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stadia and level. The profiles depict three conditions that presently
occur at Sandbridge:

1. Beach changes in front of bulkheads,

2. Beach changes adjacent to bulkheads, and

3. Beach changes on non-bulkheaded lots (control).

There were 18 survey dates between October 24, 1988 and September 20,
1989, as well as intermediate trips to measure sand elevation changes
after storm events (Table 1). Profiles 2, 7, and 15 were not surveyed on
certain dates because of bulkhead construction. Profiles 7 and 15 were
initially established as controls (non-bulkheaded), but were bulkheaded
during the course of the study. Some aerial imagery of Sandbridge was
taken during the project period.

The fifteen beach profiles were surveyed to just beyond MLW. Thus,
only the subaerial beach was evaluated during this project. The complete.
set of profiles is found in Appendix A.

There are two ways to look at the basic profile data: (1) analyze
each individual profile through time and (2) analyze all profiles by each
date. In other words, variability can be examined temporally and
spatially. Profile plots reveal the alteration of dunes and beach from
bulkhead construction and the effects of winter storms.

It should be noted that all 15 profiles have been affected by man’s
activities in some way, either by bulkhead construction or beach
bulldozing. Prior to bulkhead installation, the beach and dunes are
bulldozed up between the cottages. After the steel sheet piles and
deadmen are emplaced the system is then backfilled with the bulldozed

sand.



After the winter storms of February 24 and March 8, 9, 1989, beach
bulldozing and beach mining by tracked backhoe were observed from profile
7 to profile 15 and further south. From February 1989 to May 1989, a
large volume of sand was excavated and placed between cottages in
preparation for further bulkhead construction between profile 14 and White
Cap Lane (see Appendix A profile 15, April 17 to August 23, 1989).

The series of bulkheaded and non-bulkheaded lots at Sandbridge have
created alternating headlands and shallow embayments. Beach changes occur
seaward of the bulkheads on profiles 2, 3, 7, 8, 12 and later, on 15.
Profiles 1, 4, 11 and 13 are adjacent to a return wall and profiles 6, 10

and 14 are in an "embayment" where beach changes occur from the dunes
| seaward (Figure 5). Each profile depicts beach changes on that particular
section of shoreline. Collectively, the 15 profiles give a general
account of subaerial beach changes on the southern reach of Sandbridge
during the past year.
Results

Parameters used to compare the profile data through time include:

1. backshore beach width, the distance from MHW (mean high water) to

the base of dune or base of bulkhead;

2. distance from the baseline to MHW;

3. backshore elevation at the base of the dune or bulkhead; and

4. intertidal beach slope, MHW to MLW (mean low water).

Figures 6a to 6e show plots of these parameters for each profile
through time. Perhaps the most significant trend is the persistent lack
of beach width in front of certain bulkhead sections through the study

period (profiles 3,8 and 12).



From October 24 to December 7, 1988, beach widths were less in front
of bulkheads than non-bulkheaded lots (Figure 6a). The bulkhead at
profile 2 was under construction during most of the time period and
a wide backshore width persisted. Trends in backshore elevations mimic
backshore beach widths to some degree and become higher as widths
increase. One must be careful in perusing these tables because a wide
backshore does not necessariiy mean accretion, especially on a non-
bulkheaded lot. The position of MHW relative to the baseline is the
measure of shoreline movement. On profile 6, MHW moves shoreward slightly
as the beach width increases, indicating that the beach in front of non-
bulkheaded lots may move more freely landward than beaches in front of
bulkheaded lots. Intertidal beach slopes during this period generally
decreased along the study shoreline, indicating a flattening of the beach
face.

Backshore beach widths from December 21, 1988 to February 2, 1989
again show persistent narrowness in front of the bulkheads (Figure 6b).
There was a small northeaster (U.S. Department of Commerce, 1989) on
January 1, 1989, which caused beach deflation and shore retreat (see the
January 5, 1989 survey). As a result of the storm, a deep scour hole
formed adjacent to the the wooden bulkheads (10 lots). This is seen in
the decrease in backshore elevation at profile 9. Beach recovery is
evident on subsequent surveys.

In the next time period, February 17 to April 3, 1989, there were two
storm events. The blizzard on February 24, 1989 caused slight erosion of
the dunes and deflation of the beach. This storm was followed by a
moderate northeaster on March 6 - 9, 1989, which caused further erosion of

the dunes and scour in front of portions of the bulkheads. The March 10,



1989 survey shows the effects of the March 8 - 9 storm on the beach along
the study site (Figure 6c). Profiles 2, 3, 4, 5 and 6 are examples of the
effects of the March storm on bulkheaded and non-bulkheaded lots. Figure
7 shows bulkhead scour at profile 3 but not at profile 2. The "end"
effect is seen on profile 4, where a significant scour hole formed (Figure
8). Profile 5 is 80 feet south of the end of the surveyed bulkhead and
profile 6 is 560 feet south. It appears that the dune recession is
greater at profile 5 than at profile 6, indicating that profile 6 was out
of the "wave shadow" region for that particular storm (Figure 9). Scour
holes at bulkhead corners on profiles 4 and 9 are reflected in the
position of MHW. Subsequent to the storm non-bulkheaded beaches at
profiles 5, 6, 10 and 14 were higher and wider. Intertidal beach slopes
were reduced along the entire study shoreline.

After the winter storm season, much of the sand returned to the
subaerial beach along the study area (Figures 6c and 6d). Some of this
material was returned by beach bulldozing. The extent of this activity is
difficult to ascertain. Most of the new steel bulkheads were backfilled
with beach sand during their construction, thus taking additional sand out
of the littoral system. The trend of narrow backshore beach widths still
persist in front of the bulkheads, but there is also an overall return of
beach width up to August 23, 1989 (Figure 6e). On September 18 -19, 1989
there was a small northeaster, along with spring tides, which once again
deflated the beach and caused scour around the bulkheads (Figure 6e).

This was the last survey of the Sandbridge Bulkhead Impact Study.

The last parameter on Figure 6e is the mean value for the other four

parameters. Narrow backshore beach widths occur in front of each bulkhead

section relative to adjacent non-bulkheaded sections. Backshore beach
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elevations follow the same trend. The position of MHW is most landward in
central portion of the study area. The beaches to the south and north
increase considerably in width. South of White Cap Lane there is no
private development. Intertidal average beach slopes show no significant
average trend.

Discussion

It is apparent from this study that short term beach effects can be
attributed to the existence of bulkheads on the Sandbridge coast. Beach
scour and deflation are obvious around bulkheads after storms. As of
September 1989, over one-half of the 4.5 miles of shoreline had been
bulkheaded. The question at hand is what the long term effects of this
beach hardening effort will be. Figures 10a and 10b show the Sandbridge
shoreline from the air looking north along the study area on April 17,
1988 and September 20, 1989; before and after the steel bulkhead
construction. The September 20, 1989 shot shows very little "dry" beach
in front of the bulkheads at high water. If the historical erosion rates
in the region continue (i.e. > 1.5 m/yr.) and the bulkheads remain intact,
then Sandbridge will soon become a headland.

In nature, headlands are erosion resistant features that tend to
endure through time. The steel bulkheading at Sandbridge is not such a
feature and showed its vulnerability in the March 1989 storm. Although
not in the immediate study area, over 800 feet of newly installed bulkhead
north of the study site collapsed seaward. Soft peat and clays were
exposed and large rip features occurred in the beach in front of the
failed section. It should be noted that the March 1989 storm was only a

moderate northeaster.
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Large scale bulldozing of the beach and dune system at Sandbridge has

diminished the ability to distinguish between the natural in situ dunes

and man-made dunes. The winter storms eroded the beach and dunes to a
point where bulkheads were felt to be the answer to the problem.
Following a relatively short-lived period of modest protection, bulkheads
alone will be ineffective in halting erosion. Once the waves impinge
directly on the bulkheads, the offshore loss of sand during storms will
probably be exacerbated. The only shore protection remedy that is likely
to provide even interim term protection is large scale sand nourishment of
the entire Sandbridge reach (Wright et al., 1987). Once initiated, a sand
nourishment program would have to be continued indefinitely to maintain
the integrity of the beach.
Conclusions

Because of the short duration of this study, only limited conclusions
are offered. The most obvious effects of the bulkheads at Sandbridge
occur during storm events. These effects include increased loss of beach
material adjacent to, and in front of, the vertical structures. This is
evidenced by deep scour features in the adjacent beach. However, at this
point there is protection of the property improvements on the bulkheaded
lots. The non-bulkheaded lots also incur loss of beach. This often
causes exposure of septic tanks and results in property condemnation until
the damage is repaired. However, there was no evidence of beach scour.

After storms, there is natural and man-induced return of beach
material. Unfortunately, the position of the Sandbridge bulkheads
relative to MHW prohibit the occurrence of a truly recreational beach
seaward of the structures. Initially, the beach was the main reason

people came and built their cottages along the Sandbridge coast.
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The only reasonable course of action will be a beach nourishment
program. This would provide and maintain a protective and recreational
beach but would be expensive and ongoing. The source of the beach fill
would most likely come from the dredging of offshore sources.

Finally, it is recommended that a continual beach monitoring program
be maintained at Sandbridge to evaluate the changes in the shoreline
configuration. Offshore sur§eys are needed to determine the bar and
nearshore responses of the beach profile to the bulkheads. Long-term wave
gauge deployments are needed to assess the seasonal wave climate and
document storm events and how they force beach changes.
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Figure 1. Location map of Sandbridge study area.



5 ©
NP U U SR |
KR OMETERS

ISOBATHS N METERS

'z

ATLANTIC OCEAN

~
[

T =

Figure 2. Coastal configuration and bathymetry off southeast
Virginia and loctation of sectors and profiles

referred to in the this report (after Wright et al
1987)



ELEVATION (m)

ELEVATION (m)

A NORTH END OF VIRGINIA BEACH

T - Sector 304
5- ...... oCT 1984
T Y —— ocries
0_. ..... fm et cm cm tm tm tm e tm e e cm im e e cm o o o MSL
-5
4 i ' .
0 500
B NORTH END OF CROATAN BEACH
- Sector 276
5- ...... OCT1984
1 _—— ocrises
Lo T LNy gy R
h
-5
.
. ] ' .
0 500
DISTANCE SEAWARD (m)
Figure 3.

C . SOUTH OF DAM NECK

5 Sector 246

54

oCT1984
OCTI981

D SANDBRIDGE BEACH

- Sector 222
5 .. OCT1984
T — ocruse
[0 2 wsL
-5
h Y I -
0 500

DISTANCE SEAWARD (m)

Characteristic beach profiles, surveyed in 1981 and 1984.

at: (A) the northern end of Virginia Beach (sector 304)
(B Croatan Beach adjacent to Rudee Inlet (sector 276)
(C) just south of Dam Neck (sector 246); and (D) the southern

portion of Sandbridge Beach (sector 222).

Sector numbers

refer to positions shown in Figure 2. (after Wright et al.

1987)



310

CROATAN
BEACH

260
DAM
NECK

250

_ /d / r 24(?
-4
. 229,
VIRGINIA %0 gzﬁﬁ’g&%{fé{f?s 230
| :
BEACH ReAcH
290 220
\
| 280 210
RUDEE __ Yl
R —
INLET
270 200 /

SANDBRIDGE

190

& 180 <

|

240 170
FALSE
U SN P SRS S, P —
SANDBRIDGE LOSS | GAIN RETREAT |ADVANCE CAPE LOSS RETREAT | ADVANCE
T 1 i 1 L) LA LB r 1 LB 1 T 17 TT1
10-5 g 510 3 o 3 105 9 5 10 -3 ¢ 3
BEACH VOLUME SHORELINE BEACH VOLUME SHORELINE
CHANGE MOVEMENT CHANGE MOVEMENT
(mByr'm™) (myr ™ (myrm) (m yr™)
Figure 4. Alongshore variations in temporal changes in subaerial beach

volume (m yr'lm'l) and shoreline position, Based on VIMS
analyses of surveys conducted by the City of Virginia Beach
(after Wright et al. 1987)



Pikes La.——— 1 —_—

4 -f———dw

l

Angelfish La.— 6 —
o
o
& -
ie)
o)
iL
go!
cC
[s3]
7]
— 7 —
- 8 -
— 94—

Seascape Rd.+———10 —>

D
- N —
— 2 |—
+—13 4 —
+—u —
1 5 —
Whitecap La.

Figure 5. Profile locations for Sandbridge Bulkhead Impact Study



Oct 24, '88

, FIGURE 6a
Nov 10, '88 ------—- DISTANCE BASELINE BACKSHORE ELEVATION INTERTIDAL BEACH
Nov 21, '88 — — — , TO MHW (FT.) FROM MHW (FT.) SLOPE
Dec 07, '88-+=+-++ o 0 100 200 306 2 00 004 008 012 0% 020
I U LLLJ.]I_I_]_LL,!L,L,LL__LL],_LJJ]lIIllllll T | ISR SN SN SN TN VU S S U |
Pikes La.—{—~ 1 .: l—
] v

i

i1y
Q-
Y
3 :\\{:
—_— 4 A . '.> -
— 5 b — . (/ -
bR}
.
Angelfish 1a,4———— 6 —= Y
g :h
S - i
2 D
i :h
] . ".
C . [
3 : l:.
— iy

!
1

I
@
i
A

~

7

4 — 9 d l .

Seascape Rd.-} - - 10
- |

' .o°
- o ¢ -y
L DRSPS N
— /

T y 3 2}
,QJ* —
1
] [ - 2
- 1 e e o k.. ‘ _____
15 - \ .
Whitecap La, Figure 6a. Sandbridge Bulkhead Impact Study - beach

parameter change for Oct 24, Nov 10,
Nov 21, and Dec 07, 1988.



FIGURE 6b

Dec 21,'88 ——
jan 05, 82 '_":"_' BACKSHORE WIDTH DISTANCE BASELINE BACKSHORE ELEVATION INTERTIDAL BEACH
Faeg LZ- ,gg ........ (FT) TO MHW (FT.) FROM MHW (FT)) SLOPE
' 100 200 0 O 100 200 300 I I . }
u gs_x_u_l_x_u_l_l_a_a_n_LLx_a.u_Lu_LLJ_u_u_] u_LLLLLLL.LLLLLLLL.LLL_LLLLLLLL_LIJ . 1? 1 112 ol0 L 0?4 1 0?8 1 0112 1 OI‘G. 0i20
Pikes La.—f+—— 11 —_— l"f _ :m N — |____

!

]
W
v

PL AL T
- -
- bl T T,

-—5 —
Angelfish La. +———6 —» A _
i -
< /
B -]
el
O
w
gl
[ =
©
n
- 7 —
" Yy
o’
T 8 <\ —
LY
LY
—_———— 9 _.‘\
1 ]
Seas@ﬁd--_.._._ —- 10 —"-

Dec 21, 1988,

Sandbridge Bulkhead Impact Study - beach parameter change for
Jan 05, Jan 19, and Feb 02, 1989.

Whitecap La Figure 6b.



Feb 17, '89 —— FIGURE 6¢

rxlﬁar 10, '89 — BACKSHORE WIDTH DISTANCE BASELINE BACKSHORE ELEVATION INTERTIDAL BEACH
Aaf 21, 89 — — - (FT.) TO MHW (FT.) FROM MHW (FT.) SLOPE
pr 03, '89 - o 100 200 300 2 00 004 008 O.R 016
TN FRTEY SUTTE R NS E IR E | | ST VS W SUN W NN S B
U 7
Pikes La.——— 1 —_— _: —_
i — bl —
!
i S — /) —
— — { il =
Yt
Angeffish La|——— 6 — Wi
3 o
3 g1t
(e g1 I .
2
; kq/t

|

ovaa,
resessavesses”” Cteves

Whitecap La. Figure 6c. Sandbridge Bulkhead Impact Study - beach parameter change for Feb 17, Mar 10,

Mar 21, and Apr 03, 1989.



A S FIGURE 6d
Jun 01" '89 — — — BACKSHORE WIDTH DISTANCE BASELINE BACKSHORE ELEVATION INTERTIDAL BEACH
Jul 25 '8 +eeeene (FT.) TO MHW (FT.) FROM MHW (FT.) SLOPE
0 100 200 00 0 100 200 300 00 08 O O
IU NEYTTET TN UNUE FTURY ITENETTE | ?I?ITLiI?L? 1;'!2 |xo?410? 10110364())20
Pikes La—f—— 1 4 —= .:" N l: i |
. . L) _— - ——
; i/
g
i
A
i — [ —
i
- — | =
i
Angeifish La. - ey
—s ;
- I
3 1
8 i
o
(‘,)C“ %
— — th —
4 S y___
- , ———
Seascape Rd.- —
) NN
15 - -
Whitecap La - Figure 6d. Sandbridge Bulkhead Impact Study - beach parameter change for Apr 17, May 03,

Jun 01, and Jul 25, 1989.



Aug 23, '89 ——— FIGURE 6e

Sep 20, '89 --------- BACKSHORE WIDTH DISTANCE BASELINE BACKSHORE ELEVATION INTERTIDAL BEACH
M epan s all dates (FT.) TO MHW (FT.) FROM MHW (FT.) SLOPE
0 100 200 30 O 100 200 30C o 2 10 174 00 004 008 O 016 0.20
U [T FTTE SWT TS ST [TNN S IR |_L|“I|1_;_|_|||||_L|_L_,||||||L_L‘__L__LJ | S PR B [ WU W W W S NN SR N |
Pikes La.-— - ,: (N —_

/
1
|
1
\

Angelfish La.+- —— 6

, Sand Fiddier Rd

|

Seas(i_ai)_e-ﬁd__.__...__._ 0 —

Whitecap La Figure 6e. Sandbridge Bulkhead Impact Study - beach parameter change for Aug 23, Sep 20, 1989
and mean for all dates.



SANDBRIDGE
Profile no.s 03-02-04
40 — MAR1089

—-—_ Profile # 04
______ Profile # 03
30 |— Profile # 02

FEET

—10 T T T T T T T T 1 T T T
0 100 200 300 400
FEET

Figure 7. Post-storm profiles 2,3 and 4 for March 10, 1989.



40

30

20

FEET

-10

SANDBRIDGE
Profile no.s 04-03-05
MAR1089

_._. Profile # 05
______ Profile # 04
Profile # 03

100 200 300 400
FEET

Figure 8. Post-storm profiles 3,4 and 5 for March 10 1989,



SANDBRIDGE
Profile no.s 05-04-06

40 — MAR1089
4 —e—. Profile # 06
I Profile # 05
30 |— Profile # 04
20 —
FEET 7]

-
—

10 | | | |

0 100 200 300 400
FEET

Figure 9. Post storm profiles 4,5 and 6 for March 10, 1989.



A. April 17, 1988. B. September 20, 1989.

Arrows show location of Pikes Lane. Photos by VIMS.

Figure 10. Aerial photos - south Sandbridge looking north.




Table 1. Sandbridge Bulkhead Surveys, 1988-1989.
Total of 15 Profiles

Survey Dates Profiles Not Taken Wave Observations Survey Time
24 Oct 1988 WH=<0.5m Begin-13:00
WT = - End -17:35

10 Nov 1988 P-2 due to bulk- WH=<0.5m Begin-12:35
head construction WT = - End -15:29

21 Nov 1988 P-2 due to bulk- WH=<0.5m Begin-13:33
head construction WT = - End -16:00

07 Dec 1988 WH=<0.5m Begin-11:01
WT = - End -13:37

21 Dec 1988 WH=<0.5m Begin-10:15
Wl = - End -13:05

05 Jan 1989 WH=<0.5m Begin-10:50
' WT = - End -13:45

19 Jan 1989 WH=<0.5m Begin-10:50
WT = - End -13:26

02 Feb 1989 P-7 due to bulk- WH=<0.5m Begin-09:38
head construction Wl = - End -12:30

17 Feb 1989 P-7, P-15 due to bulk- WH = 1.5 m Begin-09:30
head construction WI = 7.3s End -11:50

10 Mar 1989 P-7, P-15 due to bulk- WH = 2.0 m Begin-09:05
head construction WIT = 8.5s End -12:45

21 Mar 1989 P-7, P-15 due to bulk- WH = 1.0 m Begin-11:35
head construction WI = 7.6s End -15:22

03 Apr 1989 WH=<0.5m Begin-10:17
WT = - End -13:05

17 Apr 1989 P-7 due to bulkhead WH=<0.5m Begin-10:34
construction WT = - End -13:00

03 May 1989 P-7 due to bulkhead WH=<0.5m Begin-10:27
construction WT = - End -13:00

01 Jun 1989 WH=<0.5m Begin-10:15
WT = - End -13:01

25 Jul 1989 WH=<0.5m Begin-09:30
Wl = - End -12:15

23 Aug 1989 WH=<0.5m Begin-09:30
WT = - End -12:15

20 Sep 1989 WH= 1.5m Begin-12:15
Wl = 11.7 s End -15:00

WH = wave height
WT = wave period



APPENDIX A
Sandbridge Bulkhead Impact Study

Profiles 1 - 15

Datum = 0.0 ft MSL
Tide Range = 3.4 Mean

Tide Range = 4.1 Spring
Storm Surge = +4.0 ft MSL
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