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S~co e

This report was prepared as part of a New York State Sea Grant Project

entitled, "The Impact of Offshore Sand and Gravel llining on the Availability

and Costs of Construction lLinerals in the Greater New York i~letropolitan Area

 QJAlA!". This project concerns the economics of offshore mining of con-

struction aggregates in the re ion. This rel>ort estimates the costs of off-

shore mining to determine its l>racticality in metropolitan area waters.

In this paper:

1! the processes and teel>nologies which could be used for offshore

mining are described;

2! i»>portant factors to be considered in a cost analysis of offshore

operations are identified;

3! capital and operating costs for offshore mining within the GvViN,

including: number, type, classification, size capacity, and equipment, are

sumt»arized; and

4! a prototypical capital investment of a new venture in offshore mining

in the GA'blA was analyzed.

The ciata and information for this report ca»>o from a variety of sources:

most important is the data used by the Ar»ty Corps of Engineers  ACOE! to

evaluate dredging bi<1s by private companies. Other cost material and support

information, such as descriptions of processes and technologies, were compiled

from the cited published and unl>ublished reports; perso»al communications with

dredging and mining companies in particular Construction Aggregates, Inc. and

llcCormick Sand and Gravol; goverr>mental agcncics, professional consultants;

and other researcl>ers, Regular library chaJU>eIs»ere surveyed but only a few

published reports on offshore operations»ere found to co»tain any cost

in format ion.



The data collected and smia~iari ed have bcc» adjusted to reflect 1978

price levels. This adjustmcnt was based on industry reviews t2] and the U.S.

government's statistical reports on ci>angcs in equipment and labor costs [3].

This report is not all inclusive, but provides a cost base»hich must be

modified to fit any particular offshore operation. 1 owever, »e have tried to

identify all relevent factors and give either representative data or estimates.

These estimates are based upon the experience and judgement of those from

industry and goveaunent involved in considering offshore mining.

Problem

Urbanization has created many problenv, one of whicii is reduced available

onshore sources of construct.ion minerals [6]. Offshore aggregate mining may

provide a partial solution [l].

The difficulties in providing construction minerals in urban areas have

been noted by Cooper [5]. Available resources and demand do not match geog-

raphically. i~hny areas have abundant supplies while others arc nearly ex-

hausted. This is a product of multiple sociological, governmental and political

factors, as well as the level of demand. Rapid urban and suburban growth have

effectively prevented further extraction of o»shore minerals. The content of

current mineral deposits will seldon match consumer specifications.

Goodier [7] projects that present United States coastal area reserves

will be depleted by 1988, based on current dcma»d projections for major growth

areas in this region.

The tecimology of offshore mining is morc similar to dredging than to on-

shore mining. Ilowever, those companines involved in the dredging industry have

little or no experience in the processi»g and distribution necessary for

supplying construction aggregate. Therefore no one company has at present the

ability to accurately estimate the risk involved in an offshore mining operation
for these minerals.



A company evaluates risk in the determination of its required rate of

return on an investrrent. The greater the r'isk, tlute higher the required return

must be to attract investment.

Industry is also concerned about the lack of assurarrcc that an offshore

operation can be maintained for a long enough period to produce an adequate

 if any! rate of return. For exarrrple, the fill mining permits issued by the

NYS Office of Gerreral services are usually for one year. This policy is a

definite restraint on the establishment of a long term offshore mining oper-

ation. In addition, an onshore mining operation may be required to adapt to

changing govenvnent regulations or legal actions of environmental groups.

The use of any technology incurs some environmental lrazard. Policy

makers must establish a framework for offshore mining which incorporates

mutually compatible levels of economic and environrrrental risks and returns.

A Brief Descri tion of Current Teclrnolo

Current dredging technologies are diverse and their economic and environ-

mental aspects vary significantly. 'There is no single best, or riskless, con-
figuration of technology. In this section we have highlighted what we believe
to be the most important aspects of the various technologies as they reflect
on both the quantifiable and non.-quantifiable costs of offshore mining.

Basically there are two types of extractive equipment: mechanical and

hydraulic,. blechanical dredges usually lift material by a system of buckets,
while hydraulic dredges puorp tire material directly into the dredge, into a

secondary l>auling barge, or through a pipeline.

The types of mechanical dredges are: ladder, dipper, buckets, dragline,

clam shell, and orange peel. All mechanical dredges operate in the same basic

fashion, the main difference between types is their capacity and the shape of

the buckets or scoops used for excavation.



As an example, consider the ladder dredge, which incorporates a con-

tinuous chain of buckets moving in a circular fashion on a dredging ladder.

One end of the ladder is permanently attached to the dredge and operates on
a pivot which a1lows it to submerge and raise above water level. As the

bucket chain revolves, material is dug or cut off the bottom by successive

buckets, carried up thc inclined ladder, and deposited onto an inclined con-

veyance chute. I=rom the chute thc dredged material slides onto a barge secured

on thc side of the dredge. The ladder dredge is customarily moved by as many as

six cables which are attached to anchors.

Ladder dredges can dredge up to deptlis of 100 feet and the bucket speed

can vary up to 30 buckets per minute. To date, the largest ladder

dredges have a bucket capacity of 31.7 cu, feet with a 600 h.p. bucket drive

and a 1300 I~.p. total plan power. Their hourly production rate is approx-

imately 1585 cu. yardfhr. This is equivalent ot that of a 27 inch pipeline

dredge »orking on a short distance line, but the pipeline dredge would re-

quire twice the power.

llydraulic dredges represent a»arc advanced tedmology and are more

suitable for large offshore operations, In addition, they are presently

used more in tho United States.

The cutterhead pipeline dredge uses a variety of cutterhead drilling

bits attached to the end of tlute dredge Ladder, which bore thc material loose

and mix it with water. Thr mixture is pimped hydraulically to the surface

and discharged through a stern connection. Dredged material can be pumped

through floating pipelines to disposal sites.

Cutterhcad pipeline dredges can economically handle large voli»»es.

Equipped with the proper cutterhcad, such dredges can mine materials from

lig}~t silts to heavy rocks.

Other types of pipeline dredges are the plain suction and the dustIian

dredge. The plain suction pipeline dredge is similar to the cuttcrhoad dredge,



but it does not incorporate a cutting device on the end of the suction ladder.

Thus it is limited to silt and other soft materials. A suction ladder skims

the seafloor and draws the material with its Jilutitive water into the ladder

and then into a stern connection. If necessary, the material's density may

be adjusted by increasing or decreasing the water content. The material is

then pumped through a discharge line to its point of destination. The dust-

pan dredge is a modified version of the plain suction dredge. Its name is

derived from the shape of its suction inlet which resembles a large dust pan

ranging up to 4S feet in width and 1.5 feet in height. Soft sandy river beds

are loosened by means of water jets and then drawn up by means of a vacuuming

motion.

Any pipeline dredge, because of its trailing discharge line, will create

a navigational hazard where vessel density is high. For this reason, several

types of discharge line are currently availabio: floating line, supported on

top of the water by pontoons; submerged line, used under the water; and short

line, used to transport extracted material overland. These pipelines are

normally constructed by steel modules, but manufacturers of pontoon and pipe-

line modules have recently incorporated a now plastic formulation and molding

technique which has the advantages of reduced cost, set up time and main-

tenance.

As a general practice, pipeline dredges should not be employed in dredging

work in main navigational charnels where a danger exists to the dredge or

passing vessels, or in areas where unusually disruptive tidal currents are

convnon.

Conventional pipelines dredges are limited to depths of approximately 60

feet. Specially designed ladders can extend their reach to 200 feet, but for

most dredging operations, the cost of the additional capability is difficult



to justify. Use of this special equipmcnt also requires additional anchoring
features in turbulent waters.

Pipeline dredges come in various sizes, the diameters of the pump dis-

charge varing from 6 to 42 inches. Contractor-owned equipment in the Lhtited

States today varies from 6 inch dredges with about 300 h.p. on the dredging

pm' to 42 inches dredges with over 10,000 h.p. The actual cutter horsepower

ranges from 75 h.p. to 2500 h.p. depending on the size of the dredge. Pro-

duction rates vary considerably among dredges of tlute same size.

One means of avoiding the navigational hazard of pipelines is to employ

a hopper dredge. This type of dredge is a self propelled vessel with the

capacity to carry extracted material in hopper bins. It has the capability

to dredge while in motion and without thc aid of moorings or anchors. As a

result, the dredge is highly mobile and can operate with only slight inter-

ference to other vessels in the dredging area.

Once the material is suctioncd intot!e hopper bins, it can be separated

from its dilutive water or left as is. The dredge operates until full, and

proceeds to a disposal site where the material can be drawn from the hopper

bins by an additional pump system. The material can then be transported by

pipeline. This method facilitates the handling procedure and allows more

production time for dredging operations.

Hopper dredges range in size from a hopper capacity of 300 cu. yards up

to 11,700 cu. yards and can excavate material from as deep as 70 feet below

the water surface. llowcver, these drcdgcs are not dcsig>ned to excavate hard

material, although they have been used for softrock and coral.

The most recently developed dredge is thc sidecasting dredge and is

distinguished from other hydraulic dredges by its large boom capacity, the

boom can range up to 250 feet in length. All sidecasting dredges are self-



propelled with a tcciuiolog> similar to hopper dredges. Htc incorporate suction

drag arne to raise the material, and can discharge material to port or starboard

through a discharge pipe that can range i.rom 70 to 100 Eeet in length.

Sidecasting dredg>es are used for cha»»cL mainte»a»ce in locations where

currents do not return a significant aneunt of the dredged material to the

navigation channel. Because of its self propulsion and lack of anchoring

devices, this type of vessel is used i» cha»nels which are exposed to open

waters and in shallow offshore inlets. Productio» capacities are comparable

to those of hopper dredges.

A precise comparison of the equipment was not possible bccausc production

rates depend a great deal upon the marine conditio»s of thc site and the

demand in the region. -tiowever Table 1 does present historical data from Corps

of Engineers' data in the &Y! IA.

Cost ~L sis for Dred in ui ent

i'his approacli enables one to calculate a return on i»vestment for an

operation. A cost structure was c'cvcioped l>a»ed upon DctUii»g s a»scssmcnt oC

hydraulic drcdgi»g costs [LO], and Lrom thc Anm' Corp» oi L'»gi»ccrs' tech»iques

for evaluating contract bids [25j. A simpli fied method for coiner>ari»g total oper-

ation costs to total production was also developed. Prof itahility and productivity

were used as measures of system performance, since these measures for those used

by those onshore mining and dredging cor>>i>anic». The> arc also a direct Cu»etio»

of operating costs, a»d can bc statcu in dollars per cubic yard of material.

Thc success of an offshore mining operation will bc dependent o» how well

actual output a»d costs match cstimatcs made prior to beginning thc operations.

Once data conccr»i»g a particular offshore operation have bcc» dcvclopcd, tl.e

productivity of the operation can bc computed by comparing production 1cvcls
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to costs. Denning [10J proposed a method of marginal cost analysis using

as the denominator an equivalence of all the inputs which determine total

costs, and as numerator an adjusted production rate which reflects actual

production time. The performance is measured by yardage removal per dollar

expanded and is expressed as:

where Y is the performance or productivity in cubic yards per dollar, R is

the production rate in cubic yards per dredging minute, T is the ratio of

effective dredging time to total rental time, and C is the cost per rental
minute in dollars per minute.

To use this method, the time involved in various production operations

must be estimated accurately. Equation �! assumes the availability of an

estimate of T. Plant costs are based on a yearly capital depreciation in-

eluding the costs of subsequent additions and improvements to the original
equipment.

As Bure [12J cautioned, the technological obsolescence of existing

dredges required evaluation in terms of "competitive life" as opposed to

"physical life". Generally accepted accounting principles, particularly the

prohibition of revaluation and write up of assets, make it difficult to

abstract the cost data needed for Denning's method. Another approach is to

compute the following:

Y = ~, whereC
�3

Y is defined as before, R is measured in cubic yards per operating cycle, and

C is costs per operating cycle. This method is based upon straight line de-

preciation of plant ownership and operating costs. Although possibly not,



detailed enough for budgeting this approach permits a simple and useful
evaluation of performance.

Ease of adoption and conformance with accounting principles are two

advantages of this method. In practice, while equipment and labor are not

used directly on a 24 hour basis the equipment is committed and personnel

are on payroll. Thus this method, unlike the first, can reflect the over-

head of a dredging operation.

The preceding methods assume that production is a function of cost.

Therefore using historical costs one should be able to estimate the costs

of a particular project by determining the time required, distance from

shore, and type of equipment to be used. In addition, such an analysis
would need to consider any contingent costs which may occur in securing
rights to perform such mining operations.

Costs for erations in the Greater New York bfetro olitan Area.

The summarized historical cost data contained in Tables 2 and 3 pro-

vide a basis for estimating the costs of offshore mining operations. These

data were abstracted from contract bids received by the Army Corps of
Engineers. The bid material used for this data base is considered repre-
sentative of the average levels of cost and the various sizes and types of
operations. The data include operational costs for both hydraulic and
mechanical equipment.

These figures reflect only basic operating units and their applicable

support equipment. The additional costs of pipeline and boosters must be

added to these base figures. These figures do not include profit, overhead,
processing and contingencies. The following adjustments have been made to

the data:



l. All salary levels have been adjusted to reflect current levels as

of the fourth quarter of 1978.

2. Taxes, insurance and employee benefits have been estimated to bc

37~ of' the employee's gross salary.

3. All costs are computed to reflect a monthly operating cost. These

costs are based on a 6 month operation with the costs spread

over a 12 month period. This is done to allow for adverse weather

conditions and other contingencies.

4. The costs of various hydraulic dredging units have been categorized

by power capacity  H.P.! and according to pipeline diameters. Each

category includes the minimum amount of support equipment which would

normally be used with the particular unit.

5. All capital -equipment has been adjusted to reflect a 1978 cost basis.

Accordingly, depreciation will reflect 1978 levels of expense based

on historical cost,

6. Interest expense on investment is assumed to be 6 percent.

7. The figures shown for pipeline costs reflect the monthly cost per foot

of pipeline. Distance from shore and type of material mined will

determine this variable expense.

Ca ital Investment Anal sis

The profitability of a new offshore mining venture in the GNYhIA, involving

the purchase of completely new equipment, was considered, It was assumed that

the offshore mining technology will be similar to that used in typical dredging

operations. The only major differences are dredge size and the requirements

of processing and distribution. Current replacement costs for equipment explic-

itly developed for offshore mining are used.



TABLE 2

~IOn!i.V S !.miR> O! Oi'!:.r.ulV ,  -,OS'I~  .uR»ASI . ',1>~>I A  I.  ; 1!RL<X;I;S
BASED QN VARIOUS LEVI;I,S OF I 41301', E ~ JIP;KN", A.'I:3 Oi'!:,!'  I'LONS Oh]VERSHIP

OPERATIONAL COSTS � 510./YR. OPl.'IMTIONS!

500 II.P. 10" 800 H.P. LZ' 1200 IC.P. 14" 1500 II.P. 16" 1800 kI.P.IS"

bIonthl Costs

$64,935 $75,473 $120,690 $146,868Total Labor Cost $155,813

Total Plant 5
Operation Cost

Total Booster Cost"

Total hIonthly Cost $107,421 $147,030 $298,Z98

2400 H.P. ZO" 4000 H.P. Z4" 5500 H.P. 27" 7000 H.P. 30" 8000 H.P.

Total Labor Cost $207,370 $251,346$168,516 $Z70,720$223,680

Total Plant 5
Operation Cost

Total Booster Cost*

$594,818Total 5hnthly Cost $381,922

Representative ClamshelL
Dredge

Representative Dipper
Dredge

96,922
192.950

107,040
Z21,070
'5l;!:, IT!

**This is the cost of 1 booster suited to the particular size dredge »'hich is usually
required.

32,826

9,660

149,967

63,439

Total Labor Cost

Total Plant 6 Operation Cost

Total Ibnthly Cost

53,644

17,913

199,503

113,774

$520,647

84,039

Z6,310

$231,039

246,635

124,503

106,838

44,592

292,180

145,345

$688,871

126,462

52,497

$334,767

319,796

145,345

$735,861



Table 3

OPERATION COSTS FOR BASIC fiYDRAULIC DREDGING BASED ON VARICUS TYPES
OF PIPELINE AND AGGREGATL' TYPES LSTIbbKTED PIPELINI

COSTS FT./i~iO.

i tud Sand Rock

500 H.P. 10"

Floating Line
Submerged Line
Shoreline

800 H.P. 1Z"

Floating Line
Submerged Line
Shoreline

1200 H.P. 14"

Floating Line
Submerged Line
Shoreline

1500 H.P. 16"

Floating Line
Submerged Line
Shoreline

1800 H. P. 18"

Floating Line
Submerged Line
Shoreline

2400 H.P, 20"

Floating Line
Submerged Line
Shoreline

4000 H.P. 24"

Floating Line
Submerged Line
Shoreline

5500 H.P, Z7"

Floating Line
Submerged Line
Shoreline

$ 2.44
1.28

1.16

2.50
1.34

1.22

2.56
1.46

1.28

2.68

1.53

1.34

2.76

1.65
1.40

2.93
1.83

1.46

3. 17

2.26
1.40

3.42

2.56
1.46

2. 90

1.46
1.22

3,05
1.59
1.34

3,20
1.77

1.40

3.34
1.59

1.59

3.49

2.20
1.71

3.64

2.44
1.83

3.93
2.93
1.95

4.15

3.29
2.14

3. 23

1.77
1.46

3.36

1.89
1.59

3. 54
2.20

1.83

3.66
2.44

1.95

3.90

2.68

2.07

4.15

2.93

2.20

4.39

3.48
2.38

4.64

3.78

2.56



OPERATION C KI'S FOR BASIC IIYDRAULIC DRLDGING BASED ON VARIOUS TYPES
OF PIPELINE AVD AGGREGATE TYPES ES'I'IlLXTI'.I! PIPELINE

COSTS I1.BIO.

stud Rock

7000 I{.P. 30"

8000 II.P. 32"

Floating Line
Submerged Line
Shoreline

Floating Line
Submerged Line
Shoreline

$ 3.66
2.93

1.59

3.78
3.17
1,83

4. 37

3.66
2.32

4. 51

3. 90
2.44

4.92
4.21
2.81

S.12

4.51
3.05



A self-contained hopper dredge with onboard processing  that is,

washing, grading, and blending! which transports its product to an onshore

surge site was determined as one appropriate technology. In order to adequately

study the economic potential of offshore mining for the region, all pro-

spective mining sites should be considered. Here, in our work, the most

costly operation  excluding environmental considerations! was selected as

indicative of the economic viability of offshore mining in the area.

A 27" 5500 H.P. hydraulic mining vessel was assumed. It would operate

in the East Bank area, approximately l5 miles off south shore Long Island.

Survey data indicate the availability of sufficient marketable fine aggre-

gate in the area and this type of dredge is considered appropriate to the

location.

The profitability of the mining operation was evaluated with an equity

level of 100 percent with, and without, a royalty charge of 5 percent, which

is comparable to that now charged by New York State for fill mining.

A standard format for evaluating capital expenditures was used which

involves determining positive and negative cash flow over the life of the

asset; discounting the cash flows to reflect all amounts in the form of pre-

sent values; and estimating the internal rate of retrun given the proposed

expenditure. The internal rate of return method then permits determination

if the interest rate that equates the present value of expected future cash

outflows or receipts, to the initial cost outlay. For capital budgeting

analysis the net after tax operating cash flows were discounted.

The particular investment alone was evaluated without any implied

financing. An implied level of interest is included in the calculation of

present value. Including interest payments would improperly overstate the

amount of cash outflows. Thus the investment was evaluated at 100 percent
equity.
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The dredge can extract 1502 yd. /hr. Based upon industry data on the3

same type of dredge, the average monthly production time was assumed to

be 420 hours with a 20~6 loss of material in the mining process, as above a
six month operating period was assumed. This yielded an annual capacity
of 4,543,000 tons per year.

An estimated selling price of $3.48 per ton at the surge was determined

by averaging the onshore extraction costs in 1978 of all areas within a 15
mile radius of the proposed mining site. The result was an estimated net

yearly sales of $15,810,000 for the first base year. Each additional year
was adjusted to reflect a 10'4 increase in price which is currently comparative
to average yearly price and cost increases. It was also assumed that an

offshore mining operations of this size could sell all of its production due
to a projected shortage in onshore supply.

The cost of material mined was obtained from the previously determined

operating costs. In addition to these costs a $.80/ton charge was included to

allow for on board material processing and unloading at the surge site. The

estimated yearly cost of operations was then increased to reflect a 15' per

year allowance for contingencies, yielding a cost of $11,408,000 per year.

In the analysis where no royalty rates were assumed, sales of general
and administrative expenses were estimated at 12'. of net sales. This estimate
was based upon the experience of companies utilizing similar equipment. 4'here
a 55 royalty rate was assumed it was included in the analysis by adjusting the
12$ figure to l7'-'. Costs were also adjusted upward in increment of 10'. per
year.

Once the cash flows were determined for each year the internal rates of

return were calculated. The internal rate af return with no royalty was 17.93~~;
with a 54 royalty, 13.36~.
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Conclusion

Determining the actual technological configuration to be used for

specific offshore mining operations within the GNPJA will require further

investigation. The amount and types of material available can only be

determined by exploration of particular sites. One must consider the char-

acteristics of the marine environment of the surrounding area to determine

the procedures necessary to ensure little deleterious impact. IF stringent

requirements are set, alternate configurations for specific hydraulic or

mechanical operations may have to be modified. Planning for these contingent

events must recognize the possibility of increased costs.

For the greater New York region the investment in offshore mining is

feasible. Both estimated internal rates of return for the prototype are

within industry requirements.

It must be recognized that this analysis assumes the position of a private

company seeking to mine the offshore region in the QA7IA. Therefore, it focuses

on costs due solely to the operations of such a venture. The cost to the public

of using these non-renewable resources was not included except in the royalty

fee. If ongoing research on the effects of offshore mining on the marine en-

vironment does not discover any impacts so great that a "cost" cannot be com-

puted, it is likely that an equitable agreement can be determined that will

provide both adequate rate-of-return to the mining company and a fair price

to the public for use of these resources.
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