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Dune/Recreational Beach  —  Defined as the cross-section (unit volume) from the most landward foredune crest
(among available surveys) to –5 ft NGVD.  This area incorporates the active dune, dry beach, and wet beach out
to low-tide wading depth.

Underwater  — This lens extends the profile across the trough and outer bar ending close to the seaward limit of
yearly profile change (“Closure Depth”) based on observations of historical profiles.

FIGURE 1.5.   The reference zones used for calculation of sand volume changes along Nags Head (1994–2005).
Integrating both lenses yields volumes that encompass nearly 100 percent of the sediment volume moving in the littoral
zone from year to year.   [Source:   CSE 2005a]
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FIGURE 1.6.   The concept of unit sand volume along the beach, which provides a quantitative measure
of beach condition and changes before and after nourishment.  The yearly limit of measurable sand
movement (“profile closure depth”) along Nags Head is thought to occur at depths of about 18 ft (deeper
than indicated on the top diagram).   [From Kana 1990]
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Figure 1.7 shows comparative profiles for station 800+00 at Huron Street (Reach 2) and
differences between 1994 and 2005.  In this case, there is little change across a 500-ft
zone offshore (distances 1,700–2,200 ft from the baseline).  This suggests that profile
volume calculations to –18 ft capture the majority of changes between the two surveys
in this case.  In the example shown, the volume of sand in the profile ranges from 561.2
cy/ft (1994) to 473.3 cy/ft (2005).  These quantities provide a measure of absolute sand
quantity seaward of the dunes for comparison with other stations.  The difference between
the two volumes (–87.9 cy/ft) provides a measure of losses (or gains) from the time of the
first survey (1994) to the time of the second survey (2005).

FIGURE 1.7.   Available profiles from station 800+00 showing significant changes between 1994 and 2005 out to about
–15 ft or 2,000 ft from the baseline (~1,300 ft offshore).  The zone between the foredune and –18 ft is assumed to
account for nearly all changes in sand volume for the period 1994–2005 along Nags Head.   [From CSE 2005a]
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Volumetric Erosion Rates
Figure 1.8 illustrates the variation in average annual volume change from north to south
along Nags Head.  The trend line in Figure 1.8 shows the tendency for increasing erosion
rates from north to south.  Reach 0 (northernmost 1.2 miles of Nags Head) experienced
negligible change per year (average annual trend for 10.75 years) between 1994 and
2005, although one station gained sand while other stations lost sand during the period.
Reach 1 (~5.5 miles long) includes several stations that gained sand (stations 660+00 and
690+00 in the vicinity of East Mall Drive and Epstein Street, respectively).  However, sta-
tion 680+00 (East Hawks Nest) in between was highly eroded.  Changes such as this
often reflect rhythmic shoreline features associated with breaks and accumulation zones
in the outer bar.  Over time, such differences shift alongshore as sand moves through the
littoral zone.  The overall trend for Reach 1 was erosion at rates averaging about 2.5
cy/ft/yr.  Reaches 2, 3, and 4 also show variable erosion and accretion rates but a trend
of higher losses to the south.  Results for certain individual stations (eg, 920+00 to
950+00) are affected by the presence of sand bags placed to stabilize portions of the
backshore.

Figures 1.9 and 1.10 show average unit volumes by reach for the two calculation limits
(–5 ft and –18 ft NGVD).  The shallower calculation depth encompasses the recreational
beach.  Figure 1.9 shows two important trends.  In 1994, there was more sand on the
visible beach (on average) in Reaches 2, 3, and 4 (southern 40 percent of the Nags Head
shoreline) than existed in Reaches 0 and 1 (northern 60 percent of the shoreline).  By
2005, Reaches 2 through 4 had much less sand than Reach 0.  Experience at other sites
shows that profile volumes to –5 ft NGVD along the South Carolina and North Carolina
coasts tend to fall in the range of 80–120 cy/ft (Kana 1993).  By 2005, Reaches 3 and 4
were well below this range, and Reaches 1 and 2 were at the low end of the range — indi-
cating a major sand deficit for most of Nags Head.

Generally, higher unit volumes reflect more gently sloping profiles.  In the case of Nags
Head, the higher volumes at the southern end of town in 1994 partly reflect finer sediment
(discussed later).  The volume trends for 2005 are quite different and reflect armoring of
the shoreline via sand bags at some stations and loss of dunes at other stations along the
southern half of town.  The average unit volume for all stations had declined from ~110
cy/ft in 1994 to ~80 cy/ft in 2005.  Thus, to restore the beach to 1994 conditions, at least
30 cy/ft (~1.6 million cubic yards over ten miles) would have to be added along the entire
beach (plus an additional volume to build up the underwater portion of the profile).
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FIGURE 1.8.   Average annual unit volume change by profile line and reach along Nags Head between August
1994 and April 2005 (10.75 years), calculated between the foredune and –18 ft NGVD (~1,500–2,000 ft
offshore).  [From CSE 2005a]

FIGURE 1.9.   Average  unit-width beach volume by reach to low-tide wading depth in August 1994 versus April
2005.   [From CSE 2005a]
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Figure 1.10 extends the calculation limit to –18 ft or about 1,500–2,000 ft offshore.  This
is considered to represent the majority of the zone of active sand movement and profile
volume changes.  Because the calculation limit is in deeper water, unit volumes are much
higher, of the order 400–500 cy/ft.  However, the difference in unit volumes between 1994
and 2005 for all stations averages about 40 cy/ft.  In other words, the average change to
–18 ft is only about one-third greater than the change to –5 ft.

Figure 1.11 compares the average volume change per year for wading depths and deeper
profiles.  The annual rates of change generally increase from north to south.  Reaches
0 and 1 (northern 60 percent of Nags Head) experienced relatively small changes.  Reach
0 actually gained sand in the offshore zone, whereas Reach 1 lost about 2.5 cy/ft/yr on
average.  Table 1.1 provides tabulated results.  The net sand loss for Reaches 0 and
1 has averaged ~60,000 cy/yr.  This equates to an average annual erosion rate of 1.7
cy/ft/yr for the northern 6.7 miles of Nags Head.

Reach 2, which extends from approximately Governors Street to James Street, lost an
average of ~3.9 cy/ft/yr to low-tide wading depth and ~5.7 cy/ft/yr between the foredune
and –18 ft contour.  This equates to a total loss of ~800,000 cy over 10.75 years in this
13,000-ft reach.  Reach 3, which extends 9,000 ft from James Street to south of East
Loon Court, lost upward of 12 cy/ft/yr between the foredune and –18 ft.  This equates to
a net loss of ~1.2 million cubic yards between 1994 and 2005.  Reach 4, around McCall
Court, is estimated to have eroded at a similar rate (~11.2 cy/ft/yr).

CSE’s estimated erosion losses and volume change rates for Nags Head (1994–2005) are
summarized in Figure 1.12.  Excluding the positive change in Reach 0, the estimated loss
for Nags Head is ~2.9 million cubic yards or ~275,000 cy/yr over the past decade.  This
equates to an average annual erosion rate of ~5.2 cy/ft/yr (Reaches 1–4).  As Figure 1.12
shows, fully 60 percent of the shoreline (Reaches 0 and 1) accounts for only about 27
percent of the sand losses.  Reach 2, representing ~22 percent of the shoreline, accounts
for ~27 percent of all sand losses.  Reach 3, representing only 15 percent of the shore-
line, accounts for nearly 40 percent of the sand losses.
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FIGURE 1.10.   Average unit-width beach volume by reach to –18 ft NGVD (about 1,500–2,000 ft offshore) in
August 1994 versus April 2005.   [From CSE 2005a]

FIGURE 1.11.   Average annual unit-width beach volume change to low-tide wading depth and offshore in
August 1994 versus April 2005.   [From CSE 2005a]
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Comparison with USACE (2000) Erosion Estimates
The 1994 and 2005 profiles into deep water offer the first opportunity to estimate true,
sand-volume losses along Nags Head.  While there are likely to be errors and inconsis-
tencies between the 1994 and 2005 data sets because they were collected using different
survey systems, they nevertheless are more reliable measures of erosion rates than
historical shorelines derived from aerial photography (cf, Fig 1.3a–c).

USACE (2000, Appendix D, Figs D16–D35), without the benefit of comparative historical
surveys, reported a range of erosion rates for Nags Head with highest rates along south
Nags Head (similar in magnitude to those determined by CSE–2005a).  Yet for purposes
of nourishment planning, the adopted federal rate appears to be the equivalent of ~17.8
cy/ft/yr for the entire project area (~10 miles).  A more realistic erosion rate for Nags Head
is ~5.2 cy/ft/yr (ie, about 30 percent of the rate adopted in the Dare County plan–USACE
2000).

The federal Dare County project (USACE 2000), as presently formulated, assumes aver-
age annual erosion losses of ~950,000 cy/yr for Nags Head.  The proposed locally spon-
sored beach restoration project assumes annual losses of the order 275,000 cy/yr based
on the average annual change from 1994 to 2005 along Nags Head.

1.3.2   Relationship of Erosion Rates to Proposed Nourishment Project
Because erosion rates increase from north to south along Nags Head, the proposed
project calls for variable nourishment volumes by reach and within each reach.  The appli-
cant’s goal is to place sufficient sand on the beach and restore the deficit that has devel-
oped over the past decade (cf, Figs 1.9 and 1.10) as well as the anticipated average
annual losses over an approximate ten-year period into the future (cf, Fig 1.11).  The plan
also takes into account the net southerly transport of sand along Nags Head.

Fill sections will be varied systematically from north to south and within each reach (cf,
Fig 1.2 for representative sections).  The ends of the proposed project will incorporate
long tapers as follows:

• Northern ~3,000 ft will taper from 0 cy/ft at station 491+00 to ~60 cy/ft (station
520+00).

• Southern ~3,000 ft will taper from 0 cy/ft at the boundary with the Cape Hat-
teras National Seashore (station 1025+00) to ~130 cy/ft at station 995+00.
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No sand will be placed north of station 491+00* (Blackmon Street) in the northernmost
~1 mile of Nags Head (Reach 0) because:

a) This area is not included in the federal Dare County nourishment plan.

b) Volumetric erosion rates in Reach 0 have been negligible in the past decade
(cf, Table 1.1 and Fig 1.12).

[*The federal Dare County project (south project area – Nags Head) nominally begins at USACE station
491+60 (USACE 2000).  The applicant proposes to end the project at a public access street end (Blackmon
Street), the centerline of which falls close to station 491+00 according to the best-available community plats.
The intent is to begin the taper at the street end and continue it south for about 3,000 ft so as to yield a
gradual transition between the unnourished area (Reach 0) and nourished areas (Reaches 1, 2, etc).]

Beach fill sections will consist of a berm (dry beach) extending seaward from the toe of
foredune or existing storm berm (at elevation +8.5 ft NGVD) for a width that approximately
equals the unit fill volume at the section (eg, 50 cy/ft will yield a 50-ft berm width; 120 cy/ft
will yield an ~120-ft berm width, etc).  The seaward edge of the berm will mark the start
of the slope into the surf zone.  The finished slope will be approximately 1 on 20 so as to
match the average beach-face slope for the setting.  As was illustrated in Figure 1.2, the
fill will toe into the trough (runnel) between the existing beach and outer bar.  Limited
areas of Reach 2 (eg, near Surfside Drive) will receive extra sand to restore a minimal
protective dune where there is no dune protection in front of buildings, roads, and other
infrastructure.  The primary purpose of the dune will be to reduce the frequency of wash-
overs into town beach accesses, roads, sewer lines, and other community infrastructure.

Scales and Areas Impacted
Upon placement of nourishment sand, the project would directly impact a 300–600-ft-wide
section of the existing littoral zone measured from the toe of the foredune to the outer bar.
The average impact width will be ~85 ft for the berm, ~250 ft for the sloping wet beach
to low water, and ~200 ft for the underwater toe of the fill. This equates to the following
areas over the ten-mile project length:

• New dry beach ~103 acres
• Displaced wet beach ~182 acres
• Displaced inshore area ~242 acres

Following completion, the nourished profile is expected to adjust to incident waves and
undergo the same transport processes as the native beach.  Sand will shift offshore in
high wave-energy events, then return onshore during calm periods (ie, the natural beach
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cycle).  This will cause nourishment sediment to mix with native sediment and be selec-
tively sorted such that finest material remains offshore and coarser material accumulates
in the swash zone.  Such processes are inexorable and a desired outcome of the
proposed project. 

The applicant expects to lose nourishment sand each year at rates comparable to histori-
cal averages.  If the average fill volume is 75 cy/ft (~4 million cubic yards over ten miles)
and losses average 5 cy/ft/yr, approximately 30 percent of the fill will remain in the
proposed project area at the end of ten years.  Given uncertainties in future erosion rates,
the plan allows for 50 percent higher loss rates before all nourishment volumes are
eroded within ten years.  The applicant also recognizes that high erosion rates at the
south end of Nags Head may remove all the sand in some areas before others.  This is
an unavoidable consequence of the variable erosion rates in this setting and the fact that
some properties are presently situated on the active beach, dozens of feet seaward of the
dune escarpment (Fig 1.13).
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FIGURE 1.13.

Existing beach conditions along portions
of south Nags Head showing emergency
sand bags and houses situated seaward
of the foredune.  Photos taken by CSE in
December 2003 (upper and middle) and
April 2005 (lower).
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1.3.3   Borrow Area Use Plan
The applicant has conducted extensive geotechnical data collection in offshore borrow
area S1 (cf, Fig 1.1) as a supplement to data collected for the federal project (USACE
2000).  Three subareas (“1",2" and “3") within offshore borrow area S1 are being consid-
ered for use in the proposed project.  These areas, combined, contain at least 20 million
cubic yards of beach-quality sediment; therefore, only about 20 percent of the sand re-
sources in the subareas will be required to accomplish the proposed project.  The final
borrow area will depend on determination of the type of dredging equipment that is
feasible in this setting (ie, self-propelled hopper dredges or cutterhead suction dredges),
the dredging production rates, and the dredging window.

The EIS (Section 4.16 and Appendix D) provides detailed data and information on the na-
tive beach-sediment quality and the sediment quality in offshore borrow subareas 1, 2,
and 3.  Other relevant geotechnical data for offshore borrow area S1 are given in USACE
(2000).  Table 1.2 summarizes the proposed Nags Head project borrow area sediment
characteristics.

TABLE 1.2.   Nags Head locally sponsored nourishment project borrow area (S1) characteristics.   [Source:   CSE
2005a]

(1) Applicable Borings: Subarea 1 — NH 5, 6, 8, 16, 20, 22, 24, 26, 50, 52, 55, 56
Subarea 2 — NH 10, 12, 46, 48, 49, 57
Subarea 3 — NH 38, 39, 40, 61

(2) Weighted average through upper 5 ft of substrate for applicable borings.
(3) Assumes native Mz = 0.474 mm     Standard Deviation = 0.471 mm (CSE criteria)
(4) Assumes native Mz = 0.362 mm     Standard Deviation = 0.469 mm (NCCRC criteria)
(5) Borings have confirmed sediment quality through the upper ~8.5 ft of substrate in subareas 1, 2, and 3.

The listed overfill ratios are composites for the upper 5 ft of section, assuming shallower excavations will
be made via hopper dredges.  Additional data are being acquired to further refine the borrow areas.

(1) (2) (2) (3) (4) (5)

Borrow
Subarea

Composite
Grain
Size

Material
Passing

#230 Sieve
Material
>2 mm

Composite
Overfill
Ratio #1

(RA)

Composite
Overfill
Ratio #2

(RA)

Estimated
Volume in

Cubic
Yards

(size acres)

Distance
Offshore
(statute
miles)

Substrate
Elevation
(ft NGVD)

Confirmed
Section

Thickness
(ft)

1 0.501 <1% 8.7 1.67 <1.02 6,325,000
(784 acres) 2.0–3.0 –45 to –55 5

2 0.485 <1% 4.3 1.99 <1.02 2,580,000
(320 acres) 2.4–2.8 –35 to –50 5

3 0.425 <1% 3.1 2.89 <1.02 2,470,000
(306 acres) 1.6–2.1 –45 to –50 5

TOTALS 11,375,000
(1,410 acres)
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CSE (2005a) sampled the native beach at 5,000-ft stations (eg, 800+00, 850+00, etc),
collecting eight (8) cross-shore samples at each station.  Samples were collected from the
foredune, toe of the foredune, berm (dry beach), approximate mean high water (upper
swash zone), low-tide terrace (inner breaker line), trough, bar, and offshore zone (depth
~15 ft).

Figure 1.14 (upper) shows the mean grain size for Nags Head by cross-shore sample
position.  The active beach from the dune to the low-tide terrace contains sediment that
ranges in mean size from ~0.32 millimeters (mm) to over 1.6 mm.  Mean grain size in the
trough, outer bar, and offshore zone (~15 ft NGVD) is typically in the 0.2–0.25 mm size
range (ie, fine sand).

Figure 1.14 (lower) pools groups of samples and shows the longshore trend by station
along Nags Head.  The results show a trend of decreasing mean grain size from north to
south with considerable variability from station to station in the recreational beach zone
(dry beach to low-tide terrace).  There is little variation in grain size offshore.

For purposes of project planning, the applicant elected to adopt two “native beach” size
distributions for Nags Head, using results compiled in “Preliminary Coastal Engineering
Analyses for Large-Scale Beach Restoration at Nags Head (CSE 2005a–August, Section
2).  Figure 1.15 shows the characteristic grain-size-distribution (GSD) curves for the two
composites.  The upper graphs shows a composite native-size distribution based on toe
of dune, dry beach, mean high water, low-tide terrace, and trough samples — consistent
with CSE’s prior practice for determining native GSDs (CSE–Stroud 2001).  The lower
graph shows a composite based on foredune to outer (offshore) samples, similar to pres-
ent North Carolina Coastal Resources Commission (NCCRC 2007) sampling guidelines
(Attachment 7*).  Resulting mean grain sizes are 0.47 mm (CSE criteria) and 0.36 mm
(NCCRC criteria).

* The NCCRC sediment sampling protocols call for 13 samples per transect.  The proposed project has 8 samples per
transect.  Additional samples will be collected and considered in the final design.  Because NCCRC sediment criteria had
not been finalized when the draft EIS for the proposed project was submitted, the applicant elected to use the available data
which are believed to accurately reflect beach and inshore sediment quality along Nags Head.
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FIGURE 1.14.   Overall trends in mean grain size by position and station across the profile.  Red lines pool all
samples.  Trend line (dashed red line in lower graph) shows decrease in mean grain size from north to south.  [From
CSE 2005a]
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FIGURE 1.15.   Nags Head composite grains-size distributions (GSDs) for the “native beach” as adopted herein.
The lower graph (based on110  samples) approximately follows the 2005 draft NCCRC ( now final NCCRC 2007)
sampling protocols.  The upper graph shows the result for a more limited zone of sampling between the toe of dune
and trough.  [From CSE 2005a]
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Table 1.2 provided summaries of the borrow area sediment in subareas 1, 2, and 3 in off-
shore borrow area S1 and presented two sets of overfill ratios.  One is based on CSE’s
standard practice (using only sediment samples from the recreational beach zone), and
the other is based on composite averages for onshore and offshore samples.  The latter
approximates NCCRC technical standards that went into effect 1 February 2007, before
the applicant could expand the sampling plan.  Nevertheless, the applicant’s 8 samples
per profile line closely match the expected results using 13 samples per profile line be-
cause they encompass nearly the same width of the littoral zone (ie, dune to –15 ft for the
proposed project versus dune to –20 ft for NCCRC criteria).  Overfill ratios under CSE’s
standard practice range from 1.67 to 2.89 (Table 1.2).  Using all samples (approximating
NCCRC criteria), the overfill ratios are <1.02 for each subarea.  The CSE criteria enable
the applicant to better distinguish subtle differences in sediment quality within the poten-
tial borrow areas so as to improve performance of the proposed project.  The results
using the approximate NCCRC native sampling criteria, not unexpectedly, yield lower
ratios (ie, more compatible sediments).  This reflects the much lower mean grain size of
native sediments when the fine sand from offshore is combined with much coarser sand
on the dry beach and swash zone.

Borrow Area Contingency Plan
Sand compatibility results in offshore borrow area S1 (subareas 1, 2, and 3) (Table 1.2)
are based on analyses from borings taken prior to construction.  The spacing of borings
ranges from 1,000 ft to1,500 ft.  Forty additional borings have been obtained by the
applicant in subareas 1, 2, and 3 so as to provide data at 500–1,000 ft spacing.  These
data will be submitted later in 2007.  There is a relatively high degree of similarity of sedi-
ment quality among the cores analyzed to date (see EIS, Section 4.16 and Appendix D).
The predominant material is ~0.4-0.5 mm, medium-to-coarse quartz sand with ~8 percent
gravel (grain diameter >2 mm) and ~4 percent shell content.  Percent fines (silt and clay
material passing the #230 sieve) represent less than 1 percent of the samples collected
to date.  Additional borings will increase the level of confidence for borrow material com-
patibility and decrease the degree of interpolation between boring locations.  Upon com-
pletion of these additional borrow area analyses, a more specific borrow area utilization
plan will be developed.

Even after further refinement of the borrow area characterization, the applicant recognizes
there will be some degree of uncertainty in the interpolation of results between core loca-
tions.  During excavation and fill placement, some material may be encountered that
appears incompatible with the native beach.  While it is not feasible or practicable to con-
duct real-time sediment sampling and determination of grain-size distributions, some
qualitative review can be performed at the discharge point and in the hopper of the
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dredge (applicable only for hopper dredge operations).  The applicant will have trained
personnel on the dredge as well as on the beach to monitor sediment quality each day.
Samples will be collected and analyzed within three days of collection and the data made
available to regulatory agencies and interested parties.  Such procedures are ongoing for
a post-Ophelia beach restoration project at Bogue Banks (federal permit number Action
ID SAW-2006-32753-016 and NC CAMA #181–06).  Of greatest concern is the placement
of rock fragments (indicating excavations of hard bottom or lithified substrate) or muddy
material.  The borings in offshore borrow subareas 1, 2 and 3 have not detected such
material.  Nevertheless, should such material be encountered, the applicant would direct
the dredge to relocate at the earliest feasible time (measured in hours to approximately
one day).  Further, if significant quantities of mud are encountered, the contractor’s pro-
duction would greatly diminish.  This creates a strong incentive for the contractor to relo-
cate the dredge as soon as possible so as to resume efficient production.

Federal and state environmental agencies will be notified if (and how much) potentially
incompatible material is encountered.  If necessary, the applicant (in consultation with the
contractor’s operations personnel) will make the decision on an appropriate contingency
measure (including moving the dredge to another site within a borrow subarea or to
another subarea) and notify the agencies of this contingency measure.

Borrow Area Parameters
Offshore borrow area S1 (subareas 1,2, and 3) is located within the three-nautical-mile
limit of federal waters and, therefore, is not subject to the federal mining requirements of
the US Minerals Management Service (MMS).  The USACE (2000) estimates borrow area
S1 contains ~100 million cubic yards of beach-quality sediment, a volume sufficient to
accomplish the 50-year federal project (north and south areas).  In addition to these sand
resources, MMS has identified nearby beach-quality deposits suitable for nourishment
along Nags Head and other Dare County Beaches totaling over 100 million cubic yards
(Byrnes et al 2003).  These deposits are situated beyond the three-nautical-mile limit.
The proposed project is a one-time event that will remove ~4 percent of the sand reserves
in borrow area S1 and ~2 percent of the confirmed sand reserves offshore of Nags Head.
If the offshore area of Nags Head is defined as an 11-mile-long by 6-mile-wide area of
ocean bottom, the proposed project will impact ~1.3 percent of the bottom (~550 acres
out of ~42,250 acres).

Borrow area S1 (subareas 1, 2, and 3) is located 1.5 to 3.0 statute miles offshore.  Pipe-
line/hopper dredge distances are 1.5 to ~7 miles from the designated fill areas.  For
hopper dredge operations, there would be little difference in transportation costs among
subareas 1, 2, and 3.  However, for a pipeline cutterhead dredge, subarea 1 would be
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more cost effective for construction of Reach 1 and subarea 3 would be more cost effec-
tive for Reach 3.  Costs increase significantly with pumping distance.  Further, for the type
of material in the borrow area (coarse sand), additional pumping capacity would be
required according to dredging contractors.  A cutterhead dredge would require a booster
pump (separate dredge platform) to accomplish Reach 1 nourishment.  Some qualified
dredging contractors who requested anonymity believe that use of cutterhead suction
dredges even with booster pump(s) in this setting is not possible.  Because of the uncer-
tainty regarding (1) what construction schedule will be allowed by the regulatory agencies
and (2) whether cutterhead suction dredges are even feasible in this setting, the applicant
has not finalized selection of subareas 1, 2, or 3.

1.3.4   Dredging Production
The USACE prepared an analysis of dredging production rates for the federal Dare
County project based on the expected wave environment in this setting (USACE 2000,
Appendix D).  They drew on production rates for Kure Beach (located in the southern part
of the state near Wilmington) and for Oregon Inlet (about five miles south of Nags Head).
When the federal EIS for Dare County was prepared, Kure Beach was the only project
that had ever utilized an offshore borrow source along the North Carolina coast.  Since
then, offshore borrow areas have been used for projects at Pine Knoll Shores, Indian
Beach, and Emerald Isle (CSE 2003a,b).  Following are relevant excerpts from USACE
(2000) regarding estimated production rates for the federal Dare County project (table and
figure numbers referenced in the original document have been changed for sequencing
in the present report).

Production Rates  –  Dredging production data for two recently completed projects by
the Wilmington District (Oregon Inlet and Kure Beach) were utilized to develop relation-
ships reflecting the expected production rates for the Dare County Beach project. Oregon
Inlet is about 5 miles south of the southern end of the proposed Dare County beach-fill
project. Kure Beach is located along the North Carolina coastline in the southern part of
the state, well south of Dare County.  Production data for the two projects were converted
to monthly production efficiency.  Conversion to monthly efficiency was based on a pipe-
line dredging with a maximum daily production rate of 15,000 cubic yards.  The result of
the production analysis is shown in Table 1.3 and is also shown graphically on Figure 1.16
(upper).
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Dredging production efficiencies for the two projects were vastly different, with the Kure
Beach project showing production values 65 to 75 percent higher than the Oregon Inlet
project in the months of November through March and 30 to 60 percent higher than the
Oregon Inlet project during the remainder of the year.  Dredging production rates for the
Oregon Inlet project were hampered by the severe wave climate in the vicinity of Oregon
Inlet.  Due to the proximity of the Dare County project to Oregon Inlet, greater weight (2
to 1) was given to the Oregon Inlet production data.  The production efficiencies for Dare
County shown in Table 1.3 are weighted monthly efficiencies which were used as the
basis for developing dredging costs for this study.

Storm Reduction Adjustment  –  The weighted production efficiency values from the
previous table were then adjusted for occurrence of severe storms in the dredging work
area.  The storm reduction adjustment corrects for the time that the dredge vessel would
have to relocate from the job site to a safe haven to ride out the storm.  Since there is no
safe haven in the immediate vicinity of the work area, any dredging plant equipment would
likely relocate to either Norfolk (VA) or Morehead City (NC).  The assumption is that a
severe storm event would cause a loss of seven dredging days, which includes reaction
time to the incoming storm, travel to the safe haven and back, and wait time.  Table 1.4
(USACE 2000, Table D–4) displays the severe storm history in the project area over a
seven-year period (1984–1990).  The table shows that there were 16 severe storm events
over the seven-year period, an average of just over two events per year.

TABLE 1.3   Pipeline dredging production efficiencies.  Note:   For each project, efficiency is based on a pipeline
dredge with a maximum daily production rate of 15,000 cy.   [After USACE 2000, Table D–4]
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FIGURE 1.16   [UPPER]  Dredging production rates for Kure Beach, Oregon Inlet, Emerald Isle, and the federal Dare
County project (projected).   [LOWER]  USACE (2000) adopted dredging production rates for the federal Dare County
project.   [From USACE (2000), Figs D-5, D-6; data for Emerald Isle from CSE (2003), Table 5]
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TABLE 1.5.   Adopted pipeline dredging efficiencies for
the federal Dare County project.  [After USACE 2000,
Table D–6]

TABLE 1.4   Pipeline dredging down time for severe storms (storm events that would require
dredging vessel to seek safe haven).   [After USACE 2000, Table D–4]

Adopted Production Efficiencies
Table 1.5 (USACE 2000, Table D–6) shows the adopted production efficiencies for the
Dare County study with adjustments for severe storms.  Figure 1.16 (lower) is a plot of
the adopted efficiencies for the Dare County study.  As can be seen, the July peak sum-
mer production rate of 81 percent is nearly double the October through March production
rates that are consistently below 50 percent.  A May through August time frame would be
ideal for pipeline dredging efficiency, with values ranging from 64 to 81 percent; however,
(existing) dredging windows will limit most operations to the winter months when less than
50 percent efficiency is the rule.

[END OF QUOTES FROM USACE 2000]
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Nourishment projects along Bogue Banks were completed in 2002 and 2003 (CSE 2003a,
b) using offshore borrow areas and both hopper dredges and cutterhead suction dredges.
Emerald Isle was nourished as part of Phase 2 of a locally sponsored project (Fig 1.17).
Portions were accomplished using hopper dredges and  a cutterhead suction dredge (CSE
2003b).

Bogue Banks is a south-facing beach with nearby safe harbor at Beaufort Inlet.  It is shel-
tered completely during northeasters which predominate during winter months.  Hopper
dredge operations were found to be feasible in this setting during cold water months.
However, production with the cutterhead suction dredge was well below expectations
despite the relatively short pumping distances to shore (<1 mile).  While sheltered from
northeasters, the cutterhead dredges had to suspend operations numerous times because
of persistent ground swell in the area.  The dredge ladder which supports the cutterhead
and intake pipe would be thrust into and out of the cut during operations when long-period
waves (ie, >7–8 seconds) occurred.  This made control of the cut difficult while placing
extreme strain on the equipment.  The ladder of the dredge was damaged and had to be
repaired at a cost of several days of down time (CSE, unpublished project records).  Prob-
lems associated with use of the cutterhead dredge at Emerald Isle reduced the final pro-
duction to only 20.7 percent of Phase 2 (by length) and 25 percent of Phase 2 by volume.
The balance of the project was accomplished with hopper dredges (CSE 2003b).

Table 1.6 details the dredging efficiencies for two hopper dredges and one cutterhead
suction dredge during the Emerald Isle project.  The cutterhead dredge efficiency was ~38
percent.  By comparison, the efficiency of the hopper dredges was 87–91 percent.  Daily
production of the cutterhead dredge averaged ~11,800 cubic yards per day (cy/day).  The
hopper dredges averaged 14,650 and 14,300 cy/day (Table 1.6).  Weather-related delays
occurred 20 percent of the time for the cutterhead dredge but only 6–9 percent of the time
for the hopper dredges.  In the case of the cutterhead dredge, weather-related delays en-
compassed not only periods of storms, but fair-weather periods when long-period waves
(ie, ground swell) occurred.  Hopper dredges are less affected by ground swell because
they are not thrusting a cutterhead into an underwater embankment.  Instead, hopper
dredges drag two relatively small suction heads across the bottom leaving shallow cuts
with each pass.  Since the Phase 2 project at Emerald Isle, there have been several nour-
ishment projects using offshore borrow areas but none has been accomplished using a
cutterhead dredge.
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The results of the USACE (2000) analysis with project data for Emerald Isle added are
shown on Figure 1.16 (upper).  This suggests that dredging efficiencies at Nags Head are
not likely to exceed 50 percent until April and will only approach 80 percent in June, July,
and August.  Fall northeasters (September, October, and November) are expected to
reduce production dramatically as shown in the graph.  The adopted dredging production
rates for the federal Dare County project as estimated by the USACE (2000, Fig D–6) are
shown on the lower graph of Figure 1.16.

Based on the dredging production analysis by USACE (2000) for Dare County, the results
of projects involving offshore borrow areas along Bogue Banks, and off-the-record com-
munications with qualified dredging companies — dredging offshore of Nags Head is not
considered feasible during winter.  Using the 50 percent efficiency threshold, the adopted
production rates given in Figure 1.16 (lower), and the apparent reluctance of dredging
contractors to work offshore of Nags Head during winter, the applicant now believes the
only feasible construction window is mid April through mid September, an approximate
five-month period.
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TABLE 1.6.   Bogue Banks beach nourishment project, Phase 2, Town of Emerald Isle – summary of dredging opera-
tions.  The RS Weeks is an ocean-certified cutterhead suction dredge.   [From CSE 2003b, Table 5]

HYDRAULIC DREDGE SUMMARY – RS Weeks
Total Hours Worked 668.9
Hours Lost Weather & Mech 1,076
Overall Efficiency 38.3%
Avg Beach Feet Completed/Day 143
AVG CY/DAY 11,833

Work & Pay Status
Working (days) 51
Working/Mech 0
Not on Job 0
Weather 15
Mech 7
Down/Turtles 0
Total Days 73
Total cy Delivered 860,518
Total LF Completed 10,400

HOPPER DREDGE SUMMARY

R N Weeks BE Lindholm

Total Loads B2 52 Total Loads B2 0
Total Loads A 235 Total Loads A 132
Total Loads 287 Total Loads 132
Total cy B2 115,127 Total cy B2 0
Total cy A 632,012 Total cy A 314,359
Total cy to Date 747,139 Total cy to Date 314,359
Avg Beach Feet Completed/Day 403 Avg Beach Feet Completed/Day 501
AVG CY/DAY 13,836 AVG CY/DAY 14,289

Work & Pay Status Days % of Total Work & Pay Status Days % of Total
Working 47 87.0% Working 20 90.9%
Working/Mech 0 0.0% Working/Mech 0 0.0%
Not on Job 3 5.6% Not on Job 0 0.0%
Weather 3 5.6% Weather 2 9.1%
Mech 1 1.9% Mech 0 0.0%
Down/Turtles 0 0.0% Down/Turtles 0 0.0%
Total Days 54 Total Days 22
Total Prelim Pay Vol 747,139 Total Prelim Pay Vol 314,359
Total LF Completed 21,785 Total LF Completed 11,015
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Dredging Window
Dredging window restrictions with respect to nesting sea turtles were reviewed, using a
16 November to 30 April window for cutterhead suction dredges and 1 December to 31
March window for hopper dredges (NC Turtle Moratorium).  Assuming that a contractor
is willing to work during calm periods of the months of December, January, February, and
March – the anticipated efficiency rates would be well under 50 percent.  With the
passage of each winter front (typically 3–4 per month), the dredge would have to shut
down and wait for wave conditions to diminish.  Storm events (~1 per month, USACE
2000) would force the dredge to move to the safe harbor at Norfolk, Virginia (~60 miles
away).  The USACE (2000) estimates each relocation of a dredge to the nearest safe
harbor would result in seven days of lost production.  This takes into account the need to
relocate the dredge before a storm event (one day transit), the duration of the storm and
its associated high waves (typical 3-5 days for northeasters in winter in this setting), and
the return of the dredge to the site.

The applicant believes that winter storm events and delays due to excessive wave energy
in the borrow area would reduce production to only 10–12 days per month (ie, <50 percent
efficiency).  Assuming a median winter operations period of 12 days per month per dredge
and a typical daily production of 20,000 cy per dredge when dredging —  one dredge
could only accomplish about 240,000 cy per month.  The equivalent of 16–20 dredge-
months would be required to accomplish a 4–4.6 million cubic yard project at such rates.
A 4–5 month dredge window would therefore mean that 4-5 dredges would have to be
assigned to the proposed project to accomplish all work under one mobilization.

Based on the foregoing data and experience at Bogue Banks, the existing dredging
window (16 November to 30 April) will not allow sufficient time to accomplish the proposed
project because:

1) Ocean-certified cutterhead dredges cannot safely work in this setting during winter
months (ie, mid December through March).

2) No qualified contractor appears willing to risk equipment offshore of Nags Head
during winter months; therefore, it is unlikely any viable bids will be received if the
construction window matches the NC Turtle Moratorium dates.

3) It is likely that only hopper dredges can operate safely offshore of Nags Head and
only during calmer months of the year (ie, April through September).
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The applicant concludes that the only viable period for accomplishing the proposed project
is mid April though mid September.

Following is the recommended construction plan.

Nags Head Recommended Dredging Production Plan
The applicant plans for all dredging to be performed under one mobilization.  Table 1.7
lists the average production rates necessary to accomplish the proposed project within
~5 months (150 days).  Three nourishment volume scenarios are given with the largest
quantity representing the requested maximum volume and the least quantity representing
the minimum volume considered necessary to achieve ten-year benefits (ie, minimal
nourishment volume remaining in the proposed project area after ten years).

Using experience at Bogue Banks (cf, Table 1.6), the applicant believes that production
of ~13,500 cy per day per hopper dredge is realistic for planning purposes – assuming
a construction period extending from mid April through mid September.  Table 1.7 shows
that a minimum of two hopper dredges will be required to accomplish the proposed
project.  A third dredge would have to be mobilized for a portion of the proposed project
if the final nourishment volume is in the range 4,000,000 cy to 4,600,000 cy.

The applicant does not believe the proposed project could be accomplished in this setting
by means of a cutterhead suction dredge because of the high probability there would be
no bids submitted by qualified dredging contractors.  The experience at Emerald Isle in
2002–2003 (Table 1.6) illustrates the wide difference between efficiencies of hopper
dredges and cutterhead dredges in a lower wave energy setting.*  Such differences will
apply at Nags Head because wave energy is even greater (USACE 2000).

[*Emerald Isle on Bogue Banks is completely sheltered from northeasters in winter and can take advantage
of extended periods when winds are northwest blowing off the land and thus reducing the height of the
incident waves along the beach.]

TABLE 1.7.   Average dredge production required to accomplish the proposed Nags Head project in ~5 months (150
days).  Rates approaching 14,000 cy per day (net actual production and stand-down time) are considered possible
based on experience at other sites (cf, Table 1.6).

Nourishment
Volume (cy)

Average Daily Production Per Dredge (cy per day)

1 Dredge 2 Dredges 3 Dredges

4,600,000 30,667 15,333 10,222

4,000,000 26,667 13,333 8,889

3,500,000 23,333 11,667 7,778
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Differences Between the Proposed Dredging Production Plan
and the Federal Dare County Project

The proposed project differs from the federal project in the following ways with respect
to the dredging production plan:

• Proposed project will be a one-time event versus multiple nourishment projects over
a 50-year period under the federal plan.

• Proposed project’s size is ~50–57 percent of the initial federal nourishment plan for
Nags Head (ie, ~4–4.6 million cubic yards versus 8.04 million cubic yards).

• Proposed project anticipates the only viable period for dredging is mid April through
mid September based on the high wave energy in this setting, high frequency of fall
and winter storms, experience with other NC offshore borrow areas since 2000, com-
munication with representatives of the dredging industry warning about safety issues
during winter construction (Attachment 6), and informal communication from qualified
contractors strongly suggesting no viable bids would be received if work is restricted
to winter months. The federal project (Nags Head area) anticipates initial construction
would be performed over three phases (years) with each phase beginning November
16 and proceeding until completion between May and October of the following year
(USACE 2000, pg D-18).

• Proposed project anticipates that hopper dredges are the only feasible equipment that
can operate safely and efficiently offshore of Nags Head and no US contractors are
willing to risk equipment offshore in this setting during winter months (ie, January,
February, and March). The USACE (2000) plan anticipated that pipeline dredging
would be feasible from November 16 through the winter.  (Note:  There was no
experience with cutterhead suction dredges or hopper dredges operating offshore of
North Carolina north of Wilmington when the federal EIS was prepared in 2000.)

• Proposed project would be accomplished using a minimum of two dredges so as to
complete all work within ~5 months.  The initial federal project time line anticipates a
construction duration of 6–11 months for each of three Nags Head phases.  The
federal time line also assumes portions of the work would be performed during the
months of April, May, June, July, August, September, and October (USACE 2000, pg
D-18).

The applicant believes that given up to an 11-month window to accomplish each phase
of the federal project (ie, 16 November through October), contractors would elect to
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optimize construction by delaying starts until April then accomplishing the initial federal
work before the end of the summer.  Mobilizing multiple dredges and accomplishing the
federal project when efficiencies are highest are considered the only way that project
could be accomplished based on North Carolina operations data obtained since the fed-
eral plan was prepared (2000) and on informal discussions with prospective contractors.
Further, there is little evidence a cutterhead suction dredge is economically feasible for
either the federal or the proposed, locally funded project off Nags Head at anytime of the
year.

Dredging Experience in Nearby Jurisdictions  –  Norfolk District USACE
The nearest previous dredging experience involving hydraulic dredging (hopper or cutter-
head suction dredges) is the Oregon Inlet navigation project (5 miles south of Nags Head)
(USACE 2001), Rudee Inlet (~50 miles north), the Virginia Beach nourishment project (55
miles north), and the Chesapeake Bay entrance channels (60–70 miles north) (NMFS
2003).  Figure 1.18 shows the general location of these sites.

Oregon Inlet Navigation Project (c/o Wilmington District USACE)  —  Periodic mainte-
nance dredging has been performed numerous times using relatively shallow draft hopper
dredges and side-cast dredges.  Project depth is –14 ft mean lower low water (MLLW),
and conditions in the outer bar preclude deeper draft or fully loaded hopper dredges from
operating.  Side-cast dredges have been used to maintain a channel through the outer
bar (GAO 2002).  According to the GAO report, the 14-ft design depth was maintained 23
percent of the time between August 1983 and March 1994 at an average annual dredging
expenditure of (~)$4.1 million.  Since 1994 through circa 2000, dredging expenditures
have averaged about $2 million per year, and the 14-ft depth (over the full length of the
authorized channel) has only been maintained about 15 percent of the time (GAO 2002,
pg14).  One reason for the low percentage of time the channels are maintained is the
dynamic nature of Oregon Inlet.

Oregon Inlet experiences more high winds, strong tides, and shifting sand than any
other inlet on the Atlantic coast of the United States.  Between 1990 and 1998, the
Oregon Inlet area was affected by more than 100 significant storms, some of them
hurricanes.  Storms heighten ocean waves and increase sand movement in the inlet.
Based on Corps studies, an average of about 2.1 million cubic yards of sand move in and
around Oregon Inlet each year.  In comparison annual sand movement . . . is about
471,000 cubic yards for Rudee Inlet . . .”  (GAO 2002, pp 14-15)
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FIGURE 1.18.   Nearest known hydraulic dredging projects to Nags Head.  [Sources:   USACE–Wilmington District,
Norfolk District, NMFS (2003), http://ocs-spatial.ncd.noaa.gov/encdirect/viewer.htm]
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Rudee Inlet Navigation Project (c/o Norfolk District USACE)  —  Situated ~5 miles south
of Cape Henry, Rudee Inlet is a small, jettied inlet that is periodically dredged to maintain
a 10-ft-deep channel.  It has been maintained by small truck-mounted hydraulic pumps
(jet pumps) as well as small harbor dredges working under the protection of the jetties.
The jetties incorporate a weir section for collection of sediment in a deposition basin.
Periodic maintenance dredging bypasses sand to the north, the predominant sand trans-
port direction.

Virginia Beach Nourishment and Hurricane Projection Project (c/o Norfolk District USACE)
—  This project involves hopper dredging of nearby entrance shoals between the Virginia
Capes (entrance to Chesapeake Bay) and placement along ~6 miles of ocean shoreline
at Virginia Beach.  The most recent and largest beach fill was ~4 million cubic yards
accomplished in 2001–2002 (NMFS 2003, Campbell and Benedet 2004).  Thimble Shoal
Channel and Cape Henry Channel provided the majority of the material for the Virginia
Beach federal project.  Both borrow sources are situated at or just inside the Virginia
Capes a distance of ~ 5-12 miles from the nourished area.

Chesapeake Bay Entrance Channels (c/o Norfolk District USACE)  —  Several projects
comprise the Chesapeake Bay Entrance Channels including the Cape Henry Channel,
York Spit Channel, York River Entrance Channel, and Rappahannock Shoal Channel
(NMFS 2003). These channels are routinely maintained by hopper dredges.

Based on the review of available reports, there does not appear to have been any dredg-
ing and nourishment utilizing a true offshore borrow source between Cape Hatteras and
the Chesapeake Bay entrance.  Dredging operations to date appear to have been con-
fined to navigation channels, the outer bars of inlet deltas, and various bay channels.  The
nearest analogous borrow area for the proposed project is considered to be the Cape
Henry Channel at the entrance to Chesapeake Bay (cf, Fig 1.18).  Environmental Impact
Statements and Biological Opinions are available for most of the above-referenced
projects.

The most recent Biological Opinion for the US Army Corps of Engineers maintenance
dredging in the Chesapeake Bay entrance channels is believed to be NMFS (2003)
(Attachment 8).  Attachment 8 is included herein because it addresses the endangered
and the threatened species impacts for nearby similar projects, although the applicant
recognizes that Norfolk District projects fall under the Northeast Regional Biological
Opinion and the Nags Head Project falls under the Southeast Region jurisdiction.  Obvi-
ously, the Nags Head setting is near the northern limit of the Southeast Region and the
Chesapeake Bay entrance is near the southern limit of the Northeast Region.  While
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biological opinions for the two regions necessarily must take into account differing climate
influences, there are expected to be numerous similarities between climate conditions and
the occurrence of endangered and threatened species between the lower Virginia coast
the upper North Carolina coast.

The following section describes the species considered under this assessment.




