 
path (associated with the surge model as shown on Figure 2.4-4) for more than a 
few hours at a time. 

f) Only a single meandering-type (Gracie, 1959) and a single looping-type hurricane 
(Betsy, 1965) made landfall on the Atlantic east-coast area, during which time they 
were both moving with high translation speeds of greater than 10 knots. All other 
hurricanes either moved further out to sea and/or were downgraded into tropical 
storms. The frequency of all landfall hurricanes, within a 50-mile stretch of coast 
about the site, is estimated to be approximately one in 15 years.(15) 

2.4.5.1.2.2 Proposed Stalled Probable Maximum Hurricane 

Contrary to the nature of dynamic and physical properties of a steady state PMH, discussed in 
Subsection 2.4.5.1.1, conclusions based on a thorough analysis of historical looping and stalled 
hurricane data and related literature(16a-16k) suggest that an upper limit may exist to the intensity 
attainable by a looping or stalled hurricane. This limitation is caused by deintensifying 
atmospheric and oceanographic factors that work against maintaining a mature hurricane.(17a) 

These factors affect not only the intensity but also the size and speed of the storm. The 
stall-induced rate of deintensification is significantly related to the combined effect of dynamic 
mechanisms of surface-water cooling from upwelling and CPI filling from land influences.(17a-17h) 
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These mechanisms were studied and quantified for application to the stalled-PMH approaching 
the site along the critical path (Figure 2.4-4). 

a) Upwelling 

Upwelling is the vertical transport of cold benthic water to the inner core region of 
the hurricane. The cold water mixes with the ambient surface water as it diverges 
or moves away from the center because of a sloping higher water-level or bulge 
that characterizes the low central pressure region. The presence of cold water in 
the base of the hurricane core will cause weakening of the hurricane's wind field 
because of reductions in the fluxes of sea-to-air latent (in the form of water vapor) 
and sensible heat, and the sea-surface air temperature. 

Malkus and Riehl(16c) have determined that quantities of latent and sensible heat 
fluxes from the ocean account for about 15-20 percent of the fuel required to drive 
the hurricane system, and that these fluxes are necessary sources of energy for 
causing the growth of a tropical storm to hurricane strength. 

The amount of sea-surface cooling that results from upwelling will be directly 
dependent upon the following conditions: 

1) The magnitude of translation speed, which determines the length of time 
that the hurricane travels over the water surface at a particular region, will 
determine the quantity of water brought to the surface; the amount of 
mixing; and ultimately the final sea-surface temperature.(16b,18) 

Studies have shown that upwelling effects are negligible for fast moving
 hurricanes.(19)

 

2) Higher intensity hurricanes will increase the inner-core bulge of the sea 
surface, hence the diverging surface currents and the resulting quantity of 
upwelling.(20,20b)

 

Numerical upwelling studies of tropical cyclones by Ooyama(21) show the growth 
or decay rate of an intense storm to be very sensitive to the sea-surface 
temperature beneath the storm. His findings indicate that a slow-moving 
hurricane with a peak wind speed of 130 mph can experience a 38 percent 
reduction in total pressure gradient within a 36-hour period, as a result of mixing 
ambient sea-surface waters with 2 C - colder benthic waters (see Figure 2.4-8). 
The graphs also show that a sea-surface temperature (Ts) change of 
approximately 2 C causes dramatic changes in the structure of the modeled 
tropical cyclones, including a 50 percent decrease in kinetic energy of the low-
level winds within a 24-hour period. 

A theoretical approach to the mechanism of upwelling by Geisler,(19) subsequently 
confirmed by Black,(20a) relates the sea-surface cooling to the storm speed. He 
found upwelling to be important when the ratio of the storm's translation speed (T) 
to the baroclinic wave speed (C) at the thermocline, T/C, was small. The 
baroclinic wave speed is a function of the thermocline depth and the density 
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difference between the upper and lower ocean layers. The sea-surface 
temperature drop as a function of the ratio (T/C) is shown in Figure 2.4-9. 

Black, with the use of actual aircraft-reconnaissance data taken in hurricane 
Ginger, found the critical value of T/C to be 3. In other words, when the hurricane 
translation speed is greater than 3C, very little surface cooling is observed. Black, 
with the use of data from two Florida Coast hurricanes, Donna (1960) and Cleo 
(1964), estimated the value of C to be 2.5 knots. It can be seen that for slow-
moving hurricanes, the sea-surface temperature may drop more than 2 C; and 
Ooyama's deintensification estimates may be further increased. This fact has 
also been recently confirmed by Elsberry(22) in connection with his studies of 
numerical hurricane models.  

b) Filling 

The other important factor contributing to the reduction in hurricane strength 
involves "filling", a mechanism which describes the effects from energy robbing 
friction and the abrupt cut-off of oceanic heat fluxes as the hurricane approaches 
the shore and makes landfall. The hurricane actually begins to experience filling 
when the center is some distance from shore (greater than 40 nm); however, 
filling is greatly magnified once the hurricane makes landfall, simultaneously, the 
hurricane will adjust to the effects of filling by increasing the size of R. 

The nature of filling has been studied by Ooyama(21) for the case when oceanic 
heat- energy supplies are abruptly diminished as would occur during landfall. 
Ooyama's findings indicate that a value of greater than 65 percent reduction in 
pressure gradient can occur over a 36-hour interval; wherein 40 percent of this 
reduction occurs during the first 12 hours. 

Observational studies of filling patterns, conducted by Malkin(23a) and Miller,(23b) 

revealed that the net effect on hurricanes making landfall is to increase the CPI in 
a range of 0.05 to 0.09 inches Hg/hr on the average, or between 0.6 to 1 inch Hg 
per 12 hours. This represents a reduction in pressure gradient of 20 percent to 33 
percent per 12 hours for mature hurricanes due primarily to the effects of landfall 
alone. Utilizing wind speed profiles from aircraft reconnaissance of well-
developed hurricanes, Malkin and Miller noted that in the six hours following 
landfall of the eye, the average rate of deintensification of maximum winds was 
slightly greater than two knots/hr which is in the range of 20 percent to 25 percent 
reduction in wind speed per 12 hours in the region of maximum winds. 

Thus, the above studies involving a large number of hurricanes show that a 
central pressure reduction of 20 percent during the first 12 hours of land influence 
would be expected. This might actually result in a greater than 20 percent 
decrease in pressure gradient since during this period the radius to the zone of 
maximum winds would continue to expand rapidly outward. 

Based upon the above observations on upwelling and filling, the following 
statements can be made: 

l) When T is greater than 3C, very little surface cooling is observed. For the 
case of the Florida coast, in the vicinity of the site, C is calculated to be 
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2.5 knots with the use of local mean baroclinic profile for the month of 
August. 

Based on Figure 2.4-9, the maximum sea-surface temperature decrease is 2° C; 
consequently a 38 percent reduction of total pressure gradient within a 36-hour 
period is expected according to Ooyama. 

2) Reduction in hurricane strength occurring within a 12-hour period after 
landfall amounts to 40 percent. 

In order to propose a stalled-PMH model, the steady-state PMH, discussed in 
Subsection 2.4.5.1.1, was studied with a slower translation speed of two knots 
instead of four knots. This two-knot value is at the lower end of the translation 
speed spectrum of all looping and stalled hurricanes studied in 
Subsection 2.4.5.1.2.1. The three cases; RS (5 nm), RM (11 nm), and RL (20 
nm) are designated as Cases 1, 2 and 3, respectively, in Table 2.4-5. It is noted 
that the duration of surge level above +8 feet MLW (see Subsection 2.4.5.2.2) is 
longest for RL. Because this duration is closely related to the erosion at the site, 
only RL is adopted for modeling the stalled-PMH. 

For the proposed stalled-PMH model, the movement of the hurricane is divided 
into two phases: the initial stall phase and the final stall phase for 
deintensification and stalling. The former phase begins with a steady-state PMH 
described by meteorological parameters: PO = 26.28 in. Hg, Pn = 31.28 in. Hg, 
RL = 20 nm and ST = 4 knots, and the latter's initial conditions depend on the 
postulated criteria of deintensification and stalling. Five postulated models have 
been formulated with considerations given to the behavior of the historical 
hurricanes studied in Subsection 2.4.5.1.2.1 including the physical characteristics 
of upwelling of cold seawater when a slow moving hurricane travels over an 
ocean. These cases are listed in Table 2.4-5. 

Stalled-PMH Case 4 shows a decrease in T from four knots to one knot within a 
first interval of 36 hours; after a lag of 12 hours, while an increase of R from 20 to 
30 nm occurs over the next 36-hour interval accompanied by a 60 percent 
deintensification (40 percent due to upwelling over the first 24 hours and 20 
percent due to filling within the last 12 hours). The stall distance, where the PMH 
has its translation speed of one knot, occurs at the edge of the Continental Shelf 
(18 nm offshore from the eastern Florida Shore). 

This case is comparable to the one studied by Ooyama for a tropical cyclone in 
his theoretical investigation, as mentioned earlier in this section. The growth of R 
as the hurricane approaches the shore follows the behavior of a hurricane 
adjusting to filling effects. Therefore, Case 4 constitutes a more representative 
stall-hurricane which could occur at the St. Lucie site. 

Stalled-PMH Case 5, 6 and 7: All cases commence with steady-state PMH 
parameters involving ST, RL and CPI = 26.28 in. Hg. When the hurricanes reach 
the stall distance of 18 nm from the site (Case 7 is the only exception and stalls at 
a distance of 27 nm), T drops to one knot from the previous four knots and a 20 
percent deintensification is realized within the next 5-hour period due to upwelling. 
This rate of deintensification is greater than that of Ooyama's 38 percent 
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reduction of intensity within 36 hours. The effects of filling were modeled only in 
Case 5 once the PMH made landfall by adjusting the windfield for the next 6-hour 
period, according to procedures outlined in Table 2 of HUR 7-97(13). 

The effect of the lowered wind speeds was a significant reduction in the duration 
of surge to 37 hours above + 8 feet MLW. 

Stalled-PMH Cases 6 and 7 show the effect of stall distance from the shore on 
surge duration because the latter has a longer duration of wind action on the sea 
surface. A 10 percent deintensified windfield configuration for Case 7 is plotted in 
Figure 2.4-10. Both Cases 6 and 7 will be considered for the erosion and flooding 
analysis because the former case is more representative of where the PMH is 
most likely to stall, while the latter case provides for the most conservative design 
parameters. 

The conclusion is reached that the postulated stalled-PMH (exemplified by Cases 
4 to 7) are conservatively defined because the factors listed below, would tend to 
further increase the degree of upwelling, but were not given credit in this analysis. 
They are: 

1) Figure 2.4-9 indicates a decrease of greater than 7° C in sea-surface 
temperature for a translation speed of 1 knot. 

2) The intensity of the proposed stalled-PMH (Vmax = 139 mph even after 20 
percent deintensification) is greater than that defining the tropical cyclone 
(Vmax = 130 mph) used in Ooyama's study. 

PMH Case 8 is modeled after the historical looping hurricane Flora, which looped 
over Cuba during the period of October 3-8, 1963 and is assumed to be 
transposable to the plant site. Hurricane Flora is recognized as the worst looping 
hurricane to have occurred in the North Atlantic Ocean. This storm provides a 
benchmark for comparison with the other PMH cases. Clearly, from Table 2.4-5, 
the duration of surge height for Case 8 is the shortest of all the PMH cases 
analyzed. 

2.4.5.2 Surge and Seiche Water Levels 

The investigation of storm surge at the plant site involves two separate and distinct categories: 1) 
the steady-state PMH which gives rise to the maximum surge level for assessing the flooding 
conditions because no deintensification is considered, and 2) the stalled-PMH which generates 
longer surge duration required for determining the erosion from wave attack. 

2.4.5.2.1 Surge History 

Table 2.4-6 gives all available data for hurricanes which may have affected the site(24a-24b). Most 
observations were made in the populated areas along the Indian River; no data at all is available 
for the ocean side of Hutchinson Island. 

Hurricane David struck the St. Lucie plant site on September 3, 1979. The eye of the storm 
skirted the site and provided a momentary period of calm. 
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A top wind speed of 85 mph was recorded at one point on the meteorological tower at 190 feet 
above grade elevation. The prevailing wind direction during the storm's passage was from the 
Southeast. 

Rainfall at the site measured about 6.20 inches over a 54-hour period, starting late on 
September 3 and extending through September 6. No visible evidence of rainfall or flood 
damage to plant facilities was reported. The plant's drainage system functioned properly and 
easily handled this amount of rainfall. 

Tides were reported to be generally three to five feet above normal. (24c) Highwater marks from 
possible flooding were not visible; hence, flooding can be characterized as light. No records of 
wave heights along the shore or at the plant site were made. 

Since damage resulting from wave attack was minimal, it can be concluded that the wave 
climate was light to moderate in height. Observations of this damage included: 

a) A one-foot drop at the base of the dunes along the eastern shore due to wave 
action. No dune breaching occurred. 

b) Canal damage was limited to only one location; the elbow region of the intake 
canal on the inside face of the southern-most dike. A six foot vertical drop was 
reported to have occurred, starting at Elevation + 13 feet MLW down to 
Elevation + 7 feet MLW. 

2.4.5.2.2 Surge Analysis 

The calculated surge height, or stillwater level, includes the wind setup, the water level rise due 
to barometric pressure drop, the astronomical tide and the forerunner or initial rise. Calculation 
of the surge height is accomplished using a computerized bathystrophic storm surge 
model.(25a 25b) The surge is computed along the path of the maximum wind as the storm moves on 
shore. In determining the maximum surge at the open-coast at the site, the path of maximum 
wind is brought on shore along a track normal to the general orientation of the bathymetric 
contours. This track will theoretically produce the maximum surge height because of the 
orthogonality of wind direction with respect to ocean bottom. Use of the bathystrophic storm-
surge program requires the input of wind field parameters, such as translation speed (T), radius 
of maximum wind (R) and pressure difference (Δ P) and various physical parameters that 
include: tides, the bottom profile along the track of the hurricane, the bottom friction coefficient, 
wind stress coefficient, and wind stress correction factor. A total of 18 surge hydrographs have 
been computed; 13 are for the steady-state (constant wind field) PMHs, four for the stalled-
PMHs and one for the historical Hurricane Flora (1963). Except for the wind field parameters 
(see Subsections 2.4.5.1.1 and 2.4.5.1.2.2), all other input physical parameters for the 18 cases 
are as follows: 

Initial Rise: 1.5 MLW, estimated for the Florida Coast by CERC.(25a)
 

Bottom Friction Coefficient 0.0025(25a, 26a, 26b, 26c)  

Wind Stress Coefficient: 1.1 x 10-6 + 2.5 x 10-6       where 

Wc is a critical wind speed taken as 14 knots, and W is the wind speed. 
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Bottom Profile: the depth profile shown on Figure 2.4-11 extends out to the edge of the 
Continental Shelf, approximately 18 nm offshore.(27) 

Profile Orientation is shown in Figure 2.4-4. 

Astronomical High Tide: 4.6 ft MLW 

The peak of the PMH surge is assumed to coincide with the "10 percent exceedance high 
tide". This is defined by ANS 2.8 as the high tide level equaled or exceeded by 10 
percent of the maximum monthly tides over a continuous 21-year period. The records of 
the tide gauge at Fort Pierce were not considered suitable for open-coast tide prediction 
because they are influenced by the inlet. The closest tide records on the open coast 
were taken at Vero Beach, 22 miles north of the site. The mean tide range observed at 
this location, 3.4 ft (see Subsection 2.4.1.2), indicates that the Vero Beach data may 
conservatively be applied to the site, where the mean range for the one-year monitoring 
program was 3.28 ft. 

Information for the prediction of 21 years of tide heights was provided by the Marine 
Predictions Branch of the National Ocean Survey, Rockville, Md. This included the 
results of harmonic tide analysis for Vero Beach based on data from the 365-day period 
from August 1, 1972 to July 31, 1973. A tide prediction program which uses the 
harmonic constants as input was also provided. This program, called NTP4, was used 
without modification to predict tide heights for the 21-year period from 1972 to 1992. The 
resulting 10 percent exceedance high tide, as defined above, was 4.6 ft MLW. 

A typical sequence of high tides including a 4.6 ft spring tide was selected for use with 
stalled hurricane surge hydrographs. The following sequence of highs (ft MLW), 12.42 
hours apart, are predicted to occur from October 10-19, 1981, and show the alternating 
higher-and-lower tide pattern: 3.4; 3.9; 3.7; 4.0; 4.1; 4.3; 4.1; 4.5; 4.0; 4.6 (spring); 3.8; 
4.6; 3.6; 4.5; 3.4; 4.3; 3.3; 4.1. 

Of the 13 steady-state PMHs, nine are the ones discussed in Subsection 2.4.5.1.1, three have 
T= 2 knots for each of RS, RM and RL, and one has ST = 4 knots with RL at low astronomical 
tide. These additional four steady-state PMHs are used entirely for the erosion study because of 
their slow translation speed. In fact, the three PMHs with T = 2 knots are also listed in 
Table 2.4-5 as Stalled-PMH Cases 1, 2 and 3. In all, 13 steady-state PMHs were formulated for 
surge analysis. The initial nine cases were discussed in Subsection 2.4.5.1.1 with the most 
critical case (RM, HT) for surge height listed in Table 2.4-7. Another case involves a PMH with 
T = 4 knots and RL which was investigated for both low and high astronomical tides, see 
Table 2.4-7. Lastly, three additional cases, numbered 1-3 in Tables 2.4-5 and 2.4-7 involves 
very slow moving (T = 2 knots) PMHs for each of RS, RM and RL. Because T = 2 knots is a very 
slow translation speed, these three cases are also included as stalled - PMHs in Table 2.4-5. 
The PMH with RM (11 nm) and HT (18 knots) yields the maximum surge level (stillwater) of 
17.2 ft. MLW and its surge hydrograph is shown in Figure 2.4-12. For the purpose of erosion 
study, the surge hydrographs stalled-PMH Case 3 and the PMHs (ST = 4 knots, RL for both 
cases of high tide and low tide) are shown in Figure s 2.4-13, 14, 15. 

For the five cases of postulated stalled-PMHs (Cases 4 to 7) and Hurricane Flora (Case 8), the 
estimation of surge required that the previous bathystrophic model be modified to accommodate 
the stalling process with variable wind field parameters. In contrast to the original bathystrophic 
model, which only simulates a wind field that remains constant as the hurricane travels through 
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the site, the modified model can accommodate time variations of translation speed, radius of 
maximum wind, and central pressure (PO). This permits realistic modeling of looping and stalling 
processes which often involve meteorologically interdependent variations of all parameters. 

The resulting surge levels of stalled-PMHs are lower than those of the steady-state PMHs. 
However, the durations of surge level above a certain elevation are longer for the stalled-PMHs. 
By neglecting the foredunes located on the open-coast side of Hutchinson Island, topography 
around the plant area shows that a stable base-elevation can be selected to be + 4 feet MLW. 
When surge levels exceed + 8 feet MLW, the water depth is more than 4 feet over the 
base-elevation. For a breaker height to breaking depth ratio 0.78(25b) breaking waves can reach 
heights of 3.1 feet. This height is considered an acceptably conservative threshold for onset of 
significant erosion. Therefore, the time when surge levels are equal to or exceed + 8 feet MLW 
establishes the duration for evaluating erosion. The durations of surge levels above + 8 feet 
MLW together with the peak surge levels for the steady-state PMHs (RM, HT; RL, ST high tide 
and low tide) and stalled-PMH Cases 1 to 8 are listed in Table 2.4-7. It is noted that Case 7 has 
a total duration of 55 hours of surge level above + 8 feet MLW. 

As a case of practical importance, the historical looping hurricane Flora (1963) has been 
simulated for the site region to determine the erosional impact. It is evident from Table 2.4-7 that 
a Flora-type PMH (Case 8) will generate the lowest duration of water levels required for severe 
erosion. The surge hydrographs for Cases 6, 7 and 8 are presented in Figures 2.4-16, 17, 18. 

Since the western boundary of the plant site is the Indian River, the surge analysis was extended 
to include surge inflow into the river. The open-coast surge will move into the river initially 
through the St. Lucie and Fort Pierce Inlets, and eventually by eroding and overtopping 
Hutchinson Island. For the latter condition, the 25.8 mile stretch of Hutchinson Island is divided 
into five broad-crest weirs of various lengths and crest elevations. The corresponding 
topographic conditions for the weirs are: 

Elevation of Weir Crest Length of Weir 
(Feet MLW) (Miles) 
 

+6 10.33 
+15.5 1.33 
+6 13.33 
-4 0.21 
-4 0.33 

Surge levels in the Indian River are estimated by considering both avenues of inflow occurring 
during the rising surge phase. This process is reversed when the ocean surge recedes. The 
method used for surge estimation also considers the storage capacity of the Indian River. 

The effect of antecedent runoff into the river from local intense precipitation has been included in 
the estimate by allowing an increase up to a total of 1.5 feet in river stage before the hurricane 
landfall. The resulting maximum surge level in the Indian River is also 17.2 feet and its 
hydrograph is also shown in Figure 2.4-12. 

2.4.5.3 Wave Action 

The St. Lucie plant is located on the Atlantic Coast and is therefore subject to wave action during 
a PMH event. Two types of wave action are considered, runup and erosion. The maximum 
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potential for flooding results from the hurricane surge producing the greatest water elevation at 
the site, and consequently the maximum wave runup. The potential for erosion is greatest in the 
event of a stalled or looping hurricane, which results in wave action for an extended duration, 
although at a lower elevation. In the following sections, the shallow water breaking waves in the 
vicinity of the plant island are of major concern, because the deep water waves generated in the 
Atlantic Ocean will break before they reach the plant site. Consequently the resulting wave 
runup and shore erosion are estimated based on the breaking waves in the shallow-water region 
around the plant site. 

2.4.5.3.1 Wave Characteristics 

The characteristics of waves generated by the PMH in deep water are calculated by the method 
of Bretschneider. These characteristics are generally represented by the significant wave height 
and period, and the maximum wave height as described in the Shore Protection Manual(25b). As 
the waves travel shoreward over the continental shelf they are reduced in height by bottom 
friction, and affected by continued action of the hurricane winds and shoaling. The straightness 
of nearshore contours indicates that the shoreline in the vicinity of the plant site is not an area of 
wave energy convergence; therefore refraction is not considered. 

Table 2.4-8 gives the heights and periods of the significant waves just prior to breaking for the 
various PMHs. The significant waves break at depths from 24 to 31 feet, at distances between 
450 and 900 feet offshore during the times of peak surges. The breaking depths of the 
maximum waves range from 48 to 110 feet which occur over a wide range of offshore distances 
between 2200 feet and 9.5 nautical miles. Waves smaller than the significant waves may 
continue propagating toward the plant island in shallower water. The maximum breaking wave 
height around the plant island is limited by the depth of water corresponding to the PMH surge. 

Along the east face, the frontal sand dunes are conservatively assumed to be eroded to the 
stable base plain elevation of the mangrove area. With the peak surge levels shown in 
Table 2.4-7 and the base plain elevation, the breaking wave height is estimated by multiplying 
0.78 by the depth of water(25b). Since the steady-state PMH (R=11 nm, T=18 knots) gives the 
highest surge water level, this PMH is used to estimate the wave runup. A base plain elevation 
of +4 ft MLW is generally used for estimating wave runups at various locations around the plant 
island except that 0.0 ft MLW elevation is used for assessing wave condition in the discharge 
canal. The steady- state PMH (R=20 nm, T=4 knots both high and low tide) and the stalled-PMH 
cases (nos 1 to 8) were all investigated for erosion impact using a realistic base plain elevation of 
+4 ft MLW for the Hutchinson Island. 

Along the north face, the base plain elevation is assumed to be +5 ft MLW. The duration of wave 
action on this face is limited by the shifting of wind directions from northerly to easterly as the 
PMH passes over the site. The wind directions as a function of time are generated by the 
bathystrophic model used in the surge analysis (see Subsection 2.4.5.2.2). The wave action is 
effective only when the wind direction lies between northwest and northeast. The maximum 
surge water-level which occurs during the time the wind direction is in this quadrant is then 
selected in order to estimate the breaking wave height by the previously mentioned water depth 
relationship. 

The breaking wave heights along the east and north faces of the plant island for various PMH 
cases are summarized in Table 2.4-8. 
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2.4.5.3.2 Wave Runup 

As indicated in Table 2.4-7, the steady-state PMH with R = 11nm and T = 18 knots results in the 
highest surge level of 17.2 feet MLW. This PMH, together with its associated wave 
characteristics shown in Table 2.4-8 forms the input for wave runup estimations around the 
"plant island” (The "plant island" is defined as the area at or above elevation 18.5 feet MLW, 
where all safety-related structures are located). 

In order to obtain the probable maximum water levels around the plant island, seven transects 
are taken to accommodate a time-varying PMH windfield approaching from the east, north and 
northwest. These transects are shown in Figure 2.4-19. Runups along these transects are 
estimated based on a composite-slope procedure described in the Shore Protection Manual(25b). 
These slopes are assumed to be smooth and impermeable for added conservatism. 

Since transect B-B is taken across the discharge canal, it is expected that the incident waves 
approach the plant island via the canal. As the waves approach the nose section, formed where 
the Unit 1 and 2 discharge canals join, refraction of the waves is calculated by a method 
described in Reference 28. The refracted wave is estimated to have a height of 4.1 feet. The 
nose area is protected by a steel sheet-piling barrier with its top at elevation +22 feet MLW. 
During the peak surge water-level of 17.2 feet MLW, the refracted wave will break on the 
1 (v): 4 (H) slope in front of the sheet piling and result in a wave runup of about 11 feet on a 
hypothetical extension of the slope of the canal nose. Therefore, overtopping of the barrier is 
expected and the water behind the barrier will be drained off into the discharge canals. The 
temporary flooding around the nose area of the plant island is of no concern since there is no 
Category I structure located in that part of the plant island. 

It should be noted that many conservative assumptions are made in the analysis of runup along 
the transects A-A, B-B and C-C. They are: 

a) The foredunes are completely washed away along the entire east coast of the 
site. 

b) The Highway A1A bridge spanning the discharge canal is assumed swept away in 
a manner that would not interfere with a wave moving up the discharge canal. 

c) The incident wave propagates from the ocean without any attenuation prior to 
reaching Highway A1A. For Transect B-B, the incident wave is the maximum 
breaker supported by a surge water level of 17.2 feet MLW with the base plain 
elevation in the mangrove and foredune areas at 0.0 feet MLW. The resulting 
incident wave height is 13.4 feet. 

Since the PMH causing the maximum surge level approaches from the east, the western face of 
the plant island will not experience any significant wave runup. This is also true along the 
southern face of the plant island. Hence, the maximum water level along both faces is 17.2 feet 
MLW. 

Probable maximum water levels at various transects around the plant island as a result of wave 
runups are presented in Table 2.4-9. It is noted that the flood protection level of +19.5 feet MLW 
is maintained for all Category I structures. 
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2.4.5.3.3 Wave-Induced Erosion 

Wave-induced erosion around the plant island has been thoroughly investigated for the design 
of the St. Lucie generating station. This investigation includes examination of historical beach 
erosion in the vicinity of the site, the use of laboratory test results which simulate wave erosion 
during a storm, and the use of conservative methods for estimating the quantity of erosion. 
These items are individually discussed in the sections which follow. 

The total quantities of erosion computed by this investigation were the sum of erosion by frontal 
wave action, littoral drift losses from waves breaking at an angle to shore, and current-induced 
scouring resulting from hypothesized breaches of the barrier island at Big Mud Creek and the 
Intake Canal. 

The PMH approach towards the site is postulated from due east, however, the site will 
experience wind and wave action from the east, northeast, and the southeast. Wave attack to 
the western side, hence erosion, will be minor because the time at which this wave direction 
applies coincides with low surge. No significant erosion is expected on the southern face of the 
plant island because of low wave heights and generally high topographic features of +10 
to +15 feet MLW. 

Consequently, this investigation will emphasize the erosion that could occur along the north and 
east faces of the plant island. 

2.4.5.3.3.1 Historical Storm Induced Erosion 

In order to predict the magnitude of beach erosion that can occur at the St. Lucie site 
(Hutchinson Island), a thorough list of severe storms which occurred along the Atlantic and Gulf 
Coasts of the U.S.(29a-29v), including one in England(30 31) and one in the Baltic Sea(32) were 
studied. Among these storms, three U.S. storms were chosen for detail investigation because 
they caused the highest storm-induced erosion on record. These three storms are Hurricane 
Carla (1961), the November Storm of 1953 and the September Hurricane of 1938. 

Hurricane Carla struck Mustang Island, a barrier island located along the coast of Texas, on 
September 11, 1961. Carla's exceptionally slow movement resulted in exceptionally prolonged 
hurricane conditions affecting the entire Texas coast with strong winds and high water levels for 
a 5-day period. The storm made landfall at Port Lavaca, Texas with sustained hurricane force 
winds reported to have occurred from Corpus Christi to Galveston, Texas. Because of the slow 
movement for such a large storm, the storm-tide levels remained within a foot or so of its peak 
value for nearly 24 hours(33). The lengthy duration of high-surge caused an equally lengthy 
period of significant erosion. Immediately following the storm, Hayes(29e) documented the worst 
reported case of dune recession to date along the reach of coast from the northern portions of 
Padre Island to St Joseph's Island, Texas. This fact is exemplified in his report as stating that 
"Foredune ridges on Mustang Island were eroded back 50 to 100 yards and even more in some 
places, and were left with wave cut cliffs as much as 10 to 15 feet high", and the dune recession 
was interpreted to be equivalent to the highest total erosion volume ever recorded for a single 
storm event(29e). 

One explanation for this occurrence is that the beach morphology of Mustang Island makes it 
more susceptible to shoreline erosion(34-39). 
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The September Hurricane of 1938 (Table 2.4-3) struck the New England coastline on September 
21, 1938 and made landfall approximately 12 miles east of New Haven Connecticut, but it was 
40 miles farther east, at Watch Hill, Rhode Island, that the highest beach erosion occurred, as 
reported by Nichols and Marston.(29i) 

The storm moved with high speeds north of Cape Hatteras, North Carolina, crossing Long 
Island, New York with an unusually fast speed of 56 mph. This fast movement resulted in a short 
7-hour duration period of high surge levels and accompanying severe beach erosion due to 
wave attack.(29q, 33, 40) 

The post-storm cliff and dune retreat volume are based on visual estimates of Nichols and 
Marston.(29i) They reported that "... a 50 foot cliff composed in the main of stratified sand and 
protected by a concrete seawall was stripped of its vegetative cover and eroded as much as 30 
feet. The foredune on Weekapaug Beach varied from 25-30 feet in height. That this foredune 
was badly eroded, the front retreating as much as 50 feet in places...”. 

The November storm of 1953 struck the New York and New Jersey shores during the two day 
period 6-7 September, and made landfall in the vicinity of New York City as an extratropical 
storm. This storm sustained its highest winds for a rather long period of time resulting in 
extremely high storm-tide levels because of the near coincidence between the storm passage 
and the occurrence of high tide. This high water condition caused the highest volumetric erosion 
ever to be directly measured by precise pre-storm and post-storm beach profiles conducted by 
the U.S. Army Corps of Engineers.(41) Direct measurements revealed that the highest berm 
recession occurred at Dover Beach, NJ. Restoration of the beach to its pre-storm condition 
required the emplacement of 200,000 cubic yards of sand.(41)  An explanation for the high erosion 
is that the possible convergence of wave rays along this beach section,(42-45) combined with the 
low, thin, sediment-deficient character of the shore may have made Dover Beach highly 
vulnerable to storm waves. 

The tracks of these storms are shown in Figure 2.4-20 while the hurricane characteristics, the 
nature of the waves and surges, and the resulting erosion are listed in Table 2.4-10. 

In addition, the shore and offshore geologic features, shore morphology, hurricane frequency 
and the retreat of shoreline for the coastal locations, where the hurricanes caused the highest 
erosion, are compiled in Table 2.4-11. The corresponding data for Hutchinson Island are also 
included in this table for comparison.(46-57)

 

2.4.5.3.3.2 Laboratory Erosion Tests 

In addition to the examination of physical erosion cases as mentioned in Subsection 2.4.5.3.3.1, 
simulated beach erosion due to frontal wave attack at Hutchinson Island was also investigated 
with the use of laboratory test models as described in Appendix 2.4A-1. The large wave-tank 
experiments used sand of either 0.22 mm or 0.4 mm in diameter to mold a sand beach with 
a 1:15 slope in the tank. Simulated cases of ocean waves had heights (Hs) from 0.5 feet to 5.5 
feet with corresponding periods (Ts) from 13.75 seconds to 16 seconds. Among the various 
laboratory test conditions, the case with wave height 5.5 feet and a period of 11.3 seconds is 
considered to be most representative of actual hurricane waves. The change of the beach 
contours as a result of erosion is shown in Table 2.4-12 and the erosion rates as well as the total 
erosion are shown in Figure 2.4-21. Astronomical tidal changes with a range of 2.8 feet were 
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also simulated in the wave tank experiments and no significant impact on the erosion results was 
found. 

2.4.5.3.3.3 Erosion Quantity Estimates 

Erosion around the plant island is estimated based on the combined effects of frontal wave 
attack, littoral drift and current-induced scouring. In order to estimate the amount of erosion and 
its rate, representative soil samples were obtained from various locations about the plant site as 
shown in Figure 2.4-22. A total of 17 samples were analyzed. Grain size distribution of the 
samples is shown in Figures 2.4-23, 24, 25, 26 and the medium grain size (d50) is about 0.3 mm. 
However, the erosion analysis was performed using a more conservative and smaller grain size 
of 0.22 mm as used by Caldwell for his laboratory erosion tests, summarized in Appendix 2.4A-1. 
In the following sections, the methodology of estimating erosion and its amount due to each 
individual effect are described first, then the total quantities of erosion during various PMHs are 
summarized. These summarized quantities will provide the bases for delineating erosion 
contours around the plant island. 

In the following sections, both frontal wave erosion and littoral drift loss are estimated based on 
the breaking wave height, which is invariably associated with depth of water. For determining 
the breaking wave height, the base plain along the east face of the plant island is selected to 
be +4 feet MLW, while along the north face, +5 feet MLW. 

Beach dunes and mangroves areas are not relied upon to provide protection from hurricanes. 
The dunes are conservatively assumed to be eroded to an elevation of +4 feet MLW prior to 
computing the maximum possible quantities of erosion from Highway A1A and the plant island. 
No credit is taken for the energy dissipated or the time consumed in erosion of the dunes. Since 
the "stable base plain" elevations of +4 feet MLW to the east and south of the plant island and 
elevation +5 MLW on the north are the natural ground elevations of extensive flat areas, their 
viability is not dependent on the existence of the mangroves. No reduction of wave height or 
energy by the mangroves is assumed. 

2.4.5.3.3.3.1 Frontal Wave Erosion 

Frontal wave erosion is associated with wave attack normal to the shoreline, Caldwell, in 
Appendix 2.4A-2, provides the methodology used for determining erosion due to this type of 
mechanism. Based on the laboratory erosion test results described in Subsection 2.4.5.3.3.2 and 
the surge hydrographs of various stalled-PMHs, the amount of erosion, during the rising, quasi 
steady-state and falling phases of the surge ranges, are estimated according to Caldwell's 
methodology presented in Appendix 2.4A-2. Two different methods are used in determining the 
erosion quanties: 

a) The first method is to utilize the test data in Table 2.4-12 by arbitrarily doubling 
the duration of each phase of the surge for conservatism and then rounding each 
duration upward to the next higher duration. To transform the laboratory test 
results into the field erosion prediction, the test results are multiplied by a scale 
factor, which indicates the relation between the PMH wave energy flux and that of 
the laboratory as the square of the wave height ratio.(25b) the predicted erosion for 
the stalled-PMH Cases 3, 6, 8 and the steady-state PMH (RL, ST) is shown in 
Table 2.4-13. Since the rate of set-down for Cases 3 and 6 is slow enough to 
allow building up a bar, the scale factor for the falling phase is reduced to 1.2 to 
account for wave breaking on the bar. An alternative to the above estimate is 
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also investigated by not differentiating the various phases of the surge above +8 
feet MLW. The total erosion is obtained from the laboratory results by multiplying 
the values from Figure 2.4-21 by a factor of two for conservatism. The scale 
factor for predicting field erosion is established by selecting an average breaking 
wave height of eight feet during the entire duration of surge; the actual maximum 
breaking wave heights for various PMHs is listed in Table 2.4-8 varying from 4.0 
to 9.4 feet along the east and north faces. The results are presented in 
Tables 2.4-13 and 14. 

In the course of estimating frontal wave erosion, the stalled-PMH Case 4 is also 
considered. This case has a peak surge level of +10.1 feet MLW and the total 
duration of surge level above +8 feet MLW is 10 hours over four consecutive 
astronomical tides. This duration results in an erosion of 280 feet3 per linear foot 
(see Table 2.4-12 for cumulative time of 20 hours as a conservative estimate.) 
For a +4 feet MLW base plain, the maximum 0656W-6 standing water level can 
reach a depth of six feet. Shallow-water waves for this depth will be less than the 
5.5 feet wave height generated in the wave tank; consequently the predicted field 
erosion will be less than the amount of 280 feet3 per linear foot. This case is not 
analyzed further. 

b) The second method applies the laboratory test results of erosion shown in Figure 
2.4-21 over the duration of the rising and falling tidal phases during a surge. To 
accomplish the prediction of field erosion, 

a breaker energy flux factor is multiplied to the laboratory test result.  

 

( in feet) is the average breaker height during a tidal phase, and The term 
six feet is the minimum breaker wave height in the test. For an initial 6-hour 
interval that approximates a rising or falling tidal phase, Figure 2.4-21 shows an 
erosion of 160 ft3/ft, which is equivalent to 320 ft3/ft over a 12-hour full tidal cycle. 
However, if a full tidal cycle is considered for erosion, the laboratory test gives an 
erosion of 240 ft3/ft during the 12-hour period. This demonstrates that a reduction 
in frontal wave erosion during an ebb tide phase can be expected. In the process 
of estimating, each 6-hour erosion time interval is treated as though it was the 
beginning of an erosion cycle, thus this approach will result in a very conservative 
estimate. The frontal wave erosion along the north and east faces of the plant 
island for stalled-PMH cases 6 and 7 are shown in Tables 2.4-15 and 2.4-16, 
respectively. It should be noted that the application of erosion quantity of the east 
face to that of the north face is very conservative for the latter because the east 
face is subject to more severe frontal wave attack. 

2.4.5.3.3.3.2 Littoral Drift Loss 

Littoral drift is the sediment moved along the shoreline by the action of waves and currents. Its 
alongshore rate can be estimated by an empirical method derived from field observations. The 
Shore Protection Manual(25b) discusses the available methods for estimating the littoral drift rate 
under various conditions. Caldwell (see Appendix 2.4A-3) used these methods to derive a littoral 
drift rate vs breaker height curve, shown in Figure 2.4-27 for estimating the drift loss around the 
perimeter of the plant island. Two methods were adopted to estimate the littoral drift losses: 
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a) The first method utilizes a constant breaker wave height of eight feet for rising, 
quasi-steady state and falling phases of the surges to estimate the loss. For this 
breaker height, Figure 2.4-27 shows a drift rate of 3300 yd3/hr. Assuming that the 
region between 0.0 feet and +10 feet MLW contours stretching along the 3000 
foot north shore of the plant island provides the source of sediment material for 
drift loss, a uniform drift rate of 1.1 yd3/hr per linear foot of shore length was 
estimated. For this rate, the littoral drift losses during various PMH cases are 
shown in Table 2.4-17. Two cases are presented in that table for drift loss during 
the falling phase of the surge because it is generally expected to have less loss 
during that phase. One case has no loss while the alternative has approximately 
one-half of the loss rate obtained from Figure 2.4-27. 

b) The second method is more refined since it considers the average breaker 
heights at various time intervals during a PMH; consequently, the littoral drift 
losses during any time interval can be estimated with the use of Figure 2.4-27. 
The total sediment loss for an entire PMH is the summation of the losses of 
individual time intervals. Tables 2.4-18 and 2.4-19 give the littoral drift losses 
along the east and north faces of the plant island, respectively, for the stalled-
PMH Case 7. 

Since the breaker height characteristics are similar for both stalled-PMH 
Cases 6 & 7, the littoral drift loss is proportional to the surge duration of the 
PMHs. Case 7 (see Table 2.4-18) has a surge duration of 55 hours above +8 feet 
MLW with a drift loss of 1035 ft3/ft along the east face, and the drift loss is 
reduced proportionally to 884 ft3/ft for Case 6 because its surge duration is 47 
hours above +8 feet MLW. 

The horizontal recession of the northeast corner of the plant island is estimated by 
assuming that the sediment materials for littoral drift on both the north and east 
faces are supplied from this corner. Table 2.4-20 gives the calculated quantities 
for three PMH cases, and the corresponding distances that the +10 feet MLW 
contour would recede. The sediment volume removed was assumed to be 
bounded by a plane slicing diagonally through the northeast corner at a 1:50 
stable slope above the +4 ft MLW base plain. This configuration gives 
conservative values of reserve distances to the eroded corner, as shown on 
Transect M, Figures 2.4-28 and 2.4-29. 

2.4.5.3.3.3.3 Current-Induced Scour 

Current-induced scour takes place when particles composing an embankment are acted upon by 
forces sufficient to cause them to move. Conservatively assuming that sandy material 
composing an embankment is non-cohesive, it is possible to allow a quantitative assessment of 
the extent of current-induced scour resulting from storm breaching. This assessment is best 
made by applying tractive force theory as utilized in estimating the bed-load transports for alluvial 
rivers. The rate of bed-load transport depends upon the magnitude of the flow's prevailing 
tractive force in excess of the critical tractive force of an embankment particle. 

For a study of current-induced scour, the "worst case" breach would be a single breach in 
Hutchinson Island occurring at the eastern extremity of Big Mud Creek, which is located to the 
north of the plant island. The openings of more than one breach along Hutchinson Island would 
reduce the amount of current-induced scour along Big Mud Creek because water backed up in 
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the Indian River would return to the ocean via several breach channels. Breaching through the 
ocean intake canal is also possible but would not be as serious as a single breach at Big Mud 
Creek with respect to scour at the plant island. These analyses are presented separately as 
follows: 

a) It is conservatively assumed that at the onset of storm surge, the bridge and the 
embankment at Highway A1A were cut down to a bottom elevation of -6 ft MLW 
with a breach width of 1000 ft, which approximates the average width of Big Mud 
Creek at the mean low-water level. This assumption will certainly give the 
greatest flow rate via Big Mud Creek. 

The steady-state PMH (with R=11 NM and T=18 knots) causes the highest surge 
water level and the largest differential water level between the Indian River and 
the ocean. This difference in water levels results in a higher breaching water 
velocity. Figure 2.4-30 shows the time history of the water levels together with the 
resulting breach water velocity. It can be seen that the maximum velocity is 16 
feet-per-second when the surge water level is at an elevation of 11 feet MLW. It 
must be noted that the stalled PMHs have smaller differential head between the 
Indian River and the ocean, although the duration of high surge levels is longer. 

Two cross-sections were used to compute the tractive force of water in the 
breaching channel. One is located at Highway A1A, defined with a depth of 17 
feet, a width of 1000 feet and a Manning 's coefficient (n) of 0.015; the resulting 
tractive force is estimated to be 0.639 lb/ft.2. The other cross-section is taken at 
the Big Mud Creek near the Emergency Cooling Canal, and has a trapezoidal 
section with a top width of 1000 feet, a bottom width of 680 feet, and a depth of 40 
feet. The tractive force for this second section is estimated to be 0.513 lb/ft.2, for 
n=0.03. The corresponding average velocity is 8.1 ft/sec. For sediment of size 
d50=0.3mm and an average tractive force of 0.576 lb/ft.2, Duboy's formula58 gives 
the total sediment discharge of 22.5 lb/sec. per foot of width. The estimate is 
based on a straight channel. For a sinuous channel, the critical tractive force may 
have a 40 percent reduction, consequently the total sediment discharged is 
22.8 lb/sec/foot of width and the 1000-foot channel would carry 22,800 lb. of 
sediment per second. Since the distance between the two sections is 2000 feet, if 
the assumption is made that Big Mud Creek reaches its maximum sediment 
transport capability, the average scour rate is estimated to be 9.94 feet per day. If 
the return flow from the Indian River assumes the same hydraulic conditions, the 
total scour depth resulting from the landward and oceanward breaching current is 
40 feet for a 4-day slow moving PMH. 

Since the plant island is located on the outer bank of a bend of Bid Mud Creek, 
greater scouring is expected to occur along the outer bank of a bend in a river. 
The increase in scouring is related to the curvature of the river alignment and the 
width of the river. In the case of Big Mud Creek, the bend has a radius of 2000 
feet and a width of 1000 feet, an increment of 75 in tractive force is expected(59); 
therefore the tractive force at the bend increases from .513 lb/ft2 to 0.90 lb/ft2. 
Because of the physical location of the plant island in relation to the geometry of 
the bend, shown in Figure 2.4-31, the incremental scouring will only exist during 
the oceanward phase of the surge while none is expected during the landward 
phase. The sediment discharge under these conditions is increased by the 
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square of the tractive force, according to Duboy's formula. Since the oceanward 
phase exists for two days, the total scour distance is calculated as follows: 

9.94 ft/day x 2 days = 19.88ft 
9.94 ft/day x (1.75)2 x 2 days = 60.87ft 

 
Total = 80.8 ft 

The scouring of 80.0 feet in a four-day period is equivalent to a rate of about 0.8 
feet per hour. This amount of scouring is assumed to extend both horizontally and 
vertically for estimating the erosion of river bank as well as the river channel. 

If it is assumed that the embankment recession due to the combined erosion from 
frontal wave action and littoral drift, and that due to current-induced scour can be 
directly added, then the additional recession due to the latter can be estimated 
from the erosion profile of the former. As erosion profiles typically consist of an 
equilibrium slope of 1:50 and a dynamic slope of 1:15 (see 
Subsection 2.4.5.3.3.4), the elevation of the intersection of these two slopes is 
called the critical elevation of the profile. If the scouring profile is computed based 
on the duration of the surge water level at all elevations by the relationship of 0.8 
feet per hour, it is found that the recession at the critical elevation governs the 
retreat of the 1:15 slope. Therefore, the duration of surge water level during the 
PMH at the critical elevation may be used to estimate the recession of the slope. 
The critical elevations for all erosion profiles, except Transect D, are less than +11 
feet MLW, which is used to estimate the 0.8 feet per hour mentioned previously. 

Therefore, the estimate of recession due to current-induced scour is rather 
conservative. Since scouring along Big Mud Creek applies only to the north face 
of the plant island, the embankment recessions during the various stalled PMHs 
were estimated based on the duration of the surges above the critical elevations 
as shown in Table 2.4-21. 

b) A Single Breach at the Ocean Intake Canal: 

A "limiting" breach at the intake canal will occur if the sand dune in front of the 
intake headwork were cut into a 250-foot wide channel with a bottom elevation 
of -6 ft MLW. Once again, a maximum breach channel velocity of 16 feet per 
second and a steady surge elevation of +11 ft. MLW are considered as hydraulic 
input for estimating the scouring. Since the intake canal is 5000 feet long, and 
has a trapezoidal section with a 40 foot bottom width, side slopes of 1 on 3, and 
bottom elevation at -29.3 ft. MLW, the breaching waters in the canal will have a 
velocity of 10 feet per second. For a 40.3 ft. water depth in the canal, the tractive 
force was estimated to be 101 lb/sec. per foot of width, where the sediment size 
d50=0.13 mm and Manning's coefficient n=0.03 were utilized. With a top width of 
281.5 feet for the trapezoidal section, the intake canal would carry 28400 lbs of 
sediment per second. If it is conservatively assumed that the canal would reach 
its maximum transport capability within 2500 feet, a uniform scouring rate both 
horizontally on sides and vertically on bottom, results in an average scouring rate 
of 37.5 ft. per day, or 1.6 ft. per hour during a 4-day PMH surge level at +11 ft. 
MLW. 
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As is seen in Figure 2.4-22, the north shore behind the intake canal extends 400 
feet northward at an elevation +4 ft. MLW; the scouring of canal bank due to 
breach will be limited to this area. The recessions of the canal bank during 
various PMHs are listed in Table 2.4-21. Since the erosion due to frontal wave 
attack and littoral drift loss are estimated based on the contours of the plant island 
at higher elevations (+14 ft. MLW), the recession of canal bank will not contribute 
to the estimate of reserve distance. 

The conservatisms involved in the above analysis can be listed as follows: 

1) The initial breach channel is assumed to initially cut to a bottom elevation 
of -6 feet MLW. This would create a flow condition similar to those that 
exist at Fort Pierce and St. Lucie Inlets. 

2) It is assumed that the breach flow remains steady at a maximum velocity 
of 16 feet per second and a surge level of +11 feet MLW throughout the 
entire 4-day duration of the storm, which includes both onset flow and ebb 
flow. The actual average velocity and surge level are much lower for the 
steady-state PMHs and still lower for the stalled PMHs. 

3) The initial sediment concentrations for the breach flow are assumed to be 
zero. This clear water condition will certainly increase the channel 
degradation. 

4) It is assumed that the breach channel would reach the maximum sediment 
transport capability within 2000 feet or 2500 feet. Actual distances would 
be considerably in excess of these values. 

5) A uniform scouring rate for bank recession as well as channel deepening 
was assumed in calculating the effect of current-induced scouring; 
however, for a trapezoidal channel the maximum shear stress on the side 
slope is much smaller than that on the bottom because of shallow water 
depth. 

2.4.5.3.3.3.4 Total Quantity of Erosion 

The amount of sediment material eroded around the plant island due to frontal wave action and 
littoral drift loss by the first and second method are summarized in Tables 2.4-22 and 2.4-23, 
respectively. As seen in Table 2.4-22, the estimate of erosion by the first method is not much 
different from alternative estimate; therefore, the results by the first method will be used in 
constructing the erosion profiles. From the total erosion quantities of various PMHs listed in this 
table, Case 3 and the steady-state PMH (R = 20 nm, T = 4 knots, high tide) were dropped from 
further investigation because the former is similar to Case 6 and the latter is less conservative 
than its low tide case. As a result, the stalled-PMH Case 6 and the steady-state PMH (low tide) 
were selected for delineating the erosion profiles. In addition, Case 8 was also selected because 
of its practical importance. 

In Table 2.4-23, the erosion estimates by the second method were used to construct the erosion 
profiles for both stalled-PMH Cases 6 and 7. 
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In general, the estimate of erosion for the stalled-PMH Case 7 (second method) gives the most 
conservative value along the east face of the plant island, while the first-method estimate for 
stalled-PMH Case 6 gives the most conservative value of erosion along the north face of the 
plant island. 

Since the amount of erosion due to current-induced scour is estimated in terms of recession of 
shore embankment, shown in Table 2.4-11, the total wave action impact on the St. Lucie site will 
be evaluated by adding this recession to the positions of the erosion contours resulting from the 
frontal wave action and littoral drift loss. These contours are to be delineated from the erosion 
profiles presented in Subsection 2.4.5.3.3.4. 

2.4.5.3.3.4 Erosion Profiles and Contours 

Having determined the erosion quantities due to frontal wave attack and littoral drift loss for 
various PMH cases shown in Tables 2.4-22 and 2.4-23, erosion profiles and contours can be 
constructed around the plant island along transects at selected site locations. These transects 
are shown in Figure 2.4-32. Along the north and south faces of the plant island, additional 
recession of embankments due to channel scour along the Big Mud Creek and Intake Canal are 
taken into consideration in constructing the erosion contours. 

Based on field data of shore slopes resulting from various observed breaches in the U.S.,25b the 
lower limit of equilibrium slope for medium size sand of 0.3 mm is approximately 1 on 50. This 
slope is considered to be a stable and limiting boundary for frontal wave erosion and littoral drift 
loss. The scour profile at high surge levels which remains after storms recede is taken as 1 
on 15, which is based on laboratory tests using grain sizes of 0.22 mm and 0.40 mm with wave 
heights of 5.0 to 5.3 feet and test durations from 37.2 to 60 hours (see Appendix 2.4A). The 
erosion profile is then constructed by extending the 1:50 slope from the +4 feet MLW base for 
those transects along the east and south faces of the plant islands, and +5 feet MLW for those 
transects along the north face. Subsequently, the 1:15 slope is graphically adjusted along 
the 1:50 slope such that the area between the original ground profile and the two slopes 
represents the amount of erosion described in Tables 2.4-22 and 2.4-23. 

Of the 13 transects shown in Figure 2.4-32, six (A, B, C, D, M, & N) are located along the north 
face, four (E, F, G, & H) are located along the east face, one (I) is on the south face, and 
transects J and K are located to the east of the plant island for studying the erosion of Highway 
A1A and the Discharge Canal dikes, respectively. The erosion profiles for the 13 transects 
together with their reserve distances from Class I Structures for various PMHs are shown in 
Figures 2.4-28, 33, 34, 35, and 36. It should be noted that additional reductions of the reserve 
distances for the transects along the north face due to channel scour are shown in Table 2.4-21. 
A summary of reserve distances is given in Table 2.4-24 for the various PMH cases. 

A variation to the above method of uniform erosion to construct erosion profiles was investigated 
by considering the location of erosion and different equilibrium slope for transects A and F 
because they are the most critical transects along the north and east faces. 

For transects A, along the north face, the highest estimated amount of erosion totals 1990 ft3 per 
linear foot (including littoral drift loss) in Stalled-PMH Case 6, as shown in Table 2.4-22, and the 
reserve distance is 75 feet from the Unit 1 Turbine Building (Class I structure). It should be 
noted that during the 15 hours of falling surge phases, the receding wave erosion will cease at 
the northwest corner near the neutralization pond area because of the shift in wind direction. 
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Consequently, the amount of erosion is expected to be less than the estimated value by 340 ft3 

per linear foot. 

This leads to an increase in the reserve distance from the above 75 feet to 114 feet. If an 
equilibrium slope of 1 on 25 is used, instead of 1 on 50, the expected erosion will be 1260 ft3 per 
linear foot. This amount is nearly 40 percent less than the erosion estimated by using a 1 on 50 
equilibrium slope and consequently the reserve distance would increase from 75 to 95 feet. 

For transect F, at the east face, the shortest reserve distance estimated for the Stalled-PMH 
Case 7 is 405 feet measured from the Unit 1 emergency diesel fuel storage tanks along a profile 
across Highway A1A just north of the discharge canal. Erosion to the 1 on 50 equilibrium slope 
terminates at the top of the north dike of the discharge canal at an elevation of +14 feet MLW. 
Since the reserve distance is rather large, no further refinement is made for possible estimate 
variation due to different equilibrium slopes and surge phases. 

As seen from Table 2.4-24, the north face of the plant island is the most critical for erosion. 
Therefore, the erosion profiles along this face for all PMHs are shown in detail in Figures 2.4-28 
to 2.4-38. In these figures, buildings, tanks, pipes, etc., are shown for examining the reserve 
distances in relation to these structures. 

With known erosion profiles and bank recession due to channel scour at various transects 
around the plant, the corresponding erosion contours are presented in Figures 2.4-39 to 2.4-43 
for the steady-state PMH (R =20 nm T = 4 knots, low tide), the Flora-type PMH Case 8, and the 
Stalled PMH Cases 6 and 7. 

As seen in Table 2.4-24, the Stalled-PMH Case 6, shows that the reserve distance is less than 
75 ft. along Transect A. The first method incorporates the unrealistic conservatism of a constant 
8-foot breaking wave height in computing the quantity eroded; the maximum wave height at any 
time in the stalled PMH Case 6 is 7.9 ft. on the east face while that on the north face is 7.1 feet. 
In addition, these wave heights would be possible only at the peak of the surge and only at 
astronomical high tide. The second method uses a time-varying wave train; therefore the 
estimation of erosion is more realistic. 

To arrive at these erosion contours numerous conservative considerations were involved. They 
are as follows: 

a) The methodology used in the application of wave-tank experimental data is 
conservative. The use of relatively small sand grain size (0.22mm) in the tests, 
resulted in greater erosion that would otherwise occur with the larger sand grain 
size comprising the plant fill material (d = 0.3 mm). Furthermore, use of the 
smallest breaker height for the experimental wave-tank tests maximizes the wave 
energy flux ratio and the calculated erosion for the site. The estimates of frontal 
wave erosion are based on a train of waves of uniform height as used in the 
experimental wave tank. These conservative wave trains contain more energy 
than the more realistic spectrum of waves that would reach the shore with a 
significant height equal to the uniform wave heights. The erosion estimates 
shown in Subsection 2.4.5.3.3.2, were based on the uniform wave train. In 
addition, the experimental test results indicate that erosion rate decreases during 
the ebb tidal phase and with repeated tidal cycles. Therefore, without considering 
the distinction between rising and falling tidal phases, erosion rate estimates 
based on breaking wave height only imposes a conservatively high erosion. 
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b) Erosion along the north face of the plant island will be limited by the duration of 
shallow- water waves attaching this face. After the PMH landfall, the wave 
direction will veer, so that the angle of refraction increases. This will lead to a 
significant reduction in wave energy. Thus, the amount of wave-induced erosion 
should become negligible during the ebb phase of the surge. This will be 
particularly applicable to the northwest corner of the plant island when it becomes 
the leeward side or sheltered side. This effect was not accounted for in the 
analyses of the north face Transects A, B, C, & N. 

c) Exposure to wave attack is significant of the plant island at the east face, and 
Highway A1A throughout all phases of surge change during the PMH. However, 
the change in wave direction throughout the PMH will lead to variable erosion at 
critical locations along Highway A1A. The discharge canal, with its flanking dikes, 
forms a barrier for longshore current as well as a shelter from wave attack. 
Consequently, because of the null-velocity points on either side of the canal, sand 
material will tend to be deposited in the corners formed by the discharge canal 
and the plant island. Furthermore, the barriers formed by the discharge canal will 
reduce the littoral shift loss along the east face of the plant island. These 
considerations could provide an increase in reserve distance to Class I structures 
of more than 30 feet for Transects F & G; however, no credit has been taken for 
this effect. 

d) The south face of the plant island would not be exposed to significant wave 
erosion until landfall of the PMH and ebb phase of the surge. This indicates that 
the amount of erosion during the rise of surge level should not be applied at the 
southern face. Therefore, the erosion should be reduced by at least 490 cu ft per 
linear foot for all PMH cases (see Table 2.4-13). For the Stalled-PMH Case 6, the 
total erosion of the southern embankments would be reduced to 1000 cu ft per 
linear foot. No credit was taken for this effect in the analysis of Transect I. 

e) By disregarding certain physical features around the plant site, estimates of 
erosion are conservative. Hard asphalt surfaces, such as parking lots, access 
roads, and Highway A1A, and the concrete slab lining of the neutralization basin 
would resist erosion and diminish the overall amount of material lost. 
Undercutting of the hard surface and collapse of the pavement will form a rubble 
mound which will reduce the wave erosion. 

f) Frontal wave erosion along the north face would be less than predicted since 
breaking waves should be smaller and of shorter duration than the waves along 
the east face which were used in the calculations. 

g) All erosion calculations were made without consideration given to the impact of 
the planned groins and sheet-pile walls which would have an inhibiting effect on 
erosion and littoral-drift losses. 

The additional conservatisms involved in estimating current-induced scour are discussed in 
Subsection 2.4.5.3.3.3.3. 
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2.4.6 PROBABLE MAXIMUM TSUNAMI FLOODING 

No tsunami floodings have ever been reported for the general region of the site. In fact, there 
are few records of tsunami occurrence for the entire east coast of the U.S. The most noted ones 
appeared to be the results of the Grand Banks earthquake of November 18, 1929(67) when a 
tsunami wave amplitude of 0.3 meters was observed at both Atlantic City, NJ and Ocean City, 
MD. This tsunami was generated southeast of Newfoundland with the earthquake epicenter 
close to Sable Island. 

The nearest tsunami occurrence reported south of the site region was due to the Virgin Islands 
earthquakes of 1867-1868(68). Tsunami wave amplitudes of 7 meters and 9 meters were 
reported respectively at St Thomas and St Croix. The earthquake epicenter was estimated to be 
at 15 to 20 km south of St Thomas. 

Since there is no seismic or geologic evidence to indicate the existence of potential tsunami 
generators offshore in the site area (refer to Subsections 2.5.2 and 2.5.3), any possible tsunami 
effect at the site location will be generated from far-field sources such as those off the east coast 
of Canada and the Caribbean Sea. The magnitude of such tsunami effects at the site are 
believed to be negligible compared to the effect of surges caused by the Probable Maximum 
Hurricane (see Subsection 2.4.5). Consequently, no evaluation of potential tsunami flooding is 
needed. 

2.4.7 ICE EFFECTS 

According to information supplied by the U.S. National Climatic Center (61) a three day period 
when sub-freezing temperatures were attained for a short period of time was recorded at Fort 
Pierce, Florida, located approximately eight miles north of the St. Lucie site. The lowest 
temperatures for the January 18-20, 1977 period are, respectively, 26°F, 28°F, and 24°F. The 
rare occurrence of sub-freezing temperatures as well as the short duration of the freezing period 
in the general area of the site, does not result in postulating any possible ice damage to any of 
the intake structures. Therefore, no preventive ice control measures are considered in the 
design of the plant. 

2.4.8 COOLING WATER CANALS AND RESERVOIRS 

The cooling water canals consist of the intake and discharge canals for normal and emergency 
operating conditions. The design basis and operating modes of the intake and discharge canals 
are described in Subsections 9.2.5, 10.4.5 and Unit 1 UFSAR Subsection 9.2.3.2. In the unlikely 
event that the intake cooling water canal is unavailable water can be provided from Big Mud 
Creek via valves in the Ultimate Heat Sink barrier wall. 

The cooling water canals and UHS are common plant facilities which were constructed, reviewed 
and licensed under the St. Lucie Unit 1 Operating License, Docket No. 50-335. 

2.4.9 CHANNEL DIVERSIONS 

The intake canal receives water directly from the Atlantic Ocean through subaqueous intake 
water pipes which run under the beach and end at the start of the canal east of highway A1A. In 
the unlikely event of blockage of the intake canal or pipes, emergency cooling water is taken 
from Big Mud Creek through the emergency cooling water canal. This emergency source of 
water is designed to withstand the design basis earthquake, tornado and probable maximum 
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hurricane conditions. The Ultimate Heat Sink is a shared system licensed as a part of the St. 
Lucie Unit 1 Operating License, Docket No. 50-335. 

Big Mud Creek and the connecting Indian River are salt-water estuaries of the Atlantic Ocean 
and therefore diversion of their cooling water sources is not applicable. 

2.4.10 FLOODING PROTECTION REQUIREMENTS 

The design of structures for protection against flooding is discussed in Subsection 3.4.1. Wave 
action protection has been discussed in Subsection 2.4.5.3 supra. 

2.4.11 LOW WATER CONSIDERATIONS 

2.4.11.1 Low Flow In Rivers and Streams 

The normal, and emergency, source of cooling water for the plant is the Atlantic Ocean. This 
source of cooling water is not affected by low flow in rivers and streams. 

2.4.11.2 Low Water Resulting From Surges, Seiches, Tsunamis 

On several occasions extreme low tides have been observed in coastal bays and rivers 
bordering on or emptying into the Atlantic Ocean or the Gulf of Mexico. These are the result of 
hurricane passage far enough north or south of a coastal area (depending on the effect on the 
east or west coast of Florida) to have sustained winds oriented either offshore (for bays and 
open coasts) or along the primary axis of coastal rivers. For example, at Tampa, Florida, tide 
levels at Seddon Island were lowered to minus 5.1 feet. MSL during passage of the October 
1944 hurricane. They may also occur as a result of a storm remaining stationary, or looping just 
offshore, so that sustained offshore winds of long duration prevail over the coastal area. For 
example, tides at Cedar Keys, Florida were lowered to minus 3.1 ft. MSL from the famed "Cedar 
Key Hurricane,” which looped just offshore of the area. 

At low tide and under 50-60 mph winds, water levels in the Indian River would be lowered to no 
more than minus 0.2 ft. MLW at the plant site. 

The hypothetically worst condition could be postulated as the PMH maximum wind (140.6 mph) 
prevailing over the Indian River. It is estimated that a resultant extreme low tide elevation of 
minus 3.0 ft. MLW in the Indian River can be expected to occur at the plant site. 

For relatively straight coastlines such as Hutchinson Island, the offshore winds will seldom 
provide sufficient offshore transport to depress the water level below the initial level because of 
the southward alongshore currents developed during the storm. However, to conservatively 
estimate the possible extreme low water elevation due to a PMH, it is assumed that the 
alongshore currents are negligible and do not offset the offshore transport. Since the hurricane 
is basically a low pressure system, the water level rise due to pressure drop is subtracted from 
the surge level computation. With the lowest astronomical tide of -1.25 MLW and neglecting 
initial surge, it is found that the extreme low tide on the open coast due to the PMH is minus 3.0 
ft. below MLW. This will not affect pumping capabilities; see Subsection 2.4.11.5. The lowest 
predicted astronomical tide at Miami Beach in a complete tidal epoch was minus 1.1 ft. MLW 
which corresponds to minus 1.25 ft. MLW at the site, using the correlation derived for observed 
tides in Subsection 2.4.11.3. 
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Since the site is not at the Pacific Coast or Gulf Coast, low water due to tsunamis is not 
postulated. 

Seiche is not considered because the site is facing the open coast on the east side and the 
Indian River on the west side; see Subsection 2.4.5.4. 

2 4.11.3 Historical Low Water 

There are 13 months (May 9, 1976 - May 3, 1977) of tide data at the ocean side of the site. The 
return frequencies of extreme low tides at the site were estimated by correlating the 13 months 
lowest observed monthly tides with the coincident data at Miami Beach. Correlation of 38 
months (June 1970 to November 1973 with two missing months - February and March 1972) of 
tide data for Vero Beach and Miami Beach was also performed. It was found that both 
correlation graphs have the same slope. Since the site is located between the Miami Beach and 
the Vero Beach, the same correlation slope was used to extrapolate tide data at the site from 
that of Miami Beach. Figure 2.4-86 shows the return frequencies of lowest annual observed tides 
at Miami Beach for a period of 42 years (1931-1951, 1955-1966, 1968-1969, 1971-1977) and the 
lower envelope of those data. The corresponding envelope for the site was thus obtained from 
the correlation derived previously for these two locations. Since the derived envelope was based 
on observed tides, the frequency at the site shown by the envelope includes the meteorological 
effects. The lowest observed tide was minus 1.65 ft. MLW which occurred on March 24, 1936. 

2.4.11.4 Future Controls 

Future controls for possible changes in flow rates, durations and levels of plant cooling water 
sources are not required. The main source of water is the Atlantic Ocean and the source of 
emergency cooling water is also the Atlantic Ocean via the Indian River (which is a salt water 
estuary rather than a river, and as such, does not have a sustained flow). 

2.4.11.5 Plant Requirements 

The required minimum cooling water flow varies with plant operating mode as discussed in 
Subsections 9.2.1, 9.2.5 and 10.4.5. 

The intake structure bottom elevation is minus 31 feet MLW. The circulating water pump suction 
elevation is minus 16 feet MLW. The intake cooling water pump suction elevation is minus 18.5 
feet MLW. Minimum submergence is 6 feet for the circulating water pumps. For the intake 
cooling water pumps, the minimum submergence is 4 feet for 14,500 gpm flow. Therefore, the 
minimum water level which will sustain the required cooling water flow (14,500 gpm) is elevation 
minus 14.5 feet MLW. Since the lowest water level in the intake canal with all circulating water 
pumps operating would be minus 6 feet MLW, and minus 9 feet considering 3 feet additional 
drawdown from PMH maximum wind, the intake water pumps are assured sufficient 
submergence under all conditions. Furthermore, the intake canal is a shared system which was 
reviewed and licensed under the St. Lucie Unit 1 Operating License, Docket No. 50-335, and 
intake canal water level is monitored as a part of the Unit 1 Technical Specifications. 

The intake canal is designed to provide an even distribution of intake water to all four bays of 
each intake structure. The effluent from the intake cooling water system is released to the 
discharge canal at elevation -1.5 feet where it mixes with the circulating water flow and is 
discharged into the ocean. 
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2.4.11.6 Ultimate Heat Sink Dependability 

As indicated as Subsection 2.4.8, the UHS is a common plant facility which was licensed under 
the St. Lucie Unit 1 Operating License, Docket No. 50-335. The St. Lucie Unit 1 UFSAR in 
Subsection 2.4.11 describes intake canal level instrumentation and UHS dependability 
requirements. 

2.4.12 DISPERSION, DILUTION AND TRAVEL TIMES OF ACCIDENTAL RELEASES 
OF LIQUID EFFLUENTS IN SURFACE WATERS 

As indicated in Subsection 2.4.13.2, results of a late 1979 survey of potable water wells on 
Hutchinson Island are being evaluated and preliminary results indicate that there are no related 
concerns with accidental releases of liquid effluents in surface waters. 

2.4.13 GROUNDWATER 

2.4.13.1 Description and Onsite Use 

[Note: A Site Conceptual Model (SCM) for the St. Lucie site was prepared in April 2008 to 
characterize groundwater flow and mass transport (Reference 71). The specific areas 
addressed in this report were as follows: 

• Characterization of geologic and hydrogeologic conditions within the Owner 
Controlled Area, including subsurface soil types, and direction and rate of 
groundwater flow; 

• Characterization of the groundwater/surface water interaction at the site; 
• Discussion of the operation and design of the evaporation/retention basins 

(which receive flow from the stormwater drainage system); 
• Evaluation of groundwater quality at the site, including the vertical and horizontal 

extent, quantity, concentrations, and potential sources of tritium in the 
groundwater (including maps of mixed plume area); 

• Definition of probable sources of tritium releases at the site; 
• Evaluation of potential human, ecological, or environmental receptors of tritium 

that may have been released to the groundwater; and 
• Recommendations for additional investigations and long-term monitoring. 

The conclusions of the SCM were that tritium in groundwater at the St. Lucie site is unlikely to 
present an environmental or health risk on or off-site, and that none of the potential receptors 
identified are at risk of exposure to concentrations of tritium.] 

The groundwater study region consisted of St. Lucie, Martin, Indian River and Okeechobee 
Counties. Two main aquifers are found in this region: a shallow non-artesian or locally artesian 
aquifer, and a deep artesian aquifer(62-64). 

The discharge of the shallow aquifer is by a flow into streams or lakes, by direct flow into the 
ocean, by evapotranspiration, or by pumping from wells. Some discharge is to local canals and 
ditches. 

The transmissivity of the shallow aquifer in Martin County has been measured to be 
approximately 20,000 gallons per day (gpd) per foot(62). In St. Lucie County, tests have 
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measured transmissivities of about 5,000 to 60,000 gpd per foot. These low to moderate values 
indicate nonuniformity in the permeability and in the thickness of the shallow aquifer(63). 

The deep aquifer of the area, and principal artesian aquifer of the region, is the Floridan aquifer. 
It underlies all of Florida and southern Georgia, and consists mainly of permeable limestone 
beds. The top of the Floridan aquifer in Martin County is typically between 600 and 800 feet 
below ground surface, and underlies the Hawthorne formation, which is an aquiclude(62) and at 
some places acts like an aquitard. The Floridan aquifer underlies Indian River County at depths 
ranging from about 250 to more than 500 feet(65). In St. Lucie County, the aquifer lies about 700 
feet below the land surface(63). 

For the four county area under study, the Floridan aquifer is everywhere artesian. The artesian 
pressure at the site is estimated to be about 35 feet above MSL. The thickness of the Floridan 
aquifer in the immediate area has not been established since no well or test boring has 
completely penetrated it. In St. Lucie County artesian wells ranging from about 800 to 1200 feet 
in depth have been drilled(63). The deeper portions of the Floridan aquifer are saline and are 
often collectively referred to as the "Boulder Zone". This is misleading as no true boulders are 
present. The term has been used because the drilling action during penetration resembles that in 
a zone consisting of boulders. Actually, it represents a highly porous zone of vug and 
occasionally cavern-size openings(66). 

The principal recharge area of the Floridan aquifer in this region is in and around Polk County. 
Here the limestone aquifer is overlain by semi-confining beds of the Hawthorne formation, which 
is locally permeable and permits downward recharge. 

The points of discharge of the Floridan aquifer are springs and wells and locations where upward 
leakage occurs through the confining beds. There are no known natural springs in the four 
county region. 

Underlying the four to six feet of surface peat on Hutchinson Island is the Anastasia formation. 
This formation extends to about elevation minus 135 to minus 155 feet, and consists of grey 
slightly silty fine to medium sand with varying amounts of fragmented shells. It also contains 
discontinuous pockets of cemented sand with shells and sandy limestone. Occasionally, 
discontinuous thin plastic clay lenses are found in the upper part of the formation. The Anastasia 
formation is an unconfined or non-artesian aquifer. 

Below the Anastasia, the upper 100 feet of the Hawthorne formation at the site consists of a 
green slightly clayey and silty very fine sand. Indications are that the top of this zone is a 
semi-confined aquifer below about 250 feet, and extending to the 400 foot depth of boring 
termination, were sandy clayey silts which form the principal aquiclude for the underlying 
Floridan artesian aquifer. 

To determine the general groundwater environment at the site, piezometers were installed in 10 
borings to measure groundwater levels in the Anastasia and the Hawthorne formations (see 
Figure 2.4-87). Readings of water levels in the piezometers were taken periodically throughout 
the month of April, 1968. 

The groundwater table occurs very near or at the ground surface at the site. A continuous body 
of groundwater was present throughout the site. A slight artesian head of 0.5 to 1 0 foot was 
observed in piezometers P-l and P-8 installed in the top of the Hawthorne formation (see 
Figure 2.4-88). 
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Piezometer P-11 was installed near the Atlantic Ocean shore in the Anastasia formation and 
reflected tidal variations well. Piezometers along Big Mud Creek (P-7, P-9, P-10) installed in the 
Anastasia formation indicate water levels are generally less than 0.5 foot above the tidal range 
recorded in the Big Mud Creek. Piezometer P-2 was installed partially into the Hawthorne 
formation, but generally reflected the Anastasia levels. 

Two piezometers were installed in borings B-17 and B-l8 on the mainland and monitored for the 
two month period from the end of June, 1968 to the end of August 1968. The results along with 
rainfall records for the same period, are presented in summary form on Figures 2.4-89 
and 2.4-90. 

On the mainland the piezometer readings were found to vary more than those on Hutchinson 
Island. The piezometers reflected rainfalls within one to five days after the rain had fallen. The 
average water levels were found to be generally decreasing after a large rainfall between July 5 
and July 9, 1968. During this five day period 5.82 and 4.41 inches of rain were recorded at 
Stuart and Fort Pierce, respectively. The effect of the tidal variation was not evaluated. The 
average slope of the water table, as indicated by the water elevations in the two piezometers, 
was measured to be 0.0003 towards the ocean. [The Site Conceptual Model (Reference 71) 
documented hydraulic gradients measured in August - September 2007 at the plant site; 
measured values ranged from 0.002 ft/ft to 0.02 ft/ft.] Water samples were obtained from 
selected piezometers along the Indian River (Big Mud Creek), and from surface water at the site 
(swamp water). Chemical tests were conducted on these samples with results of these tests 
presented in Table 2.4-31. Water temperature, as measured at various depths of the 
piezometers indicated an average of 75.8°F with negligible variation. 

2.4.13.2 Sources 

When this region emerged from the ocean (see Regional Geology, Subsection 2.5.1.1.2) after 
the last major advance of the sea, all the area was saturated with salt water. Rain falling on the 
land and moving through the ground has gradually carried most of the salt water back to the 
ocean. Most of this Pleistocene sea water has been flushed from the shallow aquifer except at 
certain locations. The piezometric surface of the Floridan aquifer in Martin County is about 50 
feet above mean sea level. In Martin County artesian wells down to about 1500 feet have shown 
high chloride content. This is probably due to contamination during the Pleistocene epoch, 
rather than the recent sea water encroachment(62). 

Hutchinson Island 

The source of fresh groundwater on Hutchinson Island is rain. Because of the low land surface 
elevations, the permeable nature of the soils, and the short distance to points of discharge, the 
water table is only a few inches above mean sea level. Wells in many places on the island are in 
fresh water a foot or so below the water table. However, even moderate pumping usually allows 
salty water to enter the wells. 

Results of a previous survey indicated that there are no potable water wells on Hutchinson 
Island. Potable water is piped to Hutchinson Island from the Fort Pierce and Stuart water supply 
systems (see "Mainland" discussions below). 

In October 1979 the existing private wells for the area on Hutchinson Island six miles north and 
six miles south of the site were surveyed in order to verify the previous information. The results 
of this survey indicated that there are two wells located 5-1/2 miles south of the plant on State 



UFSAR/St. Lucie – 2 

 2.4-37 Amendment No. 24 (09/17) 
 

Road A1A presently being used as a source of potable drinking water. These two wells (SLF-43 
and SLF-44, Figure 2.5-15) are for water supplied at condominiums, and terminated at 863 
and 876 feet, respectively. The survey also determined that an area extending from 1 to 4 miles 
south of the plant has been slated to be the site for future condominiums, and that these new 
developments in the area may drill deep wells and use a reverse osmosis system for water 
supply. At the St. Lucie site, measurements of chloride content were taken from onsite wells 
during both pre-construction and construction periods. Pre-construction piezometer readings 
indicated concentrations from 10,000 to 25,000 ppm. Samples taken throughout the site during 
construction dewatering (at an average depth of 90 feet) had 10,000 to 23,000 ppm chlorides 
and 1,000 to 4,000 ppm sulfates. 

Mainland 

In addition to the wells inventoried on Hutchinson Island, the mainland area was surveyed in 
1968 and divided into two areas where several wells were located: 

a)  Along State Road 707 

b) Along U. S. Highway 1 

There were numerous private wells in these areas, therefore, no attempt was made to locate and 
record every well in the area. Approximate numbers of wells in the various communities are 
given in Table 2.4-32. 

In general, houses on the mainland were found to have one or more wells. Also, almost every 
well was found to be capped and attached to a pump so that measurements of water levels 
could not be made at the time of the survey. Shallow wells in the area were drilled and cased 
full depth with screen at the ends of the casing. In the area of Eldred and Eden, shallow wells 
are 20 to 40 feet deep. Further inland, in White City, 40 to 60 feet deep wells are common. 

The cities of Fort Pierce and Stuart have water supply systems and Hutchinson Island receives 
water via pipeline from South Gulf Utilities (Stuart) and Fort Pierce Utility Corporation (Ft. 
Pierce). The Stuart system extends far north as the Beach Club Colony, and the Fort Pierce 
system as far south as Turtle Reef Club. 

The Port St. Lucie Community also has a private water supply for its population of 11,000. 
General Development Corporation supplies approximately one-half of the water used by the 
residents of Port St. Lucie. The other half is supplied by private residential wells. 

All public and most domestic supplies of water in the region are obtained from groundwater 
sources. Groundwater is also used extensively for irrigation, stock watering and industry. 

The cities of Fort Pierce and Stuart have public water supplied from wells developed in the 
shallow aquifer (see Table 2.4-33). The City of Fort Pierce water supply wells are 10 miles 
northwest of the site and Stuart wells are 11 miles southwest of the site. No large industrial 
water usage exists in the area. Irrigation and stock watering account for the largest withdrawals 
of groundwater. Water from the shallow aquifer is used for irrigation by farmers growing 
vegetables and citrus fruits and by ranchers for pastureland, stock watering, and feed crops. 
Many of the artesian wells were originally drilled for irrigating vegetable crops. 
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The total use of artesian water for irrigation may be about 10 million gallons per day during the 
dry season. During the rainy season most of these wells are not used. 

Chemical analyses of water samples taken from the wells on the mainland indicate the water 
from the shallow aquifer to have a lower mineral content than the artesian water(62). 

2.4.13.3 Accident Effects 

Permeability values obtained for four field tests are shown on Figure 2.4-91. Laboratory 
permeability test results compare favorably with these values. The field permeability tests 
indicate a seepage rate of flow of about 1500 feet per year in the top 30 feet of the sand deposits 
at the site. 

Any discharge, from a postulated radioactive liquid spill at the St. Lucie site into the ground 
would reach the Indian River or Atlantic Ocean where the discharge would be greatly diluted. 
Because of the proximity and width of the Indian River, the presence of groundwater flow toward 
the coastline, and because of the artesian head in the Floridan aquifer, the possibility of 
contaminating any groundwater withdrawal is very remote. 

As indicated in Subsection 2.4.13.2, there is one private well located 5-1/2 miles south of the 
plant used for drinking purposes. Therefore an analysis has been performed to determine the 
effects of a postulated spill at the site and its effects on groundwater users. Although the flow of 
groundwater is toward the Indian River, the potential for accidental contamination of the 
groundwater due to radioactive waste system leak or failure is bounded by assuming that the 
direction of flow is toward the southeast, along the length of Hutchinson Island, toward a well 
hypothetically located at a distance of one mile from the plant. 

The postulated accident involves a complete failure of a liquid waste holdup tank. The maximum 
radionuclide inventory of the tank is assumed to be instantaneously injected into the Anastasia 
Formation aquifer and be transported toward the well by the prevailing groundwater flow. The 
contaminant plume is assumed to travel at a constant, uniform velocity in a straight line toward 
the well such that the well intercepts the maximum, centerline concentration. At the time of 
intercept, the contaminant is assumed to be vertically mixed over the entire thickness of the 
aquifer.(69)

 

As the radioactive material travels away from the point of injection, the process of diffusion acts 
to reduce the contaminant concentration by dispersing it in a greater volume of water. The 
processes of radioactive decay and ion exchange further reduce the contaminant concentration. 
The concentration of radioactivity in the groundwater is given by equation B-40 in Reference 69 
as: 

(1) 

where 

Ci = is the concentration of i-th nuclide on the plume centerline; 

Qi = is the release activity of the i-th nuclide; 

λi = is the decay constant of the i-th nuclide; 
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x  = is the distance from the point of release; 

t = is the time from release; 

u = is the groundwater velocity; 

ne = is the effective porosity of the aquifer medium; 

D = is the dispersion coefficient, which is assumed to be isotropic. The coefficient is 
assumed to be linearly proportional to the groundwater velocity such that D = αu, 
where α is the dispersivity of the medium (assumed to be isotropic); 

H = is the aquifer thickness; and 

ai = is the "retention factor" resulting from ionic adsorption, defined as: 

 

where: 

n = is the total porosity; 

Pb = is the bulk density of the aquifer medium; and 

Kdi = is the equilibrium distribution coefficient of the medium for the i-th nuclide. 

The peak concentration of the i-th nuclide occurs when the derivative of equation 1 is 
zero. This time is given by: 

(2) 

 

Equations 1 and 2 are used to calculate the peak radionuclide concentrations in groundwater 
resulting from the postulated failure of the liquid waste holdup tank. The tank inventory is 
assumed to be the maximum inventory given in Table 12.2-21. The groundwater velocity is set 
equal to 1500 ft/year and, as discussed in Section 2.5, the aquifer thickness is set equal 
to 145 ft. From Table 2.5-5, the aquifer bulk density and porosity are taken to be 100 lbs/ft3 

and 0.4, respectively. Due to the unconfirmed nature of the aquifer and the presence of nearby 
surface water bodies, the value of dispersivity is assumed to be 2 ft.(69) The values of distribution 
coefficient are taken from Table VII 3-7 in Reference(70). 

The peak concentrations at the one mile distance of the postulated nearest well are presented in 
Table 2.4-34. Based on this bounding analysis, the peak concentrations are orders of magnitude 
below the applicable concentration limits for unrestricted areas in Table 2, Column 2 of 
10 CFR 20. 
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2.4.13.4 Monitoring or Safeguard Requirements 

There are no groundwater users on Hutchinson Island within at least one mile (see 
Subsections 2.4.12 and 2.4.13.2); therefore monitoring or safeguard requirements are not 
applicable. 

2.4.13.5 Design Bases for Subsurface Hydrostatic Loading 

All seismic Category I structures were designed for hydrostatic loading. The water table is at 
elevation plus 3 feet MLW for normal conditions and at elevation plus 17.2 feet MLW for 
maximum flood conditions. 

The antecedent groundwater level assumed to exist before the PMH surge is elevation 3.0 feet. 
This value was assumed based upon surface water levels observed on Hutchinson Island and 
information obtained from borings taken before start of plant island construction. 

During a PMH design condition, the ocean surge elevation was calculated to be elevation 17.2 
feet, per Subsection 2.4.5. Figure 2.4-12 shows maximum surge water levels during a PMH 
versus time duration. Civil design criteria assume that the plant island groundwater fluctuates at 
the same rate and level as the ocean surge. This is extremely conservative considering the 
distances that the water must pass through the plant island backfill material. The peak surge of 
elevation 17.2 feet, only lasts for a duration of approximately one-half hour. 

During a PMH design condition, the wave runup elevation was calculated to be elevation 18.0 
feet, per Subsection 2.4.5. It is assumed that the impact on plant island groundwater level, wave 
runup and coincident precipitation, is minimal and therefore the already conservative value of 
elevation 17.2 feet should not be increased.  

Groundwater level during all other design conditions (including tornado and earthquake) is 
assumed at normal groundwater elevation +3.00 feet. There is no event which would cause the 
groundwater elevation to rise beyond normal conditions. 

Civil Design criteria for Category I plant island structures specify the following groundwater 
levels: 

Normal groundwater table - elevation +3.00 feet 

PMH groundwater table - elevation +17.00 feet for all  
structures, except Elevation 
+ 21.00 feet at the Reactor Building 

The above design criteria were based upon the original PMH maximum ocean surge level at 
elevation 16.3 feet. The revised PMH maximum ocean surge level at elevation 17.2 feet and the 
assumed coincident equal groundwater table are 0.2 feet greater than the design criteria noted 
above. The small difference has a negligible impact on the design of the noted structures. See 
UFSAR Subsection 3.4.2. 

A temporary dewatering system consisting of deep wells with submersible pumps was used to 
control groundwater elevations at the St. Lucie Unit 2 site during construction. The plant 
construction dewatering system was designed to draw the water table down to below elevation 
minus 15 feet. In order to ensure that construction operations would be accomplished in dry 
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conditions, additional local dewatering systems were installed as required for individual deep 
foundations. A monitoring system was employed using piezometers to ensure that the water 
table was maintained at the proper levels under St. Lucie Unit 2 excavations and the existing 
structures of St. Lucie Unit 1. 

For further details on this item see Subsection 2.5.4. 

2.4.14 TECHNICAL SPECIFICATION AND EMERGENCY OPERATION 
REQUIREMENTS 

Flood protection requirements are a part of the plant Technical Specifications. The flood 
protection technical specification includes a reference to plant procedures utilized during a 
hurricane watch or a hurricane warning. See Section 3.4. 

The flood protection Technical Specification has been revised to delete the requirements for the 
beach dune survey and the mangrove photographic survey surveillances. Additionally, the 
commitments documented in the Unit 2 SER, Section 2.4.2.5, which provided for a visual 
inspection of the State Road A1A embankment and an aerial photograph of the beach area 
adjacent to the site have been deleted. However, FPL is committed to an alternative monitoring 
program consisting of a visual inspection by a qualified engineer following passage of a 
hurricane. Details are outlined in the NRC SER for Amendment 82. See Chapter 13, section 7 
for additional information. 
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71. Conestoga-Rovers & Associates, “Site Conceptual Model - St. Lucie Station,” Report No. 
048379(1), April 2008. 



UFSAR/St. Lucie – 2 

 T2.4-1 Amendment No. 24 (09/17) 

TABLE 2.4-1 
 

PROBABILITY OF OCCURRENCE OF HIGHEST DAILY HIGH TIDE 
 
 

(Elevation in Feet above St. Lucie Datum) 
 
Month 2.5  3.0  3.5  4.0  4.5  5.0  5.5  6.0  6.5 
                  
Jan 1.000  1.000  0.944  0.609  0.303  0.053  0.015  0  0 
                  
Feb 1.000  0.889  0.648  0.352  0.259  0.074  0  0  0 
                  
Mar 1.000  0.984  0.717  0.500  0.084  0.034  0  0  0 
                  
Apr 1.000  1.000  0.874  0.542  0.164  0.014  0  0  0 
                  
May 1.000  1.000  0.944  0.544  0.233  0.100  0  0  0 
                  
Jun 1.000  1.000  0.879  0.485  0.260  0.072  0  0  0 
                  
Jul 1.000  0.983  0.805  0.357  0.037  0  0  0  0 
                  
Aug 1.000  1.000  0.850  0.455  0.136  0  0  0  0 
                  
Sep 1.000  1.000  0.957  0.805  0.530  0.137  0.009  0  0 
                  
Oct 1.000  1.000  0.992  0.918  0.770  0.422  0.174  0.025  0 
                  
Nov 1.000  1.000  0.966  0.851  0.632  0.391  0.115  0.011  0.011 
                  
Dec 1.000  1.000  0.956  0.744  0.422  0.133  0.022  0.011  0 
                  
Annual 1.000  0.988  0.878  0.597  0.319  0.119  0.027  0.004  0.001 
Mean                  
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TABLE 2.4-2 
 

CUMULATIVE MONTHLY DURATION OF 
WATER LEVEL ABOVE ST. LUCIE DATUM 

(duration in hours) 
 
 

(Elevation in Feet above St. Lucie Datum) 
 
 
 
Month 2.5  3.0  3.5  4.0  4.5  5.0  5.5  6.0  6.5 
                 
Jan 294.3  214.1  129.0  55.6  18.3  1.6  0.1  0  0 
                
Feb 235.6  158.6  88.3  45.0  17.7  3.1  0  0  0 
                
Mar 285.0  200.6  105.2  36.7  7.2  0.2  0  0  0 
                
Apr 265.6  183.0  97.6  38.3  6.7  0.03  0  0  0 
                
May 310.8  217.7  121.3  53.0  19.6  5.6  0  0  0 
                
Jun 267.8  177.3  99.5  40.2  13.8  3.6  0  0  0 
                
Jul 260.8  162.7  79.6  23.8  6.2  0.4  0  0  0 
                
Aug 289.5  195.7  101.7  36.0  6.6  0  0  0  0 
                
Sep 341.0  264.4  181.7  99.0  39.4  6.1  0.2  0  0 
                
Oct 450.2  366.5  280.3  184.7  40.0  6.8  1.1  0  0 
                
Nov 392.4  311.9  222.2  137.0  70.3  27.4  6.1  0.9  0.3 
                
Dec 336.5  248.1  153.7  61.1  32.2  8.2  1.9  0.6  0 
                
Annual 310.8  225.1  138.3  67.5  23.2  5.3  0.8  0.1  0.03 
Mean                
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TABLE 2.4-3 
 

SUMMARY OF LOOPING, STALLED AND INTENSE HURRICANE PARAMETERS 
 

LOOPING AND STALLED HURRICANES 
 

 
 
Average 

10 Min Wind (Knots) 
 

 
 
CPI(MB) 

 
 
T (Knots) 

 
 
Storm Direction 
(Degrees from North) 

 
 
Vx (Knots) 

 
 
Lowest 
Pressure(MB) 

                      
 
 
 
No. 

 
Name 
& 
Date 

 
 
 
Type 

Loop 
Duration 
(Hr) 

 
24 Hr 
Befor
e 
Loop 

 
 
During 
Loop 

 
24 Hr 
After 
Loop 

 
24 Hr 
Before 
Loop 

 
 
During 
Loop 

 
24 Hr 
After 
Loop 

 
24 Hr 
Before 
Loop 

 
 
During 
Loop 

 
24 Hr 
After 
Loop 

 
24 Hr 
Before 
Loop 

 
 
During 
Loop 

24 Hr 
After 
Loop 

 
10 Min 
Wind 
Speed 

 
 
Time 
Re 
Loop 

 
 
CPI 
(MB) 

 
 
Time 
Re 
Loop 

 
 
R 
(nm) 

 
Distance 
of Loop 
from Coast 

                      
1H Inga, Loop 120 33 65 81 992 987 980 6 5.5 9 340 clock- 070 104  24 hr 964 24 hr  M 1000 mi E of Fla 
 9/21-             wise    after  after  East Coast 
 10/14,                     
 1969                     
                      
2H Carol, Loop 100 56 53 60 985 987 987 12 2.5 10 350 Counter 040 67 37 hr 974 57 hr  M 1700 mi E of NC 
 9/16-             clock-   before     
 10/1,             wise  74 14 hr     
 1965                after     
                      
3H Flora, Hair- 80 91 69 79 996 972 975 9 3 17 320 Hairpin 60 122 24 hr 936 24 hr 40 50-150 mi SE of 
 9/26- pin               before  before  Georgia Coast 
 10/13,                loop  loop   
 1963                     
                      
4H Betsy, Cusp 48 81 75 76 954  M 978 8 5 17 320 90 Cusp 060 105 3 days 945 2 days  M 600 mi E of NC 
 9/2-                before  before   
 9/12,                     
 1961                     
                      
5H Daisy, Stall 60 41 100 108 1004 956 935 19 5 14 300 L to R 360 108 24 hr 935 24 hr 50W E Cuba, 140 nm E 
 8/24-             bend   after  after  Fla Coast 
 8/31,                     
 1958                     
                      
6H Alice, Loop 1 72  M  M  M   M   M  M 9 5 12 350 Counter 340 48     Over E Coast of 
 5/25-             clock-       Honduras 260 nm 
 6/6,             wise        
 1953. Loop 2 40  M 47 35   M   M 997 4 10 7 350 Counter 060 47 48 hr 997 48 hr  M SE of S tip of 
              clock-   after  after  Fla. Cape 
              wise       Hatteras 
                      
7H Easy, 2 48 56 94 40   M 958  M 10 4 6 340 Counter  90 90 during 958 during 15 60 mi MW of 
 9/1- Loops            clock-       Coast of Florida 
 9/7, treat            wise        
 1950. as one                    
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TABLE 2.4-3 (Cont'd) 
 

LOOPING AND STALLED HURRICANE 
  

Average 
10 Min Wind (Knots) 

 
CPI(MB) 

 
T (Knots) 

 
Storm Direction 
(Degrees from North) 

 
Vx (Knots) 

 
Lowest 
Pressure(MB) 

 
 
 
 

No. 

 
 
Name& 
Date 

 
 
 
Type 

 
Loop 
Duration 
(Hr) 

 
24 Hr 
Before 
Loop 

 
 
During 
Loop 

 
24 Hr 
After 
Loop 

 
24 Hr 
Before 
Loop 

 
 
During 
Loop 

 
24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
 
During 
Loop 

 
24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
 
During 
Loop 

 
24 Hr 
After 
Loop 

 
10 Min 
Wind 
Speed 

 
 
Time Re 
Loop 

 
 
CPI 
(MB) 

 
Time Re 
Loop 

 
 
R 
(nm) 

 
Distance 
of Loop 
from Coast 

                      
8H Charlie Loop 24 56 74  M  M 979 M 10 8 3 360 clock- 270 86 24 hr M M 21 Western 

Atlantic 
 8/27- fol- 48           wise   after   durin

g 
 

 9/4, lowed                  loop  
 1950. by Stall                    
                      
                      

9H 1944, Stall 96 56 64 90 M 984 967 7 3 6 360 R angle 360 104 48 hr 949 48 hr 27 200 mi NW 
S of 

 10/13,             turn   after  after  Cuba, 
Florida 

 10/21                    Keys 
                      

10H 1943, Loop 42  M 47 40 M M 1010 9 5 4 350 clock- 
wise 

030 47 during 1010 24 hr M 130 
mi E 
of S 

 

 9/15-                  after  tip of 
Texas 

 9/19                     
                      

11H 1942, Loop 144 56 31-56 dis M M dis 7 4 dis 060 clock- dis 56 M M M M 800 mi E 
of NC 

 8/25-             wise       Coast 
 9/2                     
                      

12H 1941, Loop  M 75 56 53 M M  M 11 9 15 130 clock- 100 92 3 days 964 3 days 18 M 
 10/3-             wise   before  before   
 10/14                     
                      

13H 1935, Hair- 60 56 32-56 dis 1008 M dis 5 6 dis 250 clock- dis 78 24 hr 972 24 hr M 150 mi off 
W 

 10/30- pin            wise   before  before  Cost of 
Florida 

 11/6             U-turn        
                      

14H 1934, Loop 56 56 56 56 M M  M 9 8 12 290 M 200 92 M 955 M M M 
 11/20-                     
 11/28                     
                      

15H 1934, Loop 1 72 56 56 56  M  M  M  M 12 12  M counter
- 

200 M M 965 M M Over Gulf 
of 

 6/8-             clock-       Honduras 
 6/18 Loop 2 48 56 56 M 1000 1000 970 6 5 6 290 wise 360 60 24 hr M M 37 400 mn S 

of S 
                 after    tip of 

Texas 
                      

16H 1910, Loop 48 M 82 M M 941 989 7 7 12 350 clock- 020 82 during 941A during 16 M 
 10/11-             wise        
 10/23                     
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TABLE 2.4-3 (Cont'd) 
 

LOOPING AND STALLED HURRICANE 
  

Average 
10 Min Wind (Knots) 

 
CPI(MB) 

 
T (Knots) 

 
Storm Direction 
(Degrees from North) 

 
Vx (Knots) 

 
Lowest 
Pressure(MB) 

 
 
 
No. 

 
Name& 
Date 

 
 
Type 

Loop 
Duration 
(Hr) 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

10 Min 
Wind 
Speed 

Time Re 
Loop 

 
CPI 
(MB) 

Time 
Re 
Loop 

 
R 
(nm) 

Distance 
of Loop 
from Coast 

 
 
17H Inez, Half 18 52 65 60 999 985 990 8 4.5 10 030 170 250 122 5 days 927 5 days 6.5 on 50 mi S of 
 9/21- Loop            turn   before  before 9-28 southern tip of 
 10/11, Hair-               loop  loop  Florida 
 1966 pin                    
  Turn                    
                      
18H Betsy, Loop 1 18 55 63 66 1000 994 987 10 3 12 330 c-clock- 250 112 10 days 941 11 days 30 at 300 mi E of Fla 
 8/27-             wise   after  after  time  E Coast 
 9/10, Loop 2 30 100 92 85 943 958 968 7 1 6 330 Figure 210 112 4 days 941 5 days of max 350 mi E of Fla 
 1965             8   after  after  wind E Coast 
                      
19H Ginny, Loop 1 30 44 66 61 1000 983 986 12 5 8 290 clock- 220 M M M M M 100 mi SE of 
 10/16-             wise       Cape 
 10/30, Loop 2 132  M 77 90 986 972 955 8 9 20  M clock- 038 90 24 hr 955 24 hr M Hatteras 
 1963             wise   after  after   
                      
20H Gracie, Loop 60 57 79 103 M M M 7 5 5 060 clock- 280 103 2-1/2 950 2-1/2  M 150 mi E of Fla 
 9/22-             wise   days  days  East Coast 
 9/29,                after  after  200 mi E of Fla 
 1959                    East Coast 
                      
21H Jig, Loop 60 70 56 56 M M M 9 9 9 030 clock- 130 70 24 hr M M M 240 mn SE of 
 10/15-             wise   before    Cape Hatteras 
 10/20,                     
 1951                     
                      
22H Able, Loop 108 56 73 73 M M M 20 10 15 270 c-clock- 50 79 72 hr 970B 72 hr 21 160 mi off E 
 5/15-             wise   after  after  Fla Coast 
 5/24,                     
 1951                     
                      
23H 1941, Loop 60 56 56 75 M M 985 10 4 7 240 clock- 300 79 72 hr 970B 72 hr 21 230 mn S La 
 9/16-             wise   after  after  Coast 
 9/25,                     
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TABLE 2.4-3 (Cont'd) 
 

LOOPING AND STALLED HURRICANE 
  

Average 
10 Min Wind (Knots) 

 
CPI(MB) 

 
T (Knots) 

 
Storm Direction 
(Degrees from North) 

 
Vx (Knots) 

 
Lowest 
Pressure(MB) 

 
 
No. 

 
Name & 
Date 

 
 
Type 

Loop 
Duration 
(Hr) 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

10 Min 
Wind 
Speed 

 
Time Re 
Loop 

 
CPI 
(MB) 

Time 
Re 
Loop 

 
R 
(nm) 

Distance 
of Loop 
from Coast 

                      
24H 1908, Loop 96 56 56 56 M M M 9 9 9 070 clock- 360 56 24 hr 988 24 hr M 210 nm SW of 
 7/25-             wise   after  after  Fla C 
 8/2                     
 9/21- Loop 24 56 56 56 M M M 9 9 9 090 c-clock- 050 56 M M M M 160 nm E of 
 10/7             wise       Fla C 550 nm E 
                     of Fla C 
                      

INTENSE HURRICANES 
                     
25H Camille, Intense - - - - - 905 - - 12 - - 340 - 142 - 905B - 13-18 - 
 8/5-                    
 8/22                    
 1969                    
                     
26H Beulah, Intense - - - - - 923 - - 8 - - 330 - 121 - 923.1A -  - 
 9/5-                    
 9/22,                    
 1967                    
                     
27H Carla, Intense - - - - - - - - 7 - - 320 320 129 - 930 9A - 18 - 
 9/8- (Cyclodial)                 (9/10)  
 9/12,                    
 1961                    
                     
28H Donna, Intense - - - - - M - - 9 - - - - 121 - 930 - 33  
 8/29-                  (2 days  
 9/13,                  after  
 1960                  max  
                   wind)  
                     
29H 1938, Intense - M 140 - M M M - 50 - - - - 140 - 943 - - Very fast tran- 
 9/10-                   slational speed 
 9/17,                   adding to storm 
                    winds caused 
                    unprecedented  
                    damage 
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TABLE 2.4-3 (Cont'd) 
 

LOOPING AND STALLED HURRICANE 
  

Average 
10 Min Wind (Knots) 

 
CPI(MB) 

 
T (Knots) 

 
Storm Direction 
(Degrees from North) 

 
Vx (Knots) 

 
Lowest 
Pressure(MB) 

 
 
No. 

 
Name& 
Date 

 
 
Type 

Loop 
Duration 
(Hr) 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

24 Hr 
Before 
Loop 

 
During 
Loop 

24 Hr 
After 
Loop 

10 Min 
Wind 
Speed 

 
Time Re 
Loop 

 
CPI 
(MB) 

Time 
Re 
Loop 

 
R 
(nm) 

Distance 
of Loop 
from Coast 

 
30H 1935, 

8/29- 
9/10, 

Intense - - -  - - - - - 9 - - - 112 - 892 - 6 - 

(Laboratory 
Hurricane) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A - NOAA Tech Report NWS 15, "Some Characteristics of Hurricanes and Tropical Storms, Gulf and East Coasts of the US,"  by Ho, Schweult, and Goodyear (14b) 
B - As reported by the Monthly Weather Review (16k) 
M - Missing date 
dis - dissipated 
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TABLE 2.4-4 
 

COMPARISON OF HISTORICAL HURRICANE CHARACTERISTICS 
 
 

 All   
 Looping Looping Intense 

Hurricane Hurricanes Hurricanes Hurricanes 
Characteristics (No. 1H - No.24H (No. 17H - No.24H) (No. 25H - No.30H) 

 
CPI (mb)  927-1010 927-988 892-943 
     
R (miles)  6.5-50 6.5-30 6-33 
     
Vx (knots)  47-122 56-122 112-142 
     
 no loop - - 6-56 
 before loop 3-20 3-20 - 
T (knots): during loop 1-12 1-10 - 
 after loop 3-20 5-20 - 
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0677W-7 
TABLE 2.4-5 

 
SUMMARY OF STALLED-PMH CHARACTERISTICS 

 
 
 

Initial Stall Phase Final Stall Phase 
(Approximately 36 hours) (Approximately 12 hours) 

 
 
 
 
Storm   Po(in.    HG)       R (nm)  

 
 
T (knots) 

 
PMH 

Parameter 

 
 
Po 

 
 

in.HG) 

 
 
R (nm) 

 
 
T (knots) 

 
 

PMH Parameter 

Stall 
Dist 

From Shore 

Duration of 
Surge Level 
Above +8 ft 

                 
Case Init Final Init. Final Init. Final Changes Init. Final Init. Final Init. Final Changes (nm) MLW Hrs 
                 
1* 26.28 26.28 5 5 2 2 - 26.28 26.28 5 5 2 2 - - 9 
       -          
2* 26.28 26.28 11 11 2 2 - 26.28 26.28 11 11 2 2 - - 21 
                 
3* 26.28 26.28 20 20 2 2 - 26.28 26.28 20 20 2 2 - - 36 
                 
4 26.28 26.28 20 26.7 4 4 T=4, 3, 2 knots at 12 

hrs intervals ΔPo & ΔR 
change linearly over last 
24 hrs due to upwelling 

28.28 29.28 26.7 30 1 1 ΔPo & ΔR change over 
the first 12 hrs due 
to filling 
 

18 8 

5 
 

26.28 26.28 20 20 4 4 - 26.28 27.28 20 20 1 1 ΔPo change over first 
5 hrs (with 6 hrs filling) 

18 37 

6 26.28 26.28 20 20 4 4 - 26.28 27.28 20 20 1 1 ΔPo change over first 
5 hrs (without filling) 

18 47 

7 26.28 26.28 20 20 4 4 - 26.28 27.28 20 20 1 1 ΔPo change over first 
5 hrs 

27 55 

8 28.24 28.24 30 30 10 0 T decreases as hurricane 
approaches coast. 

28.24 28.24 30 30 0 10 T increases as hurricane 
retreats from coast 

18 7 

 
 
 
 
 
Note: Pn - 31.28 in Hg for all cases except Case 8 Flora-type) where Pn = 30.42 in Hg. 
 * Cases 1 to 3 are steady-state PMHs But are listed here for their exceptionally slow translation speed (T). 
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TABLE 2.4-6 

 
HURRICANE SURGE HISTORY IN VICINITY OF SITE 

   
Surge Observation 

     
 Closest Approach    
Date of eye to site Elevation Location Remarks 
  (ft.NGVD)   
    
1926, July 27-28 51 mi. offshore Not available Light damage at Ft. Pierce. Surge observed in 
   Indian River at Merritt Island. 
    
1928, September 16-17 West Palm Beach Not available High-water and wave damage in Indian River 
    
1933, August 30 Jupiter Inlet Not available Considerable water front damage at Ft. Pierce 

and Stuart 
     
1947, September 17 Fort Lauderdale 6-8 Indian River at 

Ft. Pierce 
Ft. Pierce seawalls overtopped by wave action 

     
1949, August 26-27 
 

West Palm Beach 8.5 St. Lucie River at 
Stuart 

Flooding on west shore of Indian River near 
Ft. Pierce 

     
1950, October 17-18 

(King) 
Miami 4.5 Indian River at 

Vero Beach 
Some flooding in Indian River at Ft. Pierce 

     
1965, September 8 

(Betsy) 
Key Largo Not available Severe beach erosion at Ft. Pierce Inlet 

     

e1979, September 3 
(David) 

Directly over 4 Ft. Pierce  

 
 
 
 
 
 
 
Sources of Data: 
 
1. U.S. Army Engineer District, Jacksonville, Fla., "Survey Reports Analysis of Hurricane Problems in Coastal Areas of Florida, September 29, 1961 (updated through 1969). 
 
2  National Hurricane Center, NOAA, "Preliminary Report - Hurricane David", October, 1979. 
 
 
Notes: 
 
* NGVD is the National Geodetic Vertical Datum of 1929.  

MLW is equal to - 1.85 ft NGVD. 
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TABLE 2.4-7 
 

OPEN-COAST SURGE LEVELS FOR VARIOUS PMHs 
 

 
 
 

PMH 
Case 

  
Pressure 

Setup 
(ft) 

  
Wind 
Setup 

(ft) 

 
Peak Surge 

Level 
(ft MLW) 

 Duration 
of Surge 
Above +8 ft 
MLW (hrs) 

  
Corre- 
sponding 
Figure 

      

Steady-State PMH 
(R = 11 nm, T = 18 knots) 

3.8 7.3 17.2 3 2.4-12 

     
Steady-State PMH     
(R = 20 nm, T = 4 knots)    - 
       

High Tide 3.7 6.1 15.9 12 2.4-14 
Low Tide* 3.7 6.1 12.8 19 2.4-15 

       
1 3.6 5.4 15.1 9 - 
2 3.7 6.2 16.0 21 - 
3 3.7 6.3 16.1 36 2.4-13 
4 1.5 2.5 10.1 8 - 
5 3.1 4.9 14.1 37 - 
6 3.0 5.0 14.1 47 2.4-16 
7 3.0 5.0 14.1 55 2.4-17 
8 3.1 5.0 14.2 7 2.4-18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Total Surge Height = Astronomical High Tide (4.6 ft MLW) 
 + Initial Rise (1.5 ft) 
 + Pressure Setup 
 + Wind Setup 
 
 
*Tidal phase adjusted to maximize duration of surge above +8 ft MLW. 
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TABLE 2.4-8 
 

PMH WAVE CHARACTERISTICS 
 
 
 

Offshore Waves Before Breaking Maximum Breaking Waves Around Plant Island* 
 
 
 
 

PMH 
Case 

 
Significant 
Height, ft. 

 
Significant 
Period, sec. 

 
Maximum 
Height, ft. 

 East Face 
Wave 

Height, ft. 

North Face 
Wave 

Height, ft. 
       
Steady-State       
(R-11nm,T=18kt) 26.1 10.9 41.6  13.4 3.1 
       
Steady-State       
(R=20nm,T=4kt)       
       

High Tide 26.5 11.0 81.8  9.3 7.5 
Low Tide 25.6 10.7 81.7  6.9 6.1 

       
1 20.7 9.8 37.2  8.6 4.1 
2 23.6 10.4 43.6  9.3 8.3 
3 26.4 10.9 83.1  9.4 4.3 
4 23.3 10.5 82.1  4.8 4.0 
5 25.4 10.7 85.2  7.8 7.1 
6 23.6 10.4 69.6  7.9 7.1 
7 25.6 10.8 82.1  7.7 6.9 
8 22.5 10.3 63.3  7.9 7.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Base Plain Elevation of +4ft. MLW on East Face and +5ft. MLW on North Face used to determine breaking wave heights; except 0 ft. 
 MLW used in the Discharge Canal for Steady-State PMH (R=11nm, T=18 knots) 
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TABLE 2.4-9 
 

WAVE RUNUPS & MAXIMUM WATER LEVEL 
 
  Maximum Water 
 Wave Elevation (ft. MLW) 
TRANSECT Runups (Surge Level & Runup) 
 (ft.)  
 
1. A-A 

Waves from the east over eroded mangrove 
areas and up the north dike of the discharge 
canal. (over topped) At Plant Island N.E. Corner 

1.3 8.5 
  

0.9 18.1 
2. B-B 

Waves from the east over eroded areas and up 
the discharge canal approaching the nose 
where Unit 1 and Unit 2 canals join. 

10.8 28.0 
  

  
3. C-C 

Waves from the east over eroded mangrove 
areas and up the south dike of the 
discharge canal. 
At Plant Island, S.E. Corner 

1.3 18.5 

0.9 18.1 
4. D-D 

Waves from the north approaching Unit 1 -wave 
breaking against eroded parking lot. 

1.6 18.8 

5. E-E 
Waves from the northwest approaching 
Units 1 and 2. 

1.7* 18.0 

6. F-F 
Waves from the west approaching Units 1 and 
2.  Maximum water level is due to surge alone. 

0 17.2 

7. G-G 
Waves from the south approaching Unit 2 
Maximum water level due to surge alone. 

0 17.2 

 
Note: 
 
* Maximum wave runup occurs before peak surge. 

 Wave period (T) required to compute wave runup is estimated by H2.13=T b where Hb 
is the breaking wave height shown in Table 2.4-8. 
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TABLE 2.4-10 
HISTORICAL HURRICANES AND POSTULATED STALLED-PMH FOR SHORE EROSION 

 
 Stalled-PMH(3) Hurricane Carla Hurricane of 1938 November Storm of 
 (Hutchinson Island) (Mustang Island) (Watch Hill Beach) 1953 (Dover Beach) 
     
Radius to Maximum 20 40-46 20 120 
Winds     
     
     
Maximum Wind Speed 149 110-175 105-162 55-74 
(mph)     
     
     
Forward Translation 4-1 7.8 South of Hatteras 20 
Speed (knts)   8.8-17.6  
   North of Hatteras  
   44  
     
     
Asymptotic Pressure 31.22 29.92 30 30 
(in Hg)     
     
Central Pressure 26.22 27.52 28 29.32 
(in Hg)     
     
     
Duration of Signifi- 43 (duration of 60 (duration of 7 (duration of 35 (duration of 
cant Erosion (hrs) storm-tide above storm-tide above storm-tide above storm-tide above 
 6.6 ft MSL, 1929) 4.5 ft MSL, 1929) 2.0 ft MSL, 1929) 2.6 ft MSL, 1929) 
     
     
SLD, 1929 above 1.85 0.50 1.29 1.70-1.79 
MLW (feet)     
     
     
Deep Water Wave 48 ft 14.8 sec 50 ft 15 sec 32 ft 12 sec 23 ft 10.7 sec 
Height & Period     
     
     
Wind Duration (hrs) 200 96 14 24-33 
(above 30 mph)     
     
     
Storm-Surge 7.5 (7.8)(1) (8.6-8.9) (4.9-5.4) 
Component ( f t)     
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TABLE 2.4-10 (Cont'd) 

 
 
 Stalled-PMH(3) Hurricane Carla Hurricane of 1938 November Storm of 
 (Hutchinson Island) (Mustang Island) (Watch Hill Beach) 1953 (Dover Beach) 
     
Tide Component 4.6 (1.5) 2.0(2) (2.3-2.8) 
(MLW,1929) (ft)     
     
     
Maximum Storm- 12.25 9.3 10.6-10.9 7.2-8.2 
Tide Elevation 14.1 (MLW) 9.8 (MLW) 11.9-12.2 (MLW) 9.0-10.0 (MLW) 
(MLW, 1929) (ft)     
     
     
Total Erosion 2300 3000 750-1500 2400 
Volume (ft3/ft)     
     
     
Average Erosion 45-135 60 108-215 68 
Rate (ft3/ft/hr) (predicted)    
     
     
Maximum Linear 540 300 30-50 180 
Recession (ft)     
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(1) Inferred from storm-tide records at Freeport, Galveston, and Sabine Pass, Texas. 
 
(2) Predicted tide: 21 Sept 1938 (1900 hrs, EST, Watch Hill, Rhode Island). 
 
(3) Postulated stalled-hurricane case moving along critical path. 
 
( ) Approximate values. 
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TABLE 2.4-11 
 

SHORE CHARACTERISTICS OF HUTCHINSON ISLAND AND SITES WITH MAXIMUM 
STORM-INDUCED EROSION 

 
 
 Hutchinson Mustang Island, Watch Hill, Dover, N.J. 
 Island, Fla. Texas R.I.  
     
Average     
Sediment     
Grain Size 0.6-0.09(Fine - 0.2-0.125 0.3-0.4 0.43 (Medium 
(m.m.) medium Sand) (Fine Sand) (Medium Sand) Sand) 
     
Bathymetric Straight Straight coast- Coastline con- Straight coast 
Character coastline, line, regular cave seaward line,offshore 
 absence of offshore bathy- forming a pocket ridges and 
 capes or pro- metry, large bay beach bounded swales, shallow 
 minent head- landward of by two non- lagoon landward 
 lands, linear shallow water eroding head- width 3 miles, 
 offshore lagoon. lands. Numerous depth 4 ft 
 ridges and  island protect (MLW). 
 swales (-30 ft  beach from  
 isobath)  direct wave  
 shallow lagoon  attack, lagoon  
 landward, width:  is in the last  
 1.2-2 miles,  stages of in  
 depth: 7 feet  filling - very  
 (MLW).  shallow & tide  
   dominated.  
     
Beach Slope 1:5-1:8 (Fore- 1:12-1:37 1:6 (Foreshore) 1:15 (Foreshore) 
 shore) (Char- (Foreshore) (Characteristic (Characteristic 
 acterisic of (Characteristic of protected of exposed 
 protected of exposed beaches) 1:40 beaches 1:42 
 beaches) 1:50 beaches) (-18 ft isobath) (-20 ft 
 (-20 ft iso- (USACE, 1974). (USGS Topo Map, isobath) 
 bath) (Eng &  1944) . (USACE ,1953). 
 Industrial    
 Experiment    
 Stat, 1972).    
     
Continental 18 50 93 106 
With in     
Miles (To     
-600 ft     
Contour)     
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TABLE 2.4-11 (Cont' d) 

 
 
 Hutchinson Mustang Island, Watch Hill, Dover, N.J. 
 Island, Fla. Texas R.I.  
     
Average     
Sediment     
Grain Size 0.6-0.09 (Fine- 0.2-0.125(Fine 0.3-0.4 0.43 (Medium 
(m.m.) medium Sand) Sand) (Medium Sand) Sand) 
     
Beach Continuous Discontinuous Continuous Continuous 
Morphology foredunes foredunes 15- foredunes foredunes 
 ranging to 50 feet in along Weeka- 15-20 feet 
 16 feet, well elevation, mo- paug Beach high, well 
 vegetated. derately vege- ranging to vegetated. 
 Barrier is- tated. Barrier 25-30 feet; Headland 
 land 23 miles island 18 miles low or absent Barrier Spit 
 long, width long, average foredunes on 21.5 miles 
 at site 1.2 width 1.5 miles. Misquamicut long, width 
 miles.  Beach backed 2/3 mile. 
   by cliffs  
   near Watch  
   Hill point;  
   headland and  
   barrier beach  
   6 miles long  
   maximum width  
   of barrier 1/3  
   mile.  
     
Wave Cli- Open Coast Open Coast Protected Open Coast 
mate and East-North- East-South South-South- East-North- 
Predominant east east east east 
Wave Ap-     
proach     
Direction     
     
Severe 42 or 1 every 62 or 1 every 3 or 1 every 4 or 1 every 
Storm 1.8 years 1.2 years 12.6 years 14.7 years 
Frequency within 150 (1900-1973). (1894-1938). (1894-1953). 
(Hurricanes) mile radius    
 site (1900    
 1973).    
     
Average 0.8 ft/year 8-13 ft/year - 6.18 ft/year 
Annual (1880-1949). (1854-1974).  (1932-1953). 
Shore-line     
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0677W-16 
TABLE 2.4-12 

 
RESULTS OF WAVE TANK EXPERIMENT* 

 
 
Wave height 5.5 feet (breaking wave height 6-7 feet), period 11.3 seconds, 
slope 1:15, and sand size 0.22 mm. 
  

Elevation of contour with Cumulative erosion in feet 
reference to still water (advance or retreat of contour) 

level (feet) Time in Hours 
       

      
      
 1 5 10 20 50 
      

-3 --- --- - 6 - 4 --- 
      

-2 - 6 -18 -30 -35 -38 
      

-1 -15 -31 -43 -51 -55 
      

 0 -17 -36 -48 -59 -55 
      

+1 -12 -28 -40 -49 -40 
      

+2 - 8 -19 -30 -38 -32 
      

+3 - 2 - 9 -21 -25 -26 
      

+4   0 --- - 6 -11 -16 
      
      
      

Total erosion (ft3/ft 60 141 224 272 262 
      
Value used (ft3/ft) 60 150 230 280 320 
 
 
 
 
 
 
 
 
* See Appendix 2.4A-1 
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0677W-17 
TABLE 2.4-13 

 
FRONTAL WAVE EROSION CALCULATIONS BY FIRST METHOD 

 
        

PMH Reference Surge Surge Phase Duration of Experimental Wave Average Wave Wave Energy Predicted 
 Hydrograph and Range Surge Phases Tank Erosion* Height Ratio Flux Factor Field Erosion 
  (ft) (hours) (cu ft/ft) 

kh

fieldh

tan
 

kh

fieldh

tan

2

 

(cu ft/ft) 

         
Steady-State High Tide Figure Rising 8 to 15.9 5 230 over 10 hours 8/5.5 2.1 490 
(R = 20 nm, T = 4 knots)  2.4-14 Falling 15.9 to 8 7 280         20 8/5.5 2.1 590 
    __    ___ 
    Total 12    Total 980 
         
         
 Low Tide Figure Rising 8 to 12.8 8 280 over 20 hrs 8/5.5 2.1 590 
  2.4-15 Falling 12.8 to 8 11 280         20 8/5.5 2.1 590 
    __    ____ 
    Total 19    Total 1180 
         
         

Case 3  Figure Rising 8 to 16.1 10 280 over 20 hrs 8/5.5 2.1 590 
  2.4-13 Steady 10.5 12 300         30 8/5.5 2.1 630 
   Falling 16.1 to 8 10 230        10 6/5.5 1.2 280 
    __    ____ 
    Total 32    Total 1500 
         
         
Case 6  Figure Rising 8 to 14.1 4 230 over 10 hrs 8/5.5 2.1 490 
  2.4-16 Steady 11 av 24 320         50 8/5.5 2.1 680 
   Falling 12.8 to 8 15 280         20 6/5.5 1.2 340 
    __    ____ 
    Total 43    Total 1510 
         
         
Case 8  Figure Rising 8 to 14.2 3.5 230 over 10 hrs 8/5.5 2.1 490 
  2.4-18 Falling 14.2 to 8 4    8/5.5 2.1 300 
    ___    ___ 
    Total 7.5    Total 790 
         

 
 
 
 
• Accumulated Erosion Derived from Figure 2.4-21 
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TABLE 2.4-14 
 

ALTERNATE FRONTAL WAVE EROSION CALCULATIONS BY FIRST METHOD 
 

        
PMH Reference Surge Surge Phase Duration of Experimental Wave Average Wave Wave Energy Predicted 

 Hydrograph and Range Surge Phases Tank Erosion* Height Ratio Flux Factor Field Erosion 
  (ft) (hours) (cu ft/ft) 

kh

fieldh

tan
 

kh

fieldh

tan

2

 

(cu ft/ft) 

         
Steady-State High Tide Figure Rising 8 to 15.9 5  8/5.5 2.1  
(R = 20 nm, T = 4 knots)  2.4-14 Falling 15.9 to 8  7  8/5.5 2.1  
         
    Total 12 245 x 2 = 490   1029 
         
         
 Low Tide Figure Rising 8 to 12.8 8  8/5.5 2.1  
  2.4-15 Falling 12.8 to 8 11  8/5.5 2.1  
         
    Total 19 275 x 2 = 550   1155 
         
         
Case 3  Figure Rising 8 to 16.1 10  8/5.5 2.1  
  2.4-13 Steady 10.5 12  8/5.5 2.1  
   Falling 16.1 to 8 10   2.1  
         
    Total 32 305 x 2 = 610   1281 
         
         
Case 6  Figure Rising 8 to 14.1 4  8/5.5 2.1  
  2.4-16 Steady 11 av 24  8/5.5 2.1  
   Falling 12.8 to 8 15  6/5.5 2.1  
         
    Total 43 315 x 2 = 630   1323 
         
         
Case 8  Figure Rising 8 to 14.2 3.5  8/5.5 2.1  
  2.4-18 Falling 14.2 to 8 4    8/5.5 2.1  
         
    Total 7.5 275 x 2 = 550   840 
 
 
 
 
 
 
 
 
*Accumulated Erosion Derived from Figure 2.4-21.
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TABLE 2.4-15 
 

FRONTAL WAVE EROSION CALCULATIONS BY SECOND METHOD FOR STALLED-PMH CASE 6* 
 
 
 

 Duration of Surge     
 Phases1 Average Breaker1 Experimental Wave Wave Energy Frontal Wave 
Surge Phase Interval Rising Falling Height (Hb) Tank Erosion2 Flux Factor Erosion3 
No. Hours (hrs) (hrs) (ft) (cu ft/ft) (Hb/6)2  
        
        
 1 55-59 4.0 - 5.5 140 .84 118 
        
 2 59-65 - 6.0 6.0 175 1.00 175 
        
 3 65-72 6.8 - 5.5 190 .84 160 
        
 4 72-78 - 6.0 5.3 175 .78 136 
        
 5 78-84 6.2 - 5.4 178 .81 144 
        
 6 84-90 - 6.0 5.0 175 .69 121 
        
 7 90-96 6.0 - 4.0 175 .44 77 
        
 8 96-99 - 3.2 4.0 124 .44 55 
        
 9 108-109.5 1.5 - 3.7 86 .38 33 
        
L0 109.5-110.5 - 1.0 3.7 60 .38 23 
        
 Total 46.7 hours    1042 
       cu ft/ft 
 
 
 
 
* Erosion along north and east faces of plant island 
 
1. See Figure 2.4-16 for water levels above +8 ft MLW and average breaker height (Hb). 
 
2. From Figure 2.4-21 with known duration. 
 
3. Wave tank result multiplied with wave energy flux factor. 
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TABLE 2.4-16 
 

FRONTAL WAVE EROSION CALCULATIONS BY SECOND METHOD FOR STALLED-PMH CASE 7* 
 
 
 

Duration of Surge  
Phases1 

 
Average Breaker1 

 
Experimental Wave 

 
Wave Energy 

 
Frontal Wave 

Surge Phase Interval Rising Falling  Height (Hb) Tank Erosion2 Flux Factor Erosion3 
No. Hours (hrs) (hrs) (ft) (cu ft/ft) (Hb/6)2 (cu ft/ft) 
        
        
1 103-106 3.4 - 4.25 125 0.50 62 
        
2 106-109 - 2.4 4.35 100 0.52 52 
        
3 111-116 4.8 - 5.25 158 0.76 120 
        
4 116-122 - 5.5 5.20 170 0.75 128 
        
5 122-128 6.0 - 5.90 175 0.97 170 
        
6 123-134 - 6.0 6.00 175 1.00 175 
        
7 134-140 6.0 - 5.65 175 0.88 154 
        
8 140-145 - 5.6 5.84 172 0.95 163 
        
9 147-152 4.5 - 4.50 152 0.56 85 
        
10 152-156 - 4.0 4.50 140 0.56 78 
        
11 161-164 3.0 - 3.65 122 0.37 45 
        
12 164-166 - 2.0 3.65  92 0.37 34 
        
 Total 53.2 hours     1.266 
       cu ft/ft 
 
 
 
* Erosion along north and east faces of plant island. 
 
1. See Figure 2.4-17 for water levels above +8 ft MLW and average breaker height (Hb) 
 
2. From Figure 2.4-21 with known duration 
 
3. Wave tank result multiplied with wave energy flux factor. 
 
 
 
 
 
 
 
 



UFSAR/St. Lucie – 2 

 T2.4-23 Amendment No. 24 (09/17) 

TABLE 2.4-17 
 

LITTORAL DRIFT LOSS BY FIRST METHOD* 
 
 

 Littoral Drift Loss** 
 
PMH Reference Surge Surge Phase Duration of Alternative 1 Alternative 2 
 Hydrograph And Range Surge Phases (cu ft/ft) Erosion 
 (ft) (ft) (hrs)  (cu ft/ft) 
 
       
Steady-State PMH       
(R-20 nm, T-4 knots) High Tide Figure Rising 8 to 15.9 5 150 150 (5 hrs) 
  2.4-14 Falling 15.9 to 8 7    0   90 (3 hrs) 
       
    Total 12 Total 150 Total 240 
       
 Low Tide Figure Rising 8 to 12.8 8 240 240 
  2.4-15 Falling 12.8 to 8 11     0 150 (5 hrs) 
       
    Total 19 Total 240 Total 390 
       
Case 3  Figure Rising 8 to 16.1 10 300 (10 hrs) 300 (10 hrs) 
  2.4-13 Steady 10.5 12 180 (6 hrs) 180 (6 hrs) 
   Falling 16.1 to 8 10 0 150 (5 hrs) 
       
    Total 32 480 630 
       
       
Case 6  Figure Rising 8 to 14.1 4 120 (4 hrs) 120 (4 hrs) 
  2.4-16 Steady 11 Avg 24 360 (12 hrs) 360 (12 hrs) 
   Falling 14.1 to 8 15    0 150 (5 hrs) 
       
    Total 43 Total 480 Total 690 
       
Case 8  Figure Rising 8 to 14.2 3.5 110 110 
  2.4-18 Falling 14.2 to 8    4     0   60 (2 hrs) 
       
    Total 7.5 Total 110 Total 170 
 
 
* Constant Breaker Height - 8 feet 
 
** Number in parenthesis indicate adopted duration of surge phase used in estimate. 
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TABLE 2.4-18 
 

LITTORAL DRIFT LOSS ALONG EAST FACE OF PLANT 
FOR STALLED-PMH CASE 7 (SECOND METHOD) 

 
 
 

Surge Hydrograph* Averaged Breaker Littoral Littoral 
  Duration  Height  Drift Rate  Drift Loss 

Hour Number  (hrs)  (ft)  (cu yds/hr)  (cu yds) 
     

     
97 4.0 2.00 200 800 

     
101 2.0 3.00 200 400 

     
103 3.0 4.25 600 1800 

     
106 3.0 4.35 633 1900 

     
109 2.0 3.00 200 400 

     
111 5.0 5.25 1100 5500 

     
116 6.00 5.20 1050 6300 

     
122 6.00 5.90 1540 9240 

     
128 6.00 6.00 1600 9600 

     
134 6.00 5.65 1390 8340 

     
140 6.0 5.84 1500 9000 

     
146 10.0 4.50 767 7670 

     
156 5.0 3.00 200 1000 

     
161 5.0 3.65 360 1800 

     
166 7.0 2.00 200 1400 

   
Total 76.0 Total Littoral Drift Loss During 47.2 hrs 65150 cu yd 

 
 Littoral drift loss unit length of  1035 cu ft/ft 
 1700 ft reach between Big Mud Creek 
 and Discharge Canal 
 
 
 
*See Figure 2.4-17 
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TABLE 2.4-19 
 

LITTORAL DRIFT LOSS ALONG NORTH FACE OF PLANT SITE 
FOR STALLED-PMH CASE 7* 

(SECOND METHOD) 
  

Surge Hydrograph**  
  Averaged Breaker** Littoral Drift Littoral Drift
 Duration Height Rate Loss

Hour Number (hrs) (ft) (cu yds/hr) (cu yds)
  
  
103  
  
105 2 3.25 300 600
  
106.5 1.5 4.40 650 975
  
107.5 1.0 3.25 300 300
  
108.75 1.25 2.45 200 250
  
111.25 2.50 1.88 100 250
  
112.5 1.25 2.75 200 250
  
114 1.5 4.00 350 525
  
118.5 4.5 5.50 1300 5850
  
120 1.5 4.25 600 900
  
123.5 3.5 3.50 300 1050
  
124.5 1.0 4.25 600 600
  
126.0 1.5 5.25 1100 1650
  
129.5 3.5 6.70 2000 7000
  
130.75 1.25 5.50 1300 1625
  
132.00 1.25 4.40 650 813
  
133.50 1.50 3.50 300 450
  
135.00 1.50 3.15 300 450
   
Total 32.0 Total Littoral Drift Loss 23,538 cu yds
  During 32 hours  
   
  Littoral drift loss per unit 320 cu ft/ft
  length of 2,000 ft reach between  
  Ultimate Heat Sink and Highway A1A  
   
*Computation based on the conservative assumption that no replenishment is available 
**See Figure 2.4-17 
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TABLE 2.4-20 

 
 
 

EROSION OF NORTHEAST CORNER OF PLANT ISLAND 
DUE TO LITTORAL DRIFT 

 
 

PMH QUANTITY RECESSION 
   
 (yd3) of +10 ft MLW 
  Contour (Ft) 
   
Steady-State PMH 12,650 177 
   
(R = 20 NM, T = 4 kt)   
   
Low Tide   
   
   
Case 6 25,300 312 
   
   
Case 7 30,360 394 
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TABLE 2.4-21 
EMBANKMENT RECESSION DUE TO CURRENT-INDUCED SCOUR 

 
 
 
Location Transect PMH 
  
 Steady-State*      
 PMH (R = 20 nm, Case 6  Case 7** Case 8** 
 T = 4 kt.) First Method* Second Method**    
 Low tide      
  Critical Surge Bank Critical Surge Bank Critical Surge Bank Critical Surge Bank Critical Surge Bank 
  Elev. Duration Recession Elev. Duration Recession Elev. Duration Recession Elev. Duration Recession Elev. Duration Recession 
  (ft. MLW) (hrs) (ft.) (ft. MLW) (hrs) (ft.) (ft. MLW) (hrs) (ft.) (ft. MLW) (hrs) (ft.) (ft. MLW) (hrs) (ft.) 
                 
 A 7.5 19 15 8.6 36 29  7 54 43 7 6 56 45 6.5 10 8 
                 
Big B 6.8 20 16 8 46 37  6 5 60 48 7 62 50 6 12 10 
Mud                 
Creek1 C 9.6 16 13 11 15 12  9 2 33 26 9 8 31 25 7.1 9 7 
                 
 D 13 0 0 16 0 0 10 22 18 15 0 0 8 7 6 
                 
 N 5  22 18 5 72 58  5 72 58 5 72 58 5 12 10 
                 
Intake                 
Canal2 I 4 44 70 4 85 136 4 85 136 4 85 136 4 21 34 
                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: * Critical elevation determined from erosion profiles by first method as shown in Figures 2.4-28 and 2.4-33 
 
 ** Critical elevation determined from erosion profiles by second method as shown in Figures 2.4-28 and 2.4-33 
 
 1. Embankment recession = 0.8 ft/hr x Surge Duration 
 
 2. Embankment recession = 1.6 ft/hr x Surge Duration 
 
 Location of transects are shown in Figure 2.4-32. 
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TABLE 2.4 - 22 
 

FRONTAL WAVE EROSION & LITTORAL DRIFT LOSS 
BASED ON THE FIRST METHOD 

 
 
 
 
 
 
 
 ESTIMATE BY FIRST METHOD EST MATE BY ALTERNATIVE F RST METHOD 
 
 
 Reference Surge Phase Duration Frontal   Average Erosion Frontal   Average Erosion 
 Surge and of Surge Wave Littoral Total Rate Over Wave Littoral Total Rate Over 
PMH Hydrograph Range Phases Erosion1 Drift Loss  Total Duration* Erosion3 Drift Loss2  Total Duration* 
  (ft) (hours) (cu ft/ft) (cu ft/ft) (cu ft/ft) (cu ft/ft) (cu ft/ft) (cu ft/ft) (cu ft/ft/) (cu ft/hr) 
            
             
Steady-State High Tide Figure Rising 8 to 15.9 5      150(5 hrs)   
(R = 20 nm,  2.4-14 Falling 15.9 to 8 7        90(3 hrs)   
T = 4 knots)    Total 12 980 150 1130 90 1029 Total 240 1269 106 
             
             
 Low Tide Figure Rising 8 to 12.8 8       240   
  2.4-15 Falling 12.8 to 8 11      150   
    Total 19 1180 240 1420 70 1155 Total 390 1545 81 
             
             
Case 3  Figure Rising 8 to 16.1 10       300(10 hrs)   
  2.4-13 Steady 10.5 12      180 (6 hrs)   
   Falling 16.1 to 8 10      150 (5 hrs)   
    Total 32 1500 480 1980 60 1281 Total 630 1911 60 
             
             
Case 6  Figure Rising 8 to 14.1 4      120 (4 hrs)   
  2.4-16 Steady 11 24      360(12 hrs)   
   Falling 14.1 to 8 15      210(7 hrs)   
    Total 43 1510 480 1990 45 1323 Total 690 2013 47 
             
             
Case 8  Figure Rising 8 to 14.2 3 5      110   
  2.4-18 Falling 14.2 to 8 4       60(2 hrs)   
    Total 7 5 790 110 900 120 840 Total 170 1010 135 
             
 
 
 
 
 
 
1 See Table 2.4-13 
2 See Table 2.4-17 
3 See Table 2.4-14 
 
* These averaged values provide only as an indicator of the variability of erosion rate with duration 
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TABLE 2.4-23 

 
FRONTAL WAVE EROSION & LITTORAL DRIFT LOSS FOR STALLED-PMHS CASES 6 & 7 

BASED ON THE SECOND METHOD 
 
 
 
  North Face   East Face  
  of   of  
  Plant Island   Plant Island  
Stalled-PMH       
 Frontal Wave Littoral Drift Total Frontal Wave Littoral Drift Total 
 Erosion Loss  Erosion Loss  
 (cu ft/ft) (cu ft/ft) (cu ft/ft) (cu ft/ft) (cu ft/ft) (cu ft/ft) 
       
Case 6 1042 320 1362 1042 884 1926 
       
Case 7 1266 320 1486 1266 1035 2301 
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TABLE 2.4-24 
 

SUMMARY OF RESERVE DISTANCES (IN FT) AROUND PLANT ISLAND 
 

 
 
 
 PMH 
  Transect Steady-State Low Tide CASE 6 
Location Transect Origin (R-20mn, T = 4kt) First Method Second Method CASE 7 CASE 8 

   I II Total I II Total I II Total I II Total I II Total 
                  
                  
 A NW Corner Unit 1 Turbine 130 15 115 75 29 46* 136 43 93 116 45 71 175 8 167 
  Building                
                  
 B Unit 1 Reactor Building 200 16 184 145 37 108 204 48 156 182 50 132 245 10 235 
                  
North C Unit 1 Reactor Building 165 13 152 95 12 83 169 26 143 142 25 117 290 7 283 
Face                  
 D N Great of Discharge Canal** 120 0 120 0 0 0 169 18 151 0 0 0 310 6 304 
                  
 N Condensate Storage Tank 220 18 202 175 58 117 219 58 161 204 58 146 255 10 245 
                  
 M North Diesel Oil Transfer                
  Pump, Unit 1 673 0 673 not applicable 537 0 537 457 0 457 not calculated 
                  
                  
 E Northeast Corner of Class 1 535 0 535 450 0 450 437 0 437 340 0 340 620 0 620 
  FILL                
                  
 F Unit 1 Diesel Oil Storage 550 0 550 415 0 415 450 0 450 405 0 405 615 0 615 
  Tanks-Class I                
East                  
Face G Unit 2 Diesel Oil Storage 575 0 575 515 0 515 510 0 510 450 0 450 635 0 635 
  Tanks-Class I                
                  
 H Great of Storm Water Basin 565 0 565 430 O 430 465 0 465 320 0 320 695 0 695 
                  
 J Highway A1A** -- - -- -- - -- -- - -- -- - -- -- - -- 
                  
 K North Dike of Discharge Canal -- - -- -- - -- -- - -- -- - -- -- - -- 
                  
                  
South I Unit 2 Reactor Auxiliary  1265 70 NA 1150 139 NA 1160 136 NA 1000 136 NA 1315 34 NA 
Face  Building                
                  
 
Note: I - Reserve distance due to frontal wave erosion and littoral drift loss 
 II - Bank recession due to channel scour. 
Total - Final reserve distance (ft) (I minus II) except for transect I, where erosion and scour act at different locations, 
 * First method is unrealistic-see discussion. 
 **  Not a safety-related structure.
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Tables 2.4-25 through 2.4-30 
have been deleted 
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TABLE 2.4-31 
 

WATER QUALITY ANALYSIS 
 

LAW ENGINEERING TESTING COMPANY 
 
 
Lab. No…………………………………. 8231 8232 8240 
    
Sample Location………………………. P-1 P-2 P-11 
    
Date of collection 3-30-1968 3-28-1968 3-28-1968 
    
Silica (SiO2)……………………………. 15.1 10.1 8.4 
    
Iron (Fe) ……………………………….. 1.4 1.2 4.1 
    
Manganese (Mn)……………………… 0.0 0.0 0.0 
    
Calcium (Ca) ………………………….. 1364 1820 1204 
Magnesium (Mg) ……………………… 781 190 173 
Sodium (Na) …………………………... 10000 11400 12700 
Potassium (K)………………………….. 477 427 406 
    
Bicarbonate (HCO3)…………………... 256 659 573 
Carbonate (CO3)………………………. 0 0 0 
Sulfate (SO4) ………………………….. 2515 387 387 
Chloride (CI)……………………….…... 20800 19200 18600 
Fluoride (F) ……………………………. 21 6 1 
Nitrate (NO3)……………………….…... 0.2 0.0 0.0 
    
Dissolved solids    

Calculated……………………………. 36164 33928 33907 
Residue on evaporation at 105 C..… 39840 44580 45760 
Residue at 600 C………………….… 35860 38960 40560 
Organic solids 3724 4961 4627 

Hardness as CaCO3…………………... 6620 5330 3720 
Noncarbonate hardness as CaCO3.…… 6410 4790 3250 
Alkalinity as CaCO3, Phenolphthalein.. 0 0 0 
Alkalinity as CaCO3, Total………….… 210 540 470 
    
Specific conductance    
(micromhos at 25 C)…………………... 40000 38500 40000 
pH……………………………………….. 6.40 6.15 5.5 
Color……………………………………..    
    
pH saturation (calculated)…………….. 6.84 6.38 6.60 
Langelier Index, I………………………. -0.44 -0.23 -1.10 
Salinity………………………………….. 33630 33780 32680 
Specific gravity………………………… 1.024 1.027 1.028 
    
NOTE:  All analytical results are in mg/liter 
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TABLE 2.4-31 (Cont'd) 
 
 
Lab No 8233 8234 8235 8236 
Sample Location P-3 a Big Mud Creek Swamp Water P-9 
Date of collection 3-31-1968 3-31-1968 3-31-1968 4-6-1968 
     

     
Silica (SiO2)……………………     
Iron (Fe)………………………..     
     
Manganese (Mn)……………...     
     
Calcium (Ca)………………….. 432 436 440 1800 
Magnesium (Mg)………………     
Sodium (Na)……………………     
Potassium (K)………………….     
     
Bicarbonate (HCO3)………….. 354 305 232 854 
Carbonate (CO3)……………… 0 0 0 0 
Sulfate (SO4)………………….. 2709 2902 3225 271 
Chloride (CI)…………………… 17600 19400 20800 19200 
Fluoride (F)…………………….     
Nitrate (NO3)…………………..     
     
Dissolved solids     

Calculated 105 C………….. 45600 40540 44940 44880 
Residue on evaporation at     
600 C……………………….. 30220 31140 34540 38740 

Hardness as CaCO3…………………     
Noncarbonate hardness as     

CaCO3…………………………………….     
Alkalinity CaCO3,……………...     
  Phenolphthalein 0 0 0 0 
Alkalinity as CaCO3, Total 290 250 190 700 
     
Specific conductance     
(micromhos at 25 C)………….     
p……………………………… 7.10 7.40 7.70 6.30 
Color……………………………     
     
pH saturation (calculated) 7.25 7.28 7.42 6.24 
Langelier Index, I -0.15 +0.12 +0.28 +0.06 
Salinity 31230 34330 36630 36630 
Specific gravity 1.018 1.020 1.024 1.026 
     
NOTE:  All analytical results are in mg/liter 
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TABLE 2.4-32 
 

WELL LOCATION SUMMARY 
 
 
  

SURVEY AREA LOCATION APPROXIMATE NUMBER 
NO.  OF WELLS 

   
1 Ankona 65 
2 Eldred 53 
3 Eden 70 
4 Indian River Estates 22 
5 Port St. Lucie (west of US #1) 500-600 
6 Walton 75 
7 White City (east of US #1 and 

South of SR-712) 
 

130  
8 White City (other area within 6 mile 

radius) 
 

100-150  
9 Between south city limits of Fort Pierce 

and north town limits of Eldred along SR-707
 

91  
10 South of White City and north of Jensen 

Beach Road 
 

50  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



UFSAR/St. Lucie – 2 

 T2.4-35 Amendment No. 24 (09/17) 

TABLE 2.4-33 
 

PUBLIC WELL WATER SUPPLIES 
 
  
 AVERAGE    
CITY NO. OF AVERAGE GROUND AVERAGE DEPTH AVERAGE GAL. 
 WELLS SURFACE ELEV. OF WELLS PER DAY PER 
 USED   WELL 
     
Ft.     
Pierce 17 +20 125 Ft. 500,000 
     
Stuart 21 +15 120 Ft. 150,000 
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TABLE 2.4-34 
 
 

COMPARISON OF CALCULATED GROUNDWATER EFFLUENT CONCENTRATIONS 
TO MPC LIMITS - LIQUID WASTE HOLDUP TANK FAILURE 

 
 
 
  Activity  Distribution  Time  Peak Effluent   
  Released  Coefficient  Of Peak  Concentration  MPC 
Nuclide  Curies(a)  ml/g(b)  years  μCi/cc(C)  μCi/cc(d) 
      
SR-89 1.100E-01 2.000E+00 2.863E+01 0. 3.000E-06 
SR-90 4.100E-03 2.000E+00 3.178E+01 9.793E-10 3.000E-07 
Y-91 1.200E-01 2.000E-02 6.414E+02 0. 3.000E-05 
ZR-95 1.600E-01 2.000E+02 6.762E+02 0. 6.000E-05 
RU-103 6.000E-01 4.000E+00 4.780E+01 0 8.000E-05 
RU-103C(e) 6.000E-02 0. 3.475E+00 5.816E-17 8.000E-05 
RU-106 1.800E-02 4.000E+00 5.828E+01 1.137E-26 1.000E-05 
RU-106(e) 1.800E-02 0. 3.527E+00 7.356E-09 1.000E-05 
I-129 7.400E-07 1.000E-01 4.947E+00 2.436E-12 6.000E-08 
CS-134 1.000E+01 2.000E+01 2.674E+02 0. 9.000E-06 
CS-137 2.800E+01 2.000E+01 2.848E+02 2.271E-09 2.000E-05 
CE-144 9.800E-02 5.000E+01 5.077E+02 0. 1.000E-05 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Table 12.2-21 
 
(b) Table VII 3-7 in Reference 70 
 
(c) One mile from the point of release 
 
(d) 10 CFR 20, Appendix B, Table 2, Column 2 
 
(e) 50 percent assumed complexed, non-sorbed 
 
 
 
 
 
 
 



 

     
     

  
    



 

    

   

    
   

      
   

   

  
  
   
 

 
   

 

    

   
 

     
     

     
  



 
 

  
 

    
 

  
 
  

   
  

   
 
     

     
 

 

   
  

    
    

     

    

     
     

    
     

 
  



    
    

    

     

 
  
 

 
 
  

     
     

    
  

  



    

    

 

  

  
  

      
   

     
     

    
    

  



  
 

 
  

  
     
      

  

     
     

    
    

  



  
 

 
 
 
 

 
 

 

 
   

      
 

 
 
 
 
 

 
 
 

 
 

  
             

      

 

     

    

     
     

   
    

  



 
  
  

 
 

 
 
 
 
 
 

 

 
 

 
 

 
 
 
 
 
 

 
 
 

 
 

  
  
 

 
 
 

 
 
 

 
 
 

  
 

 
 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

      
  

      

    
  

  
 

       
          

 

          
        

    

 

  

   

  
  

 
 

 
 

 
 

 
 

     
     

    
       

  
  



  
 

     

        
 
 

  
 
  
 
 
 
 

  
 
  

 
 
  
 
 
 

 

 
 

 

 

 

 

 
 

 

 
 

 
  

 

     

 
 

 
  

  
  
  

 
 

      

          
         

 

     

   

     
     

     
      

      
  



     
    

 

    

  
  

  

   
  

  

    

     
     

    
  

        
  



    
 

 
    

   

   

      

      
 

 

 

 

 

 

 

 
   

     
     

     
  



 
  
 
 

 
 
 
 
 

 
 

 
 
 
 
 
 

 

 

 

 

 

 

 

   
        
 

   
 

 

  
     

 
 

 
 

 

   

  
               

        
  

     

    

  
   

     
     

   
          

  



  
 

 
  
 
 
 
  
 
 
 

 
 
 

 
 
 

 

 

 

 

 

 

 

  

 
     

  

   

  

 
   

     
     

   
     

        
  



 

 

 
 

   
 

 
 
 
 
 
  

 

 
 
 
 
 
 

   
 

  
   

 

 
  

 
   

   
 

 

  
  

 

 
 

  
  

   

     
     

   
   

          
  



 

 

 

 
 
 

   
 
 
 
 
 

 

 
 

  
 

 
 
 
 

  

 

   

 
  

 

   

  
 

 

  

  
   

  

  
 

  

  
   

     
     

   
   

          
  



   
 
 

    
 

     

 
 

  

     

 
 
 

 
    
 
 
 
        

  
 

 

 
   

          
   
 
   

 
                

 

      
   

  
    

 
          

  

          
           

       
     

     
  



    
  
   

  
    
   

   
          

  
 

 

 
 
 

  
 

 
 
 
 
 

 
 

 
  
  
 

 

 
      

   

     
      

   

    

     
     

    
     

     
  



 

  

 

 
 
  

 

 
 
 
 
 
 

 
  
  
 
 

 
 
 

 

 

 
   

  

 

  

   

     
     

   
     

          
  





 
 

 

 

 

  

    

     
     

     
    

  



 
  
 
 
 
 
  

 

 
 
 

 
  

 

 
 

 
 
 
 

 

  

 
 
 
 

    
 
 

 
  
 

   
 

 
 
 
 
 
 
 
 

  

     

 

      
    

     
     

     
     

    
    

  



 
 

 
  

 
   

 

  
   

     
     

    
  

  



 
 

 

  

 

   

      

  
    

 
    

    
 

  

 
 

 

 

  

      

     
     

    
  

  



 

 

 
   

 

 

 

      
            

 
               

     
   

  

    
      

  

    
   

 

  

    

   

 

    
  

   

 

 

 

 

    

        

  
   

  
 

 
 

   

 
   
 
 
   

  
   
 
 

 

 

 

      

     
     

    
  

  



      
                 

                      

 

  

  

  

   

  
    

  
  

 
  
  
 

   
 

 
 

 
   

 
 

  
 

 

 

  
 

   

   

 
 

    

 

         

 
    

     

   

    
   

  

  

 

 

      

 

     
     

    
  

  



      
                 

 
                   

 

 
 

  
 

   
 
    

   
 

 
 

     
 

  
     

 

  

  
    

 
    

 
 
 

 

   
 
   

  
 

 
  

        

 

      

 

     
     

    
  

  



 
 

 
  

  
 

   
 

 

 

 
   

 
 

 
 

  
 
 

 
 
 

  
 
 

 

 

  

  
 

 

 

 
 

  
 

 

    
   

   

      
   

 
   

 
 
 
 

   

     
     

    
   

  



  
 

     

   
  

 

 

 

 
 

 

  
 
  
 

             
 

 
  

  
 

 

 

 

 

 

 

 

    

  

        

 

   
   

     
  
      

  

   

 

           

 
    

   

  
    

   
   
   

  

       
     

  
     

  



  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

   

 

  

   

 
 

 
 

 

 
 

 
 

 
 

 
   

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

  

 

 

 
 

 

 
 

 

  
 

  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

 
 

 
 

 

 
 

  
 

 
 

 
 

 

 
 

 
 

 
  

  



 

  

 

   
 

 

 
 

 

 
 
 
 
 

  
 
 
 

 

 

 

 

         

  

         
   

  
     

  
 
          

        

 
 

  

  
   

  
 

  

  
  
  
   

  
  

 
  

 

 
  

  
    

     

   

 

 

 
 

  
 

 

 
 

 
 
 

   
 

 

 

        
  

       
       
  

     
     

       
     

        
  



 
 

 
 

 

 
 

   
  

 

 

   
   

    

    
 

   
     

   

    

    
  

       
    

   

    

     
     

      
   

  



AMENDMENT NO. 5 (4/90) 

FLORIDA POWER & LIGHT COMPAN Y 

ST. LUCIE PLANT UNIT 2 

LOCATION OF TRANSECTS FOR 

EROSION ANALYSIS 

FIGURE 2.4-32 

Security Related Information
Figure Withheld Under 10 CFR 2.390



  
 

 
 

 

  
   

       
  

 

  

 

  

 

 

 

 
    

       

    

 

 

  
 

 

  
  
  

 
  
 

 

  
  
  

 

 

  

  
    

      
     

 

   

   
  

   

       

  

 
    

   
   

   
  
  

        

   

     
     

  
     

  



  

 

  
  
 

 
   
 
 

 

  
 
 

 
   

    

        
         

   

 

 

  

         
         

  

  

 
     

  

 

    

  

    

   

  

  

     
     

  
    

  



 
  
 

 
  
  
 
 
  
    

 

 

 

 
   

 

    

         

  

  

      

     
         

  

 
    

   

 

    

  
   

   

  
  

     
     

  
    

  



  
 
  

  
   

 
 
 

      

   

 
 

  

 

 

         
  

     

       

 
 

 
         

   
  
  

   
  
  
  

  

 

 

  

 
 

 
 

 

  
  

    

      

      

 
    

   

 
  

   
  

       

 

     
     

  
     

  



   

 

   

  
     

        

 

 

 
  

  
     

  

 

   
 

 

 

  

   
  

     

  

 
    

   

   
    

 

  

     
     

   
    

  



   

   

  

 
    
    

        

 
   

 

          

  

 

  

 

    
 

      

       

  

   
 

      
       

   
  
  

     
     

   
    

  













    
   

     
     

  



   

       

 
  
  

     
          

      

        
  

   
   
 

       
               

    
        

 
 

      
 

 
 

                     

     

     
     

    
       

  



 

 

 
 

 

 

  

 

 

   

  

  

 

  

 

 

 

 
 

  

   

 

  

 

   

     
     

  
  



 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
  

  
 

 

 
 

 
 

 
 

 
 

 

   

 
 

 
 

 
 

 
 

 
 
 

 
     

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
  

  



 
 

 
 

 
 

 
 

 
  

 
 

 
 

 

 
 

  

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 



 

    

   
   

  

  
  

  
  

 

   

 
 

 

  

 
 

 

 
  

 
 

 
  

  
  

 
 
  
  
      

 
 
 
 

     
     

     
  



        
 

       

                     

 
 

  
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 

 

     

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



UFSAR/St. Lucie – 2 

 2.4A-1 Amendment No. 24 (09/17) 

APPENDIX 2.4A 
 

EROSION ESTIMATES 

 

By Joseph M. Caldwell 
Consulting Engineer 
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MEMORANDUM 1 

SUBJECT:  ST LUCIE UNIT NO 2 
FRONTAL EROSION RATES 
AS DETERMINED FROM LABORATORY TESTS (July 22, 1975) 

1. The question of nature and rate of wave erosion of the nuclear island needs to be 
described so that acceptable time-erosion profiles can be constructed around the island 
showing the effects of waves resulting from the design hurricane. There are three types of wave 
erosions which should be considered: erosion due to frontal attack by the waves, erosion due to 
wave-generated littoral drift; and erosion at the "corners" of the island due to combined wave 
and inflow currents. This memorandum will address the question of erosion due to frontal 
attacks by waves. Littoral effects are discussed in Memorandum 3. 

Types of Data 

2. The data available on frontal erosion consists of field data taken before and after coastal 
storms and of laboratory data taken in large wave tanks. There is available also considerable 
data taken in small wave tanks, but a comparison of the results obtained in large wave tanks 
(waves up to 6 feet in height) with results in small wave tanks (waves up to 4 or 5 inches in 
height) show the small tanks to give results not suitable for transfer to full-scale prototype 
conditions. On the other hand, the large-scale tank tests (waves up to 6 feet) are at or near 
full-scale prototype dimensions and the problem of scale transfer is essentially eliminated. 

3. The data from the large wave tank tests has the advantage of being precise as to the 
wave sizes, water level and duration of wave attack; also, the wave machine can be stopped at 
any time and beach profiles taken. On the other hand, the field data is somewhat imprecise as 
to wave heights, water levels, and duration of wave attack; also, beach profiles are usually 
available only as pre-storm and post-storm profiles. These pre-storm and post-storm profiles are 
also usually flawed to some extent by either being taken too long before the storm or too long 
after the storm so that the changes due to the storm waves only are not known with exactitude. 
There is, however, enough field data available to indicate the general magnitude of erosion that 
has taken place over selected storm events. 

Approach to Analyses 

4. In view of the several aspects of available wave erosion data discussed above, the 
analysis will first be centered on the data from wave tank tests at large scales. Once tentative 
conclusions have been drawn from these tests, these results are compared in Memorandum 2 
to field data available on storm wave erosion. This will be done to assure that the laboratory 
data is not leading us to conclusions which indicates less erosion than is indicated by the 
available field data. 

Description of Laboratory Tests 

5. The tests, which form the heart of this part of the analysis, were made in the 1950's in 
the large wave tank at the Beach Erosion Board (now the US Coastal Engineering Research 
Center). This tank is 635 feet long, 20 feet deep, and 15 feet wide, and is capable of producing 
waves up to 6 feet in height with periods ranging between 3.75 and 16 seconds. For the tests at 
hand, a sand Beach on a 1:15 slope was molded in the tank. The beach extended from the floor 
of the tank to the top of the tank, a height of 20 feet. On a 1:15 slope, the beach width 
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(toe to crown) was 300 feet. The still water depth in the tank was at or near 15 feet for the tests. 
The actual wave-height wave-period combinations tested will be indicated later in this 
memorandum. 

6. Two sizes of sand were tested in two separate series of tests. First, a 0.22 mm dia. sand 
was tested and then a 0.4 mm dia. sand. Test conditions with the 0.4 mm sand were, for the 
most part, duplicates of the test condition with the 0.22 mm sand, though a few tests were not 
duplicated. One particular test that was made only with the 0.4 mm sand was one test using a 
"tide" in the wave tank; the tide had a range of 2.8 feet and had the normal tide period of 12 hr. 
25 min., high tide to low tide back to high tide. It should be noted that these wave tank tests 
were considered to be full-scale tests and all factors (height, period, duration, etc.) are given as 
measured in the wave tank unless stated otherwise. 

7. The results of the test described above have never been completely published or 
analyzed. Thus, the analysis herein has had to draw on a number of documents (some 
published, some unpublished). The CERC staff readily made available some of the unpublished 
data which is used in this analysis. The various sources (all of BEB or CERC origin) necessitate 
using, however, a number of sources for what is essentially the same set of wave tank data. A 
list of the documents used is attached as Table 3. 

Specific Tests 

8. The specific tests made in the large wave tank are shown on Table 1 attached. It should 
be noted that for some tests (particularly for the tests with the longer wave periods, 11.3 and 
16.0 sec.) there was a noticeable amount of wave energy reflected from the beach in the form of 
a reflected wave. This reflected wave, in turn, met the incoming wave and produced a certain 
amount of variability in the measured wave heights. To simplify the presentation, the test height 
given is the height of the test wave before reflections confused the measurements. These 
heights were, of course, in 15 feet of water before the wave reached the beach. The deepwater 
heights, Ho, and the breaker heights Hb, were derived from these nominal test wave heights, H. 

Effect of Sand Size 

9. One of the most noticeable effects demonstrated by the tests was the effect of sand 
grain size. This is shown by comparing Figure 1 and Figure 2, where Figure 1 shows the 
long-duration results with 0.22 mm sand and Figure 2 the long-duration results with 0.4 mm 
sand. (By long-duration results is meant the beach profiles resulting from 40 to 60 hours of 
testing; by this time most of the profiles had reached a reasonably stable profile with changes 
taking place only slowly.) All tests shown on these two figures used test waves 
approximately 5 feet in height and with periods of from 3.75 sec. to 16.0 sec. With the 0.22 mm 
sand, all test waves showed an eroded beach at the end of the test period. The greatest erosion 
of the slope was at or near the still water level and was about 60 feet after 40 or 50 hours for 
test 4, 3 and 7 with wave periods of 5.6, 11.3, and 16.0 seconds respectively. The eroded 
material was, in each case, dragged offshore and deposited as an offshore bar with a crown 
elevation about 4 or 5 feet below still water level. 

10. The tests with the 0.4 mm sand showed much less tendencies for erosion and, in fact, 
showed accretion of some 40 or 50 feet on the upper slope for wave periods of 11.3 
and 16.0 seconds. The maximum erosion near the still water line was about 30 feet, which 
occurred with the 5.6 second wave. It is interesting to note that the 7.9 second wave (Test 9) 
showed very little change in profile at and above the still water line. 



UFSAR/St. Lucie – 2 

 2.4A-4 Amendment No. 24 (09/17) 

Discussion 

11. The above results indicate that the sand grain size is an important factor in determining 
the reaction of a beach face to the incident waves. The 0.22 mm sand on a 1:15 slope always 
eroded, with the sand being carried into deeper water to form an offshore bar. The 0.4 mm 
sand, on the other hand, showed much less erosion tendency, and, in fact, for the longer period 
waves (11.3 and 16.0 second) showed accretion. 

12. The maximum erosion was about 60 feet after 40 or 50 hours of testing the 0.22 mm 
sand, with the beach being reasonable stable by this time. This maximum erosion was found 
near the still water level and was almost the same for wave periods of 7.9, 11.3 and 
16.0 seconds. 

Effects of Tides 

13. As noted earlier, Test 9 with the 0.4 mm sand was tested with a constant still water level 
and with a tide with a range of 2.8 feet. This tide range compares favorably to the mean tide 
range of 2.6 feet at St Lucie. The tide was produced by changing the water level in the tank 
in 7 steps to simulate a tide curve. The wave period was 7.9 seconds and the wave height 
about 5.0 feet for these two tests (tide and no-tide), and the results after 37 hr. 12 min. 
(three complete tidal cycles) are shown on Figure 2. This figure shows that the effect of the tide 
on the final profiles was relatively small. In fact, a review of comparative profiles taken 
at 1.0, 3.1, 6.2, 9.3, 12.4, 24.8, 31.0, 34.6, 37.3, and 40.3 hours showed no significant 
differences between the with-tide and no-tide profiles. 

Discussion 

14. The tidal test showed that a tide with a range of 2.8 feet showed no significant 
differences from an identical test with no tide. This indicates that the no-tide results from other 
tests in the series can be applied with reasonable assurance to predict profile conditions with 
a 2.8 foot tide. 

Effects of Wave Period 

15. As can be seen from Table 1, wave periods of 3.75, 5.6, 11.3, and 16.0 seconds were 
tested with the 0.22 mm sand and 0.4 mm, sand. In addition, a 7.9 sec. wave was tested with 
the 0.4 mm sand. A study of Figure 1 (using the 0.22 mm sand) shows no great differences at 
the still water level, with erosions of 45 to 60 feet in evidence at the end of the tests. The short 
wave (3.75 seconds) of Test 5 showed the least erosion (about 45 feet) of the four tests 
using 5-foot test waves. The effects reached farther and farther up the slope as the wave period 
increased, the 16 second wave cutting about 25 feet farther into the beach than the 5.6 second 
wave. For all waves (Figure 1), the eroded sand was pulled offshore to form a sand bar with a 
crown elevation at about -4 or -5 feet, which is also approximately the wave height. The shorter 
the wave period the farther offshore was the sand bar. 

16. An important result for the tests with the 0.22 mm sand seems to be that, when starting 
with a 1:15 slope, the tests indicated erosion for all tests regardless of wave period. Since the 
periods tested encompassed 3.75 to 16.0 seconds, this indicates that all waves encountered in 
a storm wave spectrum acting on 0.22 mm sand could be expected to erode a 1:15 slope at 
near the mean water level. Also the tests indicated that the erosion patterns would not vary 
greatly with wave period. 
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17. For the coarser sand (0.4 mm), the 1:15 slope exhibited erosion tendencies (but less 
than with 0.22 mm sand) when the wave period was less than 7.9 seconds. However, 
the 11.3 and 16.0 second waves, acting on 0.4 mm sand, resulted in accretion to the beach 
above the still water line. This accretion was as much as 50 feet at the +7.0 foot level with 
the 16.0 second wave and almost as much at the +4 foot level with the 11.3 second wave. 

Discussion 

18. The effect of wave period as to erosion or accretion is dependent on the grain size of the 
beach sand. All periods of from 3.75 to 16.0 seconds acting on fine sand (0.22 mm), caused 
severe erosion in and near the still water level. Actually, the erosion severity was not greatly 
different for the 5.6, 11.3, and 16.0 second periods. Thus, the results seem to imply that 
a 1:15 slope would erode some 60 feet at or around the still water line before reaching 
approximate stability. 

19. The effect of wave period is much more pronounced with the medium sand (0.4 mm). 
Here, there was some erosion at the still water level of the 1:15 slope for periods of 3.75 
and 5.6 seconds, but the beach was essentially stable for the 7.9 seconds period and accreted 
as much as 50 feet at the +4 to +7 foot levels by the end of the 40 hour test period. 

20. The above discussion shows that for a 5 foot wave height, the wave period will have a 
pronounced effect on the degree of erosion and accretion of a 1:15 slope if the sand size 
is 0.4 mm, but will not have a pronounced effect if the sand size is 0.22 mm. In the latter case, 
all periods between 5.6 and 16.0 seconds could be expected to erode the beach at the water 
line by about 60 feet over a 40 hour interval of wave attack. With the 0.4 mm sand, the longer 
wave periods (11.3 and 16.0 sec.) would cause up to 50 feet of accretion above the water line. 

Effect of Wave Train Duration 

21. The wave tests were run for a least 40 hours and one (Test 5) was carried to 60 hours.  
Profiles were taken periodically during the course of the tests to define the rate of change of the 
beach profile. The presentation on Table 2 shows the results of an analysis of the rates of 
change of the profiles with the 0.22 mm sand. A study of the "interval rates of change" in 
Table 2 shows that for Tests 3 and 4 there was a pronounced decrease in the rate of erosion 
with time. There was also a decrease, but not so pronounced, in the case of Tests 5 and 7. 
However, in no case was the rate of erosion in excess of 1 foot per hour after the twentieth hour 
of testing. In connection with Tests 5 and 7, which exhibited more uniform, continuing rates of 
erosion, it is of some interest that the two wave periods represented (3.75 sec. and 16.0 sec.) 
are the periods least likely to be represented in the spectrum of the design wave train. On the 
other hand, the periods for Tests 4 and 3 (5.6 sec. and 11.3 sec.) encompass the periods likely 
to appear in the spectrum. 

Summary 

22. As shown on Table 2, no wave condition caused erosion at an average rate greater 
than 1.5 feet per hour over the 5 to 20 hour interval of the tests. Further, no test showed an 
average rate of erosion of more than 1.0 foot per hour over the 20 to 40 hour interval of the 
tests. On the other hand, much higher erosion rates were generally incurred over the first five 
hours of testing. 
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Action Taken 

23. Sufficient data exists from the large wave tank tests to enable an estimate of erosion to 
be made for hurricane waves attacking the nuclear island. An example of this type of 
computation is given in Memorandum 2. Although this method as illustrated is believed to be 
reliable, the results are compared to available field data as a check against the reasonableness 
of the predicted erosion; this is also done in the accompanying Memorandum 2. 

Joseph M. Caldwell 
Consulting Engineer 
Registered in 
District of Columbia 

2 Figures 
3 Tables 
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MEMORANDUM 
 

TABLE 1 
 

LISTING OF CONDITIONS 
TESTED IN LARGE WAVE TANK 

 
   Wave Height in Feet   
 
Test 
No. 

Sand 
Size 
(mm) 

Wave 
Period 
(Sec) 

 
 
in 15 ft. 

 
 
Breaker 

 
 
Deepwater

 
Profiles Taken 

at (hour) 

5 0.22 3.76 5.0 d.m.  1, 5, 10, 20, 60 
5 0.4 3.75 5.0 d.m.  (d.m.), 60 

4 0.22 5.6 5.3 7 to 7.5 5.6 1, 5, 10, 20, 40 

4 0.4 5.6 5.3 7 to 7.5 5.6 (d.m.), 40 

9 0.4 7.87 5.3 (±) d.m.  1, 3+, 6+, 9+, 12+ 
24-, 31, 34+, 37+, 
40+ 

3 0.22 11.3 5.5 6 to 7 4.5 1, 5, 10, 20, 50 

3 0.4 11.3 5.5 6 to 7 4.5 (d.m.), 50 

7 0.22 16.0 5.3 d.m.  1, 5, 10, 20, 40 

7 0.4 16.0 5.3 d.m.  (d.m.), 40 

9T 0.4 7.87 (same as Test 9 but with 
2.8 ft tide with 12 hr 25 min. 
period) 

 (same as 9 with  
0.4 mm sand) 

NOTES: (1) The initials "d.m." indicate data missing to the writer. This missing 
data may be available at CERC but has not been specifically 
requested by the writer. 

(2) There were a number of other tests run as part of the above 
series. These other tests were, however, at smaller wave heights 
and were not used in this present analysis. 
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MEMORANDUM TABLE 2 

TABULATION OF RATES OF CHANGE  
OF EROSION WITH DURATION OF TEST  
(TESTS WITH 0.22 mm. dia. SAND ONLY) 

 
Test No.  
Wave Per., 
Wave Ht. 

Elevation 
Time of Profile 

SWL +2.0 ft +4.0 ft.
   

1 5 20 40 1 5 20 40 1 5 20 40

Test 5 
Per. 3.75 sec. 
Ht. 5.0 ft. 

Total change 2 -17 -30 -48 0 -5 -7 -17 0 0 0 0

Interval change -2 -15 -13 -18 0 -5 -2 -10 0 0 0 0

Interval rate of 
change 

-2 -1 -.9 -.9 0 -1.3 -.1 -.5 0 0 0 0

Test 4 
Per. 5.6 sec. 
Ht. 5.3 ft. 

Total change -15 -24 -46 -58 -2 -25 -29 -32 0 -6 -5 -7 ft.

Interval change -15 -9 -22 -12 -2 -23 -4 -3 0 -6 +1 -2 ft.

Interval rate of 
change 

-15 -2.3 -1.5 -.6 -2 -5.7 -3 -.1 0 -1.5 +.1 -.1 ft./hr

Test 3 
Per. 11.3 sec. 
Ht. 5.5 ft. 

Total change -17 -36 -59 -55 -8 -19 -38 -37 0 +2 -11 -16

Interval change -17 -19 -23 +4 -8 -11 -19 +1 0 +2 -13 -5

Interval rate of 
change 

-17 -4.7 -1.5 +.2 -8 -2.7 -1.3 +0.1 0 +.5 -.8 -.3

Test 7 
Per., 16.0 sec. 
Ht., 5.3 ft. 

Total change -5 -12 -34 -55 0 -6 -20 -37 0 +6 -4 -18

Interval change -5 -7 -22 -19 0 -6 -14 -17 0 +6 -10 -14

Interval rate of 
change 

-5 -1.7 -1.5 -1.0 0 -1.5 -.9 -.8 0 +1.5 -.7 -.7

 
 NOTE:  Above information derived from data obtained 
   from profile tests in BEB (CERC) large wave tank. 
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MEMORANDUM 1 
 

TABLE 3 
 

TABULATION OF DOCUMENTS USED IN 
PRESENTATION AND ANALYSIS OF DATA 

FROM TESTS IN LARGE WAVE TANK 

(1) "Shore Erosion by Storm Waves", Beach Erosion Board Misc. Paper No. 1-59, 
April 1959. 

(2) "Scale Effects of Two Dimensional Beach Studies" Paper A3, Transactions, Vol. 1, 7th 
General Meeting I.A.H.R. 

(3) Storm Profile Study With and Without Tides, A package of 13 sheets of unpublished data 
from the coastal Engineering Research Center, no date. 

(4) Profiles resulting from tests of 40 hours or more on 0.22 mm and 0.4 mm sand. A 
package of 7 sheets of unpublished data from the Coastal Engineering Research Center, 
no date. 
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MEMORANDUM 2 

SUBECT: ST LUCIE UNIT 2, METHOD FOR 
ESTIMATING WAVE EROSION ON 
ISLAND FACE 

1. This memorandum will develop and present a method for estimating the erosion of the 
nuclear island by frontal wave attack. An example of the application to the island is included. 
The method utilizes the data and analysis of the large scale laboratory wave erosion tests 
described in Memorandum 1, (Appendix 2.4.A). 

Field Conditions Under Study 

2. This present study is designed to meet, in part, the need to predict the wave erosion of 
the St. Lucie nuclear island resulting from the imposition of the design hurricane on a critical 
path through the area. The particular hurricane conditions utilized in this memorandum are 
designated as Case 3 in Tables 2.4-5 and 2.4-7; this hurricane has a 20 n. mile radius and a 
forward speed of 2 knots. The particular points of reference in the Appendix are: 

(a) Figure 2, giving the water surface elevation at the nuclear island during the 
passage of the hurricane*. 

(b) Figure 3, giving the wave conditions approaching the island during the passage 
of the hurricane. 

(c) Figure 4, a sheet showing the layout and topography of the area at a scale 
of 1" = 200 ft. 

Wave and Surge Conditions at St. Lucie 

3. Combining the information given on reference (a) and (b) of the preceeding paragraph, a 
tabulation of the coincidence wave and surge conditions has been prepared as Table 1, 
attached. This tabulation resolves that portion of the hurricane surge above elevation +8 into a 
series of seven steps and associates the concurrent wave breaker heights and wave periods 
with each of these seven steps. As pointed out on Table 1, the surge heights and durations 
were taken from Figure 2 and the breaker heights and wave periods from Figure 3. 

Methods for Estimating Wave Erosion 

4. The method for estimating the erosion of the faces of the nuclear island involves 
matching the laboratory erosion data mentioned in Paragraph 1 of this memorandum with the 
wave and surge conditions at the island as shown on Table 1. To match the laboratory 
conditions with the field step, it is necessary to search the various wave conditions tested in the 
laboratory in order to select the laboratory condition that most nearly matches each field step. 
The erosion resulting from the matching laboratory condition is then transferred to the field 
profile being studied at the time, with each erosion step being done successively in proper order 

                                                            
* The difference in peak surge level between this hydrograph and that shown in Figure 2.4-13 
results from using different spring tides. The hydrograph in Figure 2 uses a 10% exceedance 
tide of 3.7 ft. while that in Figure 2.4-13 uses a value of 4.6 ft. derived from the Vero Beach tide 
data analysis. 
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starting at Step 1. The resulting erosion for each step is then added to the estimated erosion at 
the end of the previous steps, with the final erosion being the cumulative erosion of the seven 
steps. The assumed water level was changed to the proper level for each of the seven steps. 

5. Since the laboratory data was developed on sand beaches molded to an initial slope 
of 1:15, it is necessary to recast the field profile into an equivalent 1:15 slope and then estimate 
the erosion on the equivalent 1:15 slope. The method diagramming these equivalent slopes and 
then estimating the erosion is best shown by an actual example; this is done in the following 
paragraphs. 

Illustration of Erosion Computation 

6. The first step is to select a profile to be used for computational purposes. In this case a 
profile running east-west and lying parallel to and 220 feet north of the north dike of the 
discharge canal has been chosen. This profile has been plotted on Figure 1, attached. The zero 
horizontal station used is the seaward edge of the roadbed of the A1A highway embankment. 
The next step is to position the equivalent 1 on 15 slope. This is done by first laying 
a 1 on 15 slope originating at the +4 foot elevation on the seaward slope of the highway 
embankment as is shown on the Step 1 sketch on Figure 1 

7. Examination shows that this 1:15 slope (designated Face 1s) cuts into the highway 
embankment with a considerable cross-section (about 500 sq. ft. to be exact) lying above 
Face 1s. Some 400 sq. ft. of this 500 sq. ft. is then used to "fill" the trough lying behind 
Highway A1A and below Face 1s. The remaining 100 sq. ft. is used to "build out" the face of 
Face 1s by about 10 feet, this giving a proper balance of cut and fill. The built-out face 
(designated Face 1w) then becomes the working face or erosion face for Step 1. The next move 
is to select the matching erosion condition from the laboratory tests; how this is done is 
described in the next paragraphs. 

8. To match the field and laboratory conditions it is first necessary to determine the grain 
sizes of the materials composing the A1A embankment and the area lying to the west. As the 
laboratory tests showed much more severe erosion for the 0.22 mm sand than for 
the 0.4 mm sand, it will be assumed for illustrative purposes that embankment and other 
material has a grain size of 0.22 mm. Now it becomes necessary to search the laboratory tests 
made with the 0.22 mm sand to find the best match for Step 1 estimates, as discussed below. 

9. An absolute matching of field and laboratory conditions was not possible due to the 
limited number of laboratory wave conditions tested. The reasoning behind the selections which 
are considered to make the erosion estimates conservative (i.e., greater than could be expected 
to the field) are given later. For the present, the matching laboratory test findings will be applied 
to the St. Lucie test profile described above and shown on Figure 1. For convenience, a 
tabulation of the profile changes (erosion or accretion) resulting from the various laboratory tests 
are given on Table 2. 

10. Addressing Figure 1, the matching erosion profile (hour 20 of Test 4) is applied to the 
Face 1w profile shown on the Step 1 diagram. This step involves first matching the still water 
level elevation on Table 2 with the surge elevation level (+9 feet) shown on the diagram. The 
erosion figures for the 20th hour of Test 4 (from Table 2) are then plotted on a Step 1 diagram. 
The resulting erosion is indicated by area "A" shown on the diagram. This is, then the estimated 
erosion status at the end of Step 1 (hour 118) of the hurricane. Note that there is still 
considerable material on the Face 1w slope above the eroded area; this material is then 
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distributed to create a new 1:15 slope (Face 2w) which gives an approximate balance between 
cut-and-fill areas. This new face (Face 2w) is about 24 feet shoreward of Face 1w and indicates 
an effective retreat of the shore of 24 feet during Step 1. 

11. The next step (Step 2) involves transposing Face 2w to the Step 2 diagram and then 
applying the proper erosion figures to the slope. Reference to Table 1 shows that the erosion to 
be applied is represented by the 5th hour profile of Test 3. Obtaining these erosion figures from 
Table 2 and applying to Face 2w, the erosion shown as area "B" on the diagram is obtained. 
Again adjusting the cut-and-fill areas, a new face, Face 3w, is obtained which is some 20 feet 
shoreward of Face 2w. 

12. The procedure is repeated through Steps 3, 4, and 5, and for Steps 6 and 7 if necessary. 
The results of these steps are shown on the Step 3, 4 and 5 diagrams on Figure 1. The 
diagrams were not carried past Step 5, as a study of the diagrams and Table 1 shows that in 
Step 6 the water level would drop to +11 feet, while the offshore bars created during Steps 3 
and 4 would be about +7 or +8 ft. The bars would interrupt the wave approaching in Step 6. 

13. The cumulative effects of Steps 1 through 5 show a final erosion face some 188 feet 
behind the shoreward edge of the Highway A1A embankment. This 188 feet is in turn, 
some 572 feet seaward of the diesel oil storage tanks. This 188 feet is also an eroded distance 
of 220 feet behind the zero still water elevation on the 1:15 original face, Face 1w, and 282 feet 
behind the seaward toe of the highway embankment. Littoral effects (discussed in 
Memorandum 3) would only cause another 54 feet of retreat, leaving 518 feet to the diesel oil 
storage tanks. 

14 One important fact should be noted relating to the erosion face developed for Step 4; 
this is the fact that erosion is shown to extend above the +15 foot elevation of the parking area 
behind A1A. The area of erosion area D, the area above +15 and shoreward of Face 4w, is 
about 100 sq. ft. This would equate to a shortage of 100 cu.ft. per foot of frontage or 37 cu. yds. 
per foot of frontage. Unless the 3.7 cu.yd.per ft. was provided as a stockpile in this area, the 
waves could be expected to cut deeper into the shore in an attempt to obtain this 
yardage, or - more probably - the wave action overtopping the +15 foot elevation would wash 
even more material inland and create even greater erosion. However, as is demonstrated in the 
site erosion studies presented later, adequate fill is available to accommodate this effect. 

Conservative Nature of the Estimated Erosion 

15. As stated earlier (in Paragraph 9), the estimated erosion is considered to be 
conservative, that is, it is believed to be somewhat greater by an indeterminate amount than the 
erosion that would actually be obtained. Reasons for this consideration are given below. 

(a) No "credit" is given to offshore bars created by preceeding steps in decreasing 
the rate of erosion, when some decrease in rate could be expected. These bars 
would tend to break prematurely the higher waves in the wave train of the 
succeeding step. Also, and probably more importantly, the preceeding bars 
would create a rather wide submerged berm in front of, say, the working face 
(Face 4w) of Step 4 which would occupy much of the space which the eroded 
material in Step 4 would try to occupy. Thus, the erosive action would have to 
transport the material further seaward than was the case in the matching 
laboratory test; this could be expected to delay the erosive action. 
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(b) Although the hurricane breakers of Steps 3, 4 and 5 (8.0, 9.5, and 8.5 feet) are 
noticeably higher than those (6.5 ft.) of the selected matching lab test (Test 3), 
this mis-match has been compensated for by selecting lab erosion profiles of 
much greater duration than the actual hurricane step. The duration comparisons 
as lifted from Table 1 are as follows: 

Hurricane Step Profile Used 
Step Duration For Matching 

1 10 20 hours (Test 4) 

2 1 5 hours (Test 3) 

3 2 5 hours (Test 3) 

4 5 20 hours (Test 3) 

5 2 5 hours (Test 3) 

(Note: Lab Test 3 was selected as the matching test for most steps because, for 
the longer duration profiles, Test 3 exhibited the greater erosion quantities.) 

(c) As a further test of the use of the lab tests with breakers smaller than the 
hurricane steps, the lab results were modified by multiplying by the scale 
discrepancy in the size of the breakers. Thus, in Step 4, the breakers are 9.5 feet 
in height whereas in Test 3 (the matching test) the breakers were only 6.5 feet 
high. The 9.5 foot breakers are thus larger by a scale of 1:1.5. Going then to 
the 5-hour profile for Test 3 in Table 2, all erosion or accretion quantities were 
multiplied by 1.5, with the results given below for Step 4 conditions: 

 

 

 

 

This tabulation shows that the erosion used in Step 4 was greater than the 5-hour 
erosion of Test 3 adjusted to compensate for a scale deficiency of 1:1.5. 

(d) Another important factor tending to make the predicted estimate conservative in 
nature is the relative amounts of energy expended on the shore in the tank tests 
and in the corresponding step of the Case 3 hurricane. The energy expended in 
the tank test came from a repetition of the full-scale test wave with the full energy 
in each wave being expended once each wave period interval. In the field, the 
wave trains are defined as having a significant height and significant period. 
However, the significant wave height is the average height of the one-third 
highest waves in the wave train, and as a result, they occur less frequently than 
does the regular wave in a train of uniform tank waves. This less-frequent 

Elevation of plant = -3 -2 -1 0 +1 +2 +3 +4

5 hour profile of Test 3 +18 -18 -31 -36 -28 -19 -9 +2

Multiplied by 1.5, +27 -27 -46 -54 -42 -28 -13 +3

20 hour profile, Test 3 -4, -35, -51, -59, -49, -38, -25, -11
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occurrence of the full-size waves in a hurricane wave train results in an error 
being introduced into the energy computations when the significant wave height 
is used as the basis of making the energy calculation. Actually, the energy in a 
train of hurricane waves is only about one-half the energy that is computed using 
simply the significant height as the basis of making the computation. (See bottom 
of Page 4-95 of SPM.) Thus, the wave tank test wave trains utilized as matching 
tests in this memorandum actually expended energy on the beach at about twice 
the rate of the wave trains in the matching steps of the Case 3 hurricane. The 
fact that the tank wave trains had twice the energy of the matching hurricane 
wave trains for the same time interval definitely indicates the wave tank results to 
be on the conservative side of this present application. 

(e) Another conservative factor results from the reconstitution of the eroded face to a 
smooth 1:15 slope at the start of each step (step 1 through step 4, etc.) of the 
estimate. This reconstituted smooth face did not utilize any of the bars already 
formed or recognize that the higher portions of the beach face were already 
partially eroded toward an equilibrium profile. Thus, the predicted erosion is, as a 
result, estimated on the conservative side. 

(f) To the extent that the sand sizes at the eroding faces are greater than 0.22 mm, 
to that extent is a conservative factor also introduced into these erosion 
estimates. 

Comparison of Estimated Erosion with Actual Field Events 

16. As a further test of the conservative nature of the predicted erosion of 220 feet behind 
the original working face (Face 1w) of the Step 1 diagram (and 282 feet behind the seaward toe 
of the highway embankment), an examination was made of the extent of shore erosion caused 
by various coastal storms and hurricanes. The duration of the peak of the St. Lucie surge 
(Case 3) during which the eroding conditions could be active was 32 hours - from hour 108 to 
hour 140. For this comparison, a review was made of Beach Erosion Board Misc. 
Paper No. 1-59. This report gives the measured (or estimated) erosion for a number of more 
violent coastal storms and hurricanes for which erosion records were available. A summary of 
the erosion data presented in the report is given below: 

a) New Jersey Storm of 6-7 Nov 53 
Type of storm: 2 - day northeaster 
Normal height tide level +5.0 MLW 
Height of storm surge 6.0 ft. 
Height of storm tide +11.0 ft., MLW 
20 profiles survey over about 40 miles of shore 

Contour Elevation Landward retreat of contours 
(Ft. above MLW) Average Single Maximum 

0 65' 110' 
5 63' 90' 

10 98' 180' 
15 53' 120' 
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(b) West Coast Florida Hurricane of Sept. 1950 
Type of Storm: Moderate hurricane stalled for day off coast of 
Florida West Coast 
Normal high tide level, +3 ft MLW 
Height of storm surge 4 ft. 

 
Height of storm tide +8 MLW 
Number of profiles surveyed:  69 
Number of profiles accreting:  16 
Number of profiles eroding:  53 
Average erosion of the 29 eroding profiles which were unobstructed:  35 ft. 
Number of profiles eroding less than 50 feet:  21 
Number of profiles eroding 40 - 100 feet:  7 
Number of profiles eroding more than 100 ft:  1 
(Note: The erosion was measured at the mean high water line) 
 

(c) Atlantic Storm at Virginia Beach, Va., of 4-5 Oct 48 
Type of storm: 2-day northeastern 
Normal high water level, +3 ft MLW 
Height of surge at shore (not known) 
Height of storm tide at shore (not known) 
Highest storm tide recorded at Norfolk at time of storm, 6.8 ft MLW 
(Note: There was no survey made after the storm and the pre-storm survey was 
made 2 years earlier. The after-storm conditions were not determined from 
instrumental surveys, but from visual observations and photographs taken after 
the storm. Thus, no great accuracy is claimed for the estimate of erosion.) 
Erosion at +4.0 to 6.0 ft MLW elevations (about mean high water): 150 - 160 ft 
Erosion at +8 ft. MLW: 90 to 100 ft 
Erosion at +10 ft. MLW: 70 to 80 ft 
 

(d) Long Island Hurricane of Sept. 38 
Type of storm: Hurricane of great violence 
Normal high water level: 4.0 ft MLW 
Height of storm surge: 9.0 ft 
Predicted lunar tide at time of peak surge was +2.0 MLW, which is about mean 
sea level 
Height of storm tide: 11 ft MLW 
Profiles measured at Jones Beach: 15 
Number of profiles accreting:  4 
Number of profiles unchanged: 2 
Number of profiles eroding:  8 
Average erosion (for eroding profiles) at +5 ft msl elevation, 40 ft 
Maximum erosion at +5 contour, 122 ft 
Second greatest erosion at +5 contour, 88 ft 
(All other erosions at +5 contour less than 50 ft) 

 
(e) Louisiana Hurricane of June 57 

Type of storm: Gulf hurricane 
Normal tide range: about 2 ft 
Height of storm surge: about 10 ft 
Elevation of coastal dunes in area: about +5 ft MLW 
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(Note: This storm completely inundated the coast and in many cases washed the 
thin veneer of sand off the top of the underlying mud. The overall effect was to 
cause an average retreat of the +3 ft msl contour of about 125 ft. The conditions 
here are, however, very dissimilar to those at the St. Lucie Unit 2 plant site.) 

(f) Lake Okeechobee Hurricane of Aug 49 

(This is an inland lake (in south-central Florida) with a normal depth of 10 
to 15 feet. The hurricane winds raised (generated) a surge of about 6.8 ft with 
waves up to 6 to 7 ft in height. The waves attacked the shore for about 2.6 hours, 
and caused about 60 feet of erosion at the level of maximum surge. The shore at 
the location was a mixture of sand and shell on a 1:8 slope.) 

17. A review of the data presented in the above sub-paragraphs shows the following:  

Storm Average Erosion Max. Erosion Comment 

1953 New Jersey Storm 98 + 180 2-day severe storm 

1950 Tampa Hurricane 35 100(+) Stalled moderate 
hurricane 

1948 Virginia Beach Storm (160) (160) not based on surveys 

1938 Long Island Hurricane 40 122 Severe hurricane 
1957 Louisiana Hurricane (125) (125) Not very applicable 
1949 Okeechobee Hurricane (60) (60) Not very applicable 

 
 

The greatest measured erosion was 180 ft on a single profile in the 2-day New Jersey 
storm of 1953; and here the all-profile average was 98 feet. The other two best 
documented and somewhat comparable storms (the 1950 Tampa and 1938 Long Island 
hurricanes) showed maximums of 100 ft (+) and 122 ft and averages of 35 ft and 40 ft. 
These erosion figures indicate that the 188 foot computed erosion behind the seaward 
top edge of the highway A1A embankment (288 feet behind the seaward toe of the 
embankment) is a conservative erosion figure. It is recognized that some additional 
erosion allowance must be made for the effect of material lost by littoral drift along the 
face of the nuclear island; this matter will be discussed in a separate memorandum. 

 
 1 Figure   Joseph M. Caldwell 
 2 Tables       Consulting Engineer 
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TABLE 1 
 

COINCIDENT WAVE AND SURGE CONDITIONS AT ST. LUCIE UNIT 2 WITH MATCHING LABORATORY TESTS 
 

Field Conditions During Hurricane Selected Matching Lab Tests 

(1) (2) (3)  (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 
Step Ttime into Surge  Duration Av. Surge Water Breaker Wave Test Nominal Breaker Wave Use Profile

Number Hurricane Elev. (ft)  of Step Elev. In Excess
of +4 by

Ht. (ft.) Period 
(Sec) 

No. Wave Ht. Height Period For Hour 

 Hr 108 +8            
1   10 hrs +9 ft 5 ft  6 ft 7.5 4 5.3 7-7.5 5.6 20 
 Hr 118 +10           

2   1 hr +11 ft 7 ft  7 ft 8.0 3 5.5 6-7 11.3 5 
 Hr 119 +12           

3   2 hr +13 ft 9 ft  8 ft 8.5 3 5.5 6-7 11.3 5 
 Hr 121 +14           

4 Hr 124 +15 5 hr +14.5 ft 10.5 ft  9.5 ft 8.8 3 5.5 6-7 11.3 20
 Hr 126 +14           

5   2 hr +13 ft 9 ft  8.5 ft 8.5 3 5.5 6-7 11.3 5 
 Hr 128 +12           

6   10 hr +11 ft 7 ft  7 ft 8.0 Estimate no further erosion on this profile 
as surge level has dropped to where waves 
will be killed by bars created during steps 1 through 5. 

 Hr 138 +10      
7   2 hr +9 ft 5 ft  5 ft 7.0 

 Hr 140 +8      
 

NOTE: Data in columns marked (2) through (6) are from Fig. Q 2.30-10C of Appendix 
2H.  Columns marked (7) and (8) are from Fig Q 
2.30-11C of Appendix 2H. Data in Columns (9) 
through (13) are from published and unpublished 
material 
available at the Coastal Engineering Research Center. 
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TABLE 2 
 

EROSION PROFILE DATA FOR TESTS IN LARGE WAVE TANK 
(Tests With 0.22 mm dia. Sand Only) 

 
Test  
No 

Wave 
Period 

Wave 
Height 

Breaker 
Height 

Time of 
Profile 

Retreat (-) or advance (+) of profile 
from original position at indicated level (ft.) 

 (Sec) (in 15 ft) (ft) hr - 3 - 2 - 1 0 + 1 + 2 + 3 + 4

5 3.75 5.0 -- 1 - 8 - 6 - 3 - 2 - 1 0 0 0
    5 - 8 -12 -15 -17 -14 - 5 0 0
    10 - 9 -17 -23 -23 -16 - 8 0 0
    20 - 4 -15 -27 -30 -23 - 7 0 0
    60 - 6 -38 -26 -45 -38 -15 - 6 0
 

4 
 

5.6 
 

5.3 7 to 7.5 1 - 6 - 8 -11 -15 -10 - 2 0 0
    5 - 6 -13 -16 -24 -32 -25 -16 - 6
    10 -15 -20 -28 -35 -30 -24 -19 - 6
    20 -23 -34 -39 -46 -41 -29 -17 - 5
    40 -32 -37 -40 -58 -45 -32 -21 - 7
 

3 
 

11.3 
 

5.5 6 to 7 1 + 2 - 6 -15 -17 -12 - 8 - 2 - 0
    5 +18 -18 -31 -36 -28 -19 - 9 + 2
    10 - 6 -30 -43 -48 -40 -30 -21 - 6
    20 - 4 -35 -51 -59 -49 -38 -25 -11
    50 - -38 -55 -55 -40 -32 -26 -16
 

7 
 

16.0 
 

5.3  1 - 2 - 8 - 8 - 5 - 7 0 + 2 0
    5 -13 -17 -18 -12 -10 - 6 - 2 + 6
    10 -18 -30 -29 -22 -15 - 9 - 3 + 6
    20 -24 -37 -39 -34 -30 -20 -13 - 4
    40 +18 -22 -40 -55 -43 -37 -26 -18
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MEMORANDUM 3 

SUBJECT:  ST LUCIE 2 
LITTORAL DRIFT MOVEMENT ALONG FACE OF PLANT ISLAND 
(August 22, 1975) 

1. This memorandum will develop and present a method for estimating the erosion of the 
face of the plant island by removing the material by alongshore movement as littoral drift. As the 
plant island has a limited frontal length (about 3000 feet along the east face), it is possible for 
the wave action to erode the island by moving the material along the face of the island as littoral 
drift, with this material thereby being lost from the face at the ends of the island. This erosion by 
along-shore movement parallel to the shore face is different from the erosion by profile 
adjustment in which the waves - by frontal attack on the shore - drag the material off the beach 
face into deeper water. Erosion by frontal wave attach is discussed in Memorandum 1 and 
Memorandum 2. This memorandum will address only erosion resulting from alongshore 
transport of beach materials. 

Available Data 

2. The importance of littoral drift rates to coastal problems is well-recognized and 
documented. Reliable measurements correlating littoral drift rates with the incident wave and 
beach conditions are not, however, as numerous as might be expected. Also, the more accurate 
measurements that have been made are usually associated with lower levels of incident wave 
energy, and extrapolation to higher wave energy conditions has been resorted to when such 
estimates are needed. 

3. The most recent authoritative summary of the state-of-knowledge relative to littoral drift 
rates is contained in the Chapter 4 of Volume 1 of the "Shore Protection Manual" published 
in 1973 by the U.S. Army Coastal Engineering Research Center. The analysis and discussions 
in the following paragraphs will center on the information and data presented in the above 
reference. 

4. It should be recognized that field measurements to determine the relationship between 
incident wave energy flux and the resulting littoral drift rates. They involve measurements and 
analysis of the incoming wave heights, period, and direction, together with concurrent 
measurements of the rate of movement of littoral drift along the beach face. As the incident 
wave energy flux may change rapidly from hour to hour and day to day, it is usually difficult to 
make enough accurate measurements of littoral drift rates to identify a close association 
between energy flux and drift rates. Much work has, however, been done on this subject both in 
the field and the laboratory and some usable results have been obtained. There are, as might 
be expected, considerable differences in the findings from the various experiments, due no 
doubt to the difficulties of making field measurements of the needed accuracy and frequency. 

Intent of this Analysis 

5. It is the intent of this analysis to study the available data on littoral drift rates, and then to 
apply the resulting information to the St. Lucie condition in a manner to insure that the estimate 
of littoral drift is on the conservative (high) side. 
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Possible Factors to Consider 

6. Wave energy flux. The active factor which finally impels the sand along the shore, is the 
energy in the wave trains reaching the shore area. The energy flux is characterized by quantity 
and direction. This energy flux may first be calculated offshore in deepwater before the wave 
train has been significantly affected by shallow water. The wave train itself may be obtained by 
estimation from the generating wind pattern or by actual measurements in deep water; the 
estimation from wind patterns is more commonly used. 

7. The energy flux may also be calculated in shallow water at, say, the breaker line. The 
energy flux here (just outside the breaker line) would be essentially the same as in deep water, 
however, the direction would be different due to the effect of wave refraction. 

8. Another calculation, which can be made, is to separate the energy flux into a component 
perpendicular to the shore and a component parallel to the shore. It is this alongshore 
component of energy which generates the alongshore current; it is this alongshore current 
which, in turn, enables the beach sand to be moved along shore. It should be noted that the 
alongshore current does not by itself move the beach sand along the shore; rather, it is this 
current in combination with the said stirring action of the waves in the surf zone. 

9. Sand in Suspension. Another factor bearing on the rate of littoral drift is the sand thrown 
into suspension temporarily by the wave action. This sand, while in suspension, is moved 
alongshore by the littoral current generated by the alongshore component of energy flux. The 
amount of sand thrown into suspension is of course, governed by the size of the sand and the 
characteristics of the waves acting on the sand, particularly the wave action in the surf zone. It 
follows that, knowing the average amount of sand in suspension and the velocity of the 
alongshore littoral current, an estimate of the littoral drift rate can be made by multiplying the 
suspended sand quantity per unit of beach width by the velocity of the littoral current. This 
quantity would, however, not include the sand moved along the bottom as bedload, and would 
therefore to a degree underestimate the total littoral drift. Little field data on the quantity of sand 
transported alongshore as bed-load in contrast to the suspended sand drift is available. 

Approaches to Estimating Littoral Drift 

10. From the preceding, it is seen that the principal factors bearing on littoral drift rates are 
as follows: 

(a) Deepwater energy flux 

(b) Direction of deepwater energy flux 

(c) Shallow water energy flux 

(d) Direction of shallow water energy flux 

(e) Magnitude of alongshore component of the shallow water energy flux 

(f) Velocity of littoral current 

(g) Amount of sand in suspension in littoral drift zone (usually the surf zone) 
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(h) Amount of sand moved as bed-load by the littoral current. 

Experimenters have run the gamut in their use of various combinations of the above 
factors in deriving relationships for estimating the quantities of littoral drift. Some of the 
approaches and the results will now be discussed. 

Methods for Estimating Littoral Drift 

11. The CERC Shore Protection Manual (SPM) at pages 4-88 through 4-111 discusses in 
some detail the available methods of estimating the littoral drift rates under various conditions; 
several of these methods involve the estimation of the alongshore component of wave energy, 
while others, in effect, use a simplified method. 

12. What appeared to be the most applicable of the methods described in the SPM were 
accordingly applied to the St. Lucie plant island conditions and estimates made of the littoral 
drift rates. The details of these estimates are given in the attached appendix, while a summary 
of the results is described in the following paragraphs. 

13. There were a total of five methods used to estimate the rate of littoral drift. The results of 
these five sets of computations are given the tabulation below (Hb = breaker height of significant 
wave). 

 Littoral Transport in Cubic Yards Per Hour for 
Trial    
Method  Hb = 10 ft. Hb = 8 ft. Hb = 6 ft. 
No.     
    
1 3995 1712 742 
2 3995 2283 1084 
3 6164 3196 1370 
4 2511 1712 913 
5 2853 1141 -- 

 

14. The above data are plotted on Figure 1. It is seen that the Method 3 computation gives 
the highest estimated rate of drift and a curve has been drawn through the points of Method 3. 
In addition, another curve has been drawn 15% outside this maximum curve. This 
plus 15% curve has then been used to calculate the total littoral drift along the east face of the 
plant island by using the wave breaking heights and durations given on Figure 2 of 
Appendix 2.4.A-2. These computations are shown on Table 1. 

15. The erosion predicated above is, of course, based on very extreme rates of littoral drift.  
The rate of 6000 cu. yd. per hour used with the 10-foot breaker is equivalent to 144,000 cu. yd. 
per day or 52.5 x 106 cu. yd. per year. This rate is believed to be very conservative. The highest 
measured net rate in the U.S. as reported on Page 4-90 of the Shore Protection Manual is at 
Oxnard, Calif. at 1,000,000 cu. yd./yr. The dominant direction is from the north and the rate from 
the north is probably less than 1,500,000 cu. yd./yr. On Sandy Hook, the rate is 
about 450,000 cu. yd. per year north, and this is essentially the gross drift as there is very little 
southbound drift along the face of Sandy Hook. These figures reinforce the belief that the drift 
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rates arrived at in this memorandum are very conservative figures, thereby providing a bounding 
estimate of shoreline retreat due to littoral effects. 

16. The previous analysis has developed a conservative method for selecting the rate of 
alongshore drift (littoral drift) to the incident wave energy. The effect of these littoral drift rates on 
an island of limited horizontal extent will now be examined. 

17. On an unbroken shore (a shore of infinite length) with the littoral drift moving uniformly 
along the shore face, there would be no change (advance or retreat) of the shore, as each 
sector of the shore is resupplied with sand from updrift at the same rate as it is losing sand 
downdrift. However, on an island (a shore of finite extent) sand is lost on the downdrift side but 
is not resupplied on the updrift side. Thus the island shore will tend to erode at a rate sufficient 
to supply the littoral drift being lost on the downdrift side. 

18. As an example, let it be supposed that waves are approaching the plant island from the 
south-southeast; this would act to move the sand north along the eastern face of the island to 
be deposited in or along the south bank of Mud Creek. With an east face length of the island 
of 3000 feet, and a littoral drift rate of, say 60,000 cu. yards, then each foot of the island face 
would have to supply (60,000 ÷ 3,000 =) 20 cu. yds. over the duration of the storm. 
This 20 cu. yds. per foot, or 540 cubic feet per foot, would be provided by erosion of the shore 
face. Assuming that the eroded material is provided by the top 10 feet of the island face, the 
horizontal retreat would be (540 ÷ 10 =) 54 feet. This 54 foot retreat would be an erosion of the 
shore face additional to the erosion caused by the frontal attack of the hurricane wave train. 
This 54-foot erosion would be what can be called the "island effect" at the plant island, as it 
represents erosion which would not take place on a shore front of infinite length . 

19. Another example of erosive attack would be for a hurricane wave train from the 
northeast attacking the northeast corner of the island. Here the tendency of the wave train 
would be to force material south as littoral drift along the east face of the island and west along 
the north face of the island. Waves arriving at the island from the northeast would be waves 
generated over the local fetch to the northeast between the plant island and the 
shore (2 to 10 miles). These waves would have the following breaker characteristics for the 
Case 7 hurricane as applied to the northeast corner of the plant island.  

(4 Kn. PMH. Max rad, 20 nau. miles) 

6.2 ft for 2.3 hrs. 

3.7 ft for 3 hrs. 

2.2 ft for 2.3 hrs. 
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This would result in a littoral drift of the following quantity: 

Sig. Wave Duration Drift rate* Total drift 
  ht. (ft)     (hrs.)  cu yd/hr cu yd 

 

6.2 
 

2.3 1800 4140 
 

3.7 
 

2.3 500 1150 
 

2.2 2.3 200 460 
 

Total 5750 cu yd 
* Drift rates obtained from Fig. 1. 

Thus, 5750 cu yd would be moved to the south along the east face of the plant island 
and 5750 cu yd to the west along the north face of the island, representing a total loss 
of 11,500 cu yd for the storm. 

20. The 11,500 cu yd of total erosion off the northeast corner, as derived in the preceeding 
paragraph, would be supplied by erosion of the northeast corner of the plant island. This would 
require an erosion to the southwest of the northeast corner of 170 feet (250 feet along both the 
east and north sides of the island) to supply this 11,500 cubic yards of sand. This would still 
leave some 600 feet between this eroded position and the diesel oil storage tanks. 

21. The two examples used above show that, with the wave conditions indicated, the critical 
plant elements would not be endangered by the littoral drift losses even when the 
"island effects" and the "corner effects" are considered. 

22. It is also recognized that there could be another effect if the plant island were small 
compared to the wave length of the incident waves. Velocities around and pressures on a plate 
oriented parallel to the wave crests are related to the ratio of the plate length to the wave length. 
As the plate length becomes appreciably longer than the wave length, the "plate effect" 
becomes less and less and is essentially negligible by the time the plate length is five times the 
wave length.  The wave length of an 11-second wave in 12 foot depth is 220 feet. With an island 
"length" of over 3000 feet, the ratio becomes 13.6, indicating that the size of the plant island is 
sufficient to avoid the wave and current effects associated with the "plate" effect. Thus the front 
(the east face) of the island will not be subjected to unusual wave and velocity effects which 
might be associated with a much shorter island length. 

1 Table 
1 Figure 
1 Appendix        Joseph M Caldwell 

Consulting Engineer 
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TABLE 1 
 

COMPUTATION OF TOTAL ALONGSHORE DRIFT FOR CASE 3 HURRICANE 
 

 
Step No. 

Duration 
hr 

Hb 
ft 

115% Rate hr 
(cu yd/hr)  

Total Erosion 
cu yd  

 

1 
 

10 6 1600 
 

9600 

 

2 
 

1 7 2600 
 

2600 
 

3 
 

2 8 3700 
 

7400 
 

4 
 

5 9.5 6000 
 

30,000 
 

5 
 

2 8.5 4400 
 

8800 
  

Total 

 

58,400 cu yd 

   

Assume 60,000 cu yd 
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APPENDIX 1 TO MEMORANDUM 3 
 

COMPUTATION OF ALONGSHORE ENERGY FLUX FOR CASE 12 HURRICANE CONDITIONS 

Trial #1 

Reference: Figure 4-34 on Page 4-92 SPM. Assume deepwater wave angle is 45° . 

  Let Hb = 10 feet and T = 10 sec. 

  Then: Hb/gT2 = 10/32.2 x 102 

    = 0.0031. 

  Enter Figure 4-34 and determine breaker angle = 15° and 

  P pg⁄ H T = 0.00165 

  T = (2) (32.2)2(10)210 

    = (2) (1037)(100)(10) 

    = 2,074,000 

   P1 = (0.00165)(2,074,000) 

    = 3422 ft lbs per sec per ft. 

Reference to SPM Figure 4-37 and extrapolating to 3422 ft lb/sec/ft gives 35,000,000 cu yards 
per year as the rate of littoral drift.  35,000,000 cu yd/year = 95,890 cu yd/day = 3995 cu yd/hour 
for 10-foot breakers 

  For 8-foot breakers the above method yields: 

  Hb = 8 feet, T = 10 sec 

  Then, Hb/ gT2 = 8/32.2 x 102 

    = 0.0025 

  Enter Figure 4-34 and determine breaker angle = 15° , and 

  P1 ratio = 0.00145 

  Pg2H T = (2) (32.2)2 (8)2 (10) 

    = 1,327,155
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Trial #1 cont’d 

   P1 = (0100145) (1,327,155) 

    = 1924 ft lbs per sec per foot 

Entering SPM Figure 4-37, it is found by extrapolation that the rate of littoral drift 
is 15,000,000 cu yd/yr 

  = 41,095 cu yd/day 

  = 1712 cu yd/hour 

for 8-foot breakers 

For 6-foot breakers with T = 10 sec 

  Hb/T2 = t/32/2 x 102 

   = 0.0018 

  Entering Figure 4-34 

  P1 ratio = 0.0012 

  pg2H T = (2) (32.2)2 (6)210 

    = 746,524 

   P1 = (0.0012) (746,524) 

    = 895 ft lbs/sec/ft 

Reference to SPM Figure 4-37 gives the littoral drift rate is: 

  6,500,000 cu yd/yr 

    = 17808 cu yd/day 

    = 742 cu yd/hour 

  for  6-foot breakers
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Trial #2 

(Equation 4-35 on page 4-97 of SPM plus Figure 4-37 on page 4-100 of SPM) 

  P1s = (32.1)( 2 )  

   where ab = 14° 

   and sin 2a = 0.469 

  P1s = (32.1)(0.469)  

   = 15.1  

 

 
 

Hb H ⁄  
 
P1s 

Longshore 
cu yd/yr 

Transport 
cu yd/hr 

10 316 x 15.1 = 4775 35 x 106 3995 

8 181 x 15.1 = 2733 20 x 106 2283 

6 88 x 15.1 = 338 9.5 x 106 1084 
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Trial #3 

(Equation 4-38 on page 4-97 of SPM plus Figure 4-97 on page 4-100 of SPM) 

  P1s = (100.6) (H  / T) sin ao 

   Where ao = 45° and T = 10 

  P1s = (100.6) (H / 10) (0.707) 

   = (7.49) (H ) 

 

 
Hb H ⁄  

 
P1s 

Longshore 
cu yd/yr 

Transport 
cu yd/hr 

10 1000 x 7.49 = 7490 54 x 106 147900 

8 512 x 7.49 = 3829 28 x 106 76712 

6 216 x 7.49 = 1618 12 x 106 32870 

4 64 x 7.49 =  479 3.4 x 106 9315 
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Trial #4 

(Figure 4-40 on Page 4-109 of SPM) upper limit of Longshore Transport Rate. 

Hb = mean breaker height 

 
Littoral Drift Rate 

 
 

Hb cu yd/yr cu yd/day cu yd/hr 
 
10 22 x 106 60273 

 
2511 

 
8 

 
15 x 106 41095 

 
1712 

 
6 

 
8 x 106 21917 

 
913 
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Trial #5 

Curves on Pg. 4-104 of SPM 

This relationship uses the deepwater wave height and angle 

Use the following: 

For T = 5.6 sec (when Hb = 10 ft, then Ho = 7.7') 

For T = 11.3 sec (when Hb = 8 ft, then Ho = 5.7') 

Now use these two wave (Ho) with curves on Pg. 4-104 

When Ho = 7.7 ft, then 

Alongshore transport rate = 25,000,000 cu yd/yr 

68,000 cu yd/day 

2,853 cu yd/hr 

Plot this as equivalent to a 10-ft breaker wave. 

When Ho = 5.7 ft. then 

Alongshore transport rate = 10,000,000 cu yd/yr 

27,397 cu yd/day 

1,141 cu yd/hour 

Plot this as equivalent to an 8-ft breaker 



UFSAR/St. Lucie – 2 

 2.4A-39 Amendment No. 24 (09/17) 

MEMORANDUM 4 

SUBJECT:  ST LUCIE UNIT NO. 2 
ALTERNATIVE COMPUTATIONS 
FOR FRONTAL WAVE 
EROSION ON EAST FACE 
(October 10, 1975) 

1. A method for computing the erosion on the plant island was developed in Memorandum 
No. 2 dated 8/22/75. For illustrative purposes, the Case 3 PMH (20 nm., 2 knots) was used in 
making a set of frontal wave erosion computations on the east face of the island. The computed 
frontal erosion was 188 feet behind the seaward edge of the A1A roadway. 

2. In reviewing Memorandum 2, the staff of the NRC noted that the computations assumed 
that the drainage ditch, west of the highway would be filled by wave action washing material 
from the highway embankment into the ditch. The staff requested that the erosion be 
recomputed assuming that the drainage ditch was not filled by the embankment materials. This 
present memorandum makes the requested computations. 

3. The wave height and surge height sequence used in these computations are the same 
as used in Memo No. 3. The variation from Memo No. 3 is in the assumption as to the 
progressive location of the material in the road embankment, the drainage ditch, and the plant 
island. The steps in the computations are given below. 

Step 1 - The initial assumption is to predicate an "effective erosion face", Face 1W, for the 
east face of A1A. First, a 1:15 slope was laid out from the highway embankment 
toe (Figure 1). The amount of material lying above this slope (Face 1S) was then 
computed. One-third of this amount was arbitrarily considered as lost in the 
Drainage Ditch and the remaining two thirds was used to create the initial 
“effective erosion face". This face is Designated Face 1W. The erosion on the 
Face from the initial wave and surge combination (Table 1 of Memorandum 2) 
was then computed as in Memorandum 2. This erosion is shown as (A) on 
Figure 1. 

The resulting erosion loss as shown on Figure 1 was used to reconstitute a new 
effective erosion face; this is shown as Face 2W on Figures 1 and 2. 

Step 2 - The next step is to apply the second step of the hurricane surge and wave 
condition as shown on Table 1 of Memorandum 2. This erosion is shown as (B) 
on Figure 2. From this a new erosion face (Face 3W) is constructed as shown on 
Figures 2 and 3. 

Step 3 - The erosion for the third step of the hurricane is then computed against Face 3W. 
The hypothetical erosion is shown as (C) on Figure 3. Here it is noted that the 
erosion, as shown, is in drainage ditch. Thus, in order to constitute erosion 
face 4W, it is necessary to move across the drainage ditch. This new erosion 
face is shown as Face 4W on Figures 3 and 4. Note that the hypothetical erosion 
in the drainage ditch is balanced by combined erosion of (k) and (L) as shown on 
Figure 3. 



UFSAR/St. Lucie – 2 

 2.4A-40 Amendment No. 24 (09/17) 

Step 4 - The erosion for the fourth step of the hurricane is then applied to Face 4W as 
shown on Figure 4. The erosion pattern is shown as (D) on Figure 4. From this 
the erosion face, Face 5W, is constructed. (Note that this step involves erosion 
above the land level of +15 feet shown at this location. This erosion face, 
Face 5W, as constructed assumes a fill about 3 or 4 feet high placed in this area 
to accommodate the erosion. If this additional fill is provided, then Face 5W 
would be reconstituted some 32 feet further landward). 

Step 5 - The fifth step of the wave and surge pattern is then applied to Face 5W. The 
resulting erosion is shown as (E) on Figure 4. As the surge is falling after this 
time, the waves will be working against the bar and slopes left behind on the 
preceding steps. Thus, the outline of (E) gives the predicted erosion from the 
Case 3 PMH. 

The outline of (E) on Figure 4 shows a maximum erosion from the frontal wave 
attack of 228 feet, which is 40 feet more than the maximum frontal erosion 
of 188 feet computed in the Memorandum No. 2 computations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Joseph M Caldwell 
Consulting Engineer 
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MEMORANDUM 5 

SUBJECT:  ST LUCIE UNIT NO. 2 
SHAPE OF FILLET CAUGHT 
BEHIND GROIN AT 
EMERGENCY COOLING CANAL 
(October 22, 1975) 

1. The method contained in Subsection 2.4.5.3.3.3 (Erosion Estimates) develops the 
method for protecting the Ultimate Heat Sink from shoaling by littoral material being transported 
westerly along the north face of the plant island. The protection involves the placement of the 
three groins along the north face of the island. This present memorandum will develop the 
shape of the fillet which would be impounded against the east face of the two groins to the east 
of the emergency canal; the two groins are the "intake groin" immediately east of the emergency 
canal and the "east groin" some 250 feet farther east near the neutralization basin as shown 
in FSAR Figure 2.4-78. 

First, it should be noted that both groins are designed to extend from the south shore of Big Mud 
Creek out to about +2 contour. This will give a groin length of about 125 feet. The groins are 
designed with sufficient height to prevent material from being carried across the top of the 
groins. The action of the groins will be to impound the littoral drift against the east face of the 
groins until - in the case of each groin - the groin has "filled" and the material is thereafter forced 
out (diverted) into the deeper waters of Big Mud Creek where it will be little affected by wave 
action. 

The littoral drift along the north face of the plant island is estimated at 18,000 cubic yards for 
the 18 NM NRC stalled hurricane. This 18,000 cubic yards would, as indicated above, first fill 
the impoundment area east of the east groin. The material over and above that needed to fill the 
impoundment area (and thereby create the impoundment fillet) would then be diverted by the 
groin into the deeper waters of Mud Creek and thereby prevented from reaching the emergency 
canal. The shape and extent of the fillet which would be impound behind the groin is discussed 
later in this memorandum. A similar action would take place at the intake groin, but as there is at 
most only about 1500 cu. yd. which could be eroded between the east groin and the intake 
groin, there would be little or no excess material to bypass the end of the intake groin after the 
fillet has reached a stable shape. (The fillet behind the intake groin would store 
about 2200 cu. yds.) 

Reference to stability slopes associated with hurricane type waves which would approach the 
north face of the plant island (see Memorandum 1 dated July 22, 1975) show that the material 
at the outer end of the two groins would stabilize at about elevation +8. Thus, the +8 contour of 
the fillets which would accumulate to the east of the two groins would lie at the outer ends of the 
two groins, whose ends are on the present +2 contour. 

Each fillet itself would try to establish an orientation which was perpendicular to the direction of 
the main thrust of the hurricane waves as they broke on the fillet. Reference to FSAR 
Figure 2.4-65 shows that the "dominant" wave controlling the littoral drift along the north face of 
the island - for the NRC stalled hurricane - could be conservatively defined as a 6.5 foot wave 
with a 6 second period lasting for 20 hours. This wave approaches from a direction 37° east of 
north. This wave, at a breaking depth of about 7 feet would have a d/gT2 ratio of 0.006. 
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The +2 and +5 foot shore contours immediately east of the intake groin (the groin immediately 
east of the emergency canal) have an orientation of almost due east-west. Thus the deepwater 
angle of approach of the offshore dominant waves relative to the shore before refraction would 
be about 37°. This direction of approach for the 6 second dominant wave would cause the wave 
at breaking to have after refraction a direction about 17° off of the perpendicular to the present 
shore. The fillet behind the intake groin would, then, tend to stabilize in a position perpendicular 
to the 17° angle of approach. In other words, the 8 foot contour of the fillet would tend to 
stabilize along a line drawn from the outer end of the intake groin easterly along an alignment 
17° south of east. The other contours of the fillet would, of course, help protect the roadway 
adjacent to the barrier from erosion. 

The east groin (near the neutralization basin) would have a similar filling action, however the 
"hump" in the shore contours just east of the groin would prevent the fillet from being as 
noticeable as at the intake groin. The fillet behind the east groin would, however, serve to 
protect the neutralization basin from frontal erosion. 

The stable position of the +8 foot contour on the fillets behind the intake groin and the east groin 
is, then constructed by drawing a line from the outer end of the groins in a direction 17° south of 
east until it intersects the present 8 foot contour. Such a construction will shown that behind the 
intake groin, the +8 foot contour of the fillet would meet the present shore about 200 feet east of 
the root of the groin. Due to the hump in the shore near the neutralization basin, the 
corresponding distance for the east groin would be about 100 feet. 

 

Joseph Caldwell 
Consulting Engineer 
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BIOGRAPHICAL SKETCH 
JOSEPH MORTON CALDWELL 

PROFESSIONAL CAREER: Began work at Waterways Experiment Station, Vicksburg, 
Mississippi, in June 1933 as an Engineering Assistant. Was promoted several times and 
in 1940 was placed in charge of all hydraulic model testing at the Waterways Experiment 
Station. Remained in charge until commissioned in Army and ordered to other duties. 

In 1945, on discharge from Army, accepted employment in the Research Division of Beach 
Erosion Board, Washington, D.C. Was Chief of Research Division from 1951 until 
November 1963, when Beach Erosion Board was converted to Coastal Engineering Research 
Center. Was Technical Director of Coastal Engineering Research Center from 
December 1963 to January 1970. 

From January 1971 - June 1973 served as Chief, Engineering Division, Directorate of Civil 
Works, Office, Chief of Engineers, Department of the Army, Washington D.C., 20314. This 
directorate is the headquarters office for planning engineering design and construction, and 
operation of all Civil Works projects of the Corps of Engineers. 

From July 1973 to present. Retired from Civil Service career with Army Corps of Engineers on 
June 30, 1973, to become a consulting engineer in private practice. Have recently worked on 
projects in Florida, the Philippines, Algeria, Saudi Arabia, India, Nicaragua, Gulf of Mexico, and 
South Carolina. 

MILITARY CAREER: Commissioned as 1st Lieutenant, Corps of Engineers, U.S. Army, in 
August 1942. Served in Army for four years. Promoted to Captain and then Major. Honorably 
discharged June 1946. Assigned principally to Military Intelligence duties on staff of the Army 
Chief of Engineers, final military assignment being Chief of Strategic Intelligence Branch, OCE. 
Graduated from U.S. Army Command and General Staff School, Fort Leavenworth, 
Kansas, 1944. 

AWARDS: Meritorious Civilian Service Award by Department of Army (1962) for work in design 
of emergency hurricane protection. Southeast Asia Civilian Service Award (March 1967) of 
U.S. Naval Facilities Engineering Command for on-site support of Navy effort in South Vietnam 
in 1965. Meritorious Civilian Service Award (1973) for supervision of engineering and design of 
Civil Works program of Corps of Engineers, Feb. 1971-June 1973. 
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JOSEPH M. CALDWELL 

Elected to: 

National Academy of Engineering 
Washington Academy of Sciences 
Cosmos Club of Washington, D.C. 

Member of: 

American Society of Civil Engineers 
American Geophysical Union 
International Association for Hydraulic Research 
Marine Technological Society 
U.S. National Committee on Large Dams 

Listed in: 

American Men of Science 
Who's Who in Engineering 
Engineers of Distinction (2nd ed.) 

Civic Activities: 

PTA (Committeeman) 
Boy Scouts (Cubmaster) 
Christian Science Church (Sunday School teacher for past 30 years) 
Benevolent Visiting Nurse Service 
Church Visiting Committee to Alcoholic and Penal Institutions (20 years) 
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J M CALDWELL 

PROFESSIONAL EXPERIENCE 

A. FROM: JULY 1973 TO: PRESENT 

R:

TITLE OF POST AND NATURE OF DUTIES: 
Self-employed consulting engineer specializing in hydraulics, coastal 
engineering, waterways and harbors. In this capacity, I have been employed 
recently on projects in British Columbia, Florida, Algeria (two projects), the 
Philippines, and Saudi Arabia. Duties range from advising clients on soundness 
of proposed engineering activities and designs to personally developing concepts 
for flood control, harbor layouts, and salinity barrier designs. 

NUMBER AND KIND OF EMPLOYEES SUPERVISED: No employees supervised. 

B. FROM: February 1971 TO: June 1973 (retired from 
Civil Service) 

EMPLOYER: Director of Civil Works 
Office, Chief of Army Engineers 
Washington, D.C. 20314 

TITLE OF POST AND NATURE OF DUTIES: 
Chief of Engineering Division, Directorate of Civil Works, Office of Chief of Army 
Engineers. In this position I had direct responsibility for the engineering design of 
all Civil Works (public works) projects of the Corps of Engineers totaling in 
excess of $1 billion annually. Projects dealt with large scale flood control, 
navigation improvements, harbor development, beach erosion control, and 
coastal storm protection. This is the largest water use and water control program 
in the United States. (Civil Service grade, GS-17.) 

Supervised personal staff of 70 high-grade professional engineers and scientists; 
these were in turn backed up by some 8000 or more engineers in field offices. 

C. FROM: December 1963 TO: January 1971 

EMPLOYER: Coastal Engineering Research Center (formerly Beach Erosion Board) 
Kingman Bldg., Fort Belvoir, Va, 22016 (formerly in Washington, D.C.). 

TITLE OF POST AND NATURE OF DUTIES: 
Technical Director of the Coastal Engineering Research Center. Duties involved 
overall responsibility for the technical direction and technical adequacy of the 
coastal engineering research program of the Center. This program encompassed 
all phases of coastal engineering from the open coast to the head of tidewater in 
the estuaries. The program of research increased from $400,000 in 1963 to in 
excess of $3,000,000 after 1969. In addition, my duties required responsible 
review of the engineering aspects of coastal projects constructed by the Corps of 
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Engineers; this program in the early 1970's involved the expenditure of over 
$200,000,000 annually. Duties involved also the giving, on request, of consulting 
advice on coastal projects in the United States and overseas. (Grade GS-16 from 
Aug. 1964.) 

Supervised about 90 employees of which about 30 were professionals. 

D. FROM:   April 1946    TO: November 1963 

EMPLOYER: (Engineering office and research laboratory) 
Beach Erosion Board, Little Falls Road, N.W. 
Washington, D.C. 

TITLE OF POST AND NATURE OF DUTIES: 
Started in 1946 as Chief of the Laboratory Section of the Research Division; 
successively promoted to Chief of the Research Branch (1948) and then to Chief 
of the Research Division (1953). Duties involved conduct of research program in 
Coastal Engineering (waves, storm surges, tides, shore erosion, breakwater 
design, etc.). This work was done as part of the Civil Works (public works) 
mission of the U.S. Army Corps of Engineers. Duties also involved consulting on 
field problems. (Final grade GS-15.) 

Supervised 25 employees including 15 professionals 

E. FROM:   August 1942    TO: April 1946 

EMPLOYER: Officer in Army of the United States. Principally assigned to staff of Chief 
of Engineers, U.S. Army. Started as 1st Lieutenant; honorably discharged 
as Major. 

TITLE OF POST AND NATURE OF DUTIES: 
Chiefly assigned as Engineer Intelligence Officer. Duties involved preparation of 
reports on engineer equipment of foreign armies and preparation of reports on 
engineer equipment of foreign armies and preparation of reports on terrain, 
roads, railroads, landing beaches, power plants, and ports in enemy-held 
territories. 

Supervised up to 30 employees directly with another 300 working under contract. 
About 1/3 were professional engineers, scientists, etc. 

F. FROM:  October 1940    TO: January 1943 

EMPLOYER: U.S. Waterways Experiment Station 
Vicksburg, Mississippi. 

TITLE OF POST AND NATURE OF DUTIES: 
Was Chief of the Hydraulic Division of the Experiment Station. All hydraulic 
model and experimental work was under my direction. Average work-load of the 
Division was about 20 hydraulic models at all times. Included in responsibilities 
was active supervision of an instrument development facility for developing 
various kinds of hydraulic model instruments and for field measurements of 
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pressures and strains in earth dams and in concrete slabs. (Grade P-4, then 1st 
Lieut., Army of the United States.) 

Supervised 150 employees including about 30 professionals. 

G. FROM:  June 1933    TO: October 1940 

EMPLOYER: U.S. Waterways Experiment Station 
Vicksburg, Mississippi. 

TITLE OF POST AND NATURE OF DUTIES: 
Started as model assistant in the conduct of hydraulic model studies. In 1936 
was made Project Engineer in charge of a model study; in 1937 was made a 
Branch Chief in charge of several models, and also directed the work of the 
instrumentation laboratory of the Experiment Station. Models involved dealt with 
tidal estuaries, harbors, navigation channels, flood control, high dams, locks, and 
various types of hydraulic structures. 

Supervised (final) 30 employees including about 10 professionals. 
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OTHER AWARDS RECEIVED 

Outstanding Performance Rating: 1960, 1968 and 1970 
Southeast Asia Civilian Service Award of the Naval Facilities 
Engineering Command: 1967 
Meritorious Civilian Service Award: 1962 and 1973 

PARTIAL LISTING OF PUBLISHED WORKS 

"Supersonic Sounding Instruments and Methods," Transactions ASCE, Volume 117, (1952).  

"Tidal Currents at Inlets in the United States," ASCE Proceedings Separate No. 716 
(June 1955). 

"Experimental Study of Wave Overtopping on Shore Structures" (with Saville), 
Proceedings 1953 Conference Inter. Assoc. Hydraulic Research, Sept. 1953. 

"Sedimentation in Harbors," Chapter 16 from Trask's Applied Sedimentation. John Wiley and 
Sons, 1950. 

"An Ocean Wave Measuring Instrument," Beach Erosion Board Technical Memorandum No. 6, 
October 1948. 

"Reflection of Solitary Waves," Beach Erosion Board Technical Memorandum, No. 11, 
November 1949. 

"Wave Action and Sand Movement Near Anahiem Bay, California," Beach Erosion Board 
Technical Memorandum No. 68., February 1956. 

"Accuracy of Hydrographic Surveying on the Surf Zone" (with Saville), Beach Erosion Board 
Technical Memorandum No. 32, March 1953. 

"By-Passing Sand at South Lake Worth Inlet, Florida," Proceedings of 1st Conference on 
Coastal Engineering. Council on Wave Research, The Engineering Foundation, 1951. 

"The Design of Wave Channels," Proceedings 1st Conference on Ships and Waves. Council on 
Wave Research, The Engineering Foundation, 1955. 

"The Step-Resistance Wave Gage" Proceedings 1st Conference on Coastal Engineering 
Instruments, Council on Wave Research, The Engineering Foundation, 1956. 

"Shore Erosion by Storm Waves," Beach Erosion Board Miscellaneous Paper No. 1-59 
(April 1959). 

"Development of and Tests of a Radio-Active Sediment Density Probe," Beach Erosion Board 
Technical Memorandum No. 121, October 1960. 

"Coast Protection," Article in Encyclopedia Britannica, 1960 Edition. 

"The Beach Erosion Boards Wave Spectrum Analyzer and Its Purpose," (with Williams) 
Proceedings of National Academy of Sciences Conference on Ocean Wave Spectra, May 1961. 
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"Coastal Processes and Beach Erosion," Journal of the Boston Society of Civil Engineers 
Vol. 53, No. 2, April, 1966. 

"Plans for Shore Protection Paso Caballos Nicaragua," ASCE, June 1966. 

"Guidance For Future Work on The Southeast Coast of The Province of Buenos Aires," Report 
to the Ministry of Public Works Province of Buenos Aires, August 1970. 

"Methods of Protection Cables U. S. Naval Facility, High Point, Bermuda," Coastal Engineering 
Research Center, April 1967. 

"Pressure in Draft Tubes at Little Falls Pumping Station," Beach Erosion Board, U.S. Army 
Corps of Engineers, February 1962. 

"Use of Ship Hull For Breakwater and Jetty Construction, Coastal Engineering Research Center, 
Jan. - Feb. 1966. 

ELECTED OFFICIAL MEMBERSHIP 

Member, National Academy of Engineering 
Member, U.S. Committee on Large Dams 

 
PROFESSIONAL MEMBERSHIP 

Member, American Society of Civil Engineers 
Member, American Geophysical Union 
Member, Marine Technology Society 
Member, Washington Academy of Science 
Member, International Association for Hydraulic Research, Delft, Holland Registered 
Professional 
Registered Professional Engineer, Washington, D.C.. 
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