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INTRODUCTION

Many Navy harbor facilities are located in estuarine environments
and are subject to heavy shoaling. Rivers flowing into these areas
carry large quantities of clay-sized sediments, which flocculate upon
reaching the higher salinity estuarine waters. These flocculants are
preferentially deposited in quiet water areas such as pier and berthing
facilities. Removal of this material by dredging represents a continual
Navy expense.

A recent study of dredging problems in Navy harbors by Malloy
(1980) concluded that the Navy currently dredges 9.95 M cubic yards of
sediment each year. Ninety-two percent of this sediment is cohesive,
consisting primarily of flocculated clays. The Navy's cost for this
dredging is currently estimated at $30 M/yr. More significantly,
dredging costs are projected to rise dramatically in the future due to
rising energy costs and Federal environment restrictions.

Recognizing the magnitude of this problem, the Naval Facilities
Engineering Command (NAVFAC) initiated a program in 1975 to develop a
number of innovative sediment management techniques to reduce the Navy's
dredging burden. The work was sponsored by NAVFAC Code 03 as part of
the environmental protection program at CEL. The primary intent of the
program was to concentrate on cohesive sediment control due to its
importance in Navy harbors. A number of different concepts were explored
in the laboratory including air curtains, water curtains, passive curtains
and scouring water jets (Van Dorn et. al. 1975, 1977). On the basis of
these experiments, the passive curtain and scouring water jet concepts
were judged most promising. A series of prototype experimental systems
based on these two concepts was designed by Scripps Institution of
Oceanography (SIO) and tested at Mare Island Naval Shipyard (MINSY) (Van
Dorn, et. al. 1978, 1980). The success of these tests has encouraged

further engineering development of both concepts, with the eventual goal

of installing operating systems in all candidate Navy harbors.




Anticipating the deployment of these systems in a wide variety of

harbors, a study was requested of the Civil Engineering Laboratory (CEL)
to develop a general design procedure for a scour jet array. The scour
jet array was selected because of its advanced state of development
relative to the passive curtain system. The objective of the study was
to develop a design procedure which would lead to an optimum preliminary
design for a particular site. This technical note, consisting of several
parts, documents the above study. First, the scour jet array concept is
discussed along with a description of its components and method of
operation. This is followed by sections on general sedimentation pro-
cesses, turbulent jet characteristics and pumping system economics.
Next, a computer-assisted optimization procedure is introduced detailing
the selection of a single system having the smallest annual cost.
Finally, the completed design procedure is discussed and a site specific

example is included.

SYSTEM DESCRIPTION

A scour jet array consists of a linear array of water jets, located
along a quay wall, pier or other berthing facility, (Figure 1). In
addition to the jets and associated piping, components of the array
include a water pump, a series of automatic control values and a control
system which sequences the jets with the tidal currents in the area.

The particular compounent configuration shown in Figure 1 is only
one of several possible configurations. Other configurations include a
submerged manifold pipe with submerged control values, an exposed manifold
pipe with submerged control values or a completely submerged system
including a submerged pump. For the purposes of this note however, it
is assumed that the system appears as shcwn.

Another source of variation is the type of material used in the
fabrication of the various components. Generally, there is a trade off
between a higher initial cost and an increased longevity as more cor-
rosion resistant materials are considered. Although the system alter-

natives are almost limitless, for this study it will be assumed that the

pump, pipe and valves are either cast iron or steel. As previously
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stated, the emphasis of this study is to establish a rational design
procedure. If other configurations or materials are desired, the design
procedure can be modified to accommodate them.

System variables include the jet diameter, the number of jets, the
pipe diameter, the array length, the desired scour radius, the pump
flowrate, the pump pressure and the jet duty cycle. It will be shown
that the number of physical equations needed to describe a jet array is
one less than the number of jet array variables. As a means of obtaining
closure, the concept of an optimum system will be introduced, with the

optimization parameter being the smallest annual cost.

SEDIMENTATION PROCESSES FOR CLAY SEDIMENTS

The processes of scour and deposition of flocculated clays in
estuarine environments are not well understood. Much of the problem
lies in the complexity of the sediment itself, which changes properties
as a function of time after deposition. Van Dorn et. al. (1977), sum-
marizing laboratory studies by Krone (1962, 1974), gave the following
deposition sequence. Rive+ born clay mineral particles are initially
dispersed due to a sheathing of their electrically charged surfaces by
water molecules, rendering them mutually repulsive. Upon reaching the
more saline estuarine waters, the molecular sheathing is partially
destroyed, resulting in a mutual attraction and eventual flocculation.

The flocculants have a significantly higher fall velocity than the
individual clay particles, thus encouraging rapid deposition in quiet
water areas.

Deposition occurs as a loosely structured layer of unconsolidated
flocculents having an initial solids concentration of 10-15 kg/m3? and a
shear strength of approximately 0.06 nt/m?. After deposition the layer
rapidly compacts, reaching a final solids concentration of 300-400 kg/m3
with a correspondingly higher shear strength. In a navigation channel
subject to significant tidal action, deposition occurs during slack
water. The freshly deposited sediment is then only partially re-suspended
during the following phase of the tidal cycle, due to the rapid conso-

lidation process mentioned above.
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In many areas, the rate of deposition is found to vary -- both in
time and space. Spatial variations are related to variations in the
local water circulation and the bottom shear stress. Similarly, the
rate of sediment deposition reflects the seasonal variations in the
local abundance of suspended sediment. The latter has been found to be
related to the river discharge. Another factor which affects the local
rate of deposition is the salinity, which varies with river discharge
and relative position within the estuary. Generally speaking, floccula-
tion only occurs when the salinity exceeds approximately 10 parts per
thousand (ppt).

From an energetics standpoint, it is clearly advantageous to re-
suspend any newly accumulated sediment as soon as possible. It can be

shown (see section on Equations) that the power expended by a water jet

increases with the 1.9 power of the shear stress at a given distance
from the jet. Thus, in a tidally dominated area, it will be assumed
that a scour jet array will be operated during every ebbtidal cycle.

The shear stress required to adequately scour daily deposition is dif-
ficult to estimate. However, based on field experiments it appears that
0.4 nt/m? is adequate. More generally, the minimum stress level is also
related to the duty cycle time of the jet. Using incomplete field
experience, 12-minute per ebbital cycle appears adequate for a 0.4 nt/m?

stress level.

PHYSICAL SYSTEM EQUATIONS

The principle of operation for a scour jet array is to re-suspend a
freshly deposited layer of, loosely consolidated sediment using a submerged
water jet. It is important then to understand the mechanics of a turbu-
lent wall jet so that the shear stress distribution associated with the
jet can be predicted as a function of the critical jet parameters. To
this end, Van Dorn et. al. (1975 and 1977) performed a series of labo-

ratory experiments to determine both the shear stress distribution and

the scouring capability of submerged wall jets as a function of the jet

diameter and discharge velocity.




!
|

——— ————a

Van Dorn et. al. tested a number of jet nozzle configurations, but

eventually concentrated on a simple circular nozzle positioned horizon-

tally and slightly raised from the bed. Two types of tests were conducted.

First, scour patterns made in freshly deposited layers of diatomaceous
earth were measured for varying jet flowrates and nozzle diameters.
Second, as a means of correlating the scour measurements with the bottom
shear stress levels, the shear stress distribution associated with a
single-sized jet was measured as a function of the jet discharge rate.
As a result of these tests the following dimensionless equation was

proposed by Jenkins et. al. (1980):

T, ) (uo d)‘o"'( r)—z.z.
i 120 U_“ \—— T 48]

where T, is the bottom shear stress, p is the fluid density, v is the
kinematic fluid viscosity, Uo is the jet velocity, d is the jet diameter
and r is the distance from the jet nozzle. Equation 1 indicates that
the shear stress at a given distance from the nozzle is a function of
the discharge velocity, the jet velocity and the fluid properties. The
pressure drop through the jet is predicted by:

U = ¢ V2 2p/p (2)

where Ap is the pressure drop and ¢ is a dimensionless discharge coef-
ficient. For a properly designed nozzle, c has been found to be approx-
imately equal to 1 and this value will be assumed throughout the note.
The number of jets in the array depends on the separation distance of

the jets, AL, which is assumed to be equal to:
AL = r/3.3 (3)

Equation 3 is specified to provide a 10% overlap in the scour patterns

between adjacent jets (Van Dorn et. al., 1975). The number of jets in

an array becomes:
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(4)

. = L/AL
nJ /

The jet discharge rate, g, is related to the jet discharge velocity

and diameter by:

n_d?
qQ = —5— U, (5) i
{
Similarly, the flowrate is related to the pipe velocity, V by:
(6)

n D2
qQ = 57—V

For simplicity, the pipe velocity will be
This value has been

where D is the pipe diameter.
assumed to be a constant and equal to 2.5 m/sec.
specified by La Que (1975, p 150) to be the highest velocity which does

not produce an excessive rate of corrosion for steel pipe.
Another equation which is important in the design of a scour jet

array is the Darcey-Weisbach head loss equation (Vennard 1961, p 280)

e.g.:

= 2 (v
L‘fn(zg) (7)

where hL is the head loss in height of water, £ is the length of pipe, D
is the pipe diameter, g is gravity and f is the pipe friction factor.
The latter may be estimated from the pipe velocity and roughness using

the Moody diagram e.g., Vennard (1961, p. 287). The minor head losses

associated with piping bends and fittings can be estimated by an equation

similar to the Darcey-Weishbach equation (Vennard 1961, p 309) e.g.:

ve (8)

is an empirically determined dimensionless coefficient.

where KL
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The hydraulic power produced by the pump, wp, is given by:

w = <p g 2hy + Ap) q (9)
P i

The power produced by the motor in driving the pump, W is related to
w_ by:

b y

w o= wp/np (10)

where np is the pump efficiency, commonly ranging from approximately 0.8
to 0.9. Similarily, the electric power consumed by the motor, W, is

given by:

w, = w /N (1)

where nm is the efficiency of the motor and is approximately equal to
0.9. For purposes of latter calculations, it is convenient to relate we

directly to wp by combining equations 9 and 10 yielding:

w = P (12)

Finally, it has been shown (Hicks 1957, p 251) that the product qp T is
generally a function of the hydraulic power of the pump, wp. This

relationship may be expressed:

0.577 + 0.153 x - 0.025x? - 0.004x3 (13)

=
=
n

where X 1.48 log wp -2.0
Examining Equations 1 through 13, one finds that there are 12
independent equations and 13 unknowns. Consequently, the system is

mathematically indeterminant. This is intuitively obvious from Equation 1

because different combinations of U0 and d can be used to generate the

P




same shear stress distribution.

In or?c. Lo solve for a unique system,
an additional criterion is needed. As we will see in the next section,

one solu_ion is to select the system with the smallest annual cost.

ECONOMIC ANALYSIS

A complete economic analysis of a scour jet array is beyond the

scope of this note. For present purposes, a limited analysis is suf-
ficient, based on the techniques and concepts outlined in NAVFAC P-442
(1975). For simplicity the annual cost of a scour jet array is assumed
to be composed of an initial capital cost and a recurring yearly operating
cost. Maintenance costs are assumed to be negligible. A fundamental
precept of an economic analysis is that all costs incurred throughout
the lifetime of a system must be compared relative to a single point in
time. The rationale is that due to the time-value cost of money, money
spent today is more valuable than the same money spent in the future.

In economic terms, the present value, PV, of a single future expenditure,
Fn’ is a function of the prevailing discount rate, i, and the number of

years in the future in which it is made, n. Thus,

1
PV = F j—— (14)
“[u * i)“]

In the present case, i is assumed to be equal to 0.10 in accordance with

NAVFAC P-422 (1975) guidelines. Note that the discount rate, i, repre- 3
sents the net rate of return after inflation. If the cost associated j
with Fn is subject to a differential rate of inflation (or deflation),
id’ relative to the rate of inflation of most goods and services (e.g., 1

energy costs), then Equation 14 must be modified to: i




Again, in accordance with NAVFAC P-442 (1975) guidelines, id is assumed
to be equal to 0.03. Equations 14 and 15 describe the present value of
a single future cost. If recurring costs occur on a yearly basis, such
as yearly operating costs, then the present value of a series of uniform

costs for n years is:

o j
W= F Y (111) (16)

and
n 1+ 14 J
My = Fa L\Twn an

For simplicity, the summed quantities in Equations 16 and 17 are termed

the cumulative uniform series discount factor and escalation discount

factor, respectively:

n 1 J
pvf = 2: (1 o) (18)

j=1
and
n 1+ id J
v = X \Tvd (19)
j=1
In the case of a scour jet array, the present value of the system,
PV , is:
sys
PVSys = C_+ pvfd Ce (20)

where Cc is the initial or capital cost of the system and Ce is the
uniform yearly operating cost of the system. The latter is assumed to
reflect a constant yearly consumption of electricity.

The uniform annual system cost, Ca’ may be related to the present

value of the system by:
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(21)

C pvf
= < 44
Ca = pvf * pvf Ce ' (22)

In the previous section, the system of equations describing a scour jet
array were shown to be indeterminant, indicating that a multitude of

different scour jet systems, each having different capital and energy

PEEREPRIERSNORE. T~ DO —m g

costs, would provide the same shoaling protection for a particular area.
Equation 22, however, allows one to compare the annual cost of each
candidate system. If an optimum system is defined as that system with
the lowest annual cost, then Equation 22 along with Equations 1 through 13
provide a closed form solution for a scour jet array.

Before further discussion of the optimization procedure, it is of
interest to consider the economic attractiveness of a particular system.
One measure of a system's economic worth is the savings investment ratio

(SIR). In the case of a scour jet array, the SIR may be computed as:

pvfd(Cd Lr - Ce)

SIR = Cc (23)

where the dredging cost Cd ($/m2 - yr) reflects the present cost of
keeping a unit area of bottom free of deposition for 1 year using con-
ventional means of dredging. Note that due to the energy intensiveness
of dredging, it is assumed that Cd has a differeutial rate of inflation
equal to that of electricity. Note also that Cd is the product of the
local yearly rate of deposition (m/yr) and the per unit volume cost of |
dredging ($/m3). As a result, Cd is strongly site specific. i
Equations 22 and 23 may be combined to yield the SIR as a function I

of the dredging cost, the capital cost and the annual cost, i.e.: j

pvf, C, L r -pvi C
SIR = 1+—344d = a (24) i
c .
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: i Finally, another useful concept associated with the SIR is the payback
"} period n'. The payback period is defined as the number of years until
i the present value of the system savings equals the initial capital cost

of the system. In other words, n' is defined by:

| n' 1+ i\J pvf
a) _ P4
| L\ivs) = w® 25)

| Thus, n' is a function of the discount rate, i, the system lifetime, n,
y and the SIR. Figure 2 shows the payback period, n', as a function of
. the savings investment ratio assuming a 10-year lifetime, a 10% discount

rate and a 3% differential rate of inflation for electricity and dredging

costs.

COMPUTER-AIDED OPTIMIZATION

! The two previous sections provide the basic set of equations neces-
sary for selecting an optimum scour jet array design. Unfortunately,
the selection procedure requires computing the annual cost of a wide
range of candidate systems. This procedure, however, may be routinely
performed with the use of a computer. Before developing the necessary
computer code, it is necessary to be able to characterize the costs of

' various system components as a function of system geometry and operating

conditions.

The economics of pumps and their associated equipment is relatively
simple. Hicks (1957) suggests that the installed cost of pumps and
driving motors can be related to their respective powers, and the installed
! costs of pipe, values and fittings can be related to their respective
sizes. Accordingly, a number of manufacturers were contacted to obtain
cost estimates at the components. In addition, installation costs were
estimated from the Dodge Manual (1978) after allowing a 20% adjustment

for inflation. Figures 3 and 4 show the results of this procedure,

11
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where the costs of pumps and motors are shown as a function of power and
the costs of pipe and values are shown as a function of pipe diameter.

On the basis of these figures it was found that;

$pump = 365 wp2/3 (26)

and

S$motor = 62.0 W 27)

where wp and w are expressed in kW. Similarily, it was found that the

cost of schedule 80 steel pipe per meter, installed with fittings, was:

$pipe/m = 974 pl-09 (28)
The per unit cost of an installed cast iron pneumatic pinch valve was:

svalve = 10366 D1-47

(29)
where the pipe diameter D is measured in meters. Note that other types
of control valves such as pneumatically actuated butterfly valves are
similarily priced. In addition, the cost of large diameter (~0.20 m)
schedu™e 80 PVC pipe is similar to that of steel.

The cost of a control system for a scour jet array also varies with
the size of the system. Although a wide variety of control systems are
available, it is assumed that it consists of a general purpose modular
control system (e.g., Pro Log Series 7000) whose cost can be estimated

n.
$controller = 1725 + 295 @l- (30)

where nj is the number of jets in the array.

12
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Equations 1 through 30 provide the basis for a computer-aided design
procedure for a scour jet array. Figure 5 shows a simplified flow
diagram of the computer code. The input variables include both site and

! system specific information. The former are: the scour shear stress,

LY the number of days of sedimentation per year, n the length of

;
the area to be protected, L; the width of the area :zdbe protected, r;
and, the cost of electricity, €alc System inputs include the generic
4 type and material of the various components (discussed in System
| Description) and the general system lifetime, n. The output from the
computer code consists of estimates of the optimum jet diameter, pipe
diameter, pump flowrate and head. In addition, the system's annual
cost, capital cost and SIR are calculated. A listing of the complete
computer code is included in Appendix A.

Recognizing that more general design guidelines are often desired
in the preliminary stage of a design, it was decided to develop a set of
figures for an alternative graphic design procedure. The assumptions
used in developing the figures were that the bed shear stress is 0.4 at/m?
i at the design scour distance r, the duty cycle time per jet is 12 min
twice per day, sedimentation is continuous throughout the year, the
discount rate is 10%, the differential rate of inflation for electricity
is 3% and electricity costs are $0.05/kW-hr. These assumptions were
judged to be representative of present average conditions around the
nation.
The results of the above procedure are contained in Figures 6
through 12. Figure 6 shows the optimum jet diameter as a function of
the array length and the scour radius. By optimum, it is meant that
this jet diameter defines a system having the lowest annual cost for the
specified values of L and r. With d thus defined, Equations 1 through 30
may be used to calculate all the other pertinent system information, as

discussed in the section on Equations. Figures 7 and 8 show the capital

costs and annual costs assoc.ated with the optimum systems defined by
Figure 6. These figures show that system costs increase sharply as the

scour radius becomes large due to increased power consumption.

13
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Figures 9 through 12 show the savings investment ratio (SIR) as a
function of the array length, L, and the scour radius, r, for dredging
costs of $4, $8, $12 and $16/m? respectively. As expected, these figures
demonstrate that for a given length and width of protected area, a scour
jet array becomes more economical (larger SIR) as the conventional
dredging costs for the area increase. In addition, for a given scour
radius there is generally an optimum array length which has the largest
SIR. This suggests that if a very long area is to be protected, it may
be more economical to protect the area with several subsystems. In
practice, the length of a scour jet array may be constrained first by
the limited duration of the ebbtidal cycle. Figures 6 through 9 also
show that for a given length jet array, there is a limited range of
scour radii that are economical i.e., all those that have a SIR greater
than 1. Less obvious perhaps is that for a given length array, it is
most economical to design a system with a scour radius yielding the
largest SIR. In other words, even if a larger scour radius is desired,
it is more economical to use the optimum radius and conventionally
dredge the rest of the area. Similarly, if a smaller distance is desired,
the added scour distance more than pays for itself. Figures 6 and 7

show that for average conditions, the dredging cost per square meter of

bottom must exceed approximately $6 for a scour jet array to be economical.

As an example, for a unit volume dredging cost of $3/m3, the deposition
rate must be greater or equal to 2 m/yr. These costs (benefits) however,
do not reflect any added benefits such as the reduced costs associated
with having to move vessels during dredging operations. Another benefit
at some locations is a reduced labor cost for divers who must use water
jets to free a berthed vessel from mud accumulations prior to the vessel's
departure. Finally, it should be noted that the SIR is sensitive to the
assumed electricity cost. At present, the per unit cost may vary by a
factor as great as 2 or 3. Moreover, if significant sedimentation
occurs only during part of the year, the reduced operating time also
increases the SIR. As a consequence, in most instances these figures

should be used only as guidelines to determine if a more detailed study

is warranted.




DESIGN PROCEDURE

After identifying a potential site, the first step in designing a
scour jet array is to gather the appropriate site data. As discussed,
this includes the total array length, the desired scour radius, the
yearly rate of deposition and its seasonality, the cost of electricity,
the unit volume cost of :iredging and the shear stress level required to
scour the bottom. While it is anticipated that the latter may be site
specific, a value of 0.4 nt/m? is presently recommended.

The next step in the design process is to select the generic component
types and their materials. As discussed earlier, the number of system
alternatives is almost limitless. However, the present design procedure
assumes a specific system configuration, ~omponent type and material.

If deviations from the assumed system are desired, the design procedure
can be changed to accommodate them. In general, however, this would
require developing new cost estimates for the various components and a
re-calculation of Figures 6 through 12.

Once the site and system inputs have been selected, these should be
compared to the "average'" inputs used to develop Figures 6 through 12.
If the inputs are sufficiently similar, then the appropriate figures can
be used to determine the optimum values of L and r that produce the
largest SIR. Thi- procedure, however, is subject to the constants of
the site (i.e., L cannot exceed the total length of the protected area
and the number of jets cannot exceed the number which may be operated in
a single ebbtidal cycle). In practice, the optimum array length will
usually be maximized, subject to constraint by either the ebbtidal cycle
duration or the total length of the desired array. This is suggested by
Figures 9 through 12, which show increasing SIR with increasing L.

After determining L, r may be varied tc¢ maximize the SIR. If dredging
costs are the only consideration, then r should not exceed that value
which maximizes the SIR. If a larger r is desired, it would be more
economical to dredge the extra area by conventional means. If a smaller
r is desired, it still pays to scour the extra area. If the system

inputs are not similar to those used to generate Figures 6 through 12,




! then a new site specific figure must be constructed using the computer
| code listed in Appendix A. The new figure can then be used in the above
j procedure.

At this point, all the necessary inputs are defined for the computer
‘ optimization code (see Appendix A). Output from the program yields the
system geometry, flowrate and pressures. Alternatively, if the input
conditions are approximately equal to the "average' conditions discussed
in the section on Computer-Aided Optimization , then Figures 6, 7 and 8
may be used to estimate the optimum jet diameter, the system capital
E cost and the system annual cost. The optimum jet diameter may then be
= used with Equations 1 through 9 to solve for the complete system geometry,
flowrate and pressures. Estimates of these quantities complete the
preliminary design process. The next step in the design process is to
select the various components and ensure their compatibility. This,

however, is beyond the scope of this note.

As an example of the above design procedure, preliminary design of
a proposed scour jet array at Mare Island Naval Shipyard is included.
Following a site survey, it was determined that a 762 m long quay wall
was to be protected out to a distance of approximately 15 m. Protection
is required for approximately 244 days of the year, since almost no
deposition occurs during the late summer and fall. It is assumed that
the jet duty cycle is 12 min operated twice daily during ebbtide. The
total duration of the ebbtidal cycle is 360 minutes. Based on field
tests, a minimum scouring stress of 0.4 nt/m? is assumed. In addition,
electricity costs are $0.025/kW-hr and dredging costs are $12/m2.
Finally, it is assumed that the pump and valves are cast iron (with
bronze fittings) and the pipe is schedule 80 steel. A system life of 19

years is assumed, as is a discount rate of 10% and a 3% differential

rate of inflation for electricity.
| The above specifications are sufficiently different from the "average"
! conditions previously discussed so that Figure 13 describing the SIR as )
a function of L and r was developed using the computer code listed in
Appendix A. Figure 13, shows that for a scour radius of approximately
15 m, the SIR increases with increasing array length. Based on this

evidence, the array should be as long as possible and subject to the
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limited duration of the ebbtidal cycle. Since each jet has a duty cycle

of 12 min, the maximum number of jets which can be operated with one

system is 30. The total array, however, consists of approximately 168

» jets, thus the quay wall will be protected by 6 subsystems, each consisting
of 28 jets and having a length of 126 m. Figure 13, also shows that the

| maximum SIR for an L of 126 m occurs when r = 15 m, a fortunate coinci-
dence. Thus, euach subsystem will have an L of 126 m and an r of 15 m.

Using the above program inputs, the computer code listed in Appendix A

predicted an optimum jet diameter of 0.064 m, a pipe diameter of 0.188 m,
a water flowrate of 0.069 m3/sec, a total pump head of 27 m, a motor
power of 31 kW, a capital cost of §$55,000 per subsystem and an annual
cost of $11,000 per subsystem (Appendix B). The estimated SIR is 2.66;
with a payback time of 3.3 yr. Based on these estimates, it is advised
that the closest nominal-sized pipe and motor be chosen, thus the pipe
should be 0.203 m (8 in.) and the motor should be 37.3 kW (50 hp).

The component sizing and operating parameters for the system have
thus been established. At this point, a final system design must be
made, where the actual components are selected and their compatibility
is checked. Depending on the size of the system, if there is a signifi-
cant variation in the pressure at each jet, it may be necessary to fine
tune the size of each jet so that the pump always operates within its
design range. This procedure is relatively easy to accomplish using the

equations discussed previously.

CONCLUSIONS

A design procedure has been developed to aid in the preliminary
design of a scour jet array of arbitrary size. The procedure is based
on a combined physical and economic analysis of a scour jet array. The
i economic analysis was necessary because the basic system is indeterminate,
| i.e., a multitude of systems are able to scour a given area of bottom.
An optimum system was defined as the system which had the lowest annual

cost.

17




In a related development, it was found that the savings investment
ratio (SIR) is a function of the system length, scour radius and dredging
cost. Generally speaking, for "average" conditions (defined in the
Computer-Aided Optimization) a scour jet array does not become economically
attractive (SIR > 1) until the dredging cost of bottom exceeds $6/m?.
Moreover, the design procedure allows one to optimize the overall dimen-
sions of the protected area so that the largest possible SIR is obtained.
Based on the results of the present study, it is recommended that
scour jet arrays be installed at all candidate sites which are either
difficult to dredge by conventional means or are subject to sedimentation
rates in excess of 2-3 m/yr. Examples of the latter would include Mare

Island Naval Shipyard and Charleston Naval Base.
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Figure 2. Payback time versus savings investment ratio assuming a
10 year lifetime, a 10% rate of return and a 3%
differential rate of inflation for electricity.
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COMPUTER FLOW DIAGRAM

/ GENERAL SITE INPUTS  /

l

/GENERAL SYSTEM INPUTS /

—> SELECT PUMP POWER
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CALCULATE SYSTEM STATE
AND GEOMETRY
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CALCULATE COSTS

Y

NO | 1S Cpynyar A MINIMUM?
! YES

PRINT SYSTEM STATE /

GEOMETRY AND COST

Flow diagram for computer code which selects
&an optimum scour jet array.

Figure 5.
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Figure 6. Jet diameter versus scour radius and array

length for optimal jet arrays.
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Figure 7. Capital cost versus scour radius and array
length for optimal jet arrays.
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Figure 8. Annual cost versus scour radius and array
length for optimal jet arrays.
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Figure 9. Savings investment ratio as a function of
scour radius and radius length assuming a
dredging cost of $4/m2.
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Figure 11. Savings investment ratio as a function of
scour radius and array length assuming a
dredging cost of $12/m2.
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Appendix A

LISTING OF A COMPUTER PROGRAM TO SELECT
AN OPTIMUM SCOUR JET ARRAY
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; Appendix B

COMPUTER PROGRAM INPUT AND OUTPUT FOR THE
MARE ISLAND NAVAL SHIPYARD EXAMPLE
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VA: SCE Norfolk. VA:; SCE. Barbers Point HI

NATL RESEARCH COUNCIL Naval Studies Board, Washington DC

NATNAVMEDCEN PWO Bethesda. MD

NAVACT PWO, London UK

NAVAEROSPREGMEDCEN SCE, Pensacola FL

NAVAVIONICFAC PWD Deputy Dir. D/701, Indianapolis, IN

NAVCOASTSYSTCTR Code 423 (D. Good). Panama City FL; Code 713 (J. Quirk) Panama City, FL; Code
715 (J. Mittleman) Panama City, FL; Library Panama City, FL

NAVCOMMAREAMSTRSTA PWO. Norfolk VA; PWO, Wahiawa HI; SCE Unit 1 Naples ltaly

NAVCOMMSTA CO (61E) Puerto Rico; Code 401 Nea Makri. Greece: PWO. Exmouth, Australia; PWO. Fort
Amador Canal Zone

NAVEDTRAPRODEVCEN Tech. Library

NAVEDUTRACEN Engr Dept (Code 42) Newport, Rl

NAVELEXSYSCOM Code PME-{24-61, Washington DC

NAVENVIRHLTHCEN CO. Norfolk. VA

NAVEODFAC Code 605, Indian Head MD

NAVFAC PWO, Cape Hatteras, Buxton NC: PWO, Centerville Beh, Ferndale CA

NAVFAC PWO. Lewes DE

NAVFACENGCOM Code 043 Alexandria. VA: Code (44 Alexandria. VA: Code 0451 Alexandria. VA; Code
0453 (D. Potter) Alexandria, VA, Code 0454B Alexandria, Va: Code 04BS Alexandria. VA Code 08iB
Alexandria. VA: Code 100 Alexandria. VA Code 1113 (T. Stevens) Alexandria. VA: Morrison Yap.
Caroline Is.. P W Brewer Alexandna, VA: PC-2 Alexandria. VA

NAVFACENGCOM - CHES DIV. Code 402 (D Scheesele) Washington, DC; Code 405 Wash, DC: Code FPO-1
Wash. DC; FPO-1 (Spencer) Wash. DC: FPO-1 Wash, DC

NAVFACENGCOM - I ANT DIV. Eur. BR Deputy Dir. Naples Italy: European Branch. New York:
RDT&ELO 102, Norfolk VA

NAVFACENGCOM - NORTH DIV. (Boretsky) Philadelphia. PA: CO: Code (9P (LCDR A.). Stewart): Code
1028. RDT&ELO. Philadelphia PA: Code 111 (Castranovo) Philadelphia. PA: Code 114 (A. Rhoads):
Design Div. (R. Masino), Philadelphia PA: ROICC, Contracts. Crane IN

NAVFACENGCOM - PAC DIV. Code 402, RDT&E, Pearl Harbor HI; Commander. Pearl Harbor, Hl

NAVFACENGCOM - SOUTH DIV. Code 90, RDT&ELO. Charleston SC

NAVFACENGCOM - WEST DIV. AROICC. Contracts. Twentynine Palms CA: Code (4B San Bruno. CA:
Code 114C. San Diego CA: O9P20 San Bruno, CA: RDT&ELO Code 2011 San Bruno, CA

NAVFACENGCOM CONTRACT AROICC, Point Mugu CA: AROICC. Quantico. VA; Code (9E. TRIDENT.
Bremerton WA: Dir. Eng. Div.. Exmouth. Australia: Eng Div dir. Southwest Pac, Manila, PI; OICC
(Knowlton). Kaneohe. Hl: OICC, Southwest Pac, Manila. Pl: OICC/ROICC, Balboa Canal Zone: ROICC
AF Guam;, ROICC LANT DIV., Norfolk VA, ROICC. Keflavik. Iceland

NAVFORCARIB Commander (N42). Puerto Rico

NAVOCEANO Code 1600 Bay St. Louis. MS

NAVOCEANSYSCEN Code 41, San Diego. CA: Code 4473 Bayside Library. San Dicgo. CA: Code 52 (H.
Talkington) San Diego CA: Code 5204 (J. Stachiw). San Dicgo. CA: Code 5214 (H. Wheeler), San Diego
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; CA; Code 5221 (R.Jones) San Diego Ca: Code 5311 San Diego. CA: Rescarch Lib.. San Dicgo CA: Tech.
: Library, Code 447
NAVORDFAC Sccurity Offr, Sasebo. Japan
i NAVORDSTA PWQ, Louisville KY
NAVPETOFF Code 30, Alexandria VA
NAVPETRES Director, Washington DC

i NAVPGSCOL Code 61WL (O. Wilson) Monterey CA: D. Leipper. Monterev CA; E. Thornton. Monterey CA
f ! NAVPHIBASE CO. ACB 2 Norfolk, VA Code S3T. Norfolk VA: Harbor Clearance Unit Two. Little Creek,
VA
NAVRADRECFAC PWO. Kami Seya Japan
NAVREGMEDCEN Code 29. Env. Health Serv. (Al Bryson) San Diego. CA: PWO Newport RI: SCE (D.
Kaye): SCE San Diego. CA: SCE. Camp Pendleton CA; SCE. Guam; SCE. Oakland CA
S NAVREGMEDCLINIC F. Hertlein HI. Pearl Harbor HI
- NAVSCOLCECOFF C35 Port Hueneme, CA: CO, Code C44A Port Hueneme. CA

‘4 NAVSEASYSCOM Code 00C-DG DiGeorge, Washington, DC; Code OOC (LT R. MacDougal). Washington
DC; Code SEA OOC Washington, DC

NAVSEC Code 6034 (Library), Washington DC

} NAVSECGRUACT Facil. Off., Galeta Is. Canal Zone: PWO. Adak AK: PWO, Edzell Scotland: PWO, Puerto

i Rico; PWO. Torr Sta. Okinawa

- NAVSHIPYD; Code 202.5 (Library) Puget Sound. Bremerton WA Code 380. (Woodroff) Norfolk. Portsmouth.
VA: Code 400, Puget Sound: Code 400.03 Long Beach. CA: Code 404 (LT J. Riccio), Norfolk. Portsmouth .
VA; Code 410. Mare Is., Valiejo CA; Code 440 Portsmouth NH: Code 440, Norfolk: Code 440, Puget )
Sound, Bremerton WA: L.D. Vivian: Library, Portsmouth NH; PWD (Code 400). Philadelphia PA; PWO,
Mare Is.; PWO, Puget Sound; SCE. Pearl Harbor HI; Salvage Supt. Phila.. PA: Tech Library, Vallejo, CA

NAVSTA CO Naval Station, Mayport FL; CO Roosevelt Roads P.R. Puerto Rico: CO, Brooklyn NY: Dir
Mech Engr. Gtmo; Engr. Dir.. Rota Spain; Long Beach, CA; Maint. Cont. Div.., Guantanamo Bay Cuba;
Maint. Div. Dir/Code 531, Rodman Canal Zone: PWD (LTJG.P.M. Motolenich). Puerto Rico: PWO Midway
Island; PWO, Keflavik Iceland; PWO, Mayport FL; ROICC, Rota Spain; SCE. Guam: Utilities Engr Off.
(A.S. Ritchie), Rota Spain

NAVSUBASE SCE, Pearl Harbor HI

NAVSUPPACT CO, Scattle WA; Code 413, Seattle WA: LTIG McGarrah, SEC. Vallcjo. CA

NAVSTA Security Offr, San Francisco. CA

NAVSURFWPNCEN PWO. White Oak, Silver Spring. MD

NAVTECHTRACEN SCE. Pensacola FL

NAVUSEAWARENGSTA Keyport, WA

NAVWPNCEN Code 24 (Dir Safe & Sec) China Lake, CA; Code 2636 (W. Bonner). China Lake CA; PWO
(Code 26), China Lake CA

NAVWPNSTA Code 092, Colts Neck NJ: Maint. Control Dir.. Yorktown VA

NAVWPNSTA PW Office (Code (9C1) Yorktown, VA

NAVWPNSTA PWO. Secal Beach CA

NAVWPNSUPPCEN Code (9 Crane IN

NCBC Code 10 Davisville, RI: Code 155, Port Hueneme CA: Code 156, Port Hueneme. CA; Code 25111 Port
Hueneme. CA: Code 400, Gulfport MS; NESO Code 251 P.R. Winter Port Hueneme., CA; PW Engrg.
Gulfport MS. PWQO (Code &) Port Hucneme, CA

NMCB 5. Operations Dept.

NOAA Library Rockville, MD

NORDA Code 410 Bay St. Louis. MS: Code 440 (Ocean Rsch Off) Bay St. Louis MS

NRL Code 8400 Washington, DC: Code 8441 (R.A. Skop). Washington DC: Rosenthal. Code 8440, Wash. DC

NSC CO, Biomedical Rsch Lab. Oakland CA; Code S4.1 (Wynne), Norfolk VA: Security Offr, Hawaii

NSD SCE. Subic Bay, R.P

NTC Commander Orlando, Fl.; OICC, CBU-401. Great Lakes IL

NUCLEAR REGULATORY COMMISSION T.C. Johnson, Washington. DC

NUSC Code 131 New London. CT: Code EAI123 (R.S. Munn), New London CT: Code $332, B-80 (J. Wilcox):
Code SB 331 (Brown), Newport RJ: Code TAI31 (G. De la Cruz). New London CT

OCEANAYV Mangmt Info Div., Arlington VA

OCEANSYSLANT LT A.R. Giancola, Norfolk VA

ONR (Dr. E A Silva) Arlington. VA; Central Regional Office. Boston, MA: Code 481, Arlington VA; Code
481, Bay St. Louis. MS: Code 700F Arlington VA, Dr. A Laufer. Pasadena CA
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PHIBCB 1 P&E, Coronado, CA

PMTC EOD Mobile Unit. Point Mugu. CA: Pat. Counsel, Point Mugu CA

PWC (Lt E.S. Agonoy) Pensacola, FL; ACE Office (LTIG St. Germain) Norfolk VA; CO Nostolk. VA: CO.
(Code 10), Oakland. CA: CO. Great Lakes IL.. Code 10, Great Lakes, IL; Code 110, Oakland, CA; Code
120. Qakland CA; Code 120C. (Library) San Diego, CA; Code 128, Guam: Code 154, Great Lakes, IL;
Code 200, Great Lakes IL; Code 200, Guam; Code 220 Oakland, CA: Code 220.1. Norfolk VA Code 30C,
San Diego, CA; Code 400, Great Lakes, IL: Code 400, Oakiand, CA; Code 400, Pearl Harbor, HI; Code
400, San Diego, CA; Code 420, Great Lakes, IL; Code 420, Oakland. CA; Code 42B (R. Pascua), Pearl
Harbor HI. Code 505A (H. Wheeler); Code 600, Great Lakes, IL; Code 601, Oakland, CA: Code 610, San
Diego Ca; Code 700, Great Lakes. IL; Code 700, San Diego, CA; Utilities Officer, Guam. XO (Code 20)
Ouxnland, CA

SPCC PWO (Code 120) Mechanicsburg PA

NAF PWO (Code 30) Ei Centro, CA

UCT TWO OIC. Norfolk. VA: OIC, Port Hueneme CA

U.S. MERCHANT MARINE ACADEMY Kings Point, NY (Reprini Custodian)

US DEPT OF COMMERCE NOAA. Pacific Marine Center, Seattle WA

US DEPT OF HEALTH. ED.. & WELFARE Food & Drug Admin, (A. Story). Dauphin Is. AL

US DEPT OF INTERIOR Burcau of Land MNGMNT - Code 733 (T.E. Sullivan) Wash, DC

US GEOLOGICAL SURVEY Off. Marine Geology, Piteleki. Reston VA

US NATIONAL MARINE FISHERIES SERVICE Highlands NY (Sandy Hook Lab-Library)

USAF REGIONAL HOSPITAL Fairchild AFB. WA

USCG (G-ECV) Washington Dc; (G-MP-3/USP/82) Washington Dc: (Smith). Washington, DC: G-EOE-4/61 (T.
Dowd). Washington DC

USCG R&D CENTER CO Groton, CT; D. Motherway, Groton CT: Tech. Dir. Groton, CT

USDA Forest Products Lab. Madison WI; Forest Service. Bowers, Atlanta. GA

USNA Civil Engr Dept (R. Erchyl) Annapolis MD; Energy-Environ Study Grp. Annapolis. MD. Environ.
Prot. R&D Prog. (J. Williams). Annapolis MD: Ocean Sys. Eng Dept (Dr. Monney) Annapotis. MD: PWD
Engr. Div. (C. Bradford) Annapolis MD: PWO Annapolis MD

AMERICAN UNIVERSITY Washington DC (M. Norton)

AVALON MUNICIPAL HOSPITAL Avalon, CA

BROOKHAVEN NATL LAB M. Steinberg. Upton NY

CALIF. DEPT OF FISH & GAME Long Bcach CA (Marine Tech Info Ctr)

CALIF. DEPT OF NAVIGATION & OCEAN DEV. Sacramento, CA (G. Armstrong)

CALIF. MARITIME ACADEMY Vallejo, CA (Library)

CALIFORNIA INSTITUTE OF TECHNOLOGY Pasadena CA (Keck Ref. Rm)

CALIFORNIA STATE UNIVERSITY LONG BEACH, CA (CHELAPATI): LONG BEACH. CA (YEN)

CATHOLIC UNIV. Mech Engr Dept, Prof. Niedzwecki. Wash., DC

COLORADO STATE UNIV., FOOTHILL CAMPUS Fort Collins (Nelson)

CORNELL UNIVERSITY lIthaca NY (Serials Dept. Engr Lib.)

DAMES & MOORE LIBRARY LOS ANGELES, CA

DUKE UNIV MEDICAL CENTER B. Muga, Durhamm NC: DURHAM, NC (VESIC)

FLORIDA ATLANTIC UNIVERSITY Boca Raton FL. (W. Tessin); Boca Raton. FL (McAllister)

FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO, FL (HARTMAN)

FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies - Library)

GEORGIA INSTITUTE OF TECHNOLOGY (LT R. Johnson) Atlanta, GA: Atlanta GA (B. Mazanti)

INSTITUTE OF MARINE SCIENCES Morehead City NC (Director)

IOWA STATE UNIVERSITY Ames 1A (CE Dept. Handy)

WOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA (Winget)

KEFNE STATE COLLEGE Keene NH (Cunningham)

LEHIGH UNIVERSITY BETHLEHEM, PA (MARINE GEOTECHNICAL LAB.. RICHARDS)Y: Bethlehem
PA (Fritz Engr. Lab No. 11, Becdle). Bethlehem PA (Linderman Lib. No.30. Flecksteiner)

MAINE MARITIME ACADEMY CASTINE. ME (LIBRARY)

MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton. M1 (Haas)

MIT Cambridge MA. Cambridge MA (Rm 10-500, Tech. Reports, Engr Lib.): Cambridge MA (Whitman):
Cambridge. MA (Harleman)

NATL ACADEMY OF ENG ALEXANDRIA. VA (SEARLE. JR))

NY CITY COMMUNITY COLLEGE BROOKLYN. NY (LIBRARY)




OREGON STATE UNIVERSITY (CE Dept Grace) Corvallis, OR; CORVALLIS, OR (CE DEPT. BELL);
Corvalis OR (School of Occanography)

PENNSYLVANIA STA1E UNIVERSITY State College PA (Applicd Rsch Lab); UNIVERSITY PARK. PA
(GOTOLSKD

POLLUTION ABATEMENT ASSOC. Graham

PURDUE UNIVERSITY Lafayette IN (Leonards); Lafayette, IN (Altschaeffl): Lafayette, IN (CE Engr. Lib)

SAN DIEGO STATE UNIV. |. Noorany San Diego. CA

SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA, CA (ADAMS)

SEATTLE L} Prof Schwacgler Seattle WA

SOUTHWEST RSCH INST King, San Antonio. TX: R. DeHart, San Antonio TX

STANFORD UNIVERSITY Engr Lib. Stanford CA

STATE UNIV OF NEW YORK Buffalo, NY; Fort Schuyler. NY (Longobardi)

TEXAS A&M UNIVERSITY College Station TX (CE Dept. Herbich): W.B. Ledbetter College Station, TX

UNIVERSITY OF ALASKA Marine Science Inst. College, AK

UNIVERSITY OF CALIFORNIA BERKELEY. CA (CE DEPT. GERWICK): BERKELEY. CA (CE DEPT.
MITCHELL); Berkeley CA (Dept of Naval Arch.); Berkeley CA (E. Pearson); LIVERMORE., CA
(LAWRENCE LIVERMORE LAB. TOKARZ); La Jolta CA (Acq. Dept. Lib. C-075A); M. Duncan.
Berkeley CA: SAN DIEGO. CA, LA JOLLA. CA (SEROCKI)

UNIVERSITY OF CONNECTICUT Groton CT (Inst. Marine Sci. Library)

UNIVERSITY OF DELAWARE Newark, DE (Dept of Civil Enginecring. Chesson)

UNIVERSITY OF HAWAII HONOLULU, HI (SCIENCE AND TECH. DIV,)

UNIVERSITY OF ILLINOIS Metz Ref Rm, Urbana IL: URBANA. IL (DAVISSON): URBANA. IL
(LIBRARY); URBANA, IL (NEWMARK)

UNIVERSITY OF MASSACHUSETTS (Heronemus). Amherst MA CE Dept

UNIVERSITY OF MICHIGAN Ann Arbor MI (Richart)

UNIVERSITY OF NEBRASKA-LINCOLN Lincoln. NE (Ross Ice Shelf Proj.)

UNIVERSITY OF NEW HAMPSHIRE DURHAM. NH (LAVOIE)

UNIVERSITY OF RHODE ISLAND KINGSTON. RI (SUSSMAN)

UNIVERSITY OF SO. CALIFORNIA Univ So. Calif

UNIVERSITY OF TEXAS Inst. Marine Sci (Library), Port Arkansas TX

UNIVERSITY OF TEXAS AT AUSTIN Austin TX (R. Olson)

UNIVERSITY OF WASHINGTON Seattle WA (M. Sherif). (FH-10, D. Carlson) Seattle. WA: SEATTLE. WA
(APPLIED PHYSICS LAB); SEATTLE, WA (OCEAN ENG RSCH LAB., GRAY): SEATILE., WA
(PACIFIC MARINE ENVIRON. LAB.. HALPERN): Seattle WA (E. Linger): Seattle. WA
Transportation. Construction & Geom. Div

UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)

VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library)

ALFRED A. YEE & ASSOC. Honolulu HI

AMETEK Offshore Res. & Engr Div

ARCAIR CO. D. Young, Lancaster OH

ARVID GRANT OLYMPIA. WA

ATLANTIC RICHFIELD CO. DALLAS. TX (SMITH)

AWWA RSCH FOUNDATION R. Heaton, Denver CO

BAGGS ASSOC . Beaufort, SC

BECHTEL CORP SAN FRANCISCO. CA (PHELPS)

BETHLEHEM STEFL CO. Dismuke. Bethelehem, PA

BOUW KAMP INC Berkeley

BRAND INDUS SERV INC. J. Buchler, Hacienda Heights CA

BRITISH EMBASSY Sci & Tech. Dept. (J. McAuley), Washington DC

BROWN & CALDWELL E M Saunders Walnut Creck, CA

BROWN & ROOT Houston TX (D. Ward)

CANADA Can-Dive Services (English) North Vancouver; Library. Calgary. Alberta: Lockheed Petro. Serv.
Lid, New Westminster B.C.. Lockheed Petrol. Srv. Lid.. New Westnunster BC. Mem Univ Newfoundland
(Chan). St Johns; Nova Scotia Rsch Found. Corp. Dartmouth. Nova Scotia: Surveyor. Nenninger &
Chenevert Inc.. Montreal; Trans-Mnt Oil Pipe Lone Corp. Vancouver. BC Canada. Warnock Herscy Prof
Srv i.td. l.a Sale. Quebec

CHEMED CORP Lake Zurich IL (Dearborn Chem. Div.Lib.)

CHLVRON OIL FIELD RESEARCH CO. LA HABRA, CA (BROOKS)
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COLUMBIA GULF TRANSMISSION CO. HOUSTON. TX (ENG. LIB)

CONCRETE TECHNOLOGY CORP. TACOMA., WA (ANDERSON)

CROWLEY ENVIRON. SERV. CORP Anchorage. AK

DIXIE DIVING CENTER Decatur, GA

DURLACH. O'NEAL. JENKINS & ASSOC. Columbia SC

EVALUATION ASSOC. INC KING OF PRUSSIA. PA (FEDELE)

EXXON PRODUCTION RESEARCH CO Houston. TX (Chao)

FORD. BACON & DAVIS. INC. New York (Library)

FRANCE Dr. Dutertre, Boulogne: L. Pliskin. Paris: P. Jensen. Boulogi.c: Roger LaCroix. Paris

GENERAL DYNAMICS Elec. Boat Div.. Environ. Engr (H. Wallman). Groton CT

GEOTECHNICAL ENGINEERS INC. Winchester. MA (Paulding)

GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Cu)

HALEY & ALDRICH. INC. Cambridge MA (Aldrich, Jr.)

ITALY Sergio Tattoni Milano

KOREA Korea Rsch Inst. Ship & Ocean (B. Choi). Scoul

LAMONT-DOHERTY GEOLOGICAL OBSERV. Palisades NY (McCov): Palisades NY (Selwyn)

LIN OFFSHORE ENGRG P. Chow. San Francisco CA

LOCKHEED MISSILES & SPACE CO. INC. Sunnyvale. CA (K.1.. Krug)

LOCKHEED OCEAN LABORATORY San Diego CA (F. Simpson)

MARATHON OIL CO Houston TX

MARINE CONCRETE STRUCTURES INC. MEFAIRIE. LA (INGRAHAM)

MATRECON Oakland, CA (Haxo)

MC CLELLAND ENGINEERS INC Houston TX (B. McClelland)

MEXICO R. Cardenas

MIDLAND-ROSS CORP. TOLEDO. OH (RINKER)

MOBIL PIPE LINE CO. DALLAS. TX MGR OF ENGR (NOACK)

MOFFATT & NICHOL ENGINEERS (R. Palmer) Long Beach. CA

NEWPORT NEWS SHIPBLDG & DRYDOCK CO Newport News VA (Tech Lib))

NORWAY A. Torum. Trondheim: DET NORSKE VERITAS (Librarv). Oslo: DET NORSKE VERITAS
(Roren) Oslo: I. Foss. Oslo: J. Creed. Ski: Norwegian Tech Univ (Brandtzaeg). Trondheim

OCEAN ENGINEERS SAUSALITO. CA (RYNECKI)

OCEAN RESOURCE ENG. INC. HOUSTON. TX (ANDERSON)

PACIFIC MARINE TECHNOLOGY Duvall. WA (Wagner)

PORTLAND CEMENT ASSOC. SKOKIE, Il (CORLEY: Skokie IL. (Rsch & Dev Lab, Lib)

PRESCON CORP TOWSON, MD (KELLER)

R J BROWN ASSOC (McKeehan), Houston. TX

RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept. Pennsauken, NJ

SANDIA LABORATORIES Library Div.. Livermore CA: Scabed Progress Div 4336 (D, Talbert) Albuguerque
NM

SCHUPACK ASSOC SO. NORWALK. CT {SCHUPACK)

SEAFOOD LABORATORY MOREHEAD CITY. NC (LIBRARY)

SEATECH CORP. MIAMI. FL (PERONI)

SHELL DEVELOPMENT CO. Houston TX (C. Sellars Jr.): Houston TX (E. Dovle)

SHELL OIL CO. HOUSTON, TX (MARSHALL). Houston TX (R de Castongrene): 1. Boaz. Houston TX

SWEDEN GeoTech inst: VBB (Library). Stockholm

TEXTRON INC BUFFALO. NY (RESEARCH CENTER LIB.) ¢

THE AM. WATERWAYS OPERATIONS, INC. Arlington. VA (Schuster)

TIDEWATER CONSTR. CO Norfolk VA (Fowler) 1

UNITED KINGDOM Cement & Concrete Assoc Wexham Springs. Slough Bucks: D. Lee. Tondon: D. New, )
G. Maunsell & Partners. London: R. Rudham Oxfordshire: Shaw & Hatton (F. Hansen). London: Taylor, :
Woodrow Constr (014P). Southall, Middiesex: Tavior. Woodrow Constr (Smith). Southall. Middlesex

UNITED TECHNOLOGIES Windsor Locks CT (Hamilton Std Div., Library)

WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Occanic Div Lib. Brvan): Library, Pittsburgh PA

WESTINTRUCORP Egerton, Oxnard. CA

WM CLAPP LLABS - BATTELLE DUXBURY. MA (LIBRARY): Duxbury. MA (Richards)

WOODWARD-CLYDE CONSULTANTS (A. Harrigan) San Francisco: PLYMOUTH MEETING PA (CROSS.
Inn

AL SMOOTS Los Angeles, CA




ANTON TEDESKO Bronxville NY
BARA. JOHN P Lakewood., CO
BULLOCK La Canada

i F. HEUZE Alamo, CA
KRLU ZIC, T.P. Silver Spring. MD

' LAYTON Redmond. WA

i CAPT MURPHY Sunnvvale, CA

! R.F. BESIER Old Saybrook €1

WM TALBOT Orange CA




