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There is an old Bedouin saying, "It is not every cloud that brings
rain." With less than three months having elapsed smce Iraq's invasion of
Kuwait, it isdifficult todraw any long-term conclusions just yet. Nevertheless,
we already know that everything is changed.

On 02 August 1990 the world was reminded that oil is the closest
thing we have to industrial oxygen (Figure 1). Looking at some of the macro
trends, we see that crude oil prices in the United States have been over
$40/barrel this month (Figure 2). Atthe same time, U.S. crude oil production
has fallen dramatically by2 million barrels aday (mbd) smce 1985, from over
9 mbdto about 7 mbd. The nation's dependence on foreign oil has increased
60% since 1985 and foreign oil now accounts for half of U.S. consumption.

The combined oil production of Iraq and Kuwait was approximately
4.8 mbd per day just before the embargo imposed by the United Nations
Security Council. The gross shortfall in world supply caused by the embargo
is about 4mbd. While other OPEC members may have the potential tomake
up for a temporary shortage of up to 3.5 mbd, from a policy standpoint it
seems unlikely that all countries will increase production to full capacity.

The Bush Administration's response to the supply shortfall can be
seen in Table 1, which shows 607,500 barrels per day savings under the
category of crude oil production increases and fuel switching, and another
530,000 barrels per day saved by means of conservation and efficiency
measures. Note that the Department of Energy's schedule refers to all these
items as savings.goals. None ofthe savings is guaranteed and they all require
time and a good deal of luck and volunteerism.

Going back to the decline in U.S. production, (Figure 4) what
everyone seems to be missing is the fact that there is absolutely no evidence
that this decline will cease. In fact, the current estimate is that we will lose
another 600,000 barrels per day of production in 1990, which will be only
partially offset by those savings on the Bush Administration's wish list likely
to come about.

Successive government administrations, the Congress, and the media
have missed the fact.that, had the invasion of Kuwait never occurred, we
would still have a ticking time bomb in our midst, namely, the rapid decline
in domestic oil production initiated in 1986 with the shutting in or
abandonment of marginal wells as the result of $15/barrel and lower oil
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prices. Put another way, during the past five years we have been creating the
domestic equivalent of the Iraq/Kuwait embargo.

Figure 5 shows that the current rig count in the United States of
around 1,000 rigs is not only well below the ten-year average of 2,500 rigs
running, but also well below the fifty year average of 1,800 for theyears 1940
-1989. Simultaneous with the production drop of 1986, therig count collapsed
(Figure 6). Given the inevitable lag effect, the impact of that collapse was
certain to arrive. It did, three years later in 1989, when domestic crude oil
production fell dramatically by600,000 barrels per day. This iswhy I think the
government's production projection for the 1990*s is excessively optimistic I
don't see how it ispossible to keep production essentially flat for seven years
when the number of rigs operating isbelow the fifty year average for all this
time. If one accepts the theory that 1989 was 1986 arriving, time-delayed, it is
not difficult to guess what the country has in store for 1990, 1991, and 1992
since the rig count for 1987,1988, and 1989 is now history. We need to plan
onsimilar production drops for thenext several years. In fact, themost recent
1990 domestic production figures only reinforce this fact. According to the
latest API figures, theU.S. oil production has finally slipped below 7 mbdand
has lost anadditional 400,000 barrels per day in the first sixmonths of 1990.
The United States will run out of oil if we are not drilling for it.

Government policy makers and themedia have failed to separate the
decline inU.S. oil production caused bythelow rig count from thenotion that
there are no more oil reserves to be found in this country. I'm sure you've
seen all the "no more oil" stories in the media in recent months The truth
isthat there is still a lot more oil to be found in the United States if we just
put rigs to work looking for it.

For example, if we look at the history of U.S. reserves found in the
past 125 years (Figure 7), we see that the average annual amount of oil and
gas equivalent barrels found in the past 25 years far surpasses those found in
the first 100 years, 2.23 billion barrels per year to 1.83 billion barrels per year
Also, the exploratory success ratio of 26.1% for the past eight years isbetter
than it was during the previous thirty years (Figure 8). Reserves added per
exploratory rig has been essentially consistent (Figure 9) and average oilwell
productivity in 1989 was only slightly less than it was in the years between
1947 -1989(Figure 10). Finally, drilling economics in constant dollars, i.e.the
cost to drill and complete a well in the United States, was less in 1989 than
it was in 1977 (Figure 11).

Finding and developing oiland gas has always beena tough business,
but there is nothing in all these figures to support the myth that the U.S.
should be written off as a mature, high-cost producing area and that we
should allow our domestic oil and gas business to die gracefully.
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The United States can never again beself-sufficient in energy (Figure
12), but there is much we can do tostem the tide ofrising imports ifwe have
rigs turning tothe right onshore and offshore. It is wishful thinking toassume
that, once the crisis in the Gulf is over, we will return to the halcyon days of
cheap foreign imports. For several years, oil analysts have been
underestimating growing world demand and overestimating OPEC capacity.
Also, the politics ofOPEC members abusing their quotas is forever changed.
My guess is that, however the situation with Iraq and Kuwait is resolved, we
are unlikely to see prices below $24 - $25 per barrel

From industry's perspective, it is difficult to comprehend how, as a
matterof national policy, Congress and the BushAdministration have chosen
to brush aside offshore petroleum resources asasource of additional domestic
supply when about half of thenation's remaining proven reserves are located
off our shores.

The paradox of President Bush's action on 26 June 1990, and the
action ofthe House Appropriations Committee on 1October 1990 extending
leasing moratoriums even further, is apparent in the Energy Information
Administration's recent report on U.S. crude oil reserves. While explaining
that, in 1989, U.S. proved reserves declined by 1.2%, or 324 million barrels,
the report said, "Crude oil discoveries have been relatively low, reflecting a
similar trend in exploratory drilling following the crude oil price collapse of
1986." The EIA report noted that most of the new field discoveries in 1989
were in the Gulf of Mexico offshore, which accounted for 93 million barrels,
or 83% ofall new discoveries! Need there be clearer evidence ofthe growing
importance of offshore oil and gas development? Yet, we have just placed
most of our offshore frontier areas off-limits to leasing for the next decade.
Some estimates indicate the potentially economically recoverable hydrocarbon
reserves intheareas removed from leasing onour East and Westcoasts could
be as much as 4 billion barrels of oil equivalent

If we should expect import increases of the magnitude of 500,000
barrels per day or more for the next several years, then we should also expect
import levels tobeatthe60 percent level sooner rather than later. What does
this mean for those of us involved in coastal issues?

In a nutshell, the problem is that our hydrocarbon delivery system is
designed around the assumption that we have a reliable base of around 8
million barrels of daily domestic oil production, and alike amount of domestic
gas production, coming from about 850,000 individual wells located in 29
different states. When we allowed domestic drilling to hit bottom, we forgot
that we have to build anew plumbing system in order tosubstitute imported
crude oil for domestic crude coming from avariety ofU.S. locations. Matthew
Simmons ofSimmons &Company International in Houston says, "In aword,
this is the coming domestic embargo, which triggers at the point that U.S.
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production sinks an incremental 100,000 barrels per day more than we have
the capacity to sustain this drop with imports." Mr. Simmons made a
fascinating presentation to the U.S. Department of the Interior's Outer
Continental Shelf Policy Committee at its meeting inAnchorage inMay, 1990.
If you have not read his analysis, you should.

I believe we are going to pay a heavy price for so cavalierly
disregarding our OCS oil and gas potential Later in the 1990's, the OCS
regulatory issues we have all struggled with will seem minor compared to the
issues inwhich state regulators and conservation organizations will beinvolved
as the result of rising imports.

Think of the import process as a series of links ina chain beginning
with tankers and product carriers. After tanker transportation comes the
offloading link in the chain, which includes lightering berths, offshore
terminals, and dockside unloading facilities. After this comes onshore storage
tanks. Then, the right type ofrefinery capacity at water's edge, and finally, the
pipeline systems needed totake crude from the few harbors presently capable
of receiving imports to the 40% of our U.S. refineries that are not located on
water.

As MatthewSimmons points out,whileprecise data on eachof these
links is hard to obtain, the data that are available indicatethat all these links
are near the limit of their capacity. More will have to be built.There willbe
more oil spills from the higher volume of tanker traffic. When the crisis
arrives we could see both a major effort to add import facilities and a costly
scramble for domestically produced crude oil. Congress and a large segment
of the public will blame the petroleum industry for inducing shortages to
increase prices. Industry will point the finger at the environmentalists for
keeping usout of the Arctic National Wildlife Refuge (ANWR) and the OCS
frontier areas. There will be plenty of blame for all of us to share, and if we
have the kind of mayhem I think we could have in the 1990's, I am not sure
any of our interests will beserved bymaintaining thestatus quo as far as OCS
development is concerned.

As a result of recent Presidential and Congressional actions limiting
access to offshore lands, threats of increased taxes and expensive political and
regulatory failures such as Point Arquello in California and Mobil's Manteo
project offshore North Carolina, the U.S. offshore petroleum industry is
rapidly becoming more internationally-oriented.

To give youanexample of howquickly the pace of foreign investment
byU.S. oil companies isaccelerating, Salomon Brothers found initsJuly, 1990
survey that budgeted increases in international exploration and production
expenditures far exceed the projections made just last December. The 65
companies in Salomon's survey, including independents and majors, nowplan
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a 24.7% rise in their 1990 expenditures compared with a 12.6% increase
forecast by the same companies in December. Sixty percent of the total
activity will be outside the United States. When I asked an oil company
customer the other day if he expected this trend to continue next year, he
replied, "You have just seen the tip of the iceberg."

As the difficulty of conducting exploration and production in the U.S.
grows, foreign governments have madesignificant policy movesto attract U.S.
exploration and production investment. Since the oil price collapse in 1986,
more than 25 countries have made changes in royalties, taxes, and contract
terms which recognize the high costs and risks involved in petroleum
exploration and, in onewayor another, reduce the government's take.Foreign
governments, unlike our own government, realize that one of the realities in
the world petroleum arenais that governments must compete with each other
for the finite capital of the petroleum industry. The high utilization of drilling
rigs and the tremendous level of activity now going on in the U.K. sector of
the North Sea is proof of the British government's ability to fine tune and
adjust taxes and incentives to keep the industry moving forward with
exploration and production in the North Sea. While some in the U.S.
Congress criticize the petroleum industry, the British Energy Minister speaks
of our industry as a national asset and a good, responsible neighbor; and
moreover, says openly that Britain intends to have London replace Houston
as the world energy capital.

Manyof ourmost technically advanced offshore drilling rigs, including
those capable of drilling in a zero discharge mode, are leaving the U.S. for
foreign waters where theyaremorewelcome. It is not an exaggeration to say
current U.S. government policy is driving exploration and production away
from the United States. Our current energy policy, which can be summed up
as a reliance on cheap imported oil, is now being tested by the crisis in the
Middle East. To date, the response of Congress and the Administration
ignores reality. Solutions like increasing the air pressure in the tires of our
cars just will not do the job alone.

Virtually all opposition to offshore drilling in the U.S. grows out of
environmental concerns. Yet offshore production throughout the world is
.rising to the point where it is now responsible for 25% of the world'soil, and
there is no evidence that these operations are having any long-term,
measurable negative impact on our oceans and seas. In fact, exploration,
drilling, and producing operations create less pollution in our oceans than
river runoff, atmospheric phenomena, municipal discharges, marine
transportation, and even natural seeps. Isn't it time we rethink our blind
opposition to drilling on the U.S. Outer Continental Shelf?

The combined decline in U.S. oil production in 1990and 1991 alone
will be well over one million barrels, with that trend almost certain to
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continue. What happens when our oil trade deficit exceeds $100 billion?
Money used to buy foreign oil can be better used building a strong economy
at home. Foreign credit used to finance much of our economic expansion in
the 1980's will not be as available in the 1990's because there will be too much
competition for this investment internationally. Investment alternatives in
Eastern Europe and better markets in Asia will lure German and Japanese
investment away from the United States. For this reason, rising interest rates
could be the order of the day in the U.S. in the 1990's.

A number of energy mega-projectsoutside the U.S. will demand huge
amounts of capital in the years ahead. For example, before the Kuwait
invasion, OPEC President Subroto said in Houston that it would take $60
billion of investment to boost OPEC production in the 1990's to meet
anticipated world demand. A large part of this demand will come from the
rapidly growing Pacific Rim. We will need more tankers and LNG ships.
Analysts say that $25-$30 billionwillbe investedin LNG projectsand another
$10-$15 billion in LNG ships. A recent worldwide survey of oil company
operators indicates that a total of 718 new potential offshore oilfields outside
the United States have been marked for development during the years 1990
to 1995.

There are tremendous economic forces at playwhich willhave a great
impact on U.S. competitiveness in the global economy of the nineties. Energy
will play an important part in this competition, and so far we seem oblivious
to this fact. At some point, sooner rather than later, it will become apparent
that in the national interest, we can no longer put off frontier OCS
development until after the turn of the century. When that happens, we will
have no choice but to work together.

The environmental record of the offshore petroleum industry is a
good one. I believe that, sharing our technical and engineering data with
coastal regulators and conservationists, our industrycan develop more public
confidence about the safety of our operations. U.S. offshore technology is
being used to develop offshore oilfieldsthroughout the world, and it is really
sophisticated and exciting when you get into it. Indeed, we should be proud
of this technology as a preeminent American product. I am convinced that
economic changes will soon change the politics of the offshore oil issue and
that all of us will be required to respond to that change. When this occurs, I
am confident that, working together in good faith, we can develop more
energy resources on our continental shelf while at the same time taking all
precautions to preserve our other coastal resources.
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. BUSH ADMINISTRATION
, ;<)IL OFFSET INITIATIVES
f • '"rtSavings toBarrels j>ct Day) ;£•- : - -.

CRUDE OL PRODUCTION/FUEL SWTTCHtNG
Savings

Measure Goal'

bweasedPrudfioe Bay Production 100000
New Alaska Produetiorf 100*000
CaHomia Heavy Oil Production 100000
Point Arguetlo Produclion 7s'ooo
Increased State Allowance 30000
Increased National Petroleum Reserve

Production 5000
Utility/Industry Fuel Switching 100000
Natural Gas PipeSne Projects ss'ooo
Greater "GasohoT Use i<j000
President's OilandGas '

Tax Incentives 32,500

TO™- 607,500

Additional contemplated measures include dispalch oloil-
fired generation, accelerated useof alternative fuels and
waste-to-energy permitfing,

EFFICIENCY MEASURES
Savings

Measure Goal'

Better Driving Techniques 120,000
Proper Toe Pressure 50000
Car Pool/Van Pool go'ooo
IftffityflndustriaJ Conservation 7S.000
CompBanee with Speed Limit 50.000
Use of Lower Octane Gasoline 50000
03Burr«Tttte4Jp/Rerjlaeement 45000
Used More Efficient Car 40,000
Federal Energy Conservation 10*000

TOTAL S30>000

'By December 1991.
*Mafcuk andPoint Mdntyre fields.

Figure 3
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Neat-shore Berm SiteSelection and Construction: South Padre Island, Texas

T. Neil McLellan

U.S. Army Engineer Waterways Experiment Station

Abstract

The high cost ofbeach protection has led many coastal zone planners
to investigate effective lower-cost alternatives for shoreline stabilization. One
method currently being investigated by the U.S. Army Corps of Engineers is
the use of dredged material to construct nearshore berms to protect the
shoreline and augment the beach profile. Several projects have recently been
completed and are currently under study. One nearshore berm has recently
been constructed off the Gulf Coast of Texas near South Padre Island. The
berm was constructed using sandy dredged material from the Brazos-Santiago
Pass Channel and placed downdrift of the channel. An extensive site selection
process was used to determine the most effective site to use. Site selection
was critical to ensure cost-effective construction, aswell asaneffective berm.
Currently, a monitoring program is being undertaken to evaluate the berm's
effectiveness in augmenting the existing beach profile. The monitoring plan
includes bathymetry, sediment sampling, and seabed drifter (a bottom trailing
drogue) releases.

Background

Beach nourishment can be an effective method for augmenting,
protecting, and repairing a beach. The placed material also provides storm
and flood protection to the back beach area. To date, most beach
nourishment projects involve placing suitable material from the dune area to
the swash zone. The expense of this type of beach nourishment often limits
the quantity of material which can be placed on the beach. In addition, as
wave action redistributes the material throughout the active beach zone,
severe local erosion can occur. Within the last ten years, the construction of
several shallow-draft, split-hull hopper dredges has created the potential for
economical and effective placement of sediment in the nearshore area.
Placement in the nearshore area can be half the cost ofonshore placement
and can provide several of the same benefits. Two types of berms can be
constructed inthenearshore region-a stable berm designed toattenuate wave
energy, or a feeder berm placed to augment the beach profile. Which type of
berm to construct can vary depending on factors such as wave characteristics,
type of material, equipment availability, and overall berm intent.

Beach quality material placed within the littoral system can benefit
the shoreline by providing additional material in the beach profile. The
material has the potential for mitigating erosion problems by providing a
sacrificial source of sediment, a sill to reduce the movement of material
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offshore, asource of sand for downdrift areas, and, during times of accretion,
provide a sand source for the beach profile. Feeder berm erosion rates will
depend onwave climate, sediment grain size, depth of placement, andmound
dimensions. By calculating andmonitoring the erosion rates, the berm canbe
nourished at appropriate intervals to provide a continuing source of sand. In
the case of artificial beach nourishment, Bruun (1988) has described the
importance of placing material offshore to nourish the beach profile. Since
grain size normally decreases with distance offshore, placement of
suitably-sized material at the proper depth will increase stability and reduce
costs comparedto similarmaterialplaced on the beach. Whatever the desired
objectives, theproper equipment, location, and placement techniques must be
selected.

Early attempts at beach nourishment through offshore placement
were not successful (McLellan 1990a). However, with the advent of
shallow-draft, split-hulled hopper dredges inthe1970's, the feasibility of using
conventional dredging and placement practices for berm construction became
a reality. Several projects have recently been completed by the U. S. Army
Corps of Engineers demonstrating berm construction with conventional
equipment. In addition, several projects have been completed outside the
United States with a high degree of success (McLellan 1990b).

Although several projects have been constructed, additional
site-specific guidance is required for site selection, construction, and
monitoring. Site selection can be aided by examining long-term sediment
transport trends. Bycollecting site-specific data about local inlets, bathymetry,
structures, and anomalies that may effect sediment transport, an
understanding of the area canbe acquired. Care must be taken to insurethat
the placement site is far enough downdrift ofan inlet sothat sediment moving
off the berm is not trapped by the jetties or returned into the channel. This
must be accomplished while maintaining minimal travel distances for the
operating dredge. To better define a berm construction location for
Brazos-Santiago Pass, Texas (Figure 1), a field study was designed and
conducted for the downdrift side of the jetties (McLellan and Burke, 1988).
The field study utilized seabed drifters (SBDs), supplemented by additional
instrumentation and procedures, to delineate nearshore flow patterns in
December, 1987. Approximately 1 year later, a nearshore berm was
constructed using material dredged from the Brazos-Santiago Pass Channel.

Berm Site Selection

Brazos-Santiago Pass (BSP) Inlet is located just north of the
Texas-Mexico border on the southern tip of Padre Island, Texas (Figure 1).
Early attempts to maintain a navigable channel at BSP were unsuccessful
(Morton andPieper, 1975) untilthe construction of the presentjetties in 1935.
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The entrance channel is maintained at a -38 ft depth and a 300 ft width.
South Padre Island has a history of erosion with exception of the extreme
southern tipof the island located next to the BSP jetties. Historical evidence
developed by Morton and Pieper (1975) shows that the predominate littoral
drift in this area is to thenorth but seasonal reversals occur during the winter
months (October-February). Tides near south Padre Island are predominantly
diurnal with a frequent superimposed semidiurnal component which produces
two low waters of different elevation each day, resulting in a mixed cycle.
Winds are predominately south-to-southeast throughout the year with the
exception of December, whenwinds are predominately north-to-northwest.

The water depth at which sediment is an active part of the littoral
system is dependent on wave height and period, and sediment composition.
The complex littoral system extends from the back beach and dune to some
distance offshore. The distance offshore is depth-dependent; determination
of that depth will provide a boundary for the active portion of the beach
profile where sediment may be introduced into the littoral system.
Hallermeier (1981) utilized lab data to develop an equation to predict the
depth at which significant amounts of sand are moved and can be considered
part of the littoral system. The Hallermeier equation estimates the maximum
depthatwhich changes in thebeach profile occur for large stormevents based
on the wave period and the significant wave height which is exceeded 12 hrs
a year. Using the significant wave height and period from the Wave
Information System, a20-year hindcast data base (McAneny 1985), the depth
of closure for the south Padre Island area is estimated at 28 ft.

One thousand and seven hundred bright orange cap and stem
Woodhead-type SBDs were released at9offshore stations for theBSP project
(Woodhead and Lee, 1960). SBDsare inexpensive, disposable bottomcurrent
trailing drogues that can be used in all types of marine conditions and can
reflect integrated bottom current paths and unobstructed sediment transport
paths. All the SBDs carried an attached extremely durable, sequentially
numbered, self-addressed polyvinyl chloride (PVC) return card which asked
specific questions on return time, date, and location and had a map for easy
recovery location identification. Six locations were identified to evaluate
potential berm construction sites and two locations were identified to evaluate
drift patterns of the historical and proposed dredged material disposal sites.
The ninth station was placed in the surfzoneto establish SBD drift patterns
when the SBDs entered the surf zone. Economical haul distance for a
dredging operation at BSP was determined to be 3 miles and loaded draft of
thevessel was at least 20 ft (Medina, 1987, personal communication). Release
sites for the berm were therefore limited to within three miles of the jetties
in a depth of at least 20 ft. Stations to determine the berm construction site
were located approximately 1, 2, and 3 miles from the jetties approximately
1/4 to 3/4 miles offshore on the 20 and 28 ft contours.
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As of the writing of this report, 801 (47%) SBD cards of the 1700
released have been returned, withthe sixpotential construction sitesreturning
an average of 50% of those released. Seabed drifter returns ranged from
approximately 18 miles north of the BSP jetties to 20 miles south of the
jetties. In general, recovered drifter moved northward an average of 4 - 6
miles from their release locations. The closer to shore the drifters were
released, the greater the percentageof recoveriesand the shorter the distance
traveled along shore. All drifters wererecovered northof the jettieswith the
exception of 10drifters collected in the bay or southof the jetties. These 10
drifters were from release sites located one mile from the jetties and are an
indication of the current influence caused by the inlet/jetty.

SBD returns from the 6 longshore locations suggest that the berm
needs to be constructed at least 1 mile north of the jetties. A berm
constructed closer to the jetties may be equally successful but sediments
moving off this berm stand a higher chance of returning to the channel or
being trapped by the jetty. In addition, the historical wave data indicated that
the berm should be within the 28 ft contour and that late winter/early spring
was the best time for construction to take advantage of seasonal current
reversals.

Berm Construction and Monitoring

As shown in Figure 1, the berm construction site was approximately
1 mile north of the jetties, located 1/4 to 3/4 miles offshore. Prior to
construction, a pre- andpost-construction monitoring plan was established for
the BSP berm. The monitoring plan included bathymetric surveys, beach
profiling, sediment samples, diver cores, releases of SBDs and collection of
Littoral Environmental Observation (LEO) (Schneider 1981) to determine
wave characteristics. Pre- andpost- construction surveys areto determine the
overall size and shape of the berm and measure berm changes with time.
Beach profileswill document anychanges whichoccuron the beachface itself
andthe sediment samples will provide information on the sediment migration
in the area. Diver-collected cores can provide information on the depth of
movement vertically into the sandy bottom. Additional releases of SBDs
provide a continuing data base for nearbottom currents.

North American Trailing Company was awarded the contract to
dredge 750,000 yd3 ofsand from the BSP entrance channel The split-hulled
hopper dredge MANHATTAN ISLAND performed the dredging beginning
in December, 1988. The MANHATTAN ISLAND has a 19 ft loaded draft
and a3600 yd3 hopper. Approximately 1/2 the total dredged quantity was to
be placed in the berm site, with the remainder beingplaced in the designated
disposal site directly north of the channel. To limit exposing the dredge
broadside to waves during highenergy events, the actual placement times and
volume were left to the discretion of the dredge captain. Due to a relatively
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stormy season, only 173trips to the site were made, resulting in the placement
of 220,000 yd3 of material.

To ensure beach quality material was placed into the berm site,
periodic sampleswere collected from the hopperdredge. Mean grain size of
beach samples collected ranged from 2.40-2.62 phi, a fine sand typical of
Texas beaches (Folk, 1980). Material from the hopper ranged in size from
3.08-3.15 phi, indicating fine to very fine sand. In addition, to determine the
effect of the mound on offshoreresources, sampleswere collectedbefore and
after placement in the berm construction area. Prior to berm construction,
offshore phi sizes were 3.13-3.89, very fine sand. After placement of the
dredged material, grain size increased to 2.6 phi in the vicinityof the berm.
This shift to a coarser grain size was not evident in other samples collected
in the vicinity of the berm offshore, but outside of it's influence. The higher
quality beach material in the vicinity of the berm is most likely due to
winnowing of the finer-grained fraction of the sediments during the berm
placement operation.

Although analyses are continuing on the collected data, some
preliminary results are available. In addition to the pre-construction survey
in December, 1988 and post-construction surveyin January, 1989, surveyswere
conducted in March and June, 1989. Additional surveyshave been done and
are being analyzed. Comparison of the pre- and post-construction surveys
indicate the berm rises to +4 ft above the natural bottom and is

approximately 3500 ft long. The berm is a shore-parallel feature constructed
on the 26 ft pre-construction depth contour and contains approximately
190,000 yds3 ofsand, slightly below the hopper estimates of 220,000 yds3 but
within the accuracy of the bathymetric surveys. Figure 2 shows that,
subsequent to placement, during the winter months (January-March, 1989),
the berm moved approximately 300 ft shoreward. Historically, this is the most
energetic time for the area and the maximum movement can be expected.
From March to June, with lesserenergy in the environment, the berm moved
little. Preliminary indications are that the berm is moving as a bar directly
towards shore, not in the longshore direction. There has been some erosion
of the peak elevations, but there is still a well-defined feature evident. The
berm is expected to continue migrating towards shore as a bar, until it
encounters the naturally forming bar,between the 14 to 18 ft contours. It will
then become assimilated into the littoral system and, from a monitoring
standpoint, become indistinguishable from the natural system. Additional
monitoring and analyseswill determine the final result.

Summary

The U. S. Army Corps of Engineers Galveston District and the
Waterways Experiment Station's Coastal Engineering Research Center
cooperated on a project in the Gulf of Mexico nearthe Brazos-Santiago Pass
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inlet to delineate nearshore flow patterns and evaluate possible sites for
construction of a nearshore berm using dredged material. The project
incorporated the release of bottom trailing drogues called seabed drifters,
collecting sediment samples, and reviewing historicalwind and wave data. A
site approximately 1 mile north of the jetties was selected for berm
construction. Approximately 220,000 yd3 of sandy dredged material was
placed as a nearshore berm. An extensive monitoring plan evaluated the
berm's effectiveness. The berm's maximum elevationwas +4 ft above existing
bottom elevations and the berm was3500 ft. long. Sediment samples from the
dredge and the berm site indicated that the finer fraction of the dredged
sediment was winnowed out during the placement operation, leaving a higher
beach quality material. The berm has been moving as a bar shoreward during
the first five months of its existence and is expected to continue its shoreward
migration until it is assimilated into the natural occurring bar system.
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Distribution Analysis or Heavy Minerals on the Inner Continental Shelf of
Virginia

Hakan Ozalpasan
Virginia Institute of Marine Science

Abstract

Based on analysis of the 3-4 phisize (very fine sand) fraction of 129
surficial heavy mineral samples, three different local source areas of heavy
minerals were identified using Q-mode factor analysis. This area has a high
potential for heavymineral resources and is locatedwithin 15 km off shore of
the Atlantic side of the southern Delmarva Peninsula. The heavy mineral
analyses were concerned only with the movable, non-cohesive, upper layer of
benthic sediment (0-20 cm). Q-mode factor analysis was performed on the
heavy mineral data matrix, which consisted of 129 samples (observations) and
7 minerals (variables). A 3-factor solution accounted for 98.0% of the variance
in the entire set of data and provided a geologically suitable model. The first
factor (consisting mainly of amphibole, pyroxene, and epidote) indicated
Chesapeake Bay as a possible source for amphibole, and pyroxene;
concentrations of theseminerals decreased from inside the baymouth to off
shore. Thesecond factor (consisting mainly of zircon, garnet, and amphibole)
showed that the southern part of the bay mouth and approximately 4 km
southeast off Wachapreaque Inlet are potential sources for zircon andgarnet.
The third factor (consisting of mainly garnet, amphibole, and zircon) indicated
a bayward influx of sediments from the adjacent shelf, and also the eastern
shore of Delmarva Peninsula as a source for garnet, amphibole and zircon.
This factor may be an indicator of the southerly long-shore drift of the
sediments by current and wave action. Although 2-,4- and 5- factor solutions
were also applied to explain the regional variability and local source areas of
heavy minerals, a 3-factor solution was selected because better mathematical
results were obtained from this solution to explain geologically meaningful
distribution patterns.

Introduction

The heavy mineral associations in fluvial sedimentary sequences have
beenstudied asaguide to source rock lithologics, dispersal patterns, erosional
weathering, and tectonic history of their source area. Potentially economic
concentrations of placer heavy minerals have been reported in the inner
continental shelf deposits of the southern Delmarva Peninsula (Figure 1) by
Goodwin and Thomas (1973), Grosz and Escowitz (1983), and Berquist and
Hobbs (1988). The objectives of this study are: (1) to determine the regional
variations of heavy minerals in post-Wisconsinan sands of the inner shelf of
the southern Delmarva Peninsula; (2) to establish the locations andinfluences
of multiple local sources (if any) of heavy minerals; and (3) to review
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sediment transport pathways by examining distribution patterns of heavy
minerals along the area of interest.

Physical Setting

The study area is located along the Middle Atlantic Bight in the
vicinity of the Eastern Shore of Virginia, between latitude 37'00"N and 3749"
N, longitude 75*30" W and 76*10" W. It is about 50 km long and extends up
to 15 km offshore from the Delmarva Peninsula. Along the Atlantic coast of
the southern Delmarva Peninsula, tides are semi-diurnal and the mean tide
range is about 1.0 m (Harrison, 1972). Surficial sediments consist basicallyof
(1) greycolored, rounded, well-sorted fine sand and (2) poorly-sorted, rich in
shell, medium-to-course sand (Nichols, 1972). The coastal plain strata dip
gently eastward and unconformably overlay Precambrian to Triassic Age
crystalline rocks (Shideler et al., 1984). The circulation of shelf water off
Virginia's coast causes a significantbottom drift of shelf sediments. Although
there are areal and seasonalvariations, this drift tends to move southwesterly
and causes large amounts of surficial sediments to move (Harrison et al.,
1967). The geology of the mainland adjacent to the study area has been
described by Mixon (1985). He found the unconsolidated, Quaternary sand,
gravel, silt, clay, and peat deposits (2-60 m thick) unconformably overlay
approximately 100m-thick, more consolidated,upper Tertiary glauconiticsand
and clay-silt deposits in the surface and subsurface sediments of the southern
Delmarva Peninsula.

Methodology and Data Analysis

Laboratory Techniques

In this study, the heavy mineral analysesare concerned only with the
mobile, non-cohesive, upper layer of benthic sediment (about 0-20 cm). One
hundred twenty nine samples (13 core and 116 grab) were selected for the
particular area of interest (Figure 2). Only the top portion (0-20 cm) of the
core samples was analyzed.Recently, a detailed report has been published by
Berquist and Hobbs (1988), explaining the spiral, heavy liquid and magnetic
separation, concentration, and sample preparation of the heavy mineral
samples used in this study. As an average, 0.75 g of each concentrated heavy
mineral sample was sieved to obtain the 3-4 phi (0.125-0.063 mm) size
fraction. The 3-4 phi (very fine sand) size fraction was chosen to eliminate
variations in concentrations due to selective sorting of minerals. Small
amounts of recovered heavy mineral samples (about 0.2 g) were mounted on
glass slides by using Caedax medium as a glue (R.I.= 1.56). The slides were
point-counted under a petrographic microscope to estimate the abundances
of 17 transparent minerals as well as opaques. More than 200 transparent
grains (average 210) were identifiedalongthe random line traverses on each
slide. The abundances of each mineral in each sample were calculated as the
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grain percentage. Seven minerals were chosen to apply Q-mode factor analysis
among the 17 transparent minerals by Principal Component Analysis
(Berquist, 1986; Davis, 1986): zircon; sphene; amphibole; epidote; staurolite;
pyroxene; andgarnet. Finally, based on the abundances of 7 transparent heavy
minerals and 129 samples, the raw-data matrix was ready to apply Q-mode
factor analysis.

Q-mode Factor Analysis

In this study, an advanced mathematical procedure, Q-mode factor
analysis, was performed to find the most compositionally-extreme samples
(end-members) in the data set,which mayrepresent potential source areas of
heavy minerals. As heavy minerals arrive into a basin from various sources,
they are mixed into new proportions. If this is an ancient system and we are
relying on core samples, and ourobjective is to find the sources of theseheavy
minerals, we would not know how many sources (end-members) there are.
Q-mode factor analysis has the potential of finding these end-members
(Berquist, 1986). The results of Q-mode factor analysis indicate how much of
eachend-member (factor) is present in each sample. Once a suitable number
of factors hasbeen determined, composition gradients for each end-member
canbe established by contouring the percentage of the factor in each sample
(Hobbs et al., 1986). The resulting distribution patterns suggest sediment
transport directions. In this research, 3 advanced computer programs were
used to analyze multi-variate compositional data: (1) CABFAC wasdeveloped
by Klovan and Imbrie (1971); (2) QMODEL was written by Klovan and
Miesch (1976) to extend the capability of the CABFAC program; and (3)
EXQMODEL (Extended QMODEL) was revised from the QMODEL
program by Full et al., (1981). The Extended Q-model program defines the
compositionally-most extreme samples, which are considered end-members.
In QMODEL and EXQMODEL, the oblique solution was selected (yielding
real samples as the extreme end-members) by selecting the Option-3.

Results and Discussion

The 3-factor solution accounted for 98.0% of the total compositional
variation of samples, showed high communalities (average communality was
0.97) and high diagonal values on the extreme normalized sample loading
matrix, gave high coefficients of determination, and provided the most
geologically suitable model, because there was no redundancy in either
composition or location of the end-membersamples aswasseen on the 4- and
5-factor solutions (Figure 3).The 2-factor solution wasrejected because only
963% of the compositional informationwasexplained and sample projections
(factor loadings) were interdependent(when loadings on one factor increased,
loadmgs on the other factor decreased). Factor 1 is composed mainly of
amphibole, then pyroxene and epidote (Figure 4). As it shows easterly
(offshore) decreasing concentrations of heavy minerals southwest of
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Fisherman Island,this could be an indicationfor the offshore transport of bay
originated amphibole, pyroxene, and epidote. High concentrations of
amphibole and pyroxene northeast of Smith Island are most probably related
with the troughs of the sand shoals, as Goodwin and Thomas (1973) and
Rowland (1988) mentioned. Factor 2 is composed of mainly zircon, then
garnet and amphibole (Figure 5). The concentrations of these minerals
decrease seaward. This indicates that erosion of the Eastern Shore and its
tributaries.and of the channel-levee systems between barrier islands,
(especially by the winter storms) may be local sources for zircon and garnet
as can be seen off Parramore Island (Rice and Leatherman, 1983). Factor 3
is rich in garnet, and also includes amphibole and zircon (Figure 6). This
end-member is located about 3 km southeast of Fisherman's Island. It shows

high concentrations of garnet and amphibole around the bay mouth area that
decrease westerly (bayward). This might reflect a bayward influx of adjacent
littoral and shelf sediments by coastal erosion as Berquist (1986) suggested.
Factor 3 indicates a high concentration area about 5 km north east of Quinby
Inlet. These more mature minerals like zircon and garnet might be derived
from Delaware Bay estuary, the northeastern part of Delmarva peninsula,
and/or sand-shoal deposits around Quinby Inlet. The composition gradients
of Factor 3 are spotty, but show a possible tendency to decrease in a southerly
direction. Consequently, southward transport of inner shelf sediments along
the eastern shore of the Delmarva Peninsula may be suggested. The patterns
are slightly different around the bay mouth. Higher concentrations of garnet
and amphibole off Fisherman's Islanddecrease bayward. Therefore, isopleths
of the 3-factor solution show a tendency of sediment movement into the bay
around Fisherman's Island.

Summary and Conclusions

The mathematical resultsand geological interpretations of the factor
maps of 129 surficial samples of heavy minerals taken from the inner
continental shelf off the southern Delmarva Peninsula indicated three different

heavy mineral associations. Factor 1 suggested off shore movement of
amphibole, pyroxene, and epidote mineral associations originating in
Chesapeake Bay. Factor 2 provided a relatively homogeneous distribution
pattern, but suggested Chesapeake Bay and an area approximately 4 km
southeast of Wachaprcaque inlet as potential sources for zircon, garnet, and
amphibole. Factor 3 showed a landward sediment transport from the shelf
adjacent to the bay mouth and from approximately 5 km southeast of Hog
Island.

In conclusion, heavy minerals on the inner continental shelf of the
southern Delmarva Peninsula exhibit regional variations under the effects of
modern hydrodynamic processes and circulation patternsof continental shelf
waters. Their concentration isopleths tend to parallel the present coastline.
These regional variation patternsare producedby sediment dispersal from (1)
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the northern Delmarva Peninsula due to southerly longshore transport of
sediments, (2) barrier islands of the Delmarva Peninsula, especially from
sandy beaches and inlets along the coastline by the effects of severe winter
storms, (3) relict, reworked, possibly Pleistocene age more mature inner
continental shelf sediments, associated with linear offshore sand shoals, and
(4) Chesapeake Bay sediments deposited during the post-Wisconsinan time
interval. Results of this study may have the potential to help answer many
questions relevant to future explorations of economic placer deposits, the
preservation of beaches andwetlands, sediment budget investigations, and an
understanding of estuarine and near-shore sedimentary processes along the
inner continental shelf of Virginia.
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Figure 1 Index map of the study area on the Atlantic coast of
southern Delmarva Peninsula. inset map shows Delmarva
peninsula between Delaware and Chesapeake Bay estuaries
(from Harrison, 1972).
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Figure 4 contour map of sample composition loadings on Factor 1.
Factor 1 is sample 166 and located at the southwestern
part of the interest area (not shown in this figure).
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Figure 5 contour map of sample composition loadings on Factor 2.
Factor 2 is sample G84 and located at the southernmost
part of the interest area (not shown in this figure).
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