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The Rotary Scroll Collector
by

Alan E. Belcher
INTRODUCTION

THE MANOMETRIC PUMP

The rotary scroll collector provides a novel approach to the

The earliest literature referring to the simple manometric

recovery of spilled oil and other surface pollutants. In addition
to its inherent simplicity, the rotary scroll collector offers sig

pump, described as a screw or spiral pump, appears in "The
Cyclopaedia"3 and "A Descriptive and Historical Account of

nificant advantages over conventional recovery methods. 1•2

Hydraulic and Other Machines for Raising Water."4 Both refer

These advantages include a greater tolerance of waterline fluc

ences attribute the invention of this pump circa 1746 to Andrew

tuations at the point of collection, free and unobstructed passage
of fluids and solids through the system, extremely low sen

Wirtz, a Zurich pewterer.
Alan E. Belcher invented a similar pump in 1972 which

sitivity to debris and other solids, absence of agitation or mixing

applied the same principles of operation. Neither Belcher-nor,

of fluid interfaces, exceptionally high flow rates of water and

for that matter, the United Kingdom Patent Office-discovered

pollutant, effectiveness with pollutants ranging from light li

the evidence of Wirtz's work and U.K. Patent #1427723 was

quids to globulates and solids, and water column collection to a

subsequently granted in 1976. Belcher did not learn of the
existence of the Wirtz pump until December 1985 after ex

substantial depth.
The rotary scroll resembles a horizontal cylindrical tank with

changing correspondence with Alan Stuckey, a retired re

a single lateral opening along its entire length and a diameter

searcher formerly with the University of Salford and coauthor

equal to twice the maximum expected wave height. The
cylinder is submerged to approximately one-half its diameter in

of the paper ''The Stream-powered Manometric Pump."5 An
unpublished paper by Belcher, circulated to selected individuals

the water or sea to be cleaned; the skimming width is equal to
the length of the cylinder. The rotary scroll collector is a direct

in early 1973, described the principles of operation of the
hydrostatic pump, as it was known at that time. This document

derivative of the manometric pump. This might suggest that the

inspired the major portion of a dissertation submitted by Dr.
Rudolf E. Ohlemutz6 towards his doctoral degree in engineer

collector works by aspirating seawater and pollutant, but this is
not the case. Due to the unique way in which the fluids enter all
types of manometric pumps, including the rotary scroll collec

ing. The dissertation was published in May 1975. Belcher's
paper also served as a basis for Stuckey's paper "The Stream

until they are completely enclosed within the pump structure.

powered Manometric Pump."7 In 1979, Dr. Peter R. Morgan
invented a pump closely resembling the original Wirtz pump

The rotary scroll collector is a true positive displacement, low

and published his findings under the title "A New Water Pump:

head, high volume pump.

Spiral Tube." Dr. Morgan had no knowledge of the prior
inventions of Wirtz and Belcher and, as mentioned in his first

tor, the fluids remain stationary and at atmospheric pressure

The potential for applying the manometric pump to oil spill

8

cleanup was anticipated from the earliest days and, in fact, this
particular application is cited in the original patent literature. It

publication, his "searches through the relevant literature failed

is very important to gain a clear understanding of how the
collector works as a pump before considering the operation of
the scroll in its normal role. It is therefore advisable to set aside
all thoughts of oil spill recovery and concentrate, instead, on the
theory and practice of the basic manometric pump. The follow

As far as can be ascertained, the research work and practical
10 11
applications undertaken by others since 19729 • • .12 .1 3
derived from these three inventions. All these efforts were
based on the simple type of manometric pump. (The term
"simple" is taken here to mean a manometric pump comprised

ing sections refer to various types of manometric pumps as
applied to irrigation and other water pumping operations. How

of one or more coils operating in parallel which deliver alternate
amounts of water and air, i.e., there is no provision for extract

ever, the hydrodynamics involved and the various equations

ing and recovering the energy from the unwanted fluid).

to reveal a similar arrangement."

developed are directly applicable to the rotary scroll collector.

4
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manometer consists of a transparent tube formed into a U and

The pumps of Wirtz, Belcher and Morgan apply the same
principle of operation, but the latter two embody improvements

partially filled with a sealing liquid, usually water or mercury

over Wirtz's original invention. Dr. Morgan's version makes

(Fig. 1a). To measure the pressure of a fluid it is necessary to

use of light-weight modern materials and uses a tubular water

know the specific weight of the sealing liquid. One of the

collector which is probably more effective than the "spoon"
collector described in the earliest literature. Belcher's pump

vertical limbs of the U-tube is then connected to the fluid to be

differs most from the other two. In this case the pump is sub
stantially submerged in the fluid to be pumped and buoyancy

pressure difference between the fluid and local atmospheric
pressure will cause the sealing liquid to be displaced from the

chambers are provided to make the unit essentially self-support

source of the highest pressure until hydrostatic equilibrium is

ing to relieve excessive bearing loads. The ratio of water to air

reached. The pressure sustaining the displacement is the

is controlled by the depth of submergence and the need for a
special water collector is eliminated entirely. From the publish

product of the difference in level of the sealing liquid in each

ed literature examined to date, it appears that Belcher, realizing

specific weight of the sealing liquid. This is represented by the

measured, while the other remains open to the atmosphere. Any

limb of the U-tube (the hydrostatic column or head) and the

the pump's potential for handling large quantities of fluid, has

following equation where y symbolizes the specific weight of

been the only researcher to develop the use of helical conduits

the sealing liquid, h is the vertical distance between the levels

ofrectangular cross-section for the cylindrical version of pump,
in place of the more commonly used tubes or pipes. However,

of sealing liquid in the two limbs of the U-tube, and pis the

the use of rectangular conduits is not new and was frrst sug
14
gested in the originalliterature, and later applied by Dr. Oh
lemutz.15 Belcher also pursued theories and assumptions
supporting the presence of torque, which, according to the laws
of physics, had to be produced by the head of water being
pumped.
In 1974, Belcher, with the help of Dr. Alan Mayne, dis
covered that the cross-sectional area of two independent coils of
different diameter could be precisely matched by a simple
geometric formula. While Belcher was working on the develop
ment of mathematical equations to accurately predict the torque
resulting from a given head and helical coil configuration,

pressure:
p=yh

(1)

If both limbs of the U -tube are connected to fluids, the
instrument will indicate the pressure difference existing be
tween the two fluids. If two or more U-tubes are connected in
series (Fig. 1 b), and providing that the communicating fluid
between each is of less specific weight than the sealing liq
uid, then a pressure applied across the group of U-tubes will
equal the algebraic sum of the hydrostatic columns or heads
in each of the U-tubes multiplied by the specific weight of
the sealing liquid. 18 Equation 1 can be expanded as follows:
p

=yhl + yh2 + yh3 + ... + yhn

(2)

evidence came to light of the ring balance manometer, a device
used for measuring small differential pressures. 16 The equations

or substituting from equation 1:

associated with this instrument gave Belcher the sought-after

Factors affecting accuracy are atmospheric pressure, when
the open limb type of manometer is used, and the compres

mathematical proof as well as the means for computing torque
in relation to discharge head or pressure. The results of the final
equations correlate closely and consistently with the standard
pump formula:

P

=Pl + P2 + P3 + ... + Pn

(3)

sibility factor of the sealing fluid. However, it is interesting to
note that the compressibility factor of the communicating fluid,
which can be relatively high when this is a gas, has no effect
whatsoever on the readings of the instrument. In the case of the

Brake Horsepower =

FlowxHead
8.81 x Efficiency

THE U-TUBE MANOMETER
The U-tube manometer is a basic instrument used for
measuring pressure. In its most common form, the U-tube
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group of U-tubes, this will merely cause a redistribution of the
hydrostatic columns in each U-tube, but their algebraic sum will
still be the same. Another important point is that the quantity of
sealing liquid does not influence the pressure measured. 19 The
only requirement is that there be enough liquid to maintain a
seal at the bottom of the U under the maximum pressure an
ticipated without overflow occurring from either vertical limb.

5

P1 (h~ pressure)

Pz

7w

pressure)

A

B
Figunl. U-tube manometer.

However, the U-tube manometer need not follow the usual
pattern of having two vertical limbs; the tube can also be formed

Sea ing Liquid

into a ring or annulus, but it will still obey the laws of hydros
tatics as described above.

Figun 2. Ring balllnce manometer.

THE RING BALANCE MANOMETER

degree of rotation and can be read directly from an appropriate
scale.
In the following equations, the pressure is found from equa

This instrument is used for measuring small differential pres
sures. Although somewhat obscure in this country, it is better
known in Europe and, judging from available literature, was
probably developed in Germany at the beginning of this cen
tury.
The instrument is essentially a variant of the U-tube

manomete~0 in which the U-tube is formed into a ring, parti

tions 1, 2 and 3. In the equations below, PI represents the high
pressure, P2 the low pressure, A the cross-sectional area of the
tube, ri the mean radius of the ring, m the mass attached to the
bottom of the ring, n the radius of the point of application of
the mass, 9 the angle of rotation, and g is the acceleration
constant of gravity.
The rotating moment is

tioned at the top and having a flexible hermetic connection at
rotating moment = (PI - P2)Art

each side of the seal (Fig. 2). As in the basic manometer, the
tube is partially filled with a sealing liquid of known specific

the restoring moment is

weight. However, the annular tube is pivoted at its center so it is
free to rotate through a vertical plane. A weight of known mass
is attached to the tube or its supporting frame at a point
diametrically opposed to the partition. When a pressure dif
ference is applied across the annular tube, the sealing liquid will
be displaced from the source of higher pressure, just as in a
conventional U-tube manometer; however, the mass of the dis
placed liquid will also produce a turning moment, causing the

(4)

restoring moment= mgr.z sin 9

(5)

(PI - P2)Art mgr.z sin 9

(6)

therefore

or

PI- P2 =

mgr.z

sin 9

Art

(7)

It is evident from the foregoing that the differential pressure

annular tube to rotate about its pivot. This, in tum, moves the

applied to the ring balance is proportional to the angle of rota

weight off the vertical line of the pivot to produce an opposing

tion, i.e., the angle of rotation is a measure of the pressure

turning moment, until a point is reached where both moments

difference across the instrument. As in the case of the basic

balance. The pressure applied then becomes a function of the

U-tube manometer, the quantity of sealing liquid has no effect

6
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on the turning moment produced (see section "Ratio of
Fluids"). This fact is particularly important when considering
the operation of the manometric pump. It is also important to
realize that the turning moment depends exclusively on the
pressure difference displacing the sealing liquid to one side of
the pivot. while the product of this pressure difference and the
surface area of the partition makes absolutely no contribution to
the turning moment These two fundamental facts, though per
haps obscure and confusing, are key concepts that must be
clearly understood and grasped before one can begin to com
prehend the underlying principles of the manometric pump.
BASIC PRINCIPLE OF OPERATION
The manometric pump combines the basic principles of the
multiple U-tube manometer and the principles underlying the
ring balance manometer to create, in effect. a multiple ring
balance manometer. In turn, this can be thought of as being
superimposed on the principle of the Archimedean screw. The
basic manometric pump consists of a helical conduit of rectan
gular cross-section or a cylindrically wound hose (Fig. 3). One
end of the conduit is connected, via a header or radial pipe, to a
discharge pipe coincident with the axis of rotation of the
cylindrical coil. The opposite end of the coil is open to the
atmosphere. An optional rotary joint is provided to allow the
cylindrical coil to rotate independently of the discharge pipe.
However, if the cylindrical coil and discharge pipe are inclined,
the latter can rotate together with the coil and the rotary joint
can be dispensed.
The cylindrical coil is immersed in water to a depth of 30 to
70 percent its diameter, in a horizontal position or inclined at up
to 45 degrees of horizontal. In the latter case it is only the first
turn of the coil-the one having the end open to the atmos
phere-that must be immersed to the required depth. Whether
the remainder of the coil becomes completely immersed or rises
above the surface of the water is immaterial to the operation of
the pump. As the cylindrical coil is rotated, water flows by
gravity into the open end of the conduit as it submerges. Further
rotation causes the open end to emerge from the water, trapping
water within the conduit. Still further rotation, provided it is in
the appropriate direction, repeats the process and a segment of
water remains trapped within each successive tum of the helical
conduit. This creates, in effect, a system of series-connected
U-tube manometers capable of opposing a pressure or head
equal to the algebraic sum of the hydrostatic columns produced

THE NORTHERN ENGINEER, VOL. 21, NO.4

1. Support
2. Hollow Shaft
3.Bearings
4. Blanked-off End

5.Intake
6. Coiled Conduit
7. Conduit Outlet
8. Radial Pipe

9. Rotary Joint
10. Discharge Pipe
11. Means for
Rotating Pump

Figure 3. Simple lfi/Jitometric pwrtp.

by the displacement of water within each tum of the cylindrical
coil. Equations 1 through 3 describe the hydrostatic processes
involved. The maximum head that can be achieved is deter
mined approximately by the internal diameter of the cylindrical
coil multiplied by the number of turns in the coil, multiplied by
the cosine of the angle of inclination. Continued rotation of the
cylindrical coil causes alternate segments of water and air to be
forced from the last helix turn, through the header or radial pipe,
and into the discharge pipe. At this point the successive seg
ments of air and water can no longer act as U-tube manometers,
but each time an effective manometer is lost as it moves into the
discharge pipe, a new manometer is formed in the frrst tum of
the helical coil. This action maintains in existence a constant
number ofU-tube manometers.
Since the water in each turn is displaced from the source of
pressure there is, therefore, a mass of water permanently dis
placed to one side of the axis of rotation, producing a turning
moment under the effect of gravity. In the case of the pump this
turning moment constitutes the mechanical load of the pump.
During normal operation the only movement of the water con
tained within the coiled conduit is axial, or radial in the case of
the spiral or scroll versions of pump. The water does not really
flow through the helical conduit, but rather the conduit moves
through the stationary water.

7

ROTARYSCROLLCOLLECTOR

FLOWRATES AND CAPACITIES

The rotary scroll collector (see cross-section in Fig. 4) is

The volumetric throughput of the rotary collector is usually

essentially a spiral version of the manometric pump, but having

greater than for an equivalent manometric pump of similar

only 1.75 turns of conduit For certain duties, particularly in the

dimensions but consisting of a helical conduit. In the 6 foot (ft)

case of large scrolls intended for offshore skimmers, it will

diameter example cited above, assuming the unit to have an

probably be necessary to increase this to 2.75 turns to enable the

effective collector length of 12 ft, then, at a rotational speed of

scroll to oppose higher back pressures. The various causes of

36 rotations per minute (rpm) and at a pumping efficiency of 40

excessive back pressure are explained later. At the midpoint

percent, the collector would deliver approximately 28,306 gal

along its length the scroll will have a blind bulkhead which

lons per minute (gpm) to a head of 3. 7 ft and require an input of

effectively divides the scroll into a right- and left-hand collector

67 horsepower (HP). Increasing the head to 9.7 ft would in

discharging respectively into right- and left-hand oil/water

crease the power demand to 174 HP. Clearly, at this relatively

gravity separators. The spiral conduit of each of these two

low speed of 36 rpm, the torques involved are quite consider

manometric pumps is then further divided along its width by a

able, and the final drive to the rotary scroll would have to be of

number of vertical partitions extending along the entire length
of the spiral to the point of discharge into the central tunnel.

robust construction.
The intake opening width of 1.15 ft multiplied 36 rpm gives

These partitions serve three purposes: adding structural

a forward speed of 0.4085 knots (kts) before a build-up head

strength; limiting the length of debris that can be ingested; and

can occur at the leading surface of the scroll. Under favorable

acting as baffles to limit longitudinal surges induced by vessel

spill conditions, the forward speed of the skimmer could be

roll. There is one more benefit, discussed more fully in the

increased 9.8 times to attain the specified maximum skimming
speed of 4 kts. It is possible to calculate from this the total

section "Effects of Wave Action," which is gained from the

surface area cleaned per minute, by multiplying the forward
partitioning of the spiral conduit.
The rotary joints supporting the . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,

4------- Direction

scroll structure at each end must be

of travel

capable of withstanding high radial
loads. A certain amount of self
alignment must also be an

Rotation

ticipated. These requirements
would suggest the use of a
peripheral train of support rollers
engaging an external annular track
attached to the central tunnel
where this emerges at each end of
the scroll structure. The arrange
ment would be similar to that
adopted for supporting rotary
kilns. However, since the rollers
would operate submerged in
seawater, they would have to be
similar to the Cutlass-style bear
ings and have the normal comple
ment of vertical and horizontal
damping baffles.
Figure 4. Cross-section through rotary scroU.
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distance travelled by the skimming width. Assuming a maxi

to the separators in strata clearly defined by their fluid inter

mum oil slick thickness of 0.3 inches (in), the flow rate of

faces. This greatly reduces the settling time required and the

recovered oil would be 910 gpm while skimming at 4 kts. On

separators would serve more as oil concentrators, even though

the other hand, a spill presenting a dark brown appearance

they would still be better determined by practical experiment.

(representing an oil concentration of 1,332 g/sq mi) would
result in a maximum flow rate in the order of 0.2324 gpm at

EFFECTS OF WAVE ACTION

4 kts skimming speed. These rotational and forward speeds

The manometric pump is a gravitational machine and is

are somewhat conservative and could probably be in

normally considered suitable for stationary applications only.

creased within reasonable limits to improve the perfor

The sole exception is the rotary scroll collector. However, sub

mance of the collector. However, such increases would

jecting the machine to the vessel movements of pitch and roll,

bring the speeds close to the absolute limits of these

such as would occur in the case of the larger offshore skimmers,

parameters, and would therefore be commonly used in

does pose significant design challenges. Some of these are now

marine engineering. Sealing of the rotary joint would be
achieved by means of plain wiper-type seals. Although this

discussed in more detail.
The adverse effects of sea chop, swells and waves with

method would lead to a small amount of leakage of pol

substantially long periods, will be negligible providing the max

lutant, the use of hermetic seals for these large diameters

imum wave height remains within approximately one half the

would undoubtedly lead to maintenance difficulties and

diameter of the scroll. Vessel pitch, causing wide variations of

premature failure.

scroll submergence, would lead to the sporadic breakdown of

Now it will be easier to transfer the concepts described

the U-tube manometer in the scroll which, in turn, would allow

earlier under "Basic Principles of Operation" to the structure

the reflux of water and pollutant from within the scroll. How

described above which is, in effect, a number of spiral

ever, the sealing effect of the U-tube manometer will be fully

manometric pumps operating in parallel. The maximum

restored upon completion of the next full revolution of the

delivery head of a single-tum pump will equal the diameter of

scroll. Since any material lost in this manner will be ejected in

the central tunnel plus twice the plate thickness. For the two
turn version the delivery head will increase by the outer

front of the scroll it will be immediately picked up again, thus
the adverse effects are mostly self-correcting. The effects of

diameter of the single-tum version. Assuming that a second turn

vessel pitch can be reduced by locating the axis of the scroll as

has been added to a 6 ft diameter single-tum collector, the

close as possible to the centroid of the vessel so that the pivotal

resulting head would be 9.7 ft, a substantial increase over the

point of the pitching motion of the latter will tend to coincide

the original single-tum unit's 3.7 ft.
Following the path of the fluids, alternate segments of water

with the axis of the scroll.

and air enter at the intake-the longitudinal opening extending

formance of the scroll. The central tunnel has to provide for the

Vessel roll, on the other hand, can adversely affect the per

the full length at the outer periphery of the structure-to form a

unobstructed longitudinal flow of liquids and therefore cannot

U-tube manometer in the first turn of the spiral. As rotation

be provided with baffles. This renders the scroll collector par

continues, each of the segments of water and air are moved

ticularly vulnerable to movements which can set up internal

toward the center of the structure by the screw action of the
spiral. As each of the segments of water and air discharge into
the central tunnel, a new U-tube manometer has formed to

surges or waves within the tunnel. The condition would be
aggravated if primary waves collided with secondary waves
reflected from the central blind bulkhead. The net effect would

maintain in existence a number ofU-tubes which correspond to

be the creation of a local high pressure zone which could far

the number of turns in the spiral. The delivery head at the point

exceed the maximum delivery head. The vertical partitions

of discharge into the central tunnel constitutes the velocity head

referred to in the section "Rotary Scroll Collector" help mitigate
the problem by restricting the effects of the high pressure zone

imparted to the liquid, causing it to flow toward the ends of the
scroll structure, through the rotary joints, and into the oil/water
gravitational separators. At this point the liquids have not been

to one or, at most, two of the spiral conduits. The U-tube

manometers formed would undoubtedly break down, but the

subjected to undue turbulence or agitation, so they are delivered

THE NORTHERN ENGINEER, VOL. 21, NO.4
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breakdown and recovery would
follow the same pattern as
described in the preceding para
graph.
As far as flotation charac
teristics are concerned, the rotary
scroll is essentially a positive
feedback system. In other words,
the more water it ingests, the more
it loses buoyancy, resulting in the
ingestion of even greater amounts
of water. The only way this in
herent characteristic can be kept
within safe limits is to ensure that
the buoyancy of the supporting
vessel is appreciably greater than
that of the rotary scroll. Stated
another way, the change from a
completely empty scroll to a fully
flooded one must have a minimum
effect on the amount of water
drawn by the vessel.

FigureS. Arnst's rendering ofprototype rotary scroU skimmer.

skimmer tested at the OHMSETT facility. This skimmer comes
close to the capabilities offered by the rotary scroll collector,
and it is interesting, and perhaps very significant, that it uses
oiVwater gravitational separators closely resembling those
proposed for use with the rotary scroll collector. There can be

Finally, the variations in delivery head due to the sea condi
tions described will translate into wide fluctuation of torque
applied to the fmal drive powering the rotary scroll. This high
lights yet again the need for a very rugged and over-engineered
transmission and final drive unit. However, most of the
problems described do not affect the smaller skimmers designed

no doubt that a bright future awaits this simple and effective
technology.

to operate in relatively calm waters where the rotary collector
would behave very much as a stationary unit.
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An Oil Spill Study -10 Years Later
by

Elena B. Sparrow and Stephen D. Sparrow
This article examines the long-term impact of two land based
"test" oil spills. The article has been reprintedfromAgroborealis,
Vol. 21, No. 1. Agroborealis is a publication of the University of
Alaska Fairbanks, School of Agriculture and Land Resources
Management.

Since large-scale extraction and transport of crude oil began
in Alaska and Northern Canada in the 1960s and 70s, there has
been interest in and research on the effects of terrestrial oil spills
on arctic and subarctic soils and vegetation. Microorganisms
are very important in the decomposition of organic materials
that reach the soil, including petroleum, and in the cycling of
plant nutrients in soil. Also, certain measurements of microbial
activities in soil after crude oil spills can be used as indicators of
biological recovery from the effects of such spills. Therefore,
much research has been done on the impact of crude oil spills on
microbial populations and their activities. Most previous studies
on the effects of crude oil spills have been relatively short-term,
lasting less than five years. Usually, the addition of crude oil to

EkiUl aNI Steplu!11 Sparrow collecti11g oUy soU sampksfrom t1ut test plots
11ortheast ofFairlxmlcs.
'

Prudhoe Bay crude oil were applied through a 30-foot long
perforated pipe to a plot in February; the same amount of oil

arctic and subarctic soils has resulted in an initial increase in

was applied to another plot in June. The sites were monitored
intensely for effects on vegetation and soil properties for three

soil microbial populations and activities. These increases are

years after the spills. Results of these studies can be found in

likely due to the sudden increase in food for the microbes in the

published articles by Jenkins et al. (1978); Sparrow et al.
(1978); and Johnson et al. (1980).

form of oil-killed plant material, some of which is likely readily
available for microbial attack, and some fractions of the crude
oil which serve as food for some microorganisms. However,

Briefly, previous studies showed that in areas heavily im
pacted by the oil, all vegetation was killed within one growing

degradation of the heavier fractions of crude oil in these soils

season after the spill. Soil temperatures in summer and depth to

has been found to be slow, indicating that the oil may persist for

permafrost were increased. Soil fungal populations were

many years. Because there have been few studies to actually

decreased but soil bacterial populations and soil microbial ac
tivities were increased.

measure the long-term effects of oil spills in northern terrestrial
environments, we decided to study two oil spills in interior
Alaska ten years after the spills occurred.
Our study was located in the Caribou-Poker Creeks Re

In 1986, we collected soil samples during June, July and
September from both oil spill plots and from a nearby undis
turbed (control) plot. The soil samples were analyzed for

search Watershed about 50 miles northeast of Fairbanks. The

petroleum residues, organic carbon (C), total and soluble

site is an open black spruce forest on a moderate (7-8 percent)

nitrogen (N), and adenosine triphosphate (ATP) levels. Also,

slope. Undisturbed portions of the site are underlain by per
mafrost at a depth of about 20 inches.

soil samples were incubated in the laboratory and in vitro carb
on dioxide (COz) evolution rates measured. Also in June, we

In 1976, two experimental oil spills, one in winter and one in

placed filter papers and wooden spatulas in the soil at different

summer, were made at the site. Two thousand gallons of hot

depths. Some were retrieved later that summer, others were

12
THE NORTHERN ENGINEER, VOL. 21, NO.4

Table 1. Contents of petroleum, organic Nand C, ammonium N, and ATP~ an~ rates of in vitro C02-C evolution and cellulose and wood
decomposition in undisturbed soil and soil subjected to crude oil spills 10 years ago.

Summer
Soil Horizon

Winter
Component

Surface Organic Surface Mineral
1

Surface Organic Surface Mineral

Control
Surface Organic Surface Mineral

Residual Petroleum
lhstrr

3.3c

0.4a

2.6b

0.2a

Organic Carbon1.2
lbs!fil

1.4

1.0

1.8

0.9

1.4

0.8

Total Nitrogen

0.06c

0.05b

0.07d

0.04a

0.05b

0.04a

1.2a

1.6a

lbs/f~

1

25.5b

AmmoniumNitrogen
ounces/f~ x 10,000

2.2a

24.7b

4.4a

APTl

0.8ab

0.2a

0.9b

0.4ab

2.7c

0.6ab

In Vitro CD2-C Evolution1
ouncesar/day X 10,000

8.1a

6.0b

9.5c

4.6b

9.8c

1.9a

Cellulose Weight Loss3

1.2a

3.8a

0.8a

1.8a

32.2c

24.2b

4.2a

3.8a

4.8a

4.9a

9.2c

7.0b

ouncesar X 10,000

%
Wood WeightLoss3
%
1

Values represent averages from three sampling dates.
'"values in the oil spill plots are carbon contents for the soil organic matter, i.e., carbon in the residual petroleum was subtracted from the total
organic carbon values.
3y alues represent weight loss over two growing seasons in the field.
Note: Values in a row with the same letter are not significantly different (p < .05). If no letters appear by the values in a given column, then there
were no significantly different values among the values in that row.

recovered in September 1987 and weight loss, as a measure of
decomposition, was detennined. ATP was used as an index of
microbial biomass in the soil. The soil microbial biomass is an
important reservoir of plant nutrients in soil and is important in
controlling the availability of such nutrients to plants. Complete
decomposition of organic matter results in the production of
C()z, and its measurement under laboratory conditions is an
index of potential decomposition rate in the field. Since most
microorganisms in the soil are involved in organic matter
decomposition, C()z evolution is an index of potential microbial
activity.
One decade after the oil spills, we found the soil still con
tained substantial amounts of petroleum residues, and the sur
face organic horizon of the winter spill contained more oil than
the summer spill (Table 1). Johnson et al. (1980) reported that
initial oil movement downslope was greater in the summer spill
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than in the winter spill, thus impacting a larger area but result
ing in lower average oil content in the impacted area. Initially,
the impacted areas contained about 7.5 and 4.5 pounds of oil per
square foot respectively for the winter and summer spills.
Amounts were likely to be higher neM the application points. In
this study, we sampled soils only within the flrst 50 feet
downslope from the application point for each spill and only
from areas of visible oil impact, whereas oil concentrations for
I
eMlier studies at the site were reported for the entire site or for
different soil horizons from those sampled. Thus, we cannot
directly compare our results with those reported eMlier. How
ever, our results do indicate loss of petroleum residues from the
sampled area, since the soil oil content in this study was consid
erably less than reported eMlier. Some of this loss was no doubt
due to volatilization of light weight fractions of the oil (Jenkins
et al., 1978) and possibly to some additional downslope move-
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ment Also, some chemical and biological degradation were

protection was somehow broken when the soil was brought into

likely to have occurred. No reinvasion by plants has occurred in

the laboratory. Other researchers (e.g., Parkinson et al., 1975)

the areas in which vegetation had been killed by the spills. Thus,

have reported similar results. In the C horizons, in vitro C()z-C

effects of the oil, one decade after the spills, were still severe

evolution was higher in the oiled soils than in the control soils.

enough to prevent plant growth. This could be due to toxic

We do not have an explanation for this finding.

effects of the petroleum residues but more likely it is due to

Ammonium-N levels in the surface organic horizons were

unfavorable soil physical conditions or plant nutrient imbalan
ces.

similar for the oiled and control soils, but were much higher in
the mineral soil of the oil spill plots than in the control mineral

Soil carbon (C) contents in the oil spill plots did not differ

soil. Nitrate and nitrite levels were negligible in all soils. Am

from that of the undisturbed area (Table 1). Assuming that

monium-N is formed during the decomposition of organic mat

present C levels in the control soil represents pre-spill C levels

ter. Ammonium, unlike nitrate, is not easily leached or

in the oil spill plots, the results indicate that little organic matter

converted to volatile forms in acid soils. Therefore, if it is not

decomposition had occurred in the oiled plots during the decade

taken up by plants and microorganisms or converted to nitrate

following the spills. The wooden spatulas and filter papers

through the process of nitrification, it will accumulate in the

(cellulose) decomposed more rapidly in the control soil than in

soil. The accumulation of ammonium-N in the oiled soils indi

the oiled plots (Table 1), again indicating that decomposition

cated that some decomposition of organic matter had occurred,

was inhibited due to either direct or indirect effects of the

especially in the mineral soil horizon. The lack of nitrate,

petroleum residues in the soil. There seemed to be no difference

coupled with the accumulation of ammonium in the oiled soils

in decomposition rates between the winter and summer spill
plots.

indicates that nitrification has been occurring slowly, if at all.

ATP contents in the 0 horizon of the control soil were higher

Total N contents in the oil-contaminated soil were sig
nificantly higher in the oil spill soils than in the control soils

than in the oil spill soils, indicating that microbial biomass and

(Table 1). This is surprising since not nearly enough N would be

likely microbial activity were reduced in the oiled soils in the

added by the oil, which contained about 0.2 percent N, to

field. Since most of the microbial biomass in soils is involved in

account for the increased N. Nitrogen fixation by soil microor

decomposition of organic matter, these results support our pos

ganisms probably accounted for part of the N gain. Dead limbs

tulate that organic matter decomposition was inhibited by the

and leaves from plants killed by the oil could also have fallen on

oil.

the plots and caused some increase inN, although this would

There were no statistically significant differences in in vitro

not be expected to cause a very substantial increase in total soil

C<n.--C production between the 0 horizons of the oiled soils and

N. Since mechanisms for N loss from the oiled soils were

the control soil. The similar COz-C evolution rates indicate that

apparently inoperable, any inputs of N to the system would

the oiled soils and control soils contained similar amounts of

result in N gains.

available substrate for microbial decay. Since little or no addi

The results of this study indicate that if nothing is done to

tion of metabolizable organic substrates is likely to have oc

alleviate them, the effects of oil spills on soils and vegetation in

curred in the oiled plots, the organic matter was apparently not

a subarctic forest can last for at least a decade and likely many

being decomposed in the field. The disturbance brought about

more years. Other researchers (e.g., Mitchell et al., 1979) have

by collection and processing of soils must have stimulated

found that tillage or fertilization of soils treated with crude oil in

respiration in the oiled soils brought into the laboratory. One

Alaska can speed recovery of biological activity. Burning or

possible reason for this could be due to increased aeration

excavation is sometimes used to remove oil from oily soil in

caused by sampling disturbance. In the field, diffusion of

terrestrial environments. However, because of the sensitivity to

oxygen in the soil was likely to be reduced by the oil, resulting

disturbance of forests on permafrost terrain, great care must be

in reduced oxygen levels and hence reduced microbial activity.

taken to insure that clean-up methods do not harm the terrain

Another possibility is that the petroleum somehow physically

more than the oil spill itself.

protected the organic matter from decomposition and this
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Lessons of the EXXON-VALDEZ
by

Rick Steiner
This article presents a provocative opinion describing a system of
conJrols and containment methods which the author feels should be in
place prior to another EXXON-VALDEZ type of accident. TNE is
publishing it in hopes that it will begin the process ofan exchange of
ideas on control systems and containment methods.

The Prince William Sound oil spill, as devastating as it was,
can also be looked at as a "teachable moment" for society. It is
clear that what we can learn here reaches far beyond the im
mediacy of tanker safety and oil cleanup. Perhaps now we are
ready to hold a long-overdue conversation with ourselves about
the way we do business in the world.

great deal of concern. Also, many local businesses and tourist
operations have felt the effect of the spill.
There has been an overwhelming sense that we have all
"lost" yet another precious comer of wilderness. The emotional
impact on local residents, whose identity is drawn from the
Sound, has been extraordinary. We will all long remember what
has happened. In short, the impacts of the incident are of suffi
cient magnitude to warrant every effort humanly possible to
prevent another accident and/or be prepared to respond to it
when it does occur.

THE SOLUTIONS
THE IMPACT
The lessons are many-some obvious, some not. And, to
understand them, we don't really need to know much more
about the spill's impact other than the simple fact that it was
serious and unacceptable.
Briefly, though, ecosystem impacts center primarily on the
intertidal zone, seabird and marine mammal populations. Long
term ecosystem impacts remain speculative but appear to be
very serious. Impacts on commercial species include: herring
spawn mortatlity; contamination of salmon spawning habitat;
and lethal and sub-lethal effects on outmigrant wild and
hatchery salmon fry, such as inhibition of olfactory imprinting,
metabolic and behavioral effects, mortality, effects on eggs
deposited in oiled substrate this summer, etc.
Any way you look at it, the economic impact of the spill has
been enormous. Herring fiSheries were closed in 1989 due to oil
in Prince William Sound, outer and eastern Cook Inlet, and 34
of the 56 Kodiak districts. Salmon fiSheries were closed in the
majority of Prince William Sound, Cook Inlet and Kodiak;
fisheries at Chignik were partially closed. Many smaller
fiSheries were also closed: pot shrimp, blackcod, bottomfish,
and crab in Prince William Sound; groundfish, pot shrimp and
smelt in lower Cook Inlet.
No one is quite sure exactly what price to place on these
closures, but it is certain to run into the hundreds of millions of
dollars.
The impact the spill might have on the market for Alaskan
seafood is probably the most difficult to predict and is causing a
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Accepting that we don't live in a risk-free world, attention
must now be focused on how best to prevent spills, prepare for
them and pay for them. History is very clear on one point
most of our efforts should be placed on prevention. Once oil is
in the water, mrely is more than 10 percent recovered. Finan
cial compensation can serve as a palliative for some human
pains, but in no way does it mitigate environmental destruction.
The precise scenario that led to this incident is only one in a
million sequences of events which could end in disaster. In all
ports shiping hazardous cargo, we are playing a deadly game of
Russian roulette. If we fix just the circumstances leading to the
EXXON-VALDEZ, we've probably done very little to prevent
the other 999,999. The point here is that now is the time to think
about all the things that could possibly go wrong and "fix" them
before they do.
But here one caution should be raised. In trying to fix any
situation, we should bear in mind the March Hare in Alice in
Wonderland, 1 who put himself to the task of trying to flx the
Mad Hatter's watch with butter. When, of course, the butter
didn't woxk, the surprised March Hare lamented, "And it was
such good butter, too, such good butter."
In proposing solutions to EXXON-VALDEZ kinds of
problems, we have to carefully sort through the butter smearers
in order to find the watch makers. We need to involve the
experts-master mariners, port directors, naval architects,
psychologists, electronics engineers-to correct the situation
that led to this disaster.
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tion of such things as structural integrity, age, piping and
plumbing systems, deck arrangements, tank cleaning and in~rt
ing systems, venting, gauging systems and ~s, el~tncal
I. Vessel Traffic Systems
safety systems, maintenance logs, and checkhsts. Such mspec
We need to initiate a complete, external audit and review of
tions must be reinstated for foreign flag vessels calling at U.S.
every vessel traffic control system in the nation. The intent here
ports as well. There are a number of vessels in the TAPS trade
is to take great care to identify critical control points needing
that are substandard and should not be allowed to lift oil from
attention in all tanker transit to and from U.S. ports. To date, this
valdez. The tanker STUYVESANT, for example, was recently
has not been done. An independent team of analysts, with
retired from service only after she developed hull cracks that
nothing to gain and nothing to lose by speaking their minds,
spilled, in two poorly publicized incidents, over one million
should be appointed this task.
gallons of North Slope crude into the Gulf of Alaska in 1988.
This analysis should include such things as adequacy of
Proper inspection and maintenance could have prevented this
radar coverage, navigational aids, communication protocols,
spill.
navigation equipment maintenance policies, tug escort neces
Also, we need to review inspection standards and protocols
sities, day and night transit restric
in general. The issue of double bot
tions, and vessel speed limitations.
toms versus double hulls versus single
n each tanker carrying
A computerized history of every
hulls is a perpetual controversy in the
vessel calling at a port should be
hundreds ofthousands oftons
naval architecture world. Each provide
maintained and updated with the
some unique protections and risks con
ofhazardous cargo entering port, is
Lloyd's of London registry to apprise
cerning spills. The oil industry argues
a helmsman distracted by thoughts of
the port of previous pollution inci
that double hulls add significantly to
dents and inspection history. This
his pension plan, the girl next door,
the cost of vessel construction, make
should be done to give port controllers
vessels too stiff in heavy weather and
the Super Bowl,fu:ing the bathroom
adequate basis on which to admit or
reduce the cargo capacity of a vessel
refuse the vessel. The system would
sink, his position in the company, etc.
by as much as 40 percent compared to
serve as a strong incentive for tanker
single hull capacity, thus necessitating
owners to properly maintain their vessels.
half again as many vessels to haul the same amount of cargo.
Port control radar systems should incorporate best available
They also raise the point that a rapidly flooding double hull void
technology, such as the Automatic Radar Positioning Aid
could render a vessel unstable and result in sinking. All well
(ARPA), which is capable of sounding an alarm when the target
taken points.
vessel exits its assigned lane. Radar signals should be
Proponents of double hulls/bottoms argue that the additional
videotaped and held for a day or so. The system should incor
cost of construction, pro-rated on a per barrel basis over a
porate equipment redundancy and subscribe to rigorous, routine
20-year life of the vessel, amounts to an insignificant three cents
maintenance schedules. All automatic pilots should be fitted
per barrel and that the additional safety from groundings or
with alarms to notify watchstanders if they are on or off
collisions wins hands-down over the greater risk of additional
autopiloL (Note: This is believed to have been a contributing
vessels in the trade. The National Academy of Sciences is
factor in the EXXON-VALDEZ grounding.)
presently conducting a study on this age-old issue.
Most importantly, and often overlooked, is that all vessel
Some industry analyists feel that simply reducing the size of
traffic control systems should be well-staffed with more than
the cargo tanks would be the easiest way to minimize spill risk.
sufficient numbers of alert, highly-trained, highly-motivated
This can only be accomplished at the expense of a lot of addi
professionals. All shoreside vessel traffic surveillance should be
tional steel (and cost) in construction~ and loss of reserve
controlled by certified mariners and pilots.
buoyancy. Regardless of how this argument goes, it is clear that
considerably more technological innovation can and should be
n. Shipping Standards
applied
to oil transport by sea.
All vessels transporting hazardous substances, including oil,

And, without professing to be one of these experts myself,
I'd like to suggest a few ideas for consideration.

0

should submit to a rigorous environmental safety audit/inspec
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ill. Review of Manning Requirements
All personnel standards should be thoroughly reviewed with
accident prevention in mind. Things such as watchstanding
protocol, pilotage training, certification and recertification, and
manning requirements during hazardous navigational cir
cumstances all need thorough review. An increase in the num
ber of trained personnel on bridges may be needed-redundant
watches-during certain circumstances. Jean-Michel Cousteau
recently reminded me that "a man alone is in bad company."
We also need a systematic study of human performance under
stressful and/or boring conditions, and the effect of sleep
deprivation and fatigue.
On each tanker carrying hundreds of thousands of tons of
hazardous cargo entering port, is a helmsman distracted by
thoughts of his pension plan, the girl next door, the Super Bowl,
ftxing the bathroom sink, his position in the company, etc. We
can't change that, but we can anticipate the psychological com
ponent of disaster and lend our systematic sciences to the task of
intervening in this process. To fully understand and prevent
disasters of this nature, we need to delve deeply into the inner
machinations of the human psyche. Contributing factors to such
incidents are fatigue, distraction, social dynamics, ego, and
trust. Results from this study would be applicable in virtually all
human endeavors, and should provide practical recommenda
tions for enhancing human performance on tanker bridges.
A complete reevaluation of on-board organizational struc
tures is in order. The rigid, authoritarian, tradition-bound master
has been the dominant structure for perhaps 2000 years. Maybe
this should be refmed to allow specialization and decentralized
authority.
We should consider realigning responsibilities on-board.
Team work is the obvious answer here. NASA uses it. The
Denver Broncos use it. Airline pilots use it. Why can't oil
tankers use it? There is some rather sophisticated gadgetry that
can be used to aid this process. Using computer technology, we
can integrate all the information from on-board navigational
equipment and make all this information instantly available to
the Officer-In-Charge, who then become a decision maker
rather than an information integrator.
Ironically, Exxon Shipping is pioneering this area through a
system called the Integrated Bridge Concept. The system also
incorporates safeguards such as the sounding of alarms if
navigational information is presented to a watchstander and
they don't respond quickly enough.

IV. Contingency Planning
If all these precautions fail, as it eventually will-though
hopefully at much reduced frequency-we'll need to be fully
prepared to respond to a major spill. We need to throw out
whatever feeble contingency plans adopted to date and try
again. All deserve reconsideration. We have to seriously an
ticipate the worst and prepare for it. Plans must identify the
right players in responding to spills, pre-establish a command
structure, empower the structure, provide immediate unlimited
fmancial capability, and consider very carefully logistics and
communications before an incident occurs. The command
group, composed of containment/recovery experts and local
residents, should meet periodically to get to know one another
and to think through response protocols. A complete inventory
of state-of-the-art equipment should be available quickly, as
should deployment vessels and lightering barges. Local fishing
vessels, tugs, etc. should be pre-contracted and trained for spill
response.
All response personnel should be trained and periodically
retrained. Surprise drills should be used and an international
computer inventory of equipment and personnel maintained.

V. Liability and Compensation
We need to consider the possibility of no-limit strict liability
claims arising out of a spill, as 11 or 12 states, including Alaska,
have enacted. Federal legislation should not preempt state
authority on this issue. If we decide to keep a liability limit, then
it should be raised to at least $1 billion with the limit nullified
when even simple negligence is proven.
All vessels, including third-party owned or chartered ves
sels, should have to prove fmancial responsibility (either via
bonding, letter of credit, insurance, or whatever) to cover any
potential spills from their vessels. This could amount, in some
cases, to seven times the amount of oil spilled by the EXXON
VALDEZ. In addition to the vessel owner, the owner of the oil
on board should also be held liable. And, a claims proceedure
should be in place before another incident.
VI. Public Oversight
I suppose it is our nature to become complacent. After 8,700
loads of oil hauled out of Valdez, who would have ever
thought that the next one would be "the big one?" The
EXXON-VALDEZ incident points to the complete and utter
failure of the public process. The state, Coast Guard, EPA, oil
industry and we, the people, let this happen, and we all must
share the blame.
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One possible solution to such complacency on the part of

shoreline cleanup technology should be embarrassing to a

regulatory agencies and industry is to actively engage the public

society as supposedly advanced as the U.S. In fact, it seems a bit

in overseeing the entire operation.

pretentious to even call it "technology." Obviously, we should

Because of its size and potential environmental impact. the
oil industry must make an extraordinary effort to involve the

be able to do better.

public in its management; this has not been done in the United
States. In order to truly solve a problem like this, the institutions
that precipitated it must change.
A possible model for the way such involvement might be
structured can be found at the Sullom V oe Oil Terminal in the
Shetland Islands. A brief synopsis of the public process at
Sullom Voe, prepared upon the author's return from a visit to
the facility, can be found at the end of this article. Together, the
fishing industry, oil industry and Congress are developing this
concept for Prince William Sound Modeled somewhat after
Sullom Voe, the Alyeska Citizens Advisory Committee
(ACAC) is being developed to involve citizens in the operation
and oversight of the entire transport system in Prince william
Sound
Four committees, with separate responsibilities, will report,

Vlll. National Energy Policy
After all is said and done with this spill, the nagging issue
that will remain is that we all use oil and as long as we continue
to use it. it will be spilled Oil has been a tremendous boon to

Hwiw ~. but it also has costs. In its production, we lose
wilderness; in its transportation it is spilled; and in its burning,
we dangerously alter the chemistry of our atmosphere. We need
a mammoth, concerted effort to reduce oil consumption and to
develop alternatives. Initiation of a stiff gasoline tax, say $1 per
gallon or so, to be dedicated to alternative energy research and
energy conservation should be considered. The U.S. has the
lowest gasoline tax in the industrialized world. And, with the
cheap gasoline, we indulgent little apes tend to afford ourselves
any and all transportation luxuries.
We must also raise the average fuel economy of new cars
from the present 26 miles per gallon (mpg) to at least 50 mpg,
invest in convenient public transportation, and encourage the
installation of more efficient lighting, heating, and appliances in

through their chairmen, to ACAC. The four committees are:
1. Environmental and Terminal Operations Committee;
2. Oil Spill Prevention and Response Committee;
3. Port and Vessel Traffic System Committee; and
4. Scientific Monitoring Committee.
For the U.S., this is a revolutionary amount of citizen involve
ment in private industry.
Legislatures must also take their share of the blame by not

Policy makers who fail to seize this opportunity to develop
an aggressive agenda on energy conservation and alternatives
are, in my mind, more negligent than Exxon or Joe Hazelwood.

providing environmental regulatory agencies with adequate
funding to accomplish the job the public entrusted to them. The

Many states have asked that future oil exploration and
development be held hostage for the develpment of a coor

Alaska legislature has been too drunk on oil wealth to provide

dinated energy policy within which we can rationally assess our
true needs. In response to this, President Bush has asked the

even a minimal amount of funding for public scrutiny over its
greatest benefactor. These agencies deserve some degree of
protection from traditional political pressures.

Vll. Oil Spill Research
To my mind, we don't need to go to much more expense and
effort to document precisely how oil affects the marine environ
ment; we know that it does and that this impact should be
avoided at all cost We do, however, have an obligation to
gather enough scientific evidence to support judicial proceed
ings. We should consider the possibility that further research
directed at spill prevention (as mentioned in previous sections)
and mitigation.
Two spill response tools deserve considerably more atten
tion-combustion and dispersants. Similarly, "state-of-the-art"
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homes and offices. This issue has thus far been conveniently
avoided, and we must tackle it now.

Secretary of Energy to develop a National Energy Strategy, and
the Secretary of Transportation to develop a National Transpor
tation Policy, all within the next year. Inasmuch, though, as the
focus of this energy strategy remains, as its subtitle implies,
"success in global matk.ets with cheap energy" rather than con
servation, it will represent yet another irresponsible postpone
ment of our coming to terms with the finite nature of fossil fuel
resources on Earth.
The most disheartening aspect of the EXXON-VALDEZ
incident, indeed, that aspect of it representing the true "disaster"
in the strongest sense of the word, is that now, almost a year
later, neither the Congress, Administration, individual states,
automotive industry, oil industry, nor the public appear at all
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The lesson here is that when making policy decisions, we
should carefully assess the consequences of being wrong. In the
clamor for short-term wealth, we are evidently not prone to such
deliberation. In addition to being thrifty, we have to be careful.

interested in conserving our dwindling supplies of oil. Ap
parently, this is a lesson we don't want to learn.
IX. Corporate Responsibility
At the heart of this and other such issues is how large
corporations can be motivated to be environmentally respon
sible. A systematic assessment of how to encourage and im
prove corporate America's commitment to the health of our
environment should be initiated. Restructuring of fines,
criminal penalties and tax incentives, appointment of internal
ombudsmen, and administrative probationary periods should be
looked at, together with other more novel approaches.
A series of ten recommendations from the Coalition for
Environmentally Responsible Economics (CERES) for busi
nesses to follow have become known as "The Valdez Prin
ciples":
1. Protection of the Biosphere by minimizing the impact
of our business;
2. Sustainable Use of Natural Resources-protecting
bio-diversity;
3. Reduction and Proper Disposal of Waste;
4. Wise Use of Energy--conservation, etc.
5. Risk Reduction-for employees and communities, i.e.,
emergency preparedness;
6. Marketing of Safe Products and Services-inform
consumers of enviromental impacts of our products;
7. Damage Compensation-take responsibility for any
harm we cause the environment;
8. Disclosure-to our employees and the public of any
incidents that threaten the environment or human health
and safety;
9. Appoint Environmental Directors and Managers-at
least one member of our Board will be a person repre
senting environmental concerns; and
10. Assessment and Annual Environmental Audit.
X. Caution in Policy Decisions
Eighteen years ago, a few prophetic congressmen led by Mo
Udall, argued that Alaskan North Slope crude should be
transported via pipeline across Canada rather than to a marine
terminal in Alaska. Their fears concerning a major oil spill in
Prince William Sound were deemed reactionary by the oil in
dustry and brushed aside by Congress. The oil industry and
federal government assured fishermen, environmentalists and
the "Udalls" of the world that a major tanker disaster just would
not happen and, if it did, could easily be contained and cleaned
up.
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A ''Kinder and Gentler" Global Society
Finally, beyond the ten lessons presented by the EXXON
VALDEZ incident, one extraordinary lesson is emerging above
all as the single most profoundly important lesson here. It is that
events like the EXXON-VALDEZ are, above all else, sym
pomatic of a pathologically unsustainable modern society.
The EXXON-VALDEZ serves as a poignant reminder of the
collective environmenal impact of humanity--extinction,
deforestation, topsoil erosion, desertification, toxic runnoff,
overflowing landfalls, ozone depletion, acid rain, and global
warming, all wrought by a burgeoning human population that
has quadrupled, from 1.5 billion to 6 billion, in the past century.
Forb.lnately, some people are now making that quantum
deductive leap

from-"Exxon caused an oil spill,"
have to change the way we think about
ourselves and our world, to consume less and enjoy
more, to think about economic equity rather than
economic growth, and to return. indeed, to being
kinder and gentler citizens ofthe biosphere."
to- "We

This is, after all, the lesson we will have to learn sooner or
later.
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SULLOM VOE OIL TERMINAL
The Sullom Voe Oil Terminal, the
largest oil tenninal in Europe, provides a
unique story of coopemtion between oil
companies and local citizens. It was es
tablished and managed as a joint venture
between Shetlanders, via their Shetland
Island Council, and the oil industry. It
exhibits exceptional concern for local
residents and the environment.
Shetlanders viewed the discovery of
huge oil deposits in the East Shetland
Basin of the North Sea with a wary eye.
The development of these fields would
bring with it an onslaught of social and
economic changes-thousands of
workers, a million tons of heavy
machinery and materials, and a
proliferation of onshore support
facilities. Shetlanders knew that, without
local control-not participation in, but
control--of all onshore development,
their indigenous industries, their en
vironment and their way of life would be
threatened.
In 1972, the Zetland County Council
(now the Shetland Islands Council)
determined to maintain an orderly con
ttol of oil development, sought addition
al powers from Parliment. By 1974, the
Zetland County Council Act was passed
by Parliment, giving the Council special
powers such as the right (1) to compul
sory acquisition of land-they bought
land to be used by the Sullom Voe ter
minal; (2) to license construction-they
built the large construction camp and jet
ties at the terminal; and, most important
ly, (3) to establish and opemte the Port
Authority for Sullom Voe. The council
received "disturbance payments" from

the oil industry, some of which went into
a charitable trust.
Organization
The four key organizational com
ponents at Sullom Voe are the Sullom
Voe Association, the Port Authority, the
Sullom Voe Oil Spill Advisory Commit
tee, and the Shetland Oil Terminal En
vironmental Advisory Group.
Sullom Voe Association (SVA)
In 1975, the Sullom Voe Association
Ltd. was established as a joint Coun
cil/Oil Industry non-profit company for
the management, construction and
opemtion of the terminal.
The SVA is owned half by the Shet
land Islands Council (SIC) and half by
the oil industry. It is funded liJ each by
the opemtors of two pipeline groups
Shell for the Brent pipeline and BP for
the Ninian--and liJ by the SIC through
collection of tanker harbor fees. SVA
appointed BP as terminal constructor
and operator.
Port Authority
In 1978, the Sullom Voe Port and
Harbor Agreement was enacted to give
SIC money, based on the amount of oil
and gas shipped, with which to opemte
the Port Authority.
Some specifics regarding the Port
Authority are as follows:
1. First and foremost, the Port
Authority is run in an extremely
professional manner by certifred
mariners, under the authority of
SIC. The Port Conttol Center is
staffed 24 hours by a duty port con
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ttoller, a deputy port conttoller and
two licensed pilots. These pilots
rotate every few weeks back out to
vessel pilotage duties, then back to
port conttol.
2. Aerial surveillance of inbound/out
bound tankers is conducted to
verify location/movement and to
assure that no dirty ballast is dis
charged. A pollution conttol of
ficer from the Port is on board with
a video camem to record any pollu
tion incidents. This sort of surveil
lance is a sttong disincentive to any
violation and reminds tanker
masters that local residents care a
great deal about their environment.
Also, 35 percent ballast is required
to be on board at berthing.
3. Five tugs are owned by Shetland
Towage, in which SIC has a
majority share. All are frre-fighting
equipped, fitted with dispersant
spmying kits and two are "tractor
tugs" with Voit-Schneider propul
sion systems which allows much
greater towing maneuvembility.
4. Doppler equipment on jetty heads
provide pilots with the vessel's mte
of approach in berthing.
5. Port Authority has the right to close
the Port at wind speeds above 30
knots, or less than 1h mile
visibility, or for laden tankers when
wind speeds exceed 40 knots.
6. Port Control System maintains a
complete computerized history of
any vessel calling at Sullom Voe;
i.e., previous owners, previous
names, visit records, pollution inci
dents. This should, however, be ex
panded using information from the
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Lloyd's of London registry list to
include all previous incidents on
vessels. Tankers can and have been
refused permission to berth.
7 · Pilots answer to Port Authority, not
the oil industry. SV pilots recertify
on simulators every two years.
Pilots are responsible for inspect
ing each tanker; though this needs
expansion into a detailed environ
mental safety audit of each vessel.
The SV pilotage system has recent
ly been adopted nationwide by the
United Kingdom Pilotage Act of
1987, establishing Competent Har
bor Authorities (CHA) as being
responsible for providing pilotage
services, and giving CHAs wide
discretion with respect to pilotage
requirements. A rigorous pilot
training regime is to be imple
mented.
8. Port Control Center has two Barco
Industries
NORCONTROL
VOC80A Radars, one of which has
an Automatic Radar Positioning
Aid that sounds an alarm if a target
vessel exits its assigned tanker
lane. Radar image of each inbound
or outbound tanker is videotaped
for documentation purposes.
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Sullom Voe Oil Spill Advisory
Committee (SVOSAC)

should have been in place since start-up
of the terminal.

Comprised of representatives from
Port Authority, Terminal Operator, Shet
land Towage, Coast Guard, and Depart
ment of Transportation; the
Chairmanship is rotated annually be
tween the Port Director and the Terminal
Operator's Superintendent for Pollution
Response.
The purpose of this Committee is to
insure communication and active
cooperation between BP and the Port
Authority, to monitor effectiveness of
operations, equipment adequacy, and to
conduct regular training exercises.
Regular equipment audits, and surprise
drills for a 100,000 barrel spill are con
ducted. The Port is prepared only for
15,000 barrel spills; a capability com
parable to Norsk Oljerernforening for
Operatorselkap (NOFO) with high seas
recovery equipment should be acquired.
SVOSAC is also responsible for
developing the oil spill plan. It should be
noted that spill response at Alyeska is
now, after the EXXON-VALDEZ,
second to none. Alyeska's "Ship Es
cort/Response Vessel System" (SERVS)
is a $70 million per year effort aimed at
spill prevention and response, that

Shetland Oil Terminal
Environmental Advisory Group
(SOTEAG)
Established to conduct environmental
monitoring and advise SVA and
SVOSAC on environmental impacts of
operations. Recognizing the need to pro
vide thorough and independent assess
ment of the environmental impact of the
Sullom Voe Terminal, S01EAG was
conceived by two BP personnel in the
early 1970s.
The group serves as an environmental
issues forum for communication be
tween all special interest groups, and as
such, effectively avoids many disputes.
Members include: University of Aber
deen, Chairman; University of Aber
deen; Shetland Islands Council (2 seats);
National Environmental Research Coun
cil; Ninian Pipeline; Brent Pipeline; Na
ture Conservancy Council; Department
of Agriculture and Fisheries of Scotland;
Her Majesty's Industrial Pollution In
spectorate; Shetland Fishermen's As
sociation; Shetland Bird Club; and
Country-Side Commission for Scotland.
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The Arctic and Marine Oilspill Program-AMOP
by

K.M. Meikle
This Ql'ticle is a modift.ed version of a paper presented at the Alaska
Offshore Oil Spill Response Technology Workshop in Anchorage,
Alaska, November 29-December 1, 1988. Another version oppeQTed in
the Spill Technology Newsletter, Volume 13(4), published by Environ
11't.entCanada.

IN1RODUCTION
This paper summarizes the work done and currently in
progress under the Arctic and Marine Oilspill Program, more
commonly known as AMOP. The program began in April1977
and initially focused on the southern Beaufort Sea. Studies
triggered by an oil industry proposal to undertake offshore
exploratory drilling there had concluded that few proven
countermeasures were available to deal with a blowout or any
large oil spill in arctic waters. 1.2,3 AMOP is still an active
program, albeit one with a more modest budget, and its primary
objective continues to be improvement of arctic oil spill tech
nology.
The funding for the fU'St two years was $1,685,000 and
$1,805,000 respectively. The third year allocation was reduced
to $835,000 as part of an overall government restraint program
and funding essentially remained at that level for the next few
years. Since April1986, AMOP funding has been allowed to
vary according to the priorities of the remaining needs in com
petition with those for chemical spill countermeasures. The
budget for 1988-89 was $700,000, including $340,000
provided by the U.S. Minerals Management Service (MMS) for
joint projects. As of April1, 1989, the 12-year total expenditure
for the AMOP will have been almost $20,000,000, of which
approximately $6,000,000 has been contributed by industry, the
U.S. MMS and others for specific cooperative undertakings
such as the Baffm Island Oil Spill (BIOS) experiment, and the
sea lrials of treating agents and oil booms that were performed
off Canada's east coast in 1987.
Many papers have been published in the proceedings of the
annual AMOP technical seminar and elsewhere, and a total of
148 reports have been produced covering the more than 70
separate studies that have been completed. The Environmental
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Emergencies Technology Division (EEID) of Canada's federal
department of the environment (Environment Canada) is
responsible for the overall management and direction of
AMOP, but joint projects are managed and directed by repre
sentatives of lhe funding agencies involved.
The remainder of this paper will describe some of lhe
achievements of AMOP under each of the following main head
ings: Detection and Tracking; Properties, Behavior and Modell
ing; Remedial Measures; and Disposal. Chemical treating
agents are lhe subject of a separate paper by M. Fingas.4 This
paper will also identify some of the things that must still be
done before a recommendation could be made to terminate the
program.
DEJECTION AND TRACKING
Due to the remoteness of much of Canada's coastal areas
from population centers and potential operating bases, and the
added complications ofice and darkness in lhe Arctic, consider
able effort has been made to evaluate and develop equipment to
locate, identify and track oil spilled at sea. The following are
some of the results:
Tracking Buoys
One of the fU'St devices to be developed was the slick track
ing buoy by Orion Electronics Ltd, Nova Scotia. Sea lrials of
this floating battery-powered radio transponder have shown that
its drift closely approximates lhat of oit.5•6•7

Remote Sensing
The more lhan $400,000 expended on remote sensing has
given us a good understanding of the strenglhs and weaknesses
of the various techniques available, including the use ofsatellite
imagery.8 Each has its limitations and a recommended outfit
consists of a side-looking radar, an infrared-ultraviolet dual
channel line scanner, a laser fluorosensor, low-light-level
television, an annotated color camera, and on board real-time
display equipment. The last item did not exist when AMOP
began and the first one was developed as a joint AMOP under
taking wilh the Canada Centre for Remote Sensing.
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Another major joint undertaking was a six-year project with

cally dispersed in the nearshore arctic environment Data on the

Esso Resources Canada Ltd. to investigate the use of acoustic

effectiveness of selected shoreline cleanup techniques has also

and radio-frequency technology for detecting oil encapsulated

been acquired in addition to the increased knowledge of the

in ice. The radio-frequency work was terminated after a series

physical, chemical and biological processes operating in com

of theoretical studies had shown little or no potential for suc

mon arctic marine ecosystems.

cess.9·10·11 However, the acoustic studies have produced

The results provide no major ecological reasons to prohibit

prototype hardware that has performed quite well in field
tests.12

the experimental site. They also provide no major ecological

Because of problems experienced with using a commercially

reasons for the cleanup of oil stranded on arctic shorelines

available towed fluorometer, EETD has built a prototype sys
tem of its own that has performed well in use. Details have not
been reported but are available on request.
A recently completed remote sensing project has been an

the use of dispersants on oil slicks in nearshore areas similar to

except where:
a) wildlife is present;
b) critical habitat is threatened; or
14
c) in areas of human use.

evaluation of sensors to detect chronic oil losses from offshore

An additional four years of follow-up work has extended the

platforms. The contract funding was provided by the Northern

knowledge of the long-term fate of stranded oil in arctic en
15 16 17
vironments compared to that in a temperate situation. • ·

Oil and Gas Action Program (NOGAP) of the Canadian Depart
ment of Indian Mfairs and Northern Development. None of the
several instruments tested were able to satisfy the requirement
but one, the Wright and Wright Infrared Oil Film Monitor, was

Subsea Blowouts
Preliminary Canadian Marine Drilling Ltd. feasibility
18
followed by the at

deemed to have the potential to function adequately in that

studies of subsea containment concepts

application if further development could make it suitable for

tempt to capture escaping oil with the "Sombrero" subsea col

operational useP

lection device during the 1979 Ixtoc blowout in the Gulf of

ing imagery and available surface observations has been in

Mexico were the basis for a series of AMOP
20 1 23
studies. 19• .2 .22· AMOP was also a minority contributor to a

itiated; the objective is to fmd a way to discriminate between

V4 scale plume and collector experiment performed by Profes

continuous and discontinuous slicks.

sor J. Milgrim of the Massachusetts Institute of Technology for

A long-overdue comparison between existing remote sens

PROPERTIES, BEHAVIOR AND MODELLING
A prerequisite to the development of effective counter
measures for arctic oil spills is a sufficient knowledge of the
conditions under which they must work and the effect those
conditions have on the properties and behavior of the oil. The
acquisition of that knowledge has proven to be a major and
ongoing task that has so far consumed about $9,000,000-al
most half of the total amount that has been spent on AMOP.

The Baffin Island Oil Spill (BIOS) Experiment

the U.S. MMS and the Office of Naval Research at Bugg
Spring, Florida in Aprill982. That involvement proved to be
the catalyst for the strong and continuing MMS/Environment
Canada cooperative program that has since evolved.
AMOP studies have shown that is technically feasible to
effectively capture escaping oil near the seabed if conditions are
sufficiently favorable. However, because the probability that
such conditions will exist is so low and the cost of having a
system available is so high, EETD does not consider subsea
containment to be a practical countermeasure. Work currently
in progress at the University of Calgary is not being done to

The almost $7,000,000 BIOS experiment has by far been the

pursue the concept of subsea containment. Its objective is to

largest component of the properties and behavior work. This

remove uncertainty regarding the amenability of oil to counter

four-year international cooperative effort by government and

measures once it arrives at the sea surface. It may be that the

industry has provided previously unavailable data on the short

size of the seabed opening controls oil droplet size to the extent

and long-term fate and effects of crude oil stranded on an arctic

that it may be the determining factor for formation ofa coherent

shoreline compared to that of the same type of oil when chemi

slick instead of discrete globules.
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Ice Influence

Various AMOP studies costing a total of almost $900,000
have examined the influence of ice on the physical fate and
behavior of oil and gas. The studies range from the compilation
of available information ice type and extend into an arctic
atlas,24 through theoretical analysis,25 the determination of ice
dynamics from satellite imagery ,26),7 and experiments in
laboratories and test tanks,28•29 to field experiments involving
the release of oil in ice-covered waters.30
One of the important discoveries was the fact that, contrary
to expectations, oil deposited under stationary multi-year ice
can migrate to the surface and be so widely dispersed by natural
processes that it is non-detectable after five melt periods.
Another was that lead closure rates are rarely high enough to
force oil onto the ice surface where it might be amenable to
removal. Normally,leads either freeze over, in which case any
oil present will be trapped within the ice, or the closure rate is so
slow that oil will be forced under the ice becoming equally
inaccessible.
Photo-oxidation
Apart from a small study by Professor H.D. Gesser at the

University of Manitoba that looked at ways to enhance the
degradation of oil by ultraviolet light,31 the effect of photo
oxidation on spilled oil behavior has not had sufficient priority
to be pursued further until recently. In the course of seeking a
better understanding of the factors governing oil dispersion it
became apparent that one of the keys might be the change in
natural surfactant content resulting from photo-oxidation. That
aspect is cmrently being explored in EE1Ds laboratory. Impor
tant preliminary observations include the facts that, for reasons
as yet unknown:
there is considerable variation in the susceptibility
of oils to photo-oxidation;
heavy oils that do photo-oxidize form a skin that
flakes off and the flakes sink in synthetic seawater; and
there is a noticeable increase in the watersoluble component of those oils that photo-oxidize.
Oil Catalog

Another item that deserves mention in this brief overview is
the compilation of a catalog of the properties of oils that could
be spilled in Canada or adjacent waters.32 The Canadian oil
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industry has supported the project by providing data and repre
sentative samples of frontier oils as they are discovered, com
mon pipeline blends, imported cargos, and various products.
The catalog combines the data from industry and others with
experimental data obtained in EETDs laboratory. That facility
is uniquely equipped for such work because of the specialized
equipment assembled during the past five years and the
availability of walk-in temperature-controlled chambers where
properties can be measured at low temperatures. The dispersion
and emulsion-forming characteristics of oil are two elements of
the data presented and an expanded version of the catalog will
soon be available. Like most EEID publications, copies are free
but EEID retains the right to limit quantities.
REMEDIAL MEASURES
Environment Canada has been working to improve spill
countermeasures for 15 years. One of the frrst decisions was to
focus attention on the problems peculiar to cold climate opera
tions and to make maximum use of technology developed for
spills elsewhere. Another initial decision was to tackle the es
sentially ice-free and completely ice-covered situations first and
to defer the problem of removing oil under intermediate condi
tions.
Arctic Oll Skimmers

Prior to AMOP, most of the effort devoted to remedial
measures had been expended on performance evaluations either
in enclosures set up adjacent to wharfs or in open water. That
work had shown three types of skimmers being manufactured in
Canada were potentially effective under near-freezing condi
tions but that all required modification to correct problems.
Initially, the objective for this element of AMOP was to develop
and prove the necessary modifications to each type and derive
an arctic oil recovery vehicle on that basis. However, after the
frrst year or so and having looked at platform options including
hovercraft, it was concluded that special-purpose skimming
vessels able to operate safely in the Arctic at reasonable distan
ces from the few and widely separated support bases were
possible but too costly. Work to that end was abandoned in
favor of devices capable of being deployed from offshore sup
port ships or other available vessels, such as barges.
By far the most successful skimmer development was done
in cooperation with Morris Industries Ltd. of Vancouver. Based
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on cold-room tests at the National Research Council in Van
couver and a series of tank-tests, including some at OHMSETI
in New Jersey, improvements made to their oleophilic-disk
models transformed the Morris products into industry leaders
worldwide.
Prototypes of arctic variants of the Bennett/Versatile
oleophilic belt skimmer and Oil Mop Pollution Control's rope
mop were built and tested. The former was tested in OHMSETI
and then sea trials were conducted with oil off Newfoundland
with help from the Canadian Coast Guard (CCG).33 Shortly
thereafter it was loaned to Dome Petroleum Ltd. for a side-by
side comparison test against the Lockheed skimmer originally
mounted on their oil recovery barge in the Beaufort Sea.34 The
AMOP product was clearly superior and was purchased and
installed in place of the Lockheed model. Smaller derivatives
were subsequently built and sold but so far there has been no
market for the full-sized arctic model.
After simple stability trials alongside a CCG base, the Oil
Mop prototype was tested in a refinery settling pond where it
was confirmed that the modified rope-drive mechanism has
cured the slippage problem experienced with other models.
However, the CCG decided not to add it to their inventory
because the Oil Mop prototype was too large and cumbersome
to be safely deployed from their ships at sea. There were no
responses when it was declared surplus and offered for sale.
Eventually the prototype was scrapped, but not until it had
performed one very useful function. Because of its similarity to
the larger ARCAT II developed in the United States for use off
Alaska, the AMOP prototype was loaned to the U.S. Coast
Guard and was tested with blocks of ice in OHMSETI to
investigate the extent to which drifting ice might degrade per
formance.J5 With 50 percent ice cover or less, performance was
comparable to that in ice-free conditions; at higher concentra
tions, as had been previously indicated by smaller-scale tank
tests in Canada, the ice blocked the inlet to the skimmer.
Conventional Booms
Nothing was done to further the development of convention
al booms for several years because of the decision to focus on
open-water situations and because of the substantial effort being
expended by Norway and others to develop booms for offshore
use. It was not until the CCG specifically requested a scaled-up
version of the river model of the Bennett self-inflating "Zoom
Boom" for evaluation as an open-ocean replacement of their
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Vikomas SeaPacks that AMOP ventured into this aspect of oil
spill countermeasures development.
The end result was a 12-section boom 366-meters long com
bining the essentially similar designs of two manufacturers and
packaged in a specially configured hull transportable by
helicopter as a slung load and from which it could be remotely
deployed while being towed by either a helicopter or suitable
work-boat. A section performed well in OHMSETI. However,
when the full-length was subsequently deployed at sea off New
foundland in conjunction with trials of the Bennett/Versatile
arctic skimmer, the CCG decided that it was not a suitable
replacement for their Vikomas.J 3
Fireproof Booms
Prior work at Balaena Bay during the Beaufort Sea Studies
has shown that confined floating oil could be burned-off in
situ? Therefore, one of the first projects under AMOP was to
determine the feasibility of constructing a frreproof boom to
provide the necessary confmement in the absence of sufficient
ice or other natural features. A variety of materials and ap
proaches were considered and small-scale tests indicated that
frre resistant booms were indeed feasible 36 but that floating nets
were ineffective. AMOP efforts to achieve a frreproof oil con
fmement capability were discontinued when Dome Petroleum
Ltd. embarked on the development of a frreproof boom for
offshore use in the Beaufort Sea. Largely because of CCG
interest, work was resumed within a few years in a parallel
effort to explore a concept that might result in a lighter and
cheaper product. The GemEng boom, with its ceramic
protected foamed-glass flotation, was tested in OHMSETI and
its ability to hold oil matched that of previously tested conven
tional booms.37 It also withstood repeated and prolonged ex
posure to burning crude oil with only minimal and readily
repairable damage. However, in both the tank test and sub
sequent deployments where it was subjected to moderate wave
action, the boom sustained unacceptable structural damage
despite several design changes? 8 Work was discontinued for
lack of sufficient market interest.
Waterjet Barrier
Coincident with a tanker spill off Canada's east coast in
1979, a novel approach to controlling oil on water was proposed
by a Mr. D. Christie of Vancouver. The concept was to use a
horizontal array of high pressure waterjets to induce an airflow
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(artificial wind) over the surface of the water which would
oppose the movement of the oil. The concept was outlined to
the other members of the OHMSETI Interagency Technical
Council (OITC) and it was decided that some exploratory work
would be undertaken in OHMSETI. That work showed the
airflow induced by high pressure waterjets in the proposed
arrangement does effectively move oil on water. Of particular
interest was the fact that the presence of waves, which made
conventional booms ineffective, had no measurable effect on
the ability of the jet-induced wind to move oil.39
AMOP funded the construction of a basic prototype consist
ing of two opposing arrays mounted on improvised floats. It
was tested on the Mackenzie River at Norman Wells, NWT, in
cooperation with Esso Resources Canada Ltd. and its perfor
mance as a deflection barrier clearly surpassed that of conven
tional booms.40 The waterjet's ability to hold oil in the
containment mode in a current was at least comparable to that of
conventional booms and, although time did not permit the
making of necessary changes on that occasion, it seemed prob
able it could be made substantially better in that mode too. The
fact that it could be held in position without anchors or tow
vessels and maneuvered by pressure adjustments was a major
advantage.
The improvised floats have since been replaced with cus
tom-designed ones that minimize drag and make more power
available for resisting current or increasing the span of the
array.
Optimum flowrate, pressure, spacing, height, and other key
design parameters have been determined through further ex
perimental work in test tanks in Canada41 andJapan.42 Brief ice
trials were conducted in the harbor at Quebec City during a
· spring breakup and indications were that the barrier was not
effective for separating oil from drifting ice. Its utility in shal
low waters such as tidal mud-flat areas has yet to be inves
tigated.
A preliminary assessment of the waterjet barrier as a
fireproof boom has been made in an Ottawa-area test tank.
Facility limitations precluded the attainment of all objectives
and, at the time this paper was written, the contractor's report
was still being prepared. However, as anticipated, it was clearly
evident that the induced wind and/or the influence of the
sprayed water does significantly reduce the amount of smoke
characteristic of oil-pool burns.
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Boom Test Protocol
The largest experimental oil spill in Canadian waters was
released off Newfoundland late in the summer of 1987 in
cooperation with the CCG and the U.S. MMS. The preliminary
purpose was to gain a realistic assessment of the capability of
the CCGs booms and skimmers to function in offshore sea
conditions and the containment and recovery effort was one of
the most successful on record. 43 A secondary objective was to
take advantage of the opportunity to deploy booms with oil in a
pre-planned situation and to validate a protocol developed by
the OITC for assessing the capability of offshore booms to
contain oil without having to spill it Such a protocol is needed
because of a desire to avoid the deliberate stressing of the
environment by spilling oil at sea and the demonstrated imprac
ticality of adequately assessing offshore booms in the confmes
of a test tank.
Oil Slick Igniters
Another project resulting directly from the aforementioned
Balaena Bay experiment, and the discovery that oil trapped in or
under sea ice would surface on melt pools in burnable quantities
as the ice warms in the spring, was one to develop a means of
igniting oil from the air. Ice movement studies indicated oil
from a subsea blowout that continued throughout the winter in
the Beaufort Sea could be distributed over an area of some
16,000 km2 , with burnable quantities of oil in perhaps 50,000 or
more separate melt pools. Safety considerations aside, it would
clearly be unrealistic to expect that people working on the ice
surface could ignite all of them in the three weeks or so typical
ly available before breakup and escape of the oil. An igniter
which could be dropped from a helicopter or slow-flying fixed
wing aircraft was developed with the cooperation and assis
tance of Canada's Defense Research Establishment at
Valcartier, Quebec after tests had shown the existing devices
developed for fighting forest fires did not produce sufficient
heat to ignite oil subjected to the amount of weathering ex
pected.44
Laser Oil Slick Igniter
Although air-dropped incendiary devices have proven to be
capable ofigniting pooled oil, it was realized that they were still
not an entirely satisfactory solution to the problem because of
the associated logistics. The igniters have a shelf-life of five
years, there are only a few places in North America equipped
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and approved to make such devices, and the production
capacity is limited even in emergency situations. There are also
transportation restrictions to further complicate the task of get
ting a sufficient number of igniters to the right place in time.
Upon learning that Physical Science, Inc. of Andover,
Maryland had achieved some success igniting pooled oil with a
laser in their laboratory, they were awarded an AMOP contract
to establish the design criteria for such a system. They were
successful in doing so, as was demonstrated in a small-scale
trial under typical late-winter conditions. An engineering study
has shown that an operational system could be installed in a
helicopter using existing technology.45 Work is continuing
under a joint project with the U.S. MMS to build and test such a
system. A laser focusing telescope has been built and tested,46
and an aiming and tracking system is being assembled. Concur
rently, in view of the success achieved by the University of
Tasmania47 and as a prelude to possible co-sponsorship of the
project, the Canadian Forestry Service is determining the laser
power requirements to ignite typical Canadian bush.
DISPOSAL
Two methods of disposal for recovered oil and oiled
materials have been addressed under AMOP.
Burial

Despite the recognized problems of operating land vehicles
in the Arctic and the long-term resulting terrain damage, it was
deemed prudent to be prepared for situations where there might
be no other practical alternative along the shores of the southern
Beaufort Sea. Selection criteria were established and possible
burial sites were identified from aerial photographs.48

test the modified prototype in a tank under both calm and
controlled wave conditions. An air-transportable pit incinerator
has been developed for disposing of oil combustibles and a
rotary kiln assembled from readily available materials (e.g.,
used oil drums and car wheels) has been built and tested in
cooperation with PACE, the Petroleum Association for the
Conservation of the Canadian Environment.50
FUTURE NEEDS
There are a number of important unknowns still to be
resolved in addition to the dispersant and other treating agent
unknowns mentioned in the previously referenced paper by M.
Fingas.4 All are either in the process of being addressed under
joint project agreements with the U.S. MMS or are expected to
become the subject of such agreements.
Photo-oxidation/Heavy Oil Behavior

Discovery of the reason for the observed variability in the
susceptibility of oils to photo-oxidation could lead to the
availability of either an inhibitor or a promoter that would
lessen the environmental impact of spilled oil.
Laser Ignition of Oil Slicks

While key elements of the laser system have been developed
and engineering feasibility has been demonstrated on paper,
there will continue to be skepticism and uncertainty until a
working system has been flown and its capability confirmed by
the successful remote ignition of floating oil under conditions
typical of an arctic spring. Informal discussions with the
University of Tasmania have raised the possibility ofa coopera
tive arrangement whereby they would make their laser available
for that purpose.

Incineration
West Coast Experimental Oil Spill

Over $400,000 has been expended to develop a capability
for incinerating oil in the Arctic and other remote areas of
Canada where it would be prohibitively expensive to transport
oil and oil-contaminated materials to incinerators elsewhere.
Simple wicking devices to collect and bum floating oil were
found to be impractical.49 A prototype device making use of
ultrasonic energy to herd, lift and atomize floating oil has
burned-off emulsified crude oil under calm conditions with
virtually no smoke. Subsequent experimental work at
laboratory scale has established engineering tolerances and
power requirements. A contract has recently been awarded to
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As evident from the recent public hearings on proposed
resumption of exploratory drilling off the British Columbia
coast, the geography and characteristics such as the heavy
driftwood accumulations peculiar to much of the west coast of
both Canada and the United States raise doubts regarding the
effectiveness of oil spill cleanup techniques applied elsewhere.
As the first step in what would of necessity be a multi-year
undertaking, a study has been initiated to identify those uncer
tainties resolvable only by spilling oil in one or more controlled
experiments and to defme the essential characteristics of the test

THE NORTHERN ENGINEER, VOL. 21, NO.4

site or sites. Follow-up phases would include the identification

determine the funding available before proceeding with any

of sites with those characteristics; site selection in consultation
with all potentially affected parties; arranging for funding; es
tablishing baseline pre-spill ecological conditions; depositing
the oil; applying selected countermeasures; and monitoring the

modifications, equipment procurement, or arrangements for the
use of any of the facilities.

Waterjet Barrier
The marked reduction in the smoke generated by in-situ

short- and long-term effects.

burning of oil enclosed by a waterjet barrier as observed during

In-Situ Burning of Oil in Leads and Drifting Ice

the recent simulated situation dictates a full-scale trial to con
fmn that finding.

Laboratory experiments and numerous burns in simulated
ice conditions in OHMSEIT and other tanks have indicated that
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The Role of Oceanic Fronts and Currents in Oil Spill Dispersion and
Response Planning in the Coastal Zone
by

Stephen P. Murray and Edward H. Owens
This article has been reprinted from the Spill Technology Newsletter,
Volume 13(4) published by the Technology Development and Techni
cal Services Branch, Conservation and Protection, Environment
Canada, Ottawa.

INTRODUCTION
Over the past decade, coastal and marine oil spill response
plans have become more sophisticated with the inclusion of
data on many aspects of the physical process environment. For
example, inlet booming strategies are being designed to allow
for variations in the direction and velocity of tidal currents at
different locations and at different stages of the tides (Foget et
al., 1979; Owens et al., 1985; Paskewich et al., 1981).
The role of winds and surface currents in the movement and
dispersion of surface slicks has been defined and modeled (e.g.,
NAS, 1985; Spaulding, 1988). One physical element that, to
date, has been missing from trajectory modeling and response
planing is the role of oceanic and nearshore fronts. The role of
fronts was described by Murray (1982), and the major part of
this discussion considers some applications of Murray's
knowledge to coastal response planning.
FORCES THAT AFFECT THE MOVEMENT OF OIL ON
THE SEA SURFACE
The primary forces that control transport and dispersion of
oil on the water surface are the movement of air above the oil
(wind) and water below the oil (currents). The relationship
between these two variable factors is described in many studies.
Winds are generated by a range of driving forces that may
include planetary circulation, regional weather systems, pres
sure gradients, or local sea breezes (Fig. 1). Currents are
generated by many factors including oceanic circulation, tidal
forces, winds, density gradients, and sea surface slopes. Interac
tion between these factors is often complex, but the net result is
that oil is transported and dispersed. In some cases, predictive
models can accurately forecast the movement of a spill but,
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where the data base is inadequate or incomplete, models may be
of little value.
Other factors that must be considered include local condi
tions, such as wave reflection from headlands and river dis
charge, and the possibility of the slick sinking and being moved
below the water surface. In addition, it is also necessary to add
physical oceanographic elements that may affect surface, or
subsurface, movement and spreading. These elements are as
sociated with density, temperature or salinity gradients and
fronts that exist where two or more water bodies meet.
THE CHARACTER AND ROLE OF FRONTS
The zone of contact between two water masses of sharply
different densities, salinities or temperatures is referred to as a
"front" The physical processes controlling fronts in ocean and
coastal waters are similar to those involved in cold and warm
atmospheric fronts.
Fronts are particularly common in coastal waters where they
are associated with the outflow of rivers and estuaries, with
topographically-induced upwelling that is common of the west
coasts of continents at all latitudes. Another type, the "shallow
sea front" is common in shallow seas and bays where
bathymetric variability and strong tidal mixing coexist.
The complex velocity field associated with fronts makes
them critically important in oil spill dispersion. Current
velocities on both sides of the front converge toward the frontal
axis, carrying flotsam, and especially, buoyant spilled oil. In the
immediate vicinity of the front, horizontal currents are very
strong and turn to move parallel to the front. At the same time,
both water masses move vertically downward, with the denser
water mass diving under the lighter. Buoyant oil, influenced by
the frontal zone, will fllSt move toward the front and then,
unable to cross the front or to sink at the convergence zone, will
collect and string out parallel to the front. Oil trapped in this
convergence zone can be moved laterally under the influence of
wind and current shear. Frontal zones, which are ubiquitous in
coastal waters, therefore, become large and very efficient traps
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or natural booms for spilled oil. Data on the presence, location,

existing slick into the English Channel. This was followed

and spatial and temporal variability of fronts are important as
these fronts can vary with seasons, wind regimes, daily and

immediately by another shift and consistent westerly winds for
two weeks, until winds out of the northeast pushed oil south

fortnightly tidal cycles, and river stages.

wards onto the Brittany Coast.

Whatever its cause, the density front acts as a natural barrier
preventing the oil from moving as it would under normal driv

ARGO MERCHANT-Winds and Tides

ing forces such as near-surface winds.
EXAMPLESOFDONITNANTFORCES

TORREY CANYON-Winds
Movement of the 1967 TORREY CANYON spill in the
English Channel is an example of the effects of wind on the
long-term drift of a slick. The track of the slick can be directly
related to wind shifts, despite strong reversing tidal currents that
exceeded 1.0 meters per second (m/s) in this area.
For the frrst six days, oil moved south away from the English
Coast under the influence of winds from the north. Then a wind
shift to the southeast stranded newly released oil, and moved the
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Oil from the ARGO MERCHANT spill in December 1976,
did not contact the shoreline and dispersed into the Atlantic
because of "prevailing offshore winds for most of the spill
period" (NAS, 1985). Actual movement of the slick was more
complex than a simple offshore motion, and is an example of
the combined effects of wind and tidal currents.
The oil initially moved shoreward under the influence of
east-northeasterly winds and maximum tidal currents, greater

than 1.0 m/s. Following a wind shift, the slick turned to the
southwest, but then reversed into the wind-generated north
easterly current as the tide turned (Murray, 1982). Wind became
the dominant force as three strong low-pressure systems passed
through the region during the crucial period when the ship
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broke up and oil releases were largest These systems resulted in
winds of 20 m/s and generated currents of 80 m/s which moved
the oil to the east.
AMOCO CADIZ-Winds, Tides, Currents, etc.
The spill from the AMOCO CADIZ, near the coast, was
characterized by persistent onshore winds. During this incident,
nearshore and inner shelf processes played a dominant role in
trapping oil against the shore.
Initially, tidal currents, often over 1 m/s, running parallel to
the shore, carried oil along the coast The oil was released inside
the coastal boundary layer-a wedge of highly stratified water
only a few tens of kilometers wide-and the onshore winds
resulted in a water-level setup that generated a 50 centimeter
per second (crrys) current downwind along the coast.
Local physical conditions resulted in a wide range of forces
controlling oil movement!. These included zones of flow
separation that left some waters oil free, headland fronts, and
unusually high tides due to shelf (Kelvin) waves in the English
Channel. These varied forces prevented the use of standard
trajectory and forecasting models (Galt, 1978).
Chevron MP-41C-Weather systems and density fronts
An explosion on this offshore production platform located
off the east flank of the Mississippi delta (Gulf of Mexico) in
February 1970, discharged more than 1000 barrels per day
(bbVd) (1590 m3/d) of oil over a 20-day period. At the time,
several different water bodies were present in the area. During a
period of high discharge turbid, cool, river water contrasted
with clear, warm, saline Gulf water so that sharp density fronts
formed near the major river outlets. The location of these semi
permanent fronts varied under the influence of tidal currents
and wind stress.
Oil slicks were driven primarily by wind-generated currents
but, upon meeting a density front, were deflected along or
trapped against the fronts. Examples of slick movements are
given in Figure 2, illustrating how density fronts played a role in
altering drift patterns. In example C, the slick was initially
pushed away from Pass A Loutre and Southeast Pass, and later
deflected to the southeast along the density front associated
with discharge from South Pass. Example E, a slick mapped the
following day, again shows deflection caused by density change
when the oil reached the Pass A Loutre front. Examples G and
H show the effects of a decrease in wind velocities after noon on
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the 15th that resulted in a westerly rebound current that abruptly
halted the progress of the slick.
Figure 3 is a thermal scan image of the slick taken from the
platform (curved arrow) to the north (right). The movement of
the oil is cut off by an extensive front and oil is concentrated
along the frontal line (arrow). Although winds associated with
migrating pressure systems controlled the overall movement of
the slicks, also important in this area was the role of density
fronts blocking and realigning slicks in different direction from
local winds.
FRONTS-IMPORTANCE AND APPLICATIONS
Fronts are only one factor influencing the movement and
spread ofoil on the water surface. However, where present they
may be the dominant factor. Geographically, the role of density
currents is most likely to be critical near a river outlet (estuary
or delta). In this environment, the meeting of two sharply dif
ferent water masses (river and oceanic) creates a strong front
that a slick may not be able to cross. Because fronts are regions
of convergence and current shear, the flow would carry the slick
parallel to the front.
A regional study was conducted (Murray, 1988) on the
Guyana Current, off the north coast of South America, to char
acterize conditions under which a spill would be affected by this
major current and by a wide (tens of kilometers) brackish, coast
boundary current flowing northwest from the mouth of the
Amazon River.
It is unlikely that a major offshore spill from an ocean-going
very large cargo carrier would reach the adjacent coast, despite
consistent prevailing onshore winds due to the strong---0.5 m/s
or 50 kilometer per day (km!d)-alongshore current If the spill
were to reach the inshore shelf area it would be on the ocean
side of the density front and probably be deflected alongshore,
eventually joining and mixing with the waters of the Atlantic. In
this region, coastal density fronts act as a natural barrier to
protect the coast from spills on the middle and outer shelf, but
would trap an inshore spill against the coast, preventing
seaward movement and dispersion of the slick.
On a more local scale, the discharge from large (e.g., Mack
enzie, Yukon, Fraser) and small deltas would protect the coastal
zone near river outlets. Usually considered sensitive and vul
nerable, these environments could be considered in more detail
to define sections where some natural self-protection exists so
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Figlll'tl3. NASA themual sciJIJner imllgery ofthe dick from the Chevron platform on Marcia 16, iU.strating 1M slick being cut olfby a thnrity front (lii'TOW).
Tlae seven wlaiU ncflmgks tuljacent to the platform (cuntld IIITOW) are barges used to deploy booms across 1M path ofthe slick, obviously willa littk
success.

that response activities could be focused in other, less protected,
sections. Similarly, within estuarine environments, oil could be
trapped or deflected to one shore rather than another, depending
on tidal and river current circulation patterns.
AN ARCTIC EXAMPLE OF THE ROLE OF FRONTS
FROM ECLIPSE SOUND, BAFFIN ISLAND, N.W.T.
Eclipse Sound is a large, deep, drowned glacial valley
separating Bylot Island from Baffin Island. On the evening of
August 13, 1987, a plume of water moved rapidly to the east,
along the shoreline adjacent to the settlement of Pond Inlet
(72°44'N, 78°00'W), on the south shore of the Sound (Fig. 4).
The plume was about 100 meters (m) wide, and was visibly
different from the main water body in the Sound:
1. the water color was lighter (Fig. 4 b);
2. the surface was calmer (i.e., fewer waves and ripples)
(Fig. 4a); and
3. ice floes were travelling west to east (whereas ice in
the Sound was travelling NE to SW).
At the time, the wind was from the northeast, at an estimated
velocity of 15 to 20 kilometers per hour (km/h). The wind
generated waves approximately 20 to 30 em high, and drove ice
floes from northeast to southwest.
The front was frrst observed at the west end of the settlement
and was visually tracked as it moved alongshore at a rate of
between 1.0 and 1.5 km/h. The plume evidently originated from
Salmon River, 2.0 km west of the settlement. Within the area of
the plume, although the surface was calmer with fewer ripples
and small amplitude wave, 10 to 20 em "swell" waves
generated in the Sound by the northeast winds refracted and
broke at the shoreline (Fig. 4 a). It appeared that waves were
dampened because the water surface was rougher near the lead

THE NORTHERN ENGINEER, VOL. 21, NO.4

ing edge of the plume and became progressively calmer
downwind.
Within the plume, ice floes were travelling from west to east
at a faster rate than the progression of the plume alongshore.
The floes did not cross the outer (seaward) boundary of the
plume. As they caught up with and approached the leading edge
of the plume they were deflected south, towards the shoreline,
and collected against the beach (Fig. 4 b). Similarly, ice floes
that approached from the east and northeast did not cross the
front of the plume, and were deflected alongshore to the west,
never moving closer than 20 m to the front.
Movement of ice floes can be taken to approximate the
general movement of surface oil. In this example of coastal
oceanography, the two contrasting water masses would have
had a dominant effect on the movement and dispersion of oil,
had it been present.
The floes in the plume were driven at a rate of about 3 to
5 km/h into a headwind of more than 15 km/h. They neither
entered nor escaped the plume.
The analogy for an oil spill in this situation, therefore, is that
the fronts which defined the plume would have acted as a
natural barrier to either:
1. contain the oil within the near-coastal waters and
transport it, against the wind, alongshore to con
taminate the beach in front of the settlement; or
2. protect the shoreline from any oil carried towards the
settlement from a spill in the Sound.

A TROPICAL EXAMPLE OF THE ROLE OF CURRENTS
AND FRONTS ON THE TRANS-GUY ANA COAST OF
SOUTH AMERICA
The northeast coast of South America is dominated by
easterly trade winds that drive a major Atlantic Ocean current
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Figure 4. Views to tlte JWrlhwest (a) 41111JWrlhetJSt (b) at 21.o()() lwun 011 August 13, 1987 at POIId 1nkt, Baffin Jsltuul, N. W.T.
(a) Slaows tlae coastal plume willa ice tmpped against tlaefront aJUI refracted wa~~es out ofthe norllaetJSt at the slwreline. Tlae difference in color between
tlte two water masses is due to rejkction as tlae waters oftlae Sou1UIIaave a rougher (rippled) surface.
(b) Slaows tlae leading edge oftlte plume, willa rougher wave corulitions. Bylot lllaJUI is in tlae backgrouJUI.In tlais case, t1ae difference in color oftlae two
water masses was real, witlt tlae plume waters being a lighter sluule ofblue.

(the Guyana western boundary current) which runs northwest

area. At the larval stages, shrimp spend their life in coastal

along the coast within 30 km of the shoreline. The current's
core is near the shelf break, between 100 and 200 km offshore.

swamps and mangroves.

Current velocities decrease from 1.0 m/s off the Amazon Delta
to 0.5 m/s off Suriname, and increase again off the Orinoco
Coast to 0.7 m/s.
Fresh water input from the Amazon is brackish and lighter
than the ocean waters but the influence of the River diminishes
past French Guyana. In this down-drift region of high rainfall
greater than 9400 millimeters per year {mm/yr)-the discharge
of local rivers is important on the adjacent coast.
In this region there are, therefore, two major physical
oceanographic factors that must be taken into account: the
meteorological-oceanographic forces that transport oil on the
surface of the shelf waters; and the density fronts that separate
the blue shelf waters from the brackish, sediment laden, inshore
waters associated with river discharges.

Major conclusions from this analysis are:
•

Oils from a spill at or near the shelf break would be
unable to traverse the entire shelf to affect the coast.
Mid-shelf spills could threaten Guyana's coast, but not
French Guyana or Suriname's, which are protected by
density fronts associated with the nearshore brackish
water. A spill could be gradually pushed onshore toward
the Guyana Coast but would be deflected alongshore,
unless river discharge were low. In this case, the oil
could be stranded on the shore zone. Oil spilled within
the Guyana current could be transported toward
Trinidad and Tobago. This area would be most vul
nerable during June-September when the winds are
from the southeast.
A spill within 20 km of the coast would have a high
probability of affecting the shore zone at all times be

Murray (1988) evaluated the effects of surface winds and
currents on oil spilled adjacent to the coast The information

cause prevailing winds blow toward the shore. A spill

provided by the study is valuable for regional spill response

near the cast would be trapped by the density fronts, and

plans since this coastline is adjacent to a major oil tanker ship

would not be likely to escape onto the shelf.

ping route, and the mangrove and mud coasts are extremely
sensitive environments in terms of the potential effects of
marine pollution. In particular, this is a major shrimp fisheries

36

The results of Murray's (1988) study, which focuses on the
combined effects of ocean currents and trade winds, the primary
forces of movement on the water surface, have been integrated
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with the role of fresh water input from rivers, which can act as a

beaches at Cape Hatt, funded by the Technology Development

natural barrier to oil spill movement, and with a study (Owens,
1988) on the sensitivity of the trans-Guyana coast to provide
information on the effects of spilled oil within this system.
These combined studies are an important example of a
regional application of physical oceanography to contingency
planning. At this scale, it is possible to defme the probable
movement and associated effect of oil spills on different coastal
and shelf environments.
In this region, a trajectory analysis based on wind data alone
would show that a spill would likely move onshore, but the
inclusion of data on currents gives a very different result Al
though onshore tradewinds persist throughout the year, an oil
spill on the outer shelf, or near the shelf break, would be unable
to reach the coast before being carried into the Atlantic by the
Guyana current. Thus, knowledge of physical oceanography is
crucial to the development of trajectory models, or of spill
effects, in this environment and at this regional scale.

and Technical Services Branch of Environment Canada.

CONCLUSIONS
Regional and local spill response plans should include data
about fronts and currents, where available, to take advantage of
natural oceanographic processes in the coast zone. Spill trajec
tory analysis should include similar information so that
projected slicks do not cross density fronts that in reality would
act as a barrier.
A local study of frontogenesis, frontal movement and frontal
dissipation should be conducted for high-risk areas. Coastal
bays, estuaries and deltas are often environments where fronts
develop, and are often highly sensitive and vulnerable to spilled
oil. Similarly, shelf and inshore current data, combined with
wind data, will give a more accurate trajectory analysis of
spilled oil than if wind data alone is used.
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BACK OF THE BOOK
• CONFERENCES

April 2-4, 1990-Modern Techniques
for Machine Vibration Analysis-Or
lando, Florida, USA.
The objective of this seminar is to pro
vide attendees with vibration measure
ment techniques and information which
can be immediately applied in practice.
This seminar is particularly recommended
for persons in maintenance, operations, or
plant engineering who are using vibration
analysis for the condition monitoring and
troubleshooting ofrotating machinery. At
tendees should possess a basic knowledge
of machine vibration measurement and
analysis, and have some prior experience
in machinery diagnostics. For additional
information contactBruel & Kjaer Instru
ments, Inc.,J281 Kennestone Circle Suite
600, Marietta, GA 30066, (404)422-5200.
April 4-5, 1990----4th Conference on
Toxic Substances-Montreal, Quebec,
Canada
This conference is a follow-up of the
1984, 1986 and 1988 conferences on toxic
substances. The conference is an impor
tant tool for exchanging know-how and
information among participants from tech
nical and scientific professions such as en
gineering, administration, industry,
government, and interest groups. For more
information contact AWMA-Quebec Sec
tion, Fourth Conference on Toxic Sub
stances, 2549, boulevard Rosemont, Room
101, Montreal, Quebec, HlY 1K5.
April 25-27, 1990-Municipal Solid
Waste Management: Making Decisions
in the Face of Uncertainty-Toronto,
Ontario, Canada.
The overall purpose of this symposium
is to assist those involved in the decision
making process for municipal solid waste
(MSW) management to select effective,
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integrative MSW strategies. The various
MSW management options will be
evaluated from risk assessment and risk
management perspectives. Presentations
and workshop discussions will examine
current knowledge concerning human and
environmental risks, economic implica
tions and principles of landftll operations,
combustion, and the 3Rs. For more infor
mation contact Lorraine Craig, Research
Manager, Institute for Risk Research,
University of Waterloo, Waterloo, On
tario,N2L3Gl, Canada.
May 16-18, 1990-Water Supply:
Meeting Alaska's Municipal and In
dustrial Needs-Anchorage, Alaska,
USA.
A major portion of Alaska's population
obtains its water from public water sys
tems. Planning is essential to ensure for
the capacity to meet current and future
water demand, protect water quality, pro
vide adequate water quantity, and invest
ment for future systems. The primary
focus of this joint annual conference is to
bring together a variety of individuals in
volved in the planning, design, manage
ment, treatment, and distribution of water
in Alaska. For more information contact
AWRA, Alaska Section, PO Box 101184,
Anchorage, Alaska 99510.
June 10-13, 1990-Second Sym
posium on Strait Crossings
Trondheim, Norway.
Permanent strait crossings by bridges
and tunnels are becoming more and more
important. At the same time, modem ferry
connections will continue to play an im
portant role. This symposium will present
the latest technological developments in
strait crossings. Great emphasis will also
be put on studies of the social, economic
and environmental effects of the cross
ings. Safety and operational aspects of

strait crossings need careful consideration
and this is included in the symposium's
theme. For more information contact
Strait Crossings, PO Box 2312, Solli, N
0201 Oslo 2, Norway.
October 3-5, 1990-12th Canadian
Waste Management Conference--St.
John's, Newfoundland, Canada.
"Is 'NIMBY' A Solution? Let's Work Together"

This national conference is designed to
provide a forum for the exchange of so
cial, scientific and technical viewpoints
related to the management of solid and
hazardous waste. The 1990 conference
will afford scientists, engineers, tech
nicians, plant operators, managers, stu
dents, municipal leaders, and the general
public to meet and discuss one of the most
complex waste management issues facing
society today. For more information con
tact Susan Clarke, Technology Develop
ment and Technical Services,
Environment Canada, 351 St. Joseph
Boulevard, Ottawa, Ontario, KIA OH3,
Canada.

• CALLFORPAPERS
Third International Symposium on
Cold Regions Heat Transfer-June 12
14, 1991-Fairbanks, Alaska, USA.
The overall purpose of this symposium
is to bring together researchers and en
gineers from all over the world who are
active in the area of cold regions heat
transfer and thermal engineering. The
symposium will serve as a forum for the
exchange of ideas and experience in cold
regions heat transfer research, as a means
to encourage the cooperation and stimula
tion of future research, and to allow inter
national fellowship to occur and
friendships to be made. The forum will
provide an environment for the review and
dissemination of recent scientific and
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technical information related to all aspects
of heat transfer in cold climates.
Although the symposium will cover all
areas of heat transfer and thermal en
gineering in cold climates, five subject
areas have been identified as high priority:
phase change in porous media; icing
phenomena and frost formation; heat
transfer in structures; mechanical systems
for cold climates; and ground freezing and
thawing. Three copies of a 400 (ap
proximate) word abstract are due by Oc
tober 15, 1990. For more information
contact Dr. John P. Zarling, Professor of
Mechanical Engineering, 539 Duckering
Building, University ofAlaska Fairbanks,
Fairbanks, Alaska 99775-0660 USA.
OMAE 1991 lOth International Con
ference on Offshore Mechanics and
Arctic Engineering-June 23-28,
1991-Stavanger, Norway.
Abstracts should emphasize the sig
nificance of the results and/or their
originality. Send two copies of an abstract
in 300 to 400 words to one of the sym
posium coordinators or to the appropriate
session organizer. The abstract must in
clude full names, addresses, and telephone
and fax numbers of the corresponding
author and coauthors. The deadline for
abstracts is June 1, 1990. Contact the fol
lowing coordinators for further informa
tion:
• Offshore Technology-Or. S. K.
Chakrabarti, CBI Research, 1501
North Division Street, Plainfield, IL
60544-9829; (815)436-2912;
• Safety and Reliability-Or. C.
Guedas Soares, Technical University
of Lisbon, Av. Rovisco Pais, 1096
Lisboa, Portugal; 315-1-803-580;
• Materials-Or. Mamdouth M.
Salama, Conoco, Inc., 1000 S. Pine
(6393 RW), PO Box 1267, Ponca
City, OK 74603; (405)767-2738;
• Arctic/Polar-Or. 0. A. (Femi)
Ayorinde, U.S. Army Cold Regions

Engineering and Research Lab., 72
Lyme Road, Hanover, NH 03755
1290, (603)646-4317; or
• Pipeline-Mr. S. T. Barbas, Exxon
Production Research Co., PO Box
2189, Houston, TX 77252-2189;
(713)940-3007.

• NOTED
The U.S. Fish & Wildlife Service is
looking for persons interested in volun
teering time to work with wildlife conser
vation programs. Locations for
assignments are scattered throughout
Alaska. Volunteers will be working with
professional biologists and managers in
the bush of America's Last Frontier. Most
positions are for the summer period, be
tween mid-May and September. The pro
gram is open to just about every
occupation and there are opportunities for
persons who want to work in public invol
vement, archaeology, environmental
education, computer programming, and
frre management. For more information
contact Alaska State Parks, Volunteer
Recruitment, PO Box 107001, Anchorage,
Alaska 99510; (907)762-2655.

••••••••••
Unique summer employment oppor
tunities are being offered to teenagers
across Alaska by the Youth Conservation
Corps Program, U.S. Fish & Wildlife Ser
vice, U.S. Forest Service, and Alaska
Division of Parks and Outdoor Recrea
tion. Age requirements and wage levels
vary. For more information contact your
nearest U.S. Fish & Wildlife Service, U.S.
Forest Service, or Alaska Division of
Parks and Outdoor Recreation.

••••••••••
According to the manufacturer, Fron
tier Industries, Inc.'s new SWEPT-10
Municipal Solid Waste disposal system
offers efficiency while also answering a
number of environmental concerns. The
SWEPT-10 system utilizes a new thermal
processor technology to relieve the grow

THE NORTHERN ENGINEER, VOL. 21, NO.4

ing problem of garbage and waste
management. It utilizes a controlled heat
and oxygen chamber, with temperatures
reaching 1500<>p, to convert carbon-based
waste materials back to their base element.
The only solid by-product is a fine carbon
powder, or char, which has several com
mercial applications and is not toxic or
hazardous. For more information contact
Frontier Industries, Inc., Research and
Resource Recovery Center, 1053 Cave
Springs Road Suite 200, St. Charles, MO
63303; (314)926-3220.

• PUBLICATIONS
The Institute for Scientific Information
(ISD has released Current Contents on
Diskette/Engineering, Technology & Ap
plied Sciences, a weekly database provid
ing access to the contents of pages of more
than 800 engineering and technology jour
nals published worldwide. For more infor
mation write to lSI, 3501 Market Street,
Philadelphia, PA 19104 or call toll-free
1-800-336-4474.

••••••••••
CRC Press, Inc. announces the release
of Bioenvironmental Systems. Edited by
Donald L. Wise, Ph.D., P.E., the text con
sists of four volumes offering a com
prehensive overview of the most
promising and active bioenvironmental
research and development programs
around the world. The major theme is the
bioconservation of organic residues, with
an emphasis on anaerobic methane fer
mentation. Practical aspects are addressed,
as well as important research on bioen
vironmental systems. Each chapter is the
work of a particular individual or group,
dedicated to exploring the practical solu
tions to environmental problems. For
more information contact CRC Press, Inc.,
2000 CorporateBlvdNW,BocaRaton, FL
33431.
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