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ABSTRACT

The effects of several variables affecting the economic performance

of proposed manganese nodule mining ventures were eval uated using an im-

proved version of the Texas ASM University's Ocean Hieing Payout Analy-

sis Program. After tax Internal Rate of Return  di scounted cash flow!

was used as the primary criterion of performance along with total fund-

ing requirements. Variables studied included ore production rate

 throughput!, processing plant location, construction period, depletion,

corporate structure type, processing plant type and financing. Netal

pricing used in the analysis was "norma1" 1970's pricing which  with the

exception of cobalt! is higher than current metal prices. Overall re-

sults show that favorable combinations of the variables can produce

after tax rates of return as high as 30 to 35 percent.

The "pioneering" ventures  analyzed in 1982 and 1983! with 1.5 and

3.0 million dry tOnS per year thrOughput Were SCaled up tO 4.5 and 9

million tons by using a large collector, larger capacity lift pipe, min-

ing ship or ships, ore transport systems and scaled up ore processing

and waste disposal systems. Significant economies of scale were present

in going from the 3 million ton to the 4.5 million ton four-metal sys-

tem, although diminishing returns are setting in at the 4.5 million ton

thr oughput. No fur ther improvement was seen in going from 4.5 to 9.0

million ton throughput .



A high throughput base case venture was used as a paint of refer-

ence for additional studies and was defined as follows:

1. Throughput of 4.b million dry tons per year,

2. Ammonia leach process with limited manganese producti on,

3. Parent/subsidiary corporate structure,

4. Inflation rate of 5 percent for both costs and metal prices,

4. A loan of 74 percent of the fixed capital at � percent interest

rate and a !b year payback period,

6. "First marketable product" depletion computation used,

7. Four-year construction period and

8. Southern California location for processing plant.

The high thr oughput base case shows an after tax Internal Rate of Return

of 2h percent requiring an initial investment of 2.1 billion dollars.

Results of the effects of corporate structure, processing plant

location, construction peri od, inflation/interest rate, depletion and

process type are sunmarized as follows. The base case with integrated

parent/subsidiary corporate structure Internal Rate of Return was 25

percent while for the independent company the corresponding Internal

Rate of Return was 19 percent. Moving the processing plant to the Paci-

fic Northwest with lower electric power rates increased Internal Rate of

Return to 31 per cent . Going to the s'tow construction period reduced In-

ternal Rate of Return to 24 percent and net corporate funding increased

to 2.2 billion dollars.

Taking a lower inflation rate for metal prices than for cost infla-

tion drastically reduced Internal Rate of Return. Reducing price infla-

tionn to 2.b percent  !/2 of cost inflation! reduced Internal Rate of

Return to 11 percent, a dr op of 14 percentage points. lero price



inflation with b percent cost inflation resulted in negative Internal

Rate of Return. This result underscores the importance of metal pricing

on nodule mining economics.

Using the more conservative "fi rst chemical change" ~nterpretation

for depletion reduced Internal Rate of Return to 22 percent. Removing

depletion entirely reduced Internal Rate of Return to ZO percent for the

base case.

Four alternative processes: 3 metal ammonia leach, 4 metal ammonia

leach full manganese, smelting partial manganese and smelting full man-

ganese were evaluated for the base case. The results are summarized in

the table below indicating Internal Rate of Return and capital require-

ments.

2. NH3 Leach, 4 metal,
full manganese

3. Smelting, partial
manganese

4. Smelting, full
manganese

2.327

22 2,2

2.4

The 3 metal leach process shows a lower Internal Rate of Return �9

percent! and lower capital requirements. Smelting with partial manga-

nese recovery reduces Internal Rate of Return slightly and shows a

slight increase in up-front capital. The smelting and ammonia leach

ful 1 manganese production options show some increase in Internal Rate of



Return but a higher initial investment. This Internal Rate of Return

increase may not actually occur because manganese overproduction would

tend to depress the price below the value used in the study.
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INTRODUCTION

This report is primarily a study of the economic effects of the

further scaling up a first generation or "pioneering" mining venture.

Previous studies $Flipse, 1982; Andrews, et a1., 1983]* have investigated

throughputs as high as 3 million dry tons of manganese nodules per year.

The purpose af scaling up this operation is to determine economies of

scale present whereby venture returns are improved by decreasing unit

costs. Scaling up is accomplished by duplicating system components

 para11el trains!, increasing component utilization by increasing flow

rates, speeds, or by scaling up sizes and capacities of components.

The report does not describe a second generation mining system.

Rather it is a study of scaling up the technology of "pioneering" ven-

tures. No high-risk departures in the system functions or processes are

made which would requi re major expenditures for research and development .

Research and development is restricted to design problems in scaling up of

system components, updating of electronics, control and sensor systems,

onboard computers, and various mechanical refinements to subsystems.

The new venture is vertically integrated like the original. As a re-

sult, the whole process, from production and exploration to deep ocean

mining to ore processing, is done by one corporate entity. The venture

may be financially independent or a subsidi ary of a parent corporati on .

*Square brackets indicate references listed at the end of the report.



In either case the functioning and structure of the mining and processing

operation is the same.

Like most engineering efforts in the ocean, the venture is capital

intensive requi ri ng on the order of a $2 billion investment before any in-

come is produced. The magnitude of the investment combined with the high

technical, legal, economic risks of the venture means that potential yield

on the investment must be quite high before it becomes economically feas-

ible. Previous studies [Flipse, 1982, Andrews, et al., 1983] at Texas A&M

University have indicated that nodu1e mining economic rates of return are

too low to justify proceeding unless major improvements in the metals mar-

ketplace occur or if special government incentives or subsidies are intro-

duced.

The present study is an outgrowth and extension of the earlier

studies by Flipse I.1982] and Andrews, et a1. I.1983J in which the economic

merit of the venture is computed from the corporate cash flow for each

year of operation . The internal rate of return   IROR!, sometimes called

the discounted cash flow, is computed as well as capital recovery factors

and payback periods both before and after taxes.

The current study investigates other effects beside economies of

scale . This has been done by estimating costs for the full range of

variables studied and by extending the capabilities of the Texas A&M

University Ocean Mining Payout Program. The modified program takes into

account:

* tax depletion deductions applicable to nodule mining operations,

* corporate structure alternatives: independent and parent/subsidi-

ary and

* inflation.



Cost data has been generated for the full range of throughputs to in-

vestigate effects of fast and slow construction periods, various extrac-

tive processes for nodule ore and an alternative location with more favor-

able electric power costs. The high throughput system descriptions and

cost estimates are presented in the next chapter. Succeeding chapters

describe the modified Texas ASM University Ocean Mining Payout Program and

the results of the economic analysis.

Pro'ect Ob ectives

The objectives of the study presented here are to:

l. Prepare a scenario, and define mining, transportation, processing and

waste disposal systems for nominal 5 and 10 million dry tons per year

of manganese nodules yielding four products: manganese, nickel, copper

and cobalt, under optimal U.S. conditions and location.

2. Estimate the capital and operating costs of these systems in 1982 U.S.

dollars.

3. Modify the Texas A&M University Ocean Mining Payout Model to permit

analyzing the returns from this system under the most recent taw law,

examining:

- alternate percentages of debt and equity

� various tax alternatives

4. Revise the Texas A&M University Ocean Mining Payout Program to incIude,

as practical, simultaneous evaluations of debt, inflation, depletion,

and integrated corporate taxation, with the basic cost and payout

analysis.

S. Prepare a comprehensive report presenting the findings, defining system

sensitivities and providing recommendations for future work.



Hi h Throu h ut S stem Conce tual Oesi n

Increasing mining system throughput  ore production rate! must start

on the ocean floor where the nodules are collected. The best low risk ap-

proach appeared to be towing a number of fi rSt generation collectors using

a towing bridle. The towing bridle would be designed to allow each sled-

type collector to pivot and contour the bottom independently while sweep-

ing out a wider swath ot nodules on the bottom. An assembly of three col-

lectors was chosen. The combination significantly increases production

while avoiding being excessively cumbersome and complicated. A diagram of

the three-collector system is shown in Figure I with an A-frame towing

bridle. The figure indicates an unpowered collector although the concept

is equal1y applicable to self-propelled collectors. The diagram is sug-

gestive of the concept from a functional standpoint, but should not be

interpreted as being an actual design or even approximately to scale.

The nodule-seawater slurry from each collector is fed to a buffer/

mixer unit suspended from the towing cable . The slurry is then fed from

the mixer to a flexible hose that connects with the bottom of the lift

pipe . Sidescan sonar mounted on the hose may be used for sensing for ob-

stacle avoidance as the collector assembly must move sideways further

because of the wider swath width.

Directly scaling up a first generation collector  with a nominal 60-

foot swath! may create problems as the wider unit would not conform as

well to the bottom topography. Increasing the towing speed is another

possible approach. The approach was eliminated because it would require

extensive streamlining  hydrodynamic design! in addition to causing diffi-

cult maneuvering and control problems. In either case it would be



Sled- Tyne Col 1 ectors

to Lift Pioe

b! Profile

Figure 1. High Throughput Nodule Collector Assemb]y - Schematic Oiagram



difficult to develop meaningful cost estimates due to the drastic

departure from "pioneering" venture designs as developed by the four major

consortia in the I970s.

Going further "downstream",  i .e . in the direction of the nodu Ie

flow! the collector output is fed to a single larger diameter hose/lift

pipe. The nodules are elevated to the water surface by hydraulic means

either with an air lift system or in-line pumps or a combi nation . The

miner ship may be somewhat larger than the first-generation ship to accom-

modate more buffer storage of nodules and the heavier weights and larger

sizes of the collector assembly and lift pipe . The higher throughput is

accommodated by the ore transport ships by increasing the number of trans-

port ships becaus. their size is limited by harbor channel depths. Port

terminal facilities and land transport system capacities are suitably

scaled up to increase the system throughput, as are the ore processing

plant and waste disposal facilities. The scaling up is described quanti-

tatively in the next chapter.

Economies of Scale

Economies of scale occur when a given system components' output or

performance  throuyhput! is increased with a proportionately smaller in-

crease in capital and/or operating costs. For example, the lift pipe

capacity can be tripled by increasing its diameter by a factor of v 3 for

the same nodule concentration and flow velocities. If the pipe wall

thickness remains about the same  which would be the case! the pipe weight

wi 1 1 i ncrease by a factor of K3 or about I .7, thus givi ng economies of

scale in weight and ultimately in capital cost .



There are usually limits to the amount of scaling up one can do for a

given system component. When the limit is reached one must revert to

parallel trains whereby one duplicates components. This results in vir-

tual elimination of economies of scale, particularly with respect to capi-

tal costs.

Sometimes it is feasible to increase throughput by increasing compon-

ent utilizatian or speed of performance. For example, one can increase

lift pipe throughput by inCreaSing ore ConCentration in the Slurry and/Or

by an increase in flow velocity. The pipe weight will remain essentially

the sane, giving economies of scale in capital. The approach may result

in degradation in performance and/or efficiencies and is limited in

scope . One can increase lift pipe flow velocity only so much before pipe

friction decreases flow efficiency. This results in proportionately high-

er pump power consumption affecting operating costs. In addition, higher

flow velocity and hi gher nodule concentration will increase pipe wear on

the inside walls reducing the working life of the pipe, increasing main-

tenance and Capital COStS.

The nodule collector assembly in Figure I uses the parallel-train ap-

proach. In fact, there is a diseconomy in scale here because of the added

weight and coSt Of the A-frame tOwing bridle. SinCe the COlleCtOr CoSt iS

small relative to the total system, significant economies are achieved

further down the mini ng process  e .g. in the lift pi pe and mining ship! .

The economies are described in more detail in the next chapter in the sec-

tor breakdown.

Estimatin Nethodolo for Economies of Scale

Estimation of capital requirements as a function of' throughput in-

volves two elements. One is determination of the largest sized item s! of



equipment that can be used before parallel trains are required. The

second is determination of equipment costs as a function of capacity up to

the maximum size. The latter is normally done through use of cost-

capacity data presented in the literature which are of the form:

Cost = Constant x  Capacity!"

Each class of equipment items is characterized by a capacity parameter

which reflects the most important sizing parameter, such as tank volume,

heat exchanger area or thickener diameter. In the case of equipment item

assemblies, such as the tank house of a boiler system, capacities are ex-

pressed in terms of output. An example would be tons per day of copper or

thousands of pounds per hour of steam. The constant is a function of the

specific design of the equipment; material of construction for a heat ex-

changer, tank design pressure, and fuel used in the boiler. These data

are generally available in the literature and for most items of process

equipment the value of n ranges from 0.6 to 0.8. Thus, for a cost-

capacity exponent of 0.6, the throughput of an item of equipment can be

doubled for 50 percent increase in cost and economies of scale are thereby

obtained . For assemblies of equipment ~ tems, particularly for large

~tems, the value of n may range from 0.8 to 1.0 and economies of scale are

less pronounced. Use of parallel trains to double capacity implies a

cost-capacity exponent of 1 and consequently no economies of scale.

Maximum equipment sizes for normal conditions are usually known, at

least approximately, so the limit of single tra~n capacity can be de-

fined. kowever, operating considerations may dictate that the "break" to

parallel trains should occur at lower throughputs to increase plant relia-

bility. Once a break has occurred, it should be possible to redouble



capacity and take advantage of economies of scale unless it is decided

again to break to a third train before equipment limitations are encoun-

tered.

In addition, the question of the use of installed spares must be

addressed. A single "spare" furnace or converter might be installed in a

l-l/2 million ton throughput smelter to allow for normal maintenance time

for rebricking, etc. However, doubling plant capacity may not call for

the installation of a second spare.

The Texas A&M University Payout Program has undergone considerable

evolution in the past few years. 1'he original model based on a cash-flow

analysis LFlipse, 19821 was intended for hand calculations or a desk-top

computer. The analysis was refined and extended in its applicability in

Andrews, et al. L1983] and further extensions are described in a subse-

quent chapter of this report . The program in its present form is rela-

tively complex and is used on a "main frame" computer and produces consid-

erable input/output printing'

The Texas A&M University Ocean Mining Payout Program on an input-

output basis is shown in Figure 2. System inputs include capital and

oper ating costs for each cost sector of the integrated venture. Metal

prices, ore assay and ore processing efficiencies are other inputs govern-

ing income or revenues. Yarious options having to do with financial com-

putations such as taxes, financing, corporate structure and inflation are

also inputs.

The outputs are various indices of the economic merit of the venture

and are solely functions of the inputs and the computer program
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structure. The outputs include year-by-year printouts of cash flows,

taxes, etc. and economic indices computed by averaging over the life of

the venture. The major indices are internal rates of return   IROR!  or

discounted cash flows!, capital recovery factors  CRF! and payback periods

and are computed both before and after taxes.

Computer program outputs are only as good as the inputs. The Ocean

Mining Payout Analysis Program is only a small part of the analysis of a

given venture. Generating cost data is a major undertaking and is criti-

cal for the success of the analysis. The input cost data generation pro-

cess is shown in block diagram form in Figure 3. One starts with overall

mining system performance specifications. These may be functional such as

type of process and quantitative such as system or subsystem production

rate. These specifications are used to develop a system conceputal de-

sign . The conceptual design consists of a general functional layout and

an operational scenario. In the overall process the layout and operation-

al scenario follow the ore as it progresses through the system.

For convenience, the overall system is broken down into functional

cost sectors' Costs in each sector are estimated using various models and

methods. These methods vary considerably depending on the nature of the

sector and availability of a data base . For instance, ship costs  mining

ship, transport ships, research vessels and supply craft! are estimated

using standard naval architectural procedures LAndrews, 1918]. Ship hull

structure costs are related to cubic number and an extensive  proprietary!

data base is available. There is no data base for ocean floor mining sys-

tem costs. Scaled down pilot systems were built and tested in the 1970s

and proprietary cost data has been inferred or extrapolated from these
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early results. Nodule processing costs can be developed from a step-by-

step breakdown ot the overall process and an extensive proprietary data

base exists for each step. Labor costs can be generated from manning

tables and data for each sector is suitably broken down into subsectors or

sub-subsectors.

Man anese Production

The primary motivation for mining manganese nodules has been their

copper, nickel and cobalt content. However, the manganese, which is pre-

sent in much larger proportions �9 percent by weight, on the average! is

also valuable and can increase profitability significantly. The four-

metal study of Andrews, et al. �983j showed a considerably improved rate

of return over the earlier three-metal Flipse �982j study.

Manganese is produced in enormous quantities for the four-metals ven-

ture. This can be a problem since the manganese production can easily

equal or exceed total U.S. consumption, causing severe disruptions of tra-

ditional sources and possible marketing problems. The overall effect

would be to further depress the price of manganese.

The present study attempts to deal with this issue in a simplified

fashion by treating a processing option of limited manganese production

where only the first 3 million tons of ore  annually! is processed for

manganese and the processing falls back to three-metals after this level

is attained. This limits ferro-silico manganese production to less than

1 million tons per year which is about one-third the predicted U.S. con-

sumption in 2000 A.O . The ferro-si lico manganese production as a function

of nodule throughput used in this study is shown in Figure 4 for both full

and limited production. In Figure 4 the projected U.S. consumption of

13



Fl
C 4 3
0

~ r 5

U OJ
O CL

CP O
2

QJ

& O
n5 m

o s-
O 'U

j.
~ r Q

D C
C 0
5 'r

0 r

S 0 0
Manganese Nodule Throughput, millions of dry short tons per year

Figure 4. Manganese Production Yersus Throughput:
Ferro- and Si1 ico-Manganese Total

14



ferro-maganese for 2000 A.D. is shown as 2.56xl06 tons per year. This

figure was obtained from a Dames and Moore L1980] projection of Zx106 tons

consumption of elemental manganese for 2000 A.D. The ferro-manganese con-

sumption was obtained from the elementa1 consumption by dividing by 0.78.

The full production line in Figure 4 was obtained by multiplying the

nodule ore throughput by the assay of 25 percent and the recovery  smelt-

ing! of 93 percent.

Texas A&M Universit Ocean Minin Pa out Pro ram Modifications

Other options were considered beside throughput . Accordingly, modi-

fications were made in the program,  the program was actually rewritten!

and additional input data was generated. Additional variables analyzed

included:

1, Depletion deduction computations,

2. Debt and inflation

3. Electric power costs together with location of processing plant

4. Type of ore processing, and

5. Corporate structure

Descriptions of how these options were implemented are gi ven in subsequent

chapters.



HIGH THROUGHPUT MINiNG SYSTEMS

The introduction described the high throughput nodule collector sys-

tem shown in Figure 1. The new collector triples the nodule collection

rate over the pioneer collector analyzed in F1ipse [1982j and Andrews, et

al. [1983]. This is the basis for scaling up the throughput for the whole

system down through the processing and waste disposal sectors. Four sys-

tem throughputs are treated here: 1.5, 3, 4.5 and 9 million dry short

tons per year. The 1.5 and 3 million ton throughputs are achieved by

using the pioneering collector for one and two of the pioneering mining

ships, respectively. The two higher throughputs, 4.5 and 9 million tons,

use the articulated collector and one and two larger miner ships, respec-

tively.

The overall integrated mining system is broken down into sectors for

cost estimati ng convenience . The cost sectors used in Fli pse [19%] and

Andrews, et aI. [1983J have been revised to simplify calculation of the

depletion deductions for taxation . The sectors are now:

1. Prospecting and Exploration

2. Mining

3. Marine Transport

4. Marine Terminal

5. Onshore Transport

6. Processing

16



7. Waste 01sposal

8. Mining Support

9. Research and Oevelopment

1U. general and Administration

The revisions to Sectors 1 and 8 are small and are defined below.

A1so, preparatory period  year 0! expenses are analyzed using the same

sectors for the same reason.

Pre arator I'eriod Ex end1tures

MoSt U.S. COrporationS have a lang-range plann1ng capability in the

form of a company officer, a comittee of the board of directors or a con-

sultant to the chairman of the board and the chief executive officer

 CEO!. We assume this entity has invest1gated the high throughput venture

to the extent that the CEO will authorize, with Board approval, $3 to $5

million for a two-year preliminary Research and Development effort to:

1. Organize a research team headed by a capable manager;

2. Search the literature;

3. Interview officers of compan1es currently engaged in ocean mining

4. Complete a patent search;

6. Perform bench tests in refinements in nodule processing and metal

winning;

6. Perform subsystem tests  or witness vendor and suppl1er subsystem

demonstrations! of scaled up ocean min1ng equipment;

7. Study the manganese, nickel, copper and cobalt markets to fore-

cast future key metal prices;

17



8. Des1gn, test and use an economic computer model cons1stent with

that company's business and financ1al practices, to determine the

potential rewards of the deep ocean mining venture; and

9. Prepare design criteria, specifications and plans, schedules, and

budgets for a research and development program to meet the com-

mercial objectives ~

The above activity in the "Preparatory Period" may precede Prospect-

ing and Exploration and Research and Development called for in the sche-

dule, or it may be done during the first two years of that period.

Research and Develo ment in the Pre arator Period

Assuming that the findings of the effort are favorable and corporate

interest is sustained or heightened, the Research and Development program

will be conducted over a 10-year period, for approximately $140 million,

assumed to be about half spent on mining systems and therefore shown for

cost sectors and tax purposes as split. between Sector 2 for mining and

Sector 9 for processing Research and Development . These Research and

Development costs are laryely independent of the number of mining ships

built, or throughput of the different process plants. Such a program

would produce:

1. Component. and subsystem tests of the marine mining sector, leading to

full scale tests of mining system components in the laboratory and at

sea.

2. Mini-pilot plant testing of process refinements and improvements, fol-

lowed by: a one-tenth to one-twentieth  approximately! scale demon-

stration plant of the chosen process, yielding metal tonnage for market

testing, product evaluation and future sales contracts.



3. Refined cost estimates leading to further runs of an enhanced payout

model.

4. Preparation of contract plans and specifications for the mining equip-

ment and system, transportation equipment and system, and the process-

ing equipment and system,

5. SubmiSSion of test and environmental monitoring data to National Ocean-

ic and Atmospheric Administration, and receipt of a permit for commer-

cial operations.

Pros ectin and Ex loration in the Pre arator Period

The fi rst technical problem facing the ocean miner is prospecting

for locating, defining, mapping and evaluating one or more seabed deposits

of manganese nodules. The exploration of the major consortia greatly sim-

plifiess the initial surveillance for deposits, but extensive wide-grid ob-

servations are necessary to define and evaluate the mineability of a dis-

covery. The major U.S.-affiliated consortia will have licenses for mine

sites in the Clai ron-Clipperton zone for the first gener ation operation .

Their sites must be extended considerably or entirely new sites must be

surveyed for the high throughput operations as more area will be mined at

higher rates.

Many current advances ih acoustic sensing, computation and bathymetric

surveying will be applicable to this high throughput venture. Improved

exploration and surveying systems should speed up the preliminary surveil-

lance phase for potential mine sites, Automatic bottom mapping systems

 Sea Beam, Sea Mare and Gloria! produce bottom contours for 1-5 kilometer

beam swaths along the survey vessel's track. An acoustic multi-frequency

exploration system has been developed that automatically plots and prints



out nodule abundance and size along the vessel 's track at or near cruising

speed  Magnuson, 1983!. Fine grid surveys including microtopography can

be made with improved deep tow vehicles with the latest sidescan sonar

equipment and automated data processing.

The major expense is one or more research ar survey vessels to pro-

vide working platforms, hotel, and transportation to and from the area to

be explored. These ships would normally be small, of 30 days endurance or

more, diesel-propelled, seaworthy and unfortunately slow. A ship measur-

ingg just under 300 regi ster-tons avoi ds stringent manni ng and operating

regulations and is large enough to prove satisfactory as a working plat-

form. Photography, television, and sampling, provide data on nodule

coverage, population, analysis and assay. Cores also provide geotechnical

data for scientific correlation and design of mining equipment. The ves-

sel is kept on station by thrusters and main propulsion, while satellite

navigation systems pinpoint the ship's position. Oceanographic data such

as sea state, temperature and wind speed and direction used for scientific

or engineering purposes are obtained by standard equipment.

After a deposit is judged mineable, a close grid survey is conducted

to confirm the judgement and provide data for preparation of a mining

plan. The seabed topography and the presence of obstacles must also be

determined.

To keep ahead of the mining operation and to ensure retention of the

skilled team and maintenance of the equipment, exploration will continue

for the duration of the program. OetaiIs vital to the mining plan wilI be

obtained on a timely basis; servicing the seabed acoustic range will be a

20



periodic chore; and placing monitoring arrays, conducting surveys, and

prospecting for future mine sites wi11 use all available time.

General and Admi nistrati ve Ex ense Pre arator Peri od

Before the GO decision LFlipse, 1982], the business, marketing and

planning management and technical team is used to supervise and evaluate

the preparatory period activities. Their work continues during the con-

struction and production phases. The management staff consists of well-

paid professionals working in rented quarters using rented equipment. Ten

years at $4 million annually has been estimated as the total general and

administrative overhead expense for all processes and plants. These

oryanizational costs in the preparatory period may require different tax

treatment from the Research and Development and Prospecting and Explora-

tion expenditures.

The estimated total cost during the preparatory period of the Re-

search and Development and Prospecting and Exploration programs prior to

the GD decision is $195 million in 1982 for the 1.5 and 3.0 mil aion dry

short tons per annum cases. Because of the large areas that must be ex-

plored for the larger throughput plants, the Prospecting and Exploration

cost  Sector 1! in the preparatory periods is increased by $30 million at

4.5 x 106 tons p.a., and by $60 million at the highest throughput of 9.0

mi1lion tons.

Tax Treatments Pre arator Period

The manner in which the preparatory period costs can be handled in

the 1984 payout analysis includes three alternative tax treatments for

pre-construction expenses described above:
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1. Parent costs, where the Research and Development and Prospecting and

Exploration expenditures by the parent, less the parent's tax savings,

are shown as cash outflow in Year 0, at the start of the payout calcu-

lation, At the time of the GO/NO GO decision, the investor-parents

have already expensed these costs against other income as allowed by

the tax code, probably deducting almost all of them. Therefore, bene-

fits from further tax deductions for these costs are unlikely. The

parent corporation wi ll consider the net  after tax! preparatory

period expense as a loan to the integrated subsidiary if it Succeeds

and can repay these preparatory period expenses.

2. written off now, when the monies are spent. This practice would allow

the mining company  not the parent! to develop a tax-loss carryforward

that must now be used within lb years of the date the write-off is ex-

perienced. This practice is now allowed by the 1982 Tax Equity and

Fiscal Responsibility Act  TE8FR! and is used frequently by U.S. com-

panies. This approach would also be necessary for a new partner to

buy into a conSortium by paying his share of the preparatory expenses

in Year 0. The method of writing off the full amount was used in

Andrews, et al ~ , 1983, and may properly be used by the independent

mining venture.

3. Capitalized, and written off over the life of the project is the most

conservative approach and was used in Flipse [1982] because of the old

tax interpretations of the Internal Revenue Service prior to the 19UZ

law. Capitalization of Research and Development and of organizational

expenses  General and Administrative! is sometimes differentiated from

capitalization of exploration costs. The conventional amortization of
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preparatory costs over the production period provides the least imme-

diate benefits to cash flow and was not utilized. The new organiza-

tional expenses of the independent company are amortized over five

years beginning with production startup.

The three methods can al 1 be utilized in the Texas A8M University

payout model. All cases show a cash outflow in Year 0.

Processin Plant Location

Costs vary depending upon the location of the nodule processing

plant. Two alternatives are treated in this study: Southern California

with 11 cents per kilowatt hour electric power and the Pacific Northwest

with 3 cents per kilowatt hour electric power. The low rates for the

Pacific Northwest are a result of plentiful hydroelectric power.  These

low rates may not still be available in the time frame of the venture .

However, a relative difference in rates wi 11 most likely still exist.!

Ore transport costs will also vary because the distance from the mine site

to port increases for the Pacific Northwest. Land costs and associated

costs also vary. IJifferences in costs ex~st for Sectors 3-7 as discussed

in the ensuing text.

Con st rue t i on P e ri od

To evaluate impact of different construction perods, both a fast and

slow schedule can be examined for each throughput case. The two plant

construction schedules, in years, are shown in Table l.

The two schedules were intended to bracket the extreme ranges

between fast and slow construction periods. For the two miner ship

throughputs �.0 and 9.0 million tons! in the slow schedule, construction

and delivery of the second ship is delayed so that partial production from

23



Table 1. Construct~on Periods for Various Throughputs

Throughput
 Mi1 lion dry

short tons, p.a.!

M~ning Ship

Si ze No.

Construction Period, years

SlowFast

1.5
3.0

4.5
9.0

Base 1 6
Base 2 4 8

Large 1 4 6
Large 2 6 10

the first ship can at least partially pay for further capital expendi-

tures. This reduces up-front funding requirements. These estimated con-

struction periods assume technical success at all stages and no regulatory

or strike delays.

Inte rated S stem Descri tion b Sector

The integrated mining system and its capital and operating costs for

the full range of throughputs and other options is described below. The

system description is broken dawn on a sector, and in some cases a subsec-

tor basis.

Sector 1 � Pros ectin and Ex loration

Research vessels must continuously find and define mine sites. The

work described in the preparatory period will be continued during the con-

struction and production period.

The analysis assumes no capital funding for this sector because of-

fices, piers, reSearch ships and equipment continue to be leased  as in

Preparatory Period Research and Development and Prospecting and Explora-

tion!, but operating expenses for the construct~on period are provided.

Defin~tion of the expanding mini ng site wi 1 1 conti nue essenti ally for the



life of the program, during the entire construction and commercial produc-

tion period. During construction, plus 20-year period of output standard

for a11 the cases, the Prospecting and Exploration operating expenses con-

tinue. No capita1 outlay is needed.

For the lowest 1,5 million tons throughput, a l50 foot long research

vessel is requi red, and two of this size wou1d be needed at the 4.5 mil-

lion tons per annum level to keep up with exploration and environmental

monitoring. A slightly larger �00 foot! and more expensive research ves-

sel is needed at the 3.0 mi 11ion ton level, and three of these larger ves-

sels are needed for the highest, 9 million ton per annum plant.  see

Table 2! The research vessel operating costs include charter hire, crews,

supplies, maintenance and repair, fuel, and insurance. Purchase of the

vesse1 s! is not assumed here. Operating costs are shown in Table 2. The

vessel will share tne marine terminal with the crew/supply boat described

in Sector 8.

Table 2. Prospecting and Exploration Costs  Sector 1!

Annual Operating Costs
Research Vessel  Millions of 1982 Dollars!

Throughput
 Million dry Length Number Res.Vessel PSE Terminal Total

short tons, p.a.!  ft! Lease Staff �/2!

3.5 3.0 0,2 6.7
4.8 3.0 0.3 8.1

6.1 4.5 0.3 j1.5
13.6 6.0 0.5 20,1

1.5
3.0
4.5

9.0

150

200
150

200
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Economies of scales appear in this sector. With multiple exploration

ships one can specialize with  perhaps! one ship doing fine-grid sampling,

assay and bottom micro-topography work and another doing coarse grid



surveys using primarily remote acoustic sensing supplemented by free-fall

grab sampling. Scientific/technical party per ship may be reduced as in-

dicated in Table 2 as a result of specialization.

Sector 2 - Minin

This sector includes for the pioneering I Flipse, 1982] and the scaled

up high throughput mining ship, all of the mining ship equipment, includ-

ing the dredge collector head, the pipe and bottom hose and equipment for

handling and stowing them, the nodule ore receipt, stowage and handling en

route to the transport ship, and replacement of equi pment and spare

parts. Each of these categories is considered a subsector of Sector 2.

The Minin Shi Sector 2.1

The particulars of the base case and larger proposed deep ocean min-

ing Ships are presented in Table 3. Details ta identify the system ele-

ments along with their capital and operating costs were shown in Andrews,

et al. [19833. The base mining ship is essentially a single ship from the

two miner ship system described by Flipse I.1982].

Table 3. Mining Ship Particulars

Base Case Super Miner

Sea speed
New construction, U.S.A. 1982

26

Mining rate, wet short tons/day
Length LBP
Beam
Hull depth
Draft, loaded
Loaded displacement
Cargo deadweight
Mining equipment
Light ship displacement
Shaft horsepower

5,000
789 ft
145 ft
56 ft

42

105,000 LT
75,000 LT
11,000 LT
19,000 LT
21,000 diesel

electric
14 knots
$91.6 million

15,000
870 ft
157

74.5 ft
47.1 ft
145,500 LT
81,500 LT
37,000 LT
27,000 LT
28,000 diesel

electric
14 knots

5136.6 million



Both ships are able to enter U.S. ports in light condition . The

smaller ship could enter with a load of nodules too, which slightly in-

creases its cost. Both can be ballasted to full draft, permitting better

snip control and surface reference during the mining or transfer of car-

go. The ship hull is strengthened because of the density of ore and

liquid slurry loads.

The main propulsion and power for maneuvering, mining, ballasting,

and transfer of ore are supplied by high-voltage A.C. generators driven by

diesel engines. The mining ships have twin, controllable-pitch prope'llers

driven by electric motors, and multiple retractable thrusters, both

forward and aft . A closable "moon pool" is provided under the derrick and

motion compensator. Superior accommodations are provided for between 80

and 100 persons, including ship's and mining crews. The ship's navigation

and communication systems include satellite, Telex, Weather Fax and a

long-base-line bottom acoustic system. A helicopter landing pad is pro-

vided. Current bulk-carrier costs were modi fied to provide for speci al

features required in mining ships. Resulting costs are shown in Table 4.

Economy of scale appears dramatically in the mining ship �.1! sub-

sector. It is not necessary to triple mining ship size to triple ore

throughput. A slight increase in size is all that is necessary, primarily

since a smaIl increase in buffer storage of ore is all that is required

because the frequency of transport ship ore transfer at sea is increased

 see Sector 3!. This may require more sophisticated navigation and con-

trol during ore transfer at sea while mining under way.
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Handlin and Stowa e Sector 2.2

The costs in the subsector for hand1ing and stowage of mining equip-

ment aboard the mining ship are significant. Equipment includes a crane

of 25 tons capacity for the small ship or 80 tons for the large ship for

launching and retrieving the collector; winches and racks for handling

hose and pipes connecting the collector to the miner ship, handling of the

in-line dredge pumps and the long power and signal cables essential to the

operation of the system. Other components include a pipe transfer system,

derricks, a gimbal platform, a pipe lowering and 'lift system, and a heave-

compensation system. The systems are designed to accommodate a 3- or 6-

million-pound suspended full pipe and collector load for the smaller and

1arge ship, respectively . The estimated cost of the equipment is $23.5

million for the small and $59 million for the large mining ship.

Pum in S stem Sector 2.3

The pumping system selected consists of multi-stage, motor-driven,

mixed-flow pumps located in the dredge pipe string, that pump through the

dredge pipe handling system on the gimbal platform. The mining control

center provides system data readouts, stress monitoring, television moni-

toringg, and a contro I computer provided with manual override� . The small

system uses 14,000 horsepower, the larger about 35,000 horsepower. The

estimated costs are $13.8 mi1lion and $41 million for the small and large

systems, respectively.

Ored e Pi e and Bottom Hose Sector 2.4!

The selected dredge pipes have clamp couplings, are of high strength

welded steel, and have the following characteristics:
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Sma 1 l

18,000 ft18,000 ftLength

Size 12 inches I.D. 17 inches I.O.
  constant diameter!

1/2" minimum 1/2" minimum
with stepped increases

Thickness

Pipe weight

Pipe weight with joints

4,000,000 lbs

5,000,000 lbs

2,300,000 lbs

2,875,000 lbs

29

The 1 arge dredge pi pe has twi ce the cr oss-sect i ona 1 area of the smal 1

pipe. The throughput of the large pipe is tripled by also increasing the

nodule concentration and the flow velocity of the slurry.

A 20-ton  wet! deadweight is employed at the lower end of the small

pipe string, but is not needed on the larger pipe because of the heavier

collector   Figure 1! . Special pipe sections provide for the pump and

motor installation, instrumentation and controls, valves,and attachment

for the bottom hose . The pipe is painted on the outside with inorganic

zinc and coated on the inside with an abrasion-resistant epoxy materiai.

Stand-offs are provided to attach the cables and support the permanently

installed non-buoyant fairing or splitter plates. The soft connection

between the dredge pipe and the collector s! is provided by a 1,200-foot

buoyant, crush-resistant, high-tensile-strength hose.

Costs were estimated from industry data and parametric analysis.

The cost in 1982 dollars is $17.5 million for the small and $35 million

for the large pipes and hoses.



Collector Subsector 2.5

The collector must move across the ocean floor at a speed of one to

two knots, separating the nodules from the sediments and delivering

nodules to the dredge pipe inlet . A typical sma'tl collector would be ap-

proximately 60 feet wide fFlipse 1980]. The higher throughput collector

is about three times larger, in segments as shown in Figure 1. The col-

lector is a proprietary element of the system, and can deliver to the

dredge pipe nodules clean of clinging sediments. The collector must nego-

tiate small obstacles, while avoiding or going around major obstacles. It

can temporarily store excess nodules while it meters into the dredge pipe

the correct quantity of nodules to ensure high productivity without over-

loading the pipe. It is outfitted with a sidescan sonar system to sense

obstacles on the bottom.

A single small collector would cost approximately $1.5 million. A

second collector equipped with a spare hose would bring the total cost of

dredge-heads and hoses for one small miner ship to $3.5 million and $1U

million for a larger miner.

Ore Handlin Subsector 2.6

This sub-sector identifies equipment used to transfer the mined ore

from the dredge pipe to the mining ship and from the mining ship to the

ore carrier s. The system includes a hose-and-pipe equipment to accommo-

date the relative ship/gimbal platform movement, while transferring the

nodule and water mixture to a separator where the bottom sediments are re-

turned to the sea and the nodules and recaptured abraded nodule material

 fines! are deposited on a conveyor. A conveyor distributes the nodules
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Sma 1 1 ~Lar e

18,000 ft 1B,000 ftLength

12 inches I.D. 17 inches I.D.
 constant diameter!

Size

1/2" minimum 1/2" minimum
with stepped increases

Thickness

Pipe weight

Pipe weight with joints

2,300,000 lbs 4,000,000 lbs

2,875,000 lbs 5,000,000 lbs

29

THe large dredge pipe Has twice the cross-sectional area of the small

pipe. The throughput of the large pipe is trip1ed by also increasing the

nodule concentration and the flow velocity of the slurry.

A 20-ton  wet! deadweight is employed at the 1ower end of the small

pipe string, but is not needed on the larger pipe because of the heavier

collector  Figure 1! . Special pi pe sections provide for the pump and

motor installation, instrumentation and controls, valves,and attachment

for the bottom hose. The pipe is painted on the outside with inorganic

zinc and coated on the inside with an abrasion-resistant epoxy material.

Stand-offs are provided to attach the cables and support the permanently

installed non-buoyant fairing or splitter plates. The soft connection

between the dredge pipe and the collector s! is provided by a 1,200-foot

buoyant, crush-resistant, High-tensile-strength hose.

Costs were estimated from industry data and parametric analysis.

The cost in 1982 dollars is $17.5 million for the small and $35 million

for the large pipes and hoses.



Collector Subsector 2.5

The collector must move across the ocean floor at a speed of one to

two knots, separating the nodules from the sediments and de1ivering

nodules to the dredge pipe inlet. A typical small collector would be ap-

proximately 60 feet wide  Flipse !980]. The higher throughput collector

is about three times larger, in segments as shown in Figure 1. The col-

lector is a proprietary element of the system, and can deliver to the

dredge pipe nodules clean of clinging sediments. The collector must nego-

tiate small obstacles, while avoiding or going around major obstacles. It

can temporarily store excess nodules while it meters into the dredge pipe

the correct quantity of nodules to ensure high productivity without over-

loading the pi pe . It is outfitted with a sidescan sonar system to sense

obstacles. on the bottom.

A single small collector would cost approximately $!.5 million . A

second collector equipped with a spare hose would bring the total cost of

dredge-heads and hoses for one small miner ship to $3.5 million and $10

million for a larger miner.

Ore Handlin Subsector 2.6

This sub-sector identifies equipment used to transfer the mined ore

from the dredge pipe to the mining ship and from the mining ship to the

ore carriers. The system includes a hose-and-pipe equipment to accommo-

date the relative ship/gimbal platform movement, while transferring the

nodule and water mixture to a separator where the bottom sediments are re-

turned to the sea and the nodules and recaptured abraded nodule material

 fines! are deposited on a conveyor. A conveyor distributes the nodules
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and fines to the specially configured holds while reclaimers deliver the

nodules and fines to the stern . There they enter a slurry system that

transfers them to the ore transports. At the same time a hose transfers

fuel from the transport to the mining ship. The estimated cost is $13.3

million for the small and $26.6 million for the larger mining ship.

As noted, the ship has two collectors on board. Their costs are in-

cluded in the above estimates. A spare pipe string and two spare bottom

hoses are stored at the ship operating base because accidental loss of a

pipe string at sea probably would result in damage requiring a trip to the

operating base or shipyard for repairs. The estimated cost of the spare

pipe string  not including engineering! and the two spare bottom hoses is

$17.3 million and $35 million. The total capital costs are shown in Tab'le

4a.

Annual 0 eratin Costs

Annual operating costs were estimated by developing a system-manning

roster and fuel-use schedule and applying 1982 industry costs. Costs were

estimated on the following basis for the larger mining ships:

Manning costs include a 40-man ship crew, a 48-man mining crew, and a

full relief crew resulting in two full crews with provisi on for overtime,

vacation, food and supplies.

Maintenance and repair  H&R! at the following rates:

  1! Ship: two percent of capital costs;

�! Pipe string and collector: 50 percent of capital cost l,equivalent to

one loss in alternate years!;

�! Other mining and transfer gear: five percent of capital cost;
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Table 4. Capital and Operating Costs for Mining, Sector 2

a. Capital costs per ship in millions of 1982 dollars.

Capital Costs/Ship Set
Small Large

35.017.3
$343,6180.5

b. Operating costs per ship in millions of 1982 dollars.

LargeSmall

$ 14,0
44.0

4.9
12.4

$ 11.2
21.6

2.0
4.3

Manning
Maintenance and repair
Insurance
Fuel

Total

Insurance premiums are included at 1.5 percent of the value, plus

$1,500 per crew member per year.

Fuel  U.S. West Coast-delivered P6 ASTM Marine Diesel! at $185 per

300 days mining at 16,000 HP or 195 LT/day

54 days transferring nodules at 27,600 HP or 111 LT/day

20 days in transit at 15,600 HP or 62 LT/day

15 days in a shipyard  negligible fuel use!

30 days pipe handling at 13,600 HP or 54 LT/day

Total fuel usage 23,300 LT/year  ~ $184.56/LT
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Mining ship
Handling and stowage equipment
Pumping system
Dredge pipe and bottom hose
Collector
Ore handling

Subtotal

Spare pipe string
Total

long ton. The estimated fuel consumption is:

$ 91.6
23.5
13.8

17.5
3.5

13.3

$136.6
59.0

41.0

35.0
10.0
26,6



Annual operating costs are estimated from these values and are

yiven in Table 4b. Costs for the smaller mining ship are also summar-

ized in Table 4b, from Andews, et al. L1983j.

Sector 3 � Ore Marine Trans ort

The differing weight of wet nodules to be mined annually requires

ships of the number and size shown in Table 5, with the particulars of

the ships. A typical 1,700 nautical mile one-way voyage between the

mine site and Southern California at 14.5 knots loaded, plus port times,

takes almost 12 days for the round trip. A Panamax hull of less than

108 foot maximum beam and with a draft acceptable for 45 foot channels

is required. Propulsion is provided by a single slow-speed diesel engine

burning heavy fuel. Transports would load nodules in a slurry through a

special transfer hose, using onboard receiving equipment and distribu-

tion piping. Hold decanting and dewatering systems are provided, but

ship discharging is performed at onshore terminal facilities. Data used

in price analysis for the transports are reported in Andrews, et al.

account for inflation through 1982, except for fuel costs, which are

$27.61 per barrel for residual marine fuel oil for main propulsion and

$40 for diesel fuel used for the generators.

For the Pacific Northwest location, the 2,275 nautical mile voyage

results in a need for more transport capacity. Although a'lternative

sizes were examined, within the 45 foot low water channel depth limita-

tion, ore transports of 74,000 deadweight tons were needed, each with an

annual �00 day! route capacity of 1.5 million wet short tons of cargo.
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Therefore, only two transports are needed for the smallest plant in-

creasing to four, six, and twelve ships for the larger throughputs.

The American ship cost data in Flipse I.1982] have been updated to

1982 dollars. These estimates include provisions for handling the

transfer hoses for fuel oil and nodules, a shipboard ore distribution

system, a helo-pad with fuel service, and full set of spare parts, but

do not include construction differential subsidy funds. Ninety-seven

percent learning curve is assumed for multiple ship orders. The ships'

estimated cost in 1982 U.S. dollars is shown in Table 5b and c.

Annual 0 eratin Costs

Annual operating costs are estimated using U.S. crews for the

ships, but no operating differential subsidy. Helicopters are provided

for crew transfers to the mining ships. For both ships, operating costs

in 1982 dollars are given in Table 5.





Facilit Descri tion

A large vacant site would be graded and water, sewer and electrical

services would be installed. Access roads within the area would be

paved. A dock for the necessary size of ships would be dredged to 45

feet at low water and a suitable pier or wharf and mooring dolphins

would be installed, A major element af the cost is the nodule re-

slurrying and unloading system, which includes cranes on tracks to lift

the unloading gear into the holds, pumps and hoses, and slurry water

storage tanks . Koldi ng ponds would be provided for two shiploads of

nodules . Offices for the operating staff, and facilities for spare

parts, stores, and maintenance and repair would be built� . Fue] pipe-

lines are also provided.

Southern California

Throughput  dry millions s.t.p.a.!

Berth Length and Number

1.5 3.0 4.5

950 ' /1 1040 ' /1 970 ' /1

6 8 7

9.0

985'/2

Cranes and unloaders

Terminal area, acres

Building area, 1000 sq.ft.

9 15 21

40 40 50

Pacific Northwest

1.5 3.0 6.0 9.0

985 '/1 985 '/1 985 '/1 985 '/2

7 7 8 11

Throughput:

Berth Length and Number

Cranes and Unloaders
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The berth space f' or one ship at a time except for the largest

throughput, at a pier equipped with un'Ioading cranes, including building

and pipeline casts in millions of 1982 dollars are:



Ore Marine Terminal

1.5 4.53.0Throughput m.d .s .t .p.a .: 9.0

Southern California

$ 10.5 $ 11.8 $ 11.0 $ 16.70Pier and dock

Ore unloading and storage 16.0 20.8 18.4 27.2

Site improvement

Bui l ding

Sector 4 Total

0.9 1.6 2.2 4.1

1.5 1.9 3.11.5

$ 28.9 $ 35.7 $ 33.5 $ 51.1

Pacific Northwest  site and buildings the same as Southern California!

$ 11.2Pier and dock

Ore unloading and storage

Sertor 4 Total

16.711.2 11.2

27.218.9 20.718.9

$ 32.5 $ 33.2 $ 36.0 $ 51.1

1.5 3.0 4.5 9.0

$0.5 $0.8

Throughput, million dry s.t.p.a.

Marine terminal dredging, M8R

Ore unloading and storage

$0.6$0.5

9.32.8 3.8 5.0

Site rent, insurance, taxes,
utilities 0.4 1.00.2 0.5

Building services

Sector 4 Total

0.30.1 0.1 0.2

$3.6 $6.2 $11.4$4.9
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Annual 0 eratin Costs

Annual operating costs were estimated using the same updated for-

mula. Maintenance and repair and unloading the ships are the major

operating costs. Electricity costs ll cents per kilowatt hour in Southern

California, but only 3 cents per kilowatt hour in the Pacific Northwest.

The estimated costs in mi llions of 1982 dollars are summarized as follows:

Southern California Route:



Pacific Northwest Route:

Marine terminal dredging, MAR

Ore unloading and storage

Site rent and expenses

Building services

Sector 4 Total

0.5 0.5 0.5 0.8

6.22.4 3.82.9

0.2 0.4 0.5 l.o

0.30.1 0.2O.l

$5.O$3.2 $3.9 $8.3

Sector 5 � Onshore Trans artation

The ocean mining system scenario locates the nodule process plant 25

miles inland from the port facility and locates the waste disposal ponds

in a remote ari d area 60 miles from the plant . An access road from the

public highway to the plant site would be built to comply with local codes

and donated to the local government . A rail spur was also provided.

Roads within the processing plant are incIuded in Sector 6.
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Facilit Descri tions

The 25-mile port-to-plant slurry system consists of land at six acres

per mile, a port pumping station and several booster pumping stations, a

surface slurry pipeline, and a slurry-water return line with required

pumps. Seawater, pumped from the harbor, is the slurry medium.

A 60-mile-long pipeline delivers the tailings slurry from the plant

to the waste site, and includes land and pumping stations. The fine-

particle waste slurry is distributed at the waste site by a piping system

included in Sector 7. The disposal slurry pipeline costs depend upon the

process and the amount of waste produced, as explained in Sectors 6 and

7. The three-metal plant has the greatest disposal need and is shown

below.



The rail spur is assumed to be on essentially level ground and in-

cludes expensive land  $10,000 per acre!, a dozen switches, and single

track to the plant site. The rail provided within the plant is included

in the processing sector. The two-lane highway built to code specifica-

tions and capable of carrying heavily loaded trucks, is assumed to cross

essentially leve1 terrain. Costs of land for the road are included.

The Sector 5 sizes and capital costs for both Southern California and

Pacific Northwest locations in l982 dollars are:

Onshore Transportation:

4.5 9.0

9 15

10 16

Throughput  m. dry s.t.p.a.!

Rail line  miles!

Road  mi1es!

Port-to-plant slurry system

3.01.5

5.5

$ 14.3 $ 20.2 $ 24.7 $ 26.7

Plant-to-waste site slurry
system - 3 metal 28.016.4 19.912.1

6.0 10.03.3 4.7Rail lines

Access road

Sector 5 Total

2.5 3.1 5.01.7

$ 31.5 $ 43.9 $ 53.7 $ 79.8

Annual 0 eratin Costs

About 70 percent of the operating costs for two slurry pipelines is

for electric power at ll cents per kilowatt-hour in Southern California

and only 3 cents in the Pacific Northwest. The only difference is in

pipeline operating costs. Also provided are labor for the pumping sta-

tions and pipelines, maintenance and repair, local taxes, and liability
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Throughput  m. dry s.t.p.a.! 1.5 3.0 4.5 9.0

Southern California:

Port-to-plant nodule slurry
pipeline $ 7.3 $ 13.5 $ 19.3 $ 37.1

Three-metal plant-to-disposal
waste pipeline 2.7 3.61.8 6.0

Rail line

Access road

Sector 5 Total

Pacific Northwest:

0.40.3 0.5 0.8

0.10.1 0.30.2

$9.4 $16.6 $23.6 $44.3

Port to plant nodule slurry

$ 3.2 $ 5.3 $ 7.3 $ 13.0pipeline

Three metal plant to disposal

1.7 2.1 3.11.3waste pipeline

0.4 0.5 0.7 1.1Rail line and access road

Sector 5 Total $4.9 $7.5 $10.1 $17.2

Al ternati ve P rocesses

For alternative processes to the three-metal plant, Sector 5 costs

for the dis osal i eline onl should be replaced by those shown next.
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insurance. By sub-sector, the operating costs in 1982 dollars are given

below for the three-metal, maximum disposal process.

Operating Costs

Sector 5 operating costs in millions of 1982 dollars are as follows:



Process

 in millions of 1982 $!

Throughput  m. dry s.t.p.a,!

Three-Metal + F ll M

3.01.5

$ 8.4 $ 11.0 $ 13.1 $ 17.9Capital Cost

3.31.7Annual Operating Cost, Southern 1.2
California

2.1

2.2Annual Operating Cost, Pacific
Northwest

Three-Metal + Limited Man anese

1.3 1.81.0

8.4 11.0 lb.8 26.2
]..2 1.7 2.8 5.9

Capital Cost
Operating Cost, Southern

California

1.3Operating Cost, Pacific Northwest 1.0

All Smeltin Cases

3.42.3

8.7 10.2 13.6Capital Cost

Operating Cost, Southern

6.7

1.31.0 2.31.5

California

1.4Operating Cost, Pacific Northwest 0.9 1.6
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Sector 6 - Processin

Process descriptions and capital requirements and operating cost es-

timates for both three- and four-metal nodule processing plants have been

presented in Flipse L1982j and Andrews, et al. L1983]. Plant configura-

tions were determined and costs estimated for a three-metal process based

on reduction-ammonia leach technology at 3 million tons per year

throughput, for a four-metal plant at 3 million tons per year throughput

in which manganese is recovered from three-metal plant tailings, and for a

four-metal plant at 1-1/2 million tons per year throughput based on

smelting technology.



Overall material and energy balances were developed for each process

and wer e used with i nformation on equipment capabilities to estimate the

sizes of the major items of equi pment shown in the plant description. The

items in the plants were organized into appropriate functional groupings

at the subsector level to take advantage of data available in the equip-

ment cost estimating literature and proprietary data. Plant capital re-

quirements were estimated by a factoring technique which accounted for the

costs of comnodities and labor and indirect costs of engineering, con-

struction, fees, and a contingency. Material and energy balances were

used, with appropriate unit costs, to estimate the costs of materials,

supplies, and energy consumed within the plant. Labor costs were esti-

mated by developing a rough manning tab'le, and fixed costs were taken as a

percentage of the plant investment. These descriptions and costs were

used as the bases from which all the following estimates wer e derived� .

Plant configurations were revised and capital requirements and opera-

ting costs were re-estimated for the three processes described above at

capacities of 1.5, 3.0, 4.5 and 9.0 million tons . Because of the market-

ing problems associated with full manganese production at the higher

throughputs, two additional cases were evaluated: operation of both a

smelting p lant and a reduction-ammonia leach plant with full manganese

recovery from tailings up to a throughput of 3 million tons per year and

recovery of only nickel, copper and cobalt at higher rates.

Plant configurations developed in F lipse I.198/] and Andrews, et al.

L1983j wer e reviewed to determine which items of equi pment or assemblies

of items were already installed in parallel trains or were near the normal



1imits of capacity. In addition, spares were identified as we11 as opera-

tions which are carried out only periodically, such as rail car unloading

and product shipment. Throughput in these categories can be increased at

little or no cost by increasing the frequency of use. When these limits

had been identified, equipment costs for larger  or smaller! plants were

re-estimated at the sub subsector level using cost capacity data from the

literature for equipment of the appropri ate size. Plant capital requi re-

ments were then derived by the same factoring technique that was used pre-

viously.

The revised capital requirements were used, in turn, to estimate the

fixed costs of production as a function of throughput. The cost-capacity

exponent methodology described in the introduction was used. The mate-

rials, supplies, and utilities components of operating costs were assumed

to vary directly with thruput. Some economies of scale are possible for

labor as p1ant size is increased. They are most pronounced at smaller

throughputs, however, and in some plant sections, such as the tank houses,

few additional savings in man hours per ton are possib1e at the higher

rates . The rough manning tables were therefore revised for each through-

put examined, and labor costs were re-estimated and added to those men-

tioned above to give total di rect operating costs as a function of

throughput .

Capital requirements and operating costs for two new cases, involving

partial manganese recovery, were found by developing appropriate plant

descriptions and material balances. For the most part, this simply in-

volved deleting extra manganese recovery operations from the four-metal
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plant descriptions at throughput exceeding 3 million tons per year. How-

ever, some modification to the plant descriptions and material and energy

balances was also required in materials handling and plant services sub-

sectors to reflect intermediate service requirements in these areas.

Breakdowns of capital requirements and operating costs at the subsec-

tor level for the smelting and reduction-apimania leach processes with and

without full manganese recovery are shown in Appendix A.

The breakdowns illustrate how economies of scale are or are not ob-

tained in various plant operations. For example, at low throughputs,

cost-capacity exponents range from about 0.5 to 0.6 in the materials

handling sectors since increased throughput can be obtained by using the

same sized equipment more frequently. These economies are lost at higher

throughputs since it is not possible to move unit trains of coal through a

dumping station beyond a certain rate. The cost capacity exponent

increases to about 0.7. In other plant areas, increased throughput must

be obtained by using larger equipment and/or breaking to parallel trains.

In the services sector, for example, the cost-capacity exponent exceeds

0.95 at the higher throughputs since larger steam requirements and cooling

loads are provided by use of multiple boilers and cooling towers.

Consumptions, and therefore costs, of materials and supplies, fuels

and power increase almost directly with throughput, The indicated

cost-capacity exponent is 1.0. Significant savings are possible with

labor, however, as higher throughputs per total labor hour are obtained at

the higher rates with plant General and Administrative requirements that

are more or less fixed. The indicated labor cost;-capacity exponents range

from about 0.3 to 0.5. Yariations in fixed charges, which are taken as a



percentage of fixed capital requirements, reflect economies of sca'le that

are obtained in increasing size of process equipment.

Processin S stem Ca ital Re uirements

Fixed capital requirements for the processing plant for the five

cases evaluated are sunmarized in Table 6 and are plotted in Figures 5 and

6.

As expected, capita1 requirements for the three metal plant are low-

est, but revenues are also lower since manganese is not recovered. Data

also indicate that capital requirements for a smelting process are some-

what higher than for a reduction-ammonia leach with manganese recovery

from tailings process at the same throughput. However, the differences

are within the range of uncertainty of the estimating technique.

The indicated plant cost-capacity exponents are in the range of 0.7-

0.8 for all processes at throughputs between 1.5 and 4.5 million tons per

year. At higher throughputs, plants with no or full manganese recovery

show cost-capacity exponents of about 0.9 indicating extensive use of

parallel trai ns and few remaining economies of scale. The indicated cost

capacity exponents for partial manganese recovery plants are somewhat

lower. However, this is misleading because the configuration of the plant

has been changed. Essentially, the cost of a partial recovery plant is

equal to a plant without manganese recovery, plus a constant amount for

manganese recovery at the chosen rate.
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Table 6, Process Plant Fixed Capital Requirements as a Function of
Throughput for Five Alternative Nodule Processing Plants

Throughput> 1.5 3.0 4.5 9.0

Fixed Capital Requirements, Millions of Dollars per Year2
Reduction-NH3
Leach 305.4 501.8 690.2 1293

Red'n-NH3 with
Full Mn4

Red'n-NH3 with
Partial Mn

Smelting5

Smelting with
Partial Mn

503.4 801.3 1081 2030

801.3 989.6 1593

849.7 1175 2176

503.4

506.1

506.1 849.7 1096 1882

Note: Footnotes same as Table 7.

Plant 0 eratin Costs

Total direct operating costs for the processing plant for the cases

evaluated are summarized in Table 7 and are depicted in Figure 7 norma-

lized to the throughput rate� . The costs have been tabulated for power

costs of 3 cents and ll cents per kilowatt-hour because of the impor-

tance of this item in the total operating costs.

With power at 11 cents per kilowatt-hour, operating costs with full

manganese recovery exceed thoSe withOut manganese recovery by about

$100-120 per ton of throughput; with 3 cents power the difference is

about $55-70 per ton. However, at 90 percent recovery revenues from the

manganese produced amount to about $210 per ton with manganese priced at

40 cents per pound.

The data on operating costs do not show as great a reduction in

cost per unit of throughput at higher capacities as do those on capital

requirement� . This results from the fact that power, materials and
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Table 7. Process Plant Direct Operating Costs as a Function of
Throughput for Five Alternative Nodule Processing Plants

Throu ghput1 3.0 4.5 9.01.5

per Year2
146.0
164.2

Direct Operating Cost, Millions of

62.7
68.8

Reduction-NH3
Leach3

270.8

306.9

Red'n-NH3 with
Full Mn4

768.5
1223

152.5
231.3

397. 7
625.2

Red'n-NH3 with
Partial Mn

Smelting

443.7
619.5

830.6

1350

152. 5
231.3

319.0
476.8

166.6
253.3

301. 1
475.7

433.3

694.9

383.8
602.6

166.6
253 ' 3

301.1
475,7

635.9
989.6

Smelting with
Partial Mn

Millions of dry short tons per year
2In 1982 dollars
3Recovery of Ni, Cu, Co only
4As ferro and sili comanganese
5With full recovery of ferro and si licomanganese

supplies vary almost directly with throughput. Both labor and fixed

costs show only slight economi es of scale .

Sector 7 � Waste Uis osal

The amount of each type of waste generated by each process evaluated

was defined in executing the plant material balance as a function of

throughput. Except for the partial manganese recovery cases, the amount

of waste is directly related to throughput. For partial recovery a break

in the relation occurs at rate above 3 million tons per year but the re-

lationship remains linear. As was the case in the previous description

of a smelting process Andrews, et al. [1983], it has been assumed that

11I

III

Dollars

105.3

117.4

278.2
430.0

278.2
430.0



smelting and manganese r eduction slags wi11 be disposed in a controlled

dump on the plant site. CoSts are included in the processing sector.

Only costs of constructing and operating remotely located holding areas

for tai lings and other process solid and liquid wastes are reported here.

The diSpOSal area COnSiStS Of aCtive and reClaimed slurry hOlding

areas, a decant pond for evaporation of excess liquid, and capital equip-

ment for slurry distribution, a monitoring system, and support faci li-

ties. Costs for holding areas are a function of the amount of earth moved

to prepare the area and construct dikes; install underdrain and monitoring

equipment; render the area impermeable to seepage; and install distribu-

tion piping . The costs are functions of ei ther the area requi red or the

periphery. The area needed is directly related to the amount of waste to

be disposed.

The disposal area configurations and costs developed in Flipse L1982j

and Andrews, et al. I 1983] were used as the basis for all costs presented

here . New area requirements wer e computed for each throughput rate for

all cases evaluated and costs were estimated for each. Operating costs

were estimated from revised manning tables and estimates of materials,

supplies, and utilities consumptions and the annual costs of new disposal

area construction and old area reclamation.

Ca ital Re uirements

Capital requirements for the waste disposal system are presented as a

function of throughput for the cases evaluated in Table 8, along with the

total land area required for the project life. Costs include both depre-

ciable equipment and construction costs of the disposal area for the first

three years of plant operation .
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Throu ghput1 1.5 3.0 4.5 9.0

Costs, Millions of Dollars2 and Area Required, Acres

First3
Equi p4
Area~

Reduction-NH3
Leach6

12.1

0.4
1100

21,1
0.6

2100

29,5 54.1
0.75 1.2

3200 6300

Red'n-NH3 with
Full Nn7

24.7 46.1
1.0 1.5

1600 3200

First
Equip
Area

9.6
0.5

550

17.3
0. 75

1100

Red'n-NH3 with
Partial Nn

9.6
0,5

550

17.3
0.75

1100

First

Equip
Area

21.3 43.5

0.9 1.4
2200 5300

Smelting8 First

Equip
Area

4,8
0.5

300

8,8
0.75

600

12.5 23.3
0.9 1.4

900 1800

Smelting with
Partial Nn

4.8
0.5

300

8.8
0. 75

600

12.8 24.5
1.05 1.7

1000 2200

First
Equip
Area

Nillians of dry short tons per year
2In 1982 dollars
Cost of initial three years area construction

4Capital equipment
5Total area over project life, acres
Recovery of Ni, Cu, Co only
As ferro and si licomanganese

"kith full recovery of ferro and silicomanganese
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Table 8, Disposal System Fixed Capital and Land Area
Requirements as a Function of Throughput for Five
Alternative Nodule Processing Plants



Some economies of scale are indicated in capital equipment, as ex-

pected, and in area construction costs since costs of dike construction

are a function of the periphery or square root of the area involved.

Recovery of manganese decreases disposal area costs by reducing waste

volumes as expected.

Ljirect operating costs for the waste disposal system are presented in

Table 9 as a function of throughput for the cases evaluated. The costs

include materials, supplies and labor, as well as the annua't costs for

construction of new areas and reclamation of old areas. Some economies of

scale are shown. Operating costs are lower for four than three metal pro-

cesses for the same reasons that apply to capital requirements in each

case.

Sector 8 - Ninin Su ort

Certain mining costs are included here. Most of the equipment can be

chartered or rented. An exception is the crew and supply boat which must

be specially purchased because of its high capacity and sea speed, dis-

tance to mining site, and large number of passengers carried. The termin-

al for the boat is assumed to be rented from the port authority of a

metropolitan city  e .g., San Diego, kilo or konolulu! that will also serve

as the base of operations of the chartered research vessel. As a result

the cost of the terminal is split between mining support and preparatory

and exploration. Crew members of the mining ship and transport personnel

wi 11 be trained by others  the Kings Point r esearch facility or commercial

services! to assure the required ship handling skills.



Throughput> 3.0 4.5 9.01.5

Direct Operating Costs, Millions of Dollars per Year2

Pond3
Other4

15. 6
1.05

3,6
0.55

6.2
0.7

8.6
0.85

Reduction-NH3
Leach5

Red'n-NH3 with
Fu l 1 Mn6

6.2
0.65

1.65
0.4

2.65
0.45

3.6
0.5

Pond
Other

Pond
Other

Pond
Other

Pond

Other

Red'n-NH3 with
Partial Mn

9.75
0.95

2,65
0.45

3.65
O.7

1.65
0.4

Smelting7 3.15
0.4

1. 85
0.35

1.4
0.3

0.85
0.25

3.55
0.65

1.95
0.4

0.85
0.25

1.4
0.3

Smelting with
Partial Mn

1Millions of dry short tons per year
2ln 1982 dollars
3Annual pond constuction and reclamation cost
Materials, supplies, utilities, labor, and fixed costs

5Recovery of Ni, Cu, Co only
As ferro and silicomanganese

7With full recovery of ferro and si licomanganese

Table 9. Disposal System Direct Operating Costs as a Function of
Throughput for Five Alternative Nodule Processing Plants



Ca ital Costs

The only non-rented item of this sector is the high-speed crew-supply

boat, which is estimated to cost, in 1982 dollars, $1.6 million.

Annual 0 eratin Costs

Minin Su ort Sector 8 Annual 0 eratin Costs

Throughput  million tons p.a.!

Crew-supply boat

Terminal �/2!

Maritime training

Sector 8 Total

Sector 9 - Research and Develo ment

1.5 3.0 4.5 9.0

$0.9 $1.0 $]..1 $1.2

0.2 0.2 0.3

0.2 0.3 0.4

0.4

0.7

$1.3 $1.5 $1.8 $2.3

This sector now includes only processing, waste disposal and other

research and development that cannot also be claimed as mining-related ex-

pense. The sector cost can be estimated at 1 percent of the Process Sec-

tor 6 annual operating costs, and thus with inflation, about $4.8 milion

in the base case.
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Estimates of crew-supply boat operating costs include manning, sup-

plies, fuel and insurance for 38 to 58 round trips per annum between the

terminal and mining ships. A small staff at the terminal would provide

management, clerical and warehouse functionS in rented facilities to both

the research vessel and supply boat. Bath mining ship and transport crews

will be trained by others. This sub-sector provides for that training, as

well as travel and subsistence costs.



General and Administrative Costs and Startu Costs

A headquarters staff provides the usual management, financial, legal

and marketing services necessary for the smooth operation of the project.

The staff are different from management personnel at the processing plant,

ore terminal and supply base . Space, facilities, support staff and

salaries are provided in Sector 1 for prospecting and Exploration person-

nel, and in Sector 9 for Research and Development activities in proces-

sing,

A rented office complex  perhaps in the port or the processing plant

area! with rented equipment is included in this sector. A management or-

ganization is assumed, with competitive pay and incentive budgets. Utili-

ties, insurance, computer services and extensive travel costs were esti-

mated. Mining community experience was used as a basis for costs.

This overhead cost cannot be used in determining depletion deductions

and is estimated at one-half percent of fixed plant total cost annually,

inflating after the plant is complete. In the base case, this amounts to

$4 million yearly; the same as during the preparatory period.

The expense of testing, modifications and adjustments for each sector

of the system can be broadly classified as a startup cost. For each

throughput and construction period in Table 1, an estimate has been pre-

pared on the fraction of full operating costs incurred unti 1 full produc-

tion is achieved  see Appendix 8!. Thus trials and startup costs are

shown as a sector operating expense before and during production, and

capitalization of all plant costs can be avoided. Also, since these costs



are estimated by sector, those available for the depletion deduction can

be utilized directly in the payout analysis program.
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TEXAS ASN UNIVERSITY OCEAN NINING PAYOUT ANALYSIS COMPUTER PROGRAM
�984 VERSION!

The previous investigators'  Flipse's, Andrews' and Brown's! ex-

per ience in the shipbuilding, minerals processing, and ocean resource

development strongly influenced the approach to the Texas A8N University

Ocean Mining Payout Analysis Program. Most payout calculations are per-

formed in industry to assist the corporate directors and top management

in making investment decisions among competing proposals. Hence, as

long as the same formula is used for all projects under considerat~on,

the relative merits can be fairly judged if the cost and revenue esti-

mates are consistent and accurate. Estimating costs precisely is far

more difficult than computing rates of return.

The historic low interest rates in the United States from the 1930s

until the ear'ty 1970s encouraged comparison to be made on the "simple

average return", "capital recovery factors", or "pay-back period"

values, both before and after taxes. With higher interest rates, the

real-time cost of the funds invested also become important, resulting in

the comparisons by use of Internal Rate of Return   IROR!, also called

Discounted Cash Flow Return  DCFR!, both before and after taxes !see,

e.g. Collier and Ledbetter, 1980]. The Internal Rate of Return as used

here is defined as the percent interest at which the annualized present

net worth  over the life of the project! equals zero. The net present

worth equals the present worth of income, minus the present worth of

costs'
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Another industry influence reflected in this payout approach is the

emphasis on cash flow, with its attention to full and earliest possible

use of all tax shelters available to the corporate entity. The Tax

Equity and Fiscal Responsibility Tax Act of 1982 resulted in a major

revision of the tax carryforward schedules.

The Texas A&M University Payout Model has been modified in several

steps to reflect the provision of several tax laws enacted during the

last few years, and the different types of deep ocean mining programs.

The original computer model LFlipse, 1982] included the 1981 Economic

Recovery Tax Act   1981 ERTA! changes, and applied to three-metal

plants. The following model LAndrews, et al., 1983j included changes of

the 1982 Tax Equity and Fiscal Responsibility Act  82 TE&FRA! and incor-

porated debt financing computations, as well as other changes. The

model used in the present analysis is derived from these past programs,

with further changes incorporated to:

- Permit computation of the depletion aIlowances for both cost and

percentage depletion deductions.

- Permit easier specification of the construction period, and ex-

penditures during plant and facilities erection and for testing,

and the start of operations over a short phase-in period.

- Permit computation of payout under input-specified uniform rates

of cost inflation.

- Permit computation of the payout for an ocean mining venture

which is integrated into its parent's taxation, as well as the
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past reports' conventional tax evaluation as an independent U.S.

corporation.

- Permit some combinations of these features to be calculated

simultaneously from a single input, thus further simplifying use

of the model.

The previous reports fFlipse, 1982; Andrews, et al., 1983] outlined
reasons for taking the industrial approach to evaluating the payment of
deep ocean mining ventures. These reasons are still valid and applied
to the current revisions of the Texas A&N University payout model. In
brief, since cost estimating has a higher level of uncertainty than
sophisticated economic analysis of competing investment proposals, simp-
lified programs for financial evaluations are suitable for judging rela-
tive merits of alternatives. The measurements of payback period, simple
average return, capital recovery factors, and internal rate of return
 or discounted cash flow return! in increasing order of complexity, are
all used by industry as the measures of merit. The proper financial
management of a corporation di rects efforts to minimi ze i nvestment and
maximize cash returns as early as possible, thus requiring full use of

all available tax shelters and deferrals.

To achieve this last goal, the provisions of the Federal Tax Code,

Sections 611, 612, 613, 614, 616, and 617 primarily were carefully exa-
mined at length. A computational procedure was devised for the payout
analysis that should closely approximate choices that may actually be
made under the 1983 tax laws, regulations, rulings, and court deci-
sions. The 1982 TE&FR Act also included some changes affecting the
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depletion deduction, which are of course included in the revised Texas

ASM University program.

Project investigators expected and found several substantial diffi-

culties in preparing depletion, exploration and mine development deduc-

tions allowed under many conditions in the relevant regulations. One,

these laws were written for and defined in terrestrial terms, not for deep

ocean mining. They are therefore difficult to interpret, much less to

secure a definitive application to manganese nodule mining. Two, the

definition of mining in the United States has been construed to include

mining on the high seas defined in ocean areas as not under the j urisdic-

tion of a foreign country. If this interpretation is not correct, then

most of the depletion treatment is inapplicable . Three, many of the IRS

allowable choices for tax treatment do not further the objective of prompt

use of tax deductions or credits, and would not be selected by a rational

mining venture management. These alternative tax methods, such as defer-

ral of mine development costs and amortizing them over the production of

the mine, have not been included in the payout analysis.

Four, the specific tax treatment depends upon the financial character

and condition of the mining venture. This may range from a large profit-

able, existing corporation to a smalt, under-capitalized and highly lever-

aged partnership. Therefore, in practice, the specific tax elections year

by year will be made to suit the owners and management for both current

conditions and the expected near term. To illustrate a range of condi-

tions the evaluation now includes the case of a deep ocean mining venture



which is wholly-owned by a large American corporation with essentially un-

limited tax liability from continuing operating profits, and able to bene-

fit from any tax deduction or credit when it first becomes available.

Also, the parent is assumed to have sufficient cash flow to invest all

sums as needed for the preparatory period, construction, testing and

start-up operations.

This description is in distinct contrast to the previously described

stand-atone, independent new venture, where investor monies in the corpor-

ationn cannot be offset with tax advantages  as a partnership could do! .

Thus, the independent enterprise must delay use of tax treatment to reduce

outflow to a time after production begins and cash flows in. Both cases

approximate extremes of tax treatment. Most real cases probably would

fall between these two extremes.

Five, the only published analysis of deep ocean mi ni ng taxation

[Oworin, 1979] is generally reported to have reached inappropriate conclu-

sions. Unfortunately, the work was originally intended to be a guide-

line. Therefore, a basic, practical tax treatment for mining and metal

processing ventures has been devised here and is described below. Special

treatment of smaller items, such as for pollution control equipment and

facilities funded by industrial development bonds are excluded. This des-

cription outlines the internal revenue rules and their application in the

Texas A8M University program. Although relatively complicated, it is an

extremely concise and clear statement compared to the sources and refer-

ences [Coneerce Clearing House, 1982  a!,  b!j.
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Construction Period and Startu Costs

Construction periods have been made a variable in this revised Texas

A8M University model. Examples have been calculated with four, six, eight

and ten year pre-production periods from GO to completion of the plant,

roughly increasing in time for larger plants and their higher throughputs

as shown in Table 1. For each nodule throughput level, both a fast and

slow construction period have been analyzed to illustrate the financial

impact of an extended investment period. For the two mining ship cases,

construction and start of mining by the second ship is delayed in the slow

schedule as compared to the fast schedule. The slow construction sche-

dules for the two ship cases  eight and ten years! were formulated in such

a way that the revenue from the initial one-ship production period at

least partially pays for further capital expenses, thus reducing up-front

costs. The fast and slow schedules assumed for the construction period

bracket the normal schedules assumed in the past reports for the same

thr oughput.

For each schedule, an arbitrary estimate of the percentage construc-

tion expenditure each year by each sector has been input as part of the

computer program. The approximate time distribution of investment outlay

is based upon review of the subsector components and their detailed cost

estimates, and determination as to when each item must be finished and

when started, from the time needed to build each component . These esti-

mates, as a percentage of total sector costs, have been rounded to indi-

cate their 1evel of inaccuracy. The values of the cost percentages by

sector and year of investment are shown in Appendix B for each of the four
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schedules presently in the program. Others can be input or changes can be

made simply in existing schedule values.

Directly related to the construction schedule are operating expenses

paid in each sector that have been separated as tax-deductible currently,

rather than capitalized. These expenses include 1abor, fuels and reagents

for testing, environmental monitoring, etc . Ualues selected by year for

each sector are also shown in Appendix 8, as a percentage of normal sector

annual operating costs at full production .

Standard Ninin Taxation

Standard taxation of corporate enterprises does not generally apply

to United States' mining and metals producing companies. Special treat-

ments of mining enterprises, for mine exploration and mine development ex-

penSes are permitted under the Internal Revenue COdeS. A detailed diSCuS-

sion of the tax codes including depletion computations is given in Appen-

dix C. A simplified discussion of special tax provisions for mining is

given below.

Certain pre-production non-capital expenses can be deducted at the

time of expenditure. These include pre-production mine exploration costs

 Sector 1! and pre-production mine development costs  Sectors 2 and 8!.

This benefits the parent company of the subsidiary venture if the parent

has income to shelter. A fifteen year carry-forward of the deduction can

be used by the independent once production has started and income is being

produced through metal sales. Pre-production capital expenditures for

mine exploration and development can be depreciated on an accelerated

schedule starting at the time of expenditure.

Depletion, a separate tax deduction for mining ventures intended to

compensate for depletion of the ore-deposit, can be computed two ways: as



cost depletion and percentage depletion. Each year depletion is computed

both ways and the largest value is used. Cost depletion allows the ven-

ture to deduct mine acquisition costs and mine development expenses in ex-

cess of the pre-production deductions mentioned above . The subsidiary

venture ordinarily would not use cost depletion as the parent would al-

ready deduct the pre-production mining costs described above. Percentage

depletion is based on gross income from mining, i.e. metal or ore sales.

It is computed by taking 15 percent of copper sales and 22 percent of the

nickel, cobalt and manganese sales and multiplying the sum by the ratio of

mining costs to total costs. Percentage depletion may be deducted up to

50 percent of annual taxable income . The precise method of computation is

outlined in Table C-1 on Page 9 of Append1x C.

Two interpretations of mining costs may be used in the percentage

depletion computat;on. For the purposes of the percentage depletion com-

putat1on  as discussed in deta11 in Appendix C! the mining costs include

Sectors 2, 3, 4, 5 and part of 6. The percentage of Sector 6  processing!

costs used depend upon which interpretation of mining costs is used. The

two interpretations are:

* Mining costs are all costs up to the "fi rst marketable product",

" Mining costs 1nclude all costs up to the point where the "first

chemical change" takes place in the ore during process1ng.

The second is the more conservat1ve 1nterpretation for nodule min-

1ng, as the first marketable product is also the output from the full pro-

cessing plant. The first chem1cal change comes very early in the process-

ing after drying, crush1ng and grinding. As a result, there is a great

disparity in min1ng costs depending on the interpretation, because proces-

sing costs are a large part of total system costs. The "first marketable
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product" depletion interpretation has been used throughout this study ex-

cept for the no depletion cases and for the study on depletion alterna-

'tl ves ~

Gor orate Structure

Two corporate structures for the mining ventures are considered: an

independent company and a subsidiary to a much larger, profitable parent

company. The stand-alone enterprise is an independent entity where a11

funds are invested in the corporation and all tax benefits come to it.

This is unlike most actual practices in which the consortium members are

in partnership and the expenditures of the joint venture ftow back to the

partners as both cash expenditures and tax deductions. Therefore, the

stand-alone venture cannot benefit from immediate tax write-offs.

Pro ram Chan es for Inte rated Cor oration

The parent corporation both advances all funds except debt financing,

and takes al1 tax savings so incurred. Thus, beginning with preparatory

period expenditures in Year 0, the full tax savings at input tax rate are

taken from deducting all the tax savings from the equity. Therefore, net

cost to the parent and their equi ty ~nvested is reduced by 100 percent

less the tax rate for expenses and depreciation and the investment is re-

duced up front. Later tax deductions  amortizing! will not be availab1e,

though.

There wi 11 be no tax loss carryforward for an integrated corporation,

but all deductions will be used to reduce the parent's taxes. The IRS

also allows the parent investment in a new subsidiary to be treated as

debt to be repaid with interest as ordinary income. This approach con-

trasts with the analysis where an equity  stock! position is taken, and

parent return on investment is computed. The debt approach has not been



computed as the IRS imputes a minimum interest rate of b percent per annum

on funds advanced.

For cash flow purposes the gross outflow for discounting is the net

of expenses and investments less tax savings, less debt, each year. The

gross inflow is the sales when production begins. The capitalized invest-

ment less net profit is the cash flow each year.

For the integrated case, the key appears to be the permission to have

a "negative tax profit", i .e. a negati ve tax payment which equals a tax

savings. Therefore, the existing basic calculation and presentation for-

mats wi ll work with only the one change. When the depletion deduction or

depletion investment tax credit is allowable, only another two lines are

needed in the tax payment calculation.

Basic Assu tions

The revised Texas AEM University computer program has substantial

capacity to calculate the payouts for input data variables through a wide

number of items and range of values. To reduce the analysis to a manage-

able number of outputs, several less-important variables are fixed, and

are listed below.

The limiting assumptions in all of the cases include:

1. The program is a technical and management success.

2. All equipment functions for the 20-year operating life of the pro-

ject, with necessary replacements provided for as maintenance and

repai r in annual operating costs.

3. Payments of 0.75 percent of gross revenues to an escrow account

are made under Public Law 96-483.

4. Straight-line depreciation or the alternate accelerated cost re-

covery schedule, is used as the five-year depreciation life for



all non-mining, non-R80 capital equipment, and fully protects

earnings from taxes unti 1 this she lter is fully utilized. The

full investment tax credit,  ITC! is taken, reducing depreciation

by half of the ITC.

5. Coal is the primary energy source for cogeneration of the minimum

amount of power required to produce plant steam and gases. The

price of electricity is fixed at 11 cents per kilowatt-hour in

Southern California, and the port depth is 45 feet. The electric

cost for the Pacific Northwest is 3 cents per kilowatt-hour.

6. Research and development, mini ng, and prospecti ng and exploration

costs accumulated in the preparatory period before the  '0/NO GO

decision are expensed and included as a negative cash flow in Year

0.  As alternatives, these preparatory expenses can be amortized

over the plant life, or sunk!. The Preparatory Period general and

administrative expenses are amortized over five years beginning

with production.

7. All working capital, and land at cost, including inflation, are

recaptured in the last year of the program.

8. The salvage value of the plant and equipment is equal to the

clean-up costs.

9. The capital and operati ng costs of any regulatory regime are

zero. The costs of monitoring do not discernibly affect returns.

10. The venture will not be unduly delayed by the regulatory and per-

mitting process.

11. Metal prices are "normal" rather than artificially high  as when

cobalt was at $20 per pound! or low  e.g., copper at 66 cents per

pound!. Recovery rates depend upon the process used.



12. A 46 percent tax burden  when applicable! is used with no modifi-

cation for small initial earnings.

I3. A single constant inflation rate is used for the life of the pro-

ject for all capital and operating costs. Three alternative as-

sumptions are made on metal price inflation to account for the .lag

between cost inflation and price inflation.

The assumptions represent the authors' best judgment, and in balance,

are not intended to force an unrealistic high or low return on investment.

In ut Oata Sheet

The input data sheet and a description of input options is given in

Appendix U. The Texas A&M University Payout Program is very versatile in

types of options or variables that can be evaluated for each hypothetical

venture  see Figure 2!. The input variables that can be evaluated may be

divided into two major types: cost and price data  external to program!,

and various options internal to the program.

The variables considered in this study falling into the first cate-

gory include: throughput, type of process, location of processing plant,

and electric power cost.

Cost input data must be generated for each of these options on a sec-

tor basis as d~ scussed in the high throughput mining systems chapter and

indicated schematically in Figure 3.

The second category of variables  internal to program! include: cor-

porate structure  independent vs. parent/subsidiary!, inflation, loan

amount and interest rate, depletion, and construction period.

The Texas A&M University Ocean Mining Payout Program has been modi-

fied to automatically compute and print out eight options from the second-

ary category for each input data sheet. These options include all



combinations of inflation  yes/no!, debt  yes/no!, and depletion  yes/
no!. Discussion of the variables and their values is given in the next
chapter.

The program is extremely versatile and its accuracy is primarily
limited by the skill of the investigators in estimating input cost data
and the ability to forecast metal prices and such factors as inflation and

interest rates. Variables that can be treated by the Texas A8M University
Ocean Mining Payout Program, but which were beyond the scope of the pre-
sent investigation include:

* Yariations  improvements! in the design of subsystem components and
operational scenarios of the major sectors,

* Yarious forecasts of metal prices,

* Yariability of ore assay and abundance,

* Alternative debt financing,

* and, use of foreign ships or crews and overseas processing.

The 1984 Texas ASM University Ocean Mining Payout Program flaw chart

is shown in Appendix E. input data format and a sample of the output
printout is given in Appendix D.

One of the project's tasks was to produce a printout with combina-

tions of inflation, debt, and depletion. This allows greater flexibility
with a minimum of user time. The eight  yes/no! combinations of infla-

tion, debt, and depletion are automatically printed out for each program

execution . Program executi on cost and terminal time are reduced over

accessing the program and executing it eight different times. Figure 8

shows the different combinations and order of printout for each
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IHPUT
Specifying

Indenendent sentvne

Yes Inflationo Inflation

Yes Debt Ho Debt Yes DebtNo Debt

eCD 0

Figure 8. Eight Case Printout With Order of Printout
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cambinat1on. Should the user desire the "Na Inflation" case only, then

simply 1nput the inflation rate equal to zero. Only the four combinations

under "No Inf1 at1on" wi1 1 be executed and pr1nted. If the "No Oebt" cases

are only desired, then input the debt percentage equal to zero. This will

suppress al! program execut1ons and printouts under the "Yes Debt"

columns. With this method the program execut1ons and printouts can be for

explicit runs desirable to the user, without, duplicate and unnecessary

runs. AI1 "No Oepletion" and "Yes Depletion" cases are executed and

printed.

Metals Prices Processin Efficiencies and Ore Assa

Metal pr1ces are taken as "normal" using the same values as Flipse

[ I98Z] and Andrews, et al. L1983]. The nickel pr1ce of $3.75 per pound is

close to the $4.00 per pound price quoted by Sibley �983] as necessary to

trigger new production from terrestrial laterite deposits. The $0.40 per

pound price for manganese 1s for manganese contained in ferroalloy  as

opposed ta electrolytic manganese!. Prices are indicated in Table 10

along with the metal recovery efficiencies for the reduction/NH3 leach

and smelting processes and are assay by weight. The variables govern

income or revenues of the venture. The assay is an average of values for

nodules i n the Clarion-Clipperton Zone . It is deri ved from an extensi ve

data base obtained from at least IO years of exploration and sampling.

The metal recoveries are also taken from Flipse L1982] and Andrews, et

al. [1983J. The values g1ven in Table 10 have been used throughout this

study.

Because this information is input to the 1984 Texas AAM University

Ocean Mining Payout Analysis Program, other values for prices and assay

could easily have been used. Sensitivity studies on these variables could
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have been run because of the versatility of the program. This was not

done. No rationale for varying prices or assay was devised since this was

beyond the scope of the current effort.

Table 10. Metal Prices, Processing Efficiencies and the Assay

Percent Recovery
Price Assay

 Dollars/ib!  Percent by wt.! Red'n NH3 SmeltingMetal
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Ni ckel
Cobalt
Copper
Manganese

3.75
5.50
1.25
0.40

1.30
0.25
1.10

29.00

94
70
94
82

95
90

95

93



PAYOUT ANALYSIS RESUI TS

The revised Texas ASM University Ocean Mining Payout Analysis Pro-

gram was used to investigate the effects of manganese ore throughput

  production rate!, corporate structure, depletion, inflation, debt,

location plus power costs, construction period, and processing type for

the alternative nodule mining ventures. Results of the computations are

described below.

Variable Throu h ut Investi ation Results

Primary interest in the study was in the effect of throughput on

integrated mining system economics. Consequently, four throughput

levels were analyzed: 1.5, 3, 4.5, and 9 million dry short tons per

year . Two corporate structures were analyzed; independent  as in

Flipse 1982 and Andrews, et al., 1983! and parent/subsidiary which

approximates the consortiu~ structure of the 1970s. The effects of full

versus partial manganese production  as discussed in the first chapter!

were also determined.

Results are shown in Figures 9-13 as plots of Internal Rate Of

Return versus throughput for the fast construction period, Southern

California processing plant location and the reduction-ammonia leach

four-metal process. These figures show the effects of inflation, loans

and depletion as well as throughput. Figure 9 is for no inflation, no

loan and no depletion.
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Figure 9. Internal Rate of Return Versus Throughput for:
Inflation Percent 0.0
Loan No
Depletion No
Construction Period Fast
Location Southern California
Process NH3 Leach, 4-Metal
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The independent corporate results in Figure 9 for the 1.5 million

ton throughput most closely approximate the results of the 1983

 Andrews, et al.! study. The corresponding Internal Rate of Return in

Andrews, et al. �983! is 6.4 percent after taxes while in the present

study the Internal Rate of Return is about 5.5 percent. The difference

is due primarily to the slight re-arrangement of cost sectors used to

expedite the depletion computation, the differences in construction

schedule and allocating the preparatory period expenses in year 0

instead of year 1.

Internal Rate of Return increases one to two percent going from

independent to parent/subsidiary. Economies of scale are considerable

for the throughputs up to 3.0 to 4.5 million tons  for partial and full

manganese production, respectively!, as indicated by the steep slopes.

There is a marked leveling off of Internal Rate of Return for the higher

thr oughputs . There is an apparent diseconomy of scale for the partial

manganese case in going from 4.5 to 9 million tons  i .e. the Internal

Rate of Return actually dr ops slightly! . It wi 11 be shown that the

dropoff is due solely to differences in scheduling because construction

periods differ for the various throughputs  see Table 1!.

The effect of depletion can be seen by comparing Figure 10 with

Figure 9. Conditions in both figures are the same except for deple-

tion. An upward shift of 1nternal Rate of Return of two or three per-

cent is shown. The results are for the "f~rst marketable product"

interpretation of depletion. A'lternative interpretations of depletion

will be discussed below using the high throughput base case as a point

of reference.
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Figure 10. Internal Rate of Return Yersus Throughput for:
Inflation Percent 0.0
Loan No
Depletion Yes
Construction Period Fast
Location Southern California
Process NH3 Leach, 4-Netal

77



The effects of combined loan and depletion are indicated by compar-

ing Figure ll to Figures 9 and 10. The loan �5 percent of fixed capi-

tal at 10 percent interest, with a 15 year payback period! shifts upward

and increases the spread in Internal Rate of Return between the parent/

subsidiary and independent curves from one to two percent to five to

seven percent. This indicates the effect of leverage since the Internal

Rate of Return for the higher throughputs without loan was higher than

the loan interest rate. The leverage amplifies the profitability of the

parent/subsidiary relative to the independent venture because less Up-

front capital is required.

Figure 12 shows the combined effects of 5 percent inflation and de-

pletion with no loan. Comparison with Figure 10  no inflation or loan,

but with depletion! shows that inflation increases the Internal Rate of

Return by four to five percent . This is because the inflation is as-

sumed to affect both costs and revenues at the same rate. That is,

metal prices inflate the same as costs, which is not necessarily realis-

tic. A more detailed investigation of inflation is given below where

cost and metal price inflation rates differ.

Combined effects of the loan, inflation and depletion are shown in

Figure 13. The parent/subsidiary case in this figure most closely ap-

proximates a realistic mining venture. A high throughput base case was

defined using the 4.5 million ton throughput, partial manganese data

point for the parent/subsidiary curve in this figure. The corresponding

Internal Rate of Return is 25 percent. The high throughput base case

was used throughout the rest of the study as a point of reference for

other changes or variations. That is, effects of other variables were

determined one at a time off the base case to determine sensitivities.
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Figure 11. Internal Rate of Return Yersus Throughput for:
Inflation Percent 0.0
Loan Yes   10 percent interest, 75 percent

of fixed capital!
Depletion Yes
Construction Period Fast
Location Southern California
Process NH3 Leach, 4-Metal
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Figure 13. Internal Rate of Return
Inflation Percent
Loan Interest Percent
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Construction Period
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10.0  amount 75 percent of fixed

capital!
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j.or orate Fundin Re uirements

Ord~narily the rate of return is suff~c~ent to compare the economic

performance of alternative ventures. However the absolute magnitude of

the "up-front" money required to start up a given venture has same bear-

ing on the economic feasibility as no company has virtually unlimited

abi1 i ty to rai se venture capital� . Thi s i s normal ly the case with 1 arge

scale ocean engineering projects which tend to be capital intensive.

One cannot increase the scale of a mining operation indefinitely as

startup costs will become prohibitive. To take the capital intensity of

alternative ventures into consideration a criterion was developed that

takes into account the corporate structure.

The capital intensity criterion is computed using "total funding"

which is an output variable in the program  see Appendix F!. Total

funding includes preparatory period expenses, operating costs during

the construction period and fixed capital. To take into account funding

from commercial banks, equity is introduced where equity is the total

funding minus the debt .

For the independent corporate entity, the up-front money is simply

equity. For the parent/subsidiary entity the tax savings resulting

from the immediate writeoff of expenses during the preparatory period

and the construction period must be taken into account. That is, the

parent company can immediately write off all expenses, whereas the inde-

pendent must use tax loss carryforwards deferring the writeoff until

profitable production starts. This means the net equity put up by the

parent is reduced by the amount of the tax savings. Equity minus tax

savings is called in the program the parent advance net of taxes"
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 PANT!. The PANT for the parent/subsidiary and equity for the indepen-

dent are referred to here as "net corporate funding" which is used as

the index for capital intensity. For the alternatives where there is a

loan the loan amount is fixed as 75 percent of fixed capital. It is as-

sumed that the venture has no difficulty in obtaining a loan of this

amount.

The net corporate funding is dependent on inflation rate because

spending, which is indexed to i nf I ation, is spread out over the con-

struction period. The period varies from four to ten years  see Table

1!. The inflated value of corporate funding is computed by the pro-

gram. However, a better indication of funding is given by taking the

zero inflation figure. The zero inflation total gives the total in con-

stant �982! dollars that is required to start up the venture. Net

corporate funding for the various ventures is given in the Tables 11-

13. The amounts in Tables ll-l3 are for zero inflation  i.e. constant

dollars! while the effect of inflation rate on corporate funding for the

modified base case is given in Table 15.

Table 11 shows net corporate funding as a function of throughput

for the independent and parent/subsidiary both with and without the

loan. Funding is given as the constant dollar value at the start of

Year 1 in billions of 1982 dollars. That is, the zero inflation figure

was used. One sees the parent/subsidiary net funding requirements are

substantially lower than the independent's  by ten to 25 percent depend-

ing on throughput!. Variation with throughput is also apparent, ranging

from $1.3 billion for the 1.5 million ton venture to $5.2 billion for



the nine million ton full manganese venture. Economies of scale are ap-

parent in total funding as capacity can be doubled with considerably

less than twice the funding.

Table 11. Net Corporate Funding as
Process

Inflation
Loan Interest i
�5'II of Fixed Capital!
Construction Period
Location

a Function of Throughput for:
NH3 Leach, 4-Metal
0.0
10.0

Fast

Southern California

I=Independent Corporate Structure
P/S=Parent/Subsidiary Corporate Structure

Out ut Printout for The Base Case

A complete output printout for the high throughput base case

 defined above! is given in Appendix F. The printout is for the 4.b

million ton throughput, ammonia-leach processing with partial manganese

production and the parent/subsidiary corporate structure� . The Southern

California processing plant location was used, with full depletion, fast

construction period, 5 percent inflation and a 10 percent interest loan

on 75 percent of the fixed capital.



Page 1 of Appendix F is a printout of the input data as a check to

insure the input sheet in Appendix D has been filled out properly. Page

2 is a printout by year and sector ot the capital investment and expense

buildup during the construction period. Yarious totals such as total

operating costs and total funding are printed out as well. Pages 3-7

are the cash flow tabulations by year for the life of the venture .

Finally, page 8 gives various totals and/or averages over the life of

the project, both before and after taxes. Payback periods, capital

recovery factors and internal rates of return are also given on this

page.

The most important indicator of economic productivity is the after

tax internal rate of return. For the base case this is seen from the

last line of page 8 to be 25 percent. An indication of the corporate

funding requirements is given in the last line of page 2. The total

parent advance net of taxes is $1.2 billion with inflation.

Complete output printouts were al so generated for al 1 the al terna-

tive ventures. The results are presented here in condensed form in the

form of plots and tables of Internal Rate of Return and net corporate

funding to save space .

Effect of Processin Plant Location

Figure 14 shows the effect ot changing location on rate of return

from the parent/subsidiary venture in Figure 13. The alternative Paci-

fic Northwest location improves Internal Rate Of Return by 7-8 percent

over the Southern California Location, giving yields of over 30 percent

for mid-range throughput .

The improved Internal Rate of Return is due primarily to decreased

electric power costs � cents per kilowatt-hour vs. 11 cents per
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Figure 14. Internal Rate of Return versus Throughput for Two
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Loan Interest Percent 10.0  amount 75 percent of fixed
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kilowatt-hour for So. Cal.!. The transit distance to the Pacific North-

west i s longer, 1ncreas1ng transportat1on costs. kowever, the 1ncrease

is more than offset by the cheaper power. This makes the Pacific North-

west a potentially attractive location for the process1ng plant, provid-

ing a site can be found with a suitable port and environmental concerns

can be satisfactorily resolved with the local authorities.

Table 12 shows net corporate funding as a function of throughput

for two process plant locations for no interest and no loan . The fund-

ing requ1rements for the Pac1f1c Northwest are in some cases slightly

lower than for Southern California. This is because of the d1fferences

1n working capital. Hork1ng capital 1s lower in the Pacific Northwest

because of the lower electric power costs. This offsets the larger

transport ships requi red for the Pacific Northwest.

Table 12. Net Corporate Funding as a Function of Throughput for
Two Process Plant Locations and:
Process Nk3 Leach, 4-Metal
Corporate Structure Parent/Subsidiary
Inflation 0.0
Loan No
Construction Period Fast
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Effect of l en th of Construction Period

Effect of length of construction per1od on Internal Rate of Return

is shown in F1gure 15 for the parent/subsidiary partial manganese pro-

duction venture in F1gure 13. The fast and slow construction periods

fOr the fOur thrOughputS are given in Table 1. The figure ShOWS that

the apparent diseconomy of scale between 4.5 and 9 mi 111on tons is actu-

ally due to schedul1ng differences. The fast construction period for

the 9 mi ll1on ton throughput is the same as the slow period for the 4.5

million ton throughput � years! . The Internal Rate of Return in both

cases is about 24 percent indicating no economi es of scale. This is

because the 9 million ton throughput was achieved from the 4.b million

ton plant by parallel trains. The differences in Internal Rate of

Return are small between the two construction periods, 1 percent or

less.

Table 13 shows net corporate funding for fast and slow construction

periods as a function of throughput for the modified base case  no in-

terest and no loan, variable throughput!. There is a considerable drop

in funding required for the slow construction for the 3 and 9 million

ton throughputs  both two-sh1p cases!. This occurs because part1al pro-

duction starts before the second ship is completed so revenues from par-

tial production pay for part of the delayed capital expenses  see Appen-

dix 8!.
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Fast and Slow Construction Periods for:
Process NH3 Leach Partial Mn Production
Corporate Structure Parent/Subsidiary
Inflation Percent 5.0
Loan Interest Percent 10.0  amount 75 percent of fixed

capital!
Depletion
Location
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Table 13. Net Corporate Funding Yersus Throughput for Fast and
Slow Construction Perfods and:

Process NH3 Leach, Partial Mn
Corporate Structure Parent/Subsidiary
Inflation 0.0
Loan No
Location Southern Calffornia

Effect of Linked Inflation and Interest Rate

Results of a more detailed investigation of inflation and interest

rate are shown in Ffgure 16. Interest rate and inflation are varied

for the base case parent/subsidiary partial manganese venture at a 4.5

million ton throughput shown in Figure 13. Cost  operating and capital!

inflation is assumed to be 5 percent lower than the loan interest rate ~

Metal price inflation effects were computed for three cases, equal to,

one half af and zero times cost inflation. The varfations in interest,

cost inflation and prfce inflatfon are shown in Table 14. Figure 16

plots Internal Rate Of Return versus interest rate and inflation rate

for the three types of inflation. When the price inflation equals the

cost inflation, a slight increase in Internal Rate of Return is seen as

interest rate and cost inflation increase. However, if the metal price

inflation is below the cost inflation Internal Rate of Return rapidly

plummets as interest rate increases. For example, at IU percent inter-

est the Internal Rate of Return is 25 percent for full price inflation,
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IJ. percent for one-half inflation, is negative for zero price infla-

tion. This figure underscores the importance of' metal pricing on ocean

mining economic feasibility.

Table 14. Variation in Cost and Price Inflation as a Function
of Interest Rate

*High Throughput Base Case

Net corporate funding as a function of inflation rate is shown in

Table 15 for the modified base case with and without the loan. The loan

interest rate has been taken as 5 percent higher than the inflation

rate. The funding is independent of metal price inflation. Total fund-

ing is very sensitive to inflation because of the construction period

being spread out over several years.

Table 15. Net Corporate Funding Versus Inflation Rate for:
Throughput MSDTPY! 4.5
Process NH3 Leach, Partial Nn
Corporate Structure Parent/Subsidiary
Construction Period Fast
Location Southern California

Comment: Present Cost = 0% Inflation

Funding independent of depletion
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Effect of Alternative Processes

Effects of alternative processes are shown in Table 16 for the high

throughput base case. Five alternative processes treated in the 1982

and 1983 studies were analyzed. They were ammonia leach three metal,

ammonia leach with full and partial manganese production from the tail-

ings and smelting with fu'll and partial manganese production. The res-

pective Internal Rate of Return's are shown in the first column of Table

16. The three metal ammonia leach process shows a drop of 6 percent

from the base case which occurs because of the loss of manganese sales.

The partial manganese smelting process has a drop of 3 percent from the

base case, because of higher processing costs. The full manganese pro-

duction for smelting and ammonia leach shows increases over the base

case of 3 and 2 percent, respectively. These increases may not in fact

occur because of the manganese glut problem discussed above in which the

massive introduction of manganese from modules would depress prices.

Net corporate funding for zero inflation for the five processes is

shown in the last two columns of Table 16 for the "no loan" and "with

loan" cases, respectively. The slight reduction in funding for the par-

tial manganese  vs. full manganese! is due to a less costly processing

plant.
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Table 16. Internal Rate of Return and Net
Various Processes and:
Throughput  MOSTPY!
Corporate Structure
Inflation percent
Loan Interest percent
�5 percent of Fixed Capital!
Depletion
Construction Period

Location

Corporate Funding for

4.5
Parent/Subsidiary
5.0*

10.0

Yes
Fast

Southern California

* Zero inflation is used for Net Corporate Funding
** High Throughput Base Case

Effect of De letion
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A more detailed analysis of depletion was conducted for the high

throughput base case. Two interpretations of mining costs may be used

in the percentage depletion computation as discussed in the chapter des-

cribing the Texas A8M Ocean Mining Payout Anal ysi s Program. The two

interpretations are:

* Mining costs are all costs up to the "first marketable pr oduct",

* Mining costs include all costs up to the point where the "fi rst

chemical change" takes place in the are during processing.



Table 17. Effect of Depletion Interpretations for the High
Throughput Base Case

IROR

 percent!
Percent of Total Pr ocessing
Costs Used in Mining CostsI n terp ret at i on

1! First marketable
product

25100%

100$
Capital
Operating

2! First chemical
change

227.1'4
6.2X

Capital
Operating

3! No depletion 20Capital
Oper ating

-0-
-0-
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Table 17 indicates the percentage of mining costs in processing

used for the two interpretations. The resulting Internal Rate of Return

is also indicated for the two interpretations plus the no depletion

case. The less conservati ve interpretation  first marketable product!

shows a 5 percent improvement over no depletion while the more conserva-

tive interpretation  first chemical change! shows a 2 percent improve-

ment. The first marketable product interpretation significantly im-

provess the economies of the venture. It should be noted that depletion

has no effect on the net corporate funding requirements.



SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

In the Introduction the basis for scaling up the size of a nodule

mining venture is established. An articulated nodule collector assembly

consisting of three first-generation collectors operating in paralleI

 Figure l!, is used as the basis to trip1e the system throughput. The

approach is a conservative one requiring no major new technology develop-

ment and is used throughout the integrated mining system. In general,

system or subsystem throughput can be increased in three ways. They are

* Scaling up size of system components,

* Increasing utilization, rates or speeds of components,

* and, parallel trains  duplicating or repeating units!.

All three approaches are used to scale up the system depending on the

throughput and subsystem component. How each of the approaches can be

used and the effects on economies of scale are also discussed.

The Texas A8M University Ocean Mining Payout Model i s described using

an input-output approach  Figure 2!. Generating capital and operating

cost data required as inputs to the model is the major task for any engi-

neering economic analysis. This process is indicated as an input-output

relation in Figure 3.

In the High Throughput Mining Systems chapter the project is broken

down into nine cost sectors on a functional basis. They include
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prospecting and exploration; mining; marine transport; marine terminal;

onshore transport; processing; waste disposal; mining support; and

research and development.

Costs are estimated for each sector for four throughputs: 1.5, 3,

4,5 and 9 million short dry tons per year of nodules  ore!. The 1.5 and

3.0 million ton throughputs use one and two, respectively, of the pioneer-

ing baseline mining ships described in Flipse L1982]. The 4.5 and 9 mil-

lion ton systems use the articulated collector; a scaled up lift pipe and

one and two  respectively! larger mining ships. The highest throughput

system  9 million tons! uses almost exclusively parallel trains in scaling

up from the 4,5 million ton system, so economies of scale turn out to be

nonexistent,

Each sector and how it is scaled up is described. Capital and oper-

ating costs are also estimated for each throughput. Preparatory period

expenses are estimated and their tax treatment is discussed. Effects of

two processing plant locations with differing electric power rates are

analyzed. They are Southern California �1 cents per kilowatt-hour ! and

Pacific Northwest � cents per kilowatt-hour!. Two construction periods

 fast and slow! are also treated by setting up tables of distributions of

capital and operating costs and production rates by year for each through-

put . Five ore processing plant alternatives were also analyzed. They are

* Reduction - NH3 leach �-metal!.

* Reduction - HH3 leach �-metal, full Mn production!.

* Reduction � NH3 leach �-metal, partial Mn production!.

* Smelting �-metal!.

* and, smelting �-metal, partial Mn production!.
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The partial Mn production options � and 5! were introduced to address

 in a simplified way! the potential manganese g1ut problem  Figure 4!.

The next chapter describes the 1984 version of the Texas A&M Univer-

sity Manganese Nodule Mining System Payout Analysis Computer Program.

Background information is given on previous versions of the program and

its emphasis on annual cash flow computations. Major changes in the pro-

gram required a complete revision of the earlier   1983! program. Deple-

tion allowance deductions can be computed for both cost and percentage

depletion. Construction period alternatives are built into the program,

and inflation effects can be computed. Two corporate structures - inde-

pendent  used in the pioneering venture analysis! and subsidiary of an

affluent parent corporation - can be analyzed. Other changes were made in

input and output formatting. Automatic computation and printout of

several alternatives for a single i nput data set was also implemented . A

detailed discussion of how mining depletion tax law may be applied to

ocean nodule mining is given since this is a substsntial extrapolation

from terrestrial mining practices. Basic assumptions used in the program

are listed and the input data sheet variables are described .

Payout Program analysis results are given in the Payout Analysis Re-

sults chapter . The effects of throughput were determined first for ven-

tures varying depletion, corporate structure; full versus partial manga-

nese production; inflation, and loan. Results were presented as plots of

rate of return versus throughput in Figures 9 through 13. Corresponding

data on start up capital requirements is presented in Table ll. The plots
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show considerable economy of scale at the lower throughputs with

d1minishing returns setting in around a throughput of 4.5 million tons.

A high throughput base case was defined by tak1ng values of the above

var1ables most closely simulat1ng conditions envisioned by the four U.S.-

based consortia of the 1970's. The base case was taken as:

* Throughput of 4.5 million dry tons per year .

* Ammonia leach process w1th lim1ted manganese production .

* Parent/SubSidiary COrparate Structure.

* Inflation rate of 5 percent.

* A loan of 75 percent of the f1xed capital at 10 percent interest

rate and a 15-year payback period.

* "First marketable product" depletion computation used.

* Fast construction period.

* and, a Southern California location for processing plant.

The base case was used as a point of reference for detailed studies of al-

ternate variables whereby each was varied one at a time to determine

sensitivities.

A complete printout of the lexas AkN University Payout Program output

for the high throughput base case is g1ven in Appendix F. The complete

printout includes a year by year cash flow and tax computat1ons as well as

various totals and average quantities over the life of the project. Re-

sults are given in condensed form in terms of Internal Rate Of Return and

capital requ1rements for all cases other than the base case.

Effects of moving the process plant from Southern California to the

Pacific Northwest are shown in Figure 14 and Table 12. The Pacific
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Northwest location has lower electric power rates, significantly reducing

costs in the processing sector. This improves the Internal Rate of Re-

turn.

Length of construction period effects are shown in Figure 15 and

Table 13. The effect is minor for Internal Rate of Return and for capital

for the one-ship mining systems. The two-ship ventures �.5 and 9.0 mil-

lion tons! indicate reduced capital is required in slow construction

periods. Phased-in production with one ship assists in paying for con-

struction of the second ship and expansion of the processing plant.

Combined effects of interest and inf'lation are shown in Figure 16 and

Tables 14 and 15. Here a 5 percent difference between loan interest rate

and cost inflation has been assumed, while varying the interest rate from

5 to 15 percent. Metal price inflation was taken as equal to half and

zero times the cost inflation rate. The Internal Rate of Return is shown

to plummet if the price inflation is less than cost inflation. Corporate

funding requirements are shown as a function of inflation rate in Table

15. Funding requirements increase dramatically with inflation rate

because of the spread out of spending over the construction period.

Effect of the various ore treatment processes on Internal Rate of

Return and capital requirements is shown in Table 16 for the high through-

put base case. The effects are shown to be secondary. Finally three

 tax! depleti on interpretations are i nvesti gated for the base case in

terms of Internal Rate of Return. The results are shown in Table 17. Oe-

pletion is shown to have a significant effect on Internal Rate of Return.
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Conclusions

The major conclusions can be drawn from inspection of Tables 18 and

19. This information has been extracted from the Payout Analysis Re-

sults chapter. Table 18 shows the effect of varying throughput for the

base case defined in the Su+nary secti on. The table lists after tax

Internal Rate of Return in percent, Internal Rate of Return increment off

the 4.5 million ton high throughput base case and net corporate funding in

billions of dollars. The effect of di mini sh1ng return in economies of

scale can be seen quite clearly in the Internal Rate of Return increments

colure . The Internal Rate of Return peaks at the 4.5 m111ion ton through-

put with a slight decline at 9 million tons. The 3 m1llion ton throughput

shows a two percent decrease while the 1.5 mi ll1on ton case shows a seven

percent decrease off the base case.

Table 18. Internal Rate of Return and Net Corporate Funding for the
Variable Throughput Base Case.

IROR Increment

Throughput Relative to High Net Corporate
 millions of dry short IROR Throughput Base Case Funding Required

tons per year!  Percent!  Percent!  Billions of 1982 $ !

-7
-2

0
-1

1.5
3.0
4 5*

9.0

17
23

25

24

1.1
1.7
2. j.

3.7

*Base Case
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The level of the Internal Rate of Return 1s quite high compared to

the 1982 LFlipsej and 1983 [Andrews, et al.] studies with Internal Rate of

Return'S in the 25 perCent range. ThiS 1S beCauSe the baSe CaSe cOnSider-

ed includes the combined effects of depletion, parent/subsidiary corporate



structure, and loan leverage, in addition to economies of scale. It must

be emphasized that the study is based on "normal" metal prices shown in

Table 10 that are considerably higher than current prices  except for

cobalt!. The relatively higher rate of return for the base case reflects

these high metal price levels.

Start up capital requirements are also indicated in Table 18. The

start up capital called "net corporate funding" is defined in the results

chapter. The base case �.5 mi llion ton throughput! funding is $2.1 bil-

lion. Economies of scale in funding come into play as it takes less in-

cremental money to increase production. For example, to triple product~on

from 1.5 to 4.5 million tons requires only an increase of 91 percent in

capital  from $1.1 to $2.1 bil'lion!.

Results of additional studies are shown in Table 19 in the form of

Internal Rates Of Return and increments in Internal Rate Of Return off the

base case. The high throughput base case Internal Rate Of Return of 25

percent is indicated at the top of the table. The results of seven varia-

tions off the base case are shown in the remainder of the table. The base

case is described in the summary of the results chapter. Corporate struc-

ture change in going from parent/subsidiary to independent as in F'lipse

L1982] and Andrews, et al. [1983] is shown as item 1 in Table 19. The

loss in Internal Rate of Return for the independent venture is 6 percent

due to the parent/subsidiary being able to immediately write off all ex-

penses without having to use tax loss carryforwards before production.
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Table 19. Internal Rate of Return and Increments for Key Variables

Increment in
IROR �! IROR �! from Base CaseVariable Incremented

 Base Case: for comparison! �5!

-619

2. De 1 eti on
one

"First Chemical Change"
-5

-3
20

22

3. Inflation
~nne, Interest
Metal Price Inf1 = 2.5'X

 Cost Inf1 = 5%!
Metal Price Inflation = 0

 Cost Inf1 = 5X!

-3
-14

22

11

Worse than  -25!Negative

4. Debt  None l~ 54 Infl!

5. Location Plus Power Costs

-718

+631
ac, .W.

6. Construction 24

w!

7.
-6

+2
-3

+3

19
27
22

28

1
NH3-fu11 Mn
Smelting-partial Mn
Smelting-full Mn

Alternative depletion changes are shown as Item 2. The base case

uses the "first marketable product" interpretation. The more conservative

"first chemical change" interpretation results in a decrease in Internal

Rate of Return of 3 percent while leaving out depletion enti rely drops

Internal Rate of Return by 5 percent.
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Various inflation cases are shown in Item 3. No inflation with 5

percent interest on the loan  maintaining the 5 percent spread! gives a

drop of 3 percent in Internal Rate of Return from the base case with 5

percent inflation and 10 percent interest. This is assuming metal price

inflation is the same as cost inflation. Since historically metal prices

have not advanced as fast as costs  and in fact in general, prices have

actually dropped!, price inflation at half and zero times cost inflation

were also analyzed. Price inflation at half cost inflation shows a drop

in Internal Rate of Return of 14 percent, while for zero price inflation

the Internal Rate of Return actually goes negative. The results under-

score the importance of metal prices in ocean mining economics.

Effect of removing the loan at 10 percent i nterest at a 5 percent in-

flation rate decreases the Internal Rate of Return trom 25 percent to 18

percent. The loan provides positive leverage for the company as the in-

terest rate is lower than the no loan Internal Rate of Return.

The effect of a location change from Southern California to the Paci-

fic Northwest with its attractive low cost electric power rates increases

the Internal Rate of Return by 6 percent . This is the only si gnificant

increase in Internal Rate of Return of all the alternatives considered

here.

Effect of construction period stretchout is shown in Item 6 of Table

19. The effect is seen to be minor on Internal Rate of Return with a de-

crease of 1 percent .

The processing alternatives are indicated in Item 7. The base case

processing is ammonia leach with partial manganese production . Eliminat-

ingg manganese production enti rely reduces Internal Rate of Return by 6
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percent because of the loss in manganese sales. Full manganese production

increases Internal Rate of Return by 2 percent assuming manganese prices

are the same as for partial production. This may not be the case as the

massive introduction of manganese will tend to reduce prices, and the In-

ternal Rate of Return may actually drop. Smelting with partial managanese

production decreases Internal Rate of Return by 3 percent because of the
t

higher processing costs. Going to full manganese production with smelting

increases Internal Rate of Return by 3 percent assuming prices remain the

same. However, the increase may not be realized because of the manganese

glut problem.

Recommendations

Research topics and ideas related to or outgrowths of the present

work and also of potential interest to the National Oceanic and Atmos-

pheric Administration are described below. These may form the basis for

continuing the team effort centered at Texas A&M University, for further

development of ocean mining technology and economic anlaysis and improve-

ments in Texas A&M University's Gcean Mining Payout Model. The first two

tasks taken together repesent an integrated approach to a second genera-

tion mining system.

Second Generation S stems

The results of research carried out to date show that the economics

of a nodule processing venture are marginal at best unless a combination

of ci rcumstances occurs in which all or almost all technical, marketing,

and cost elements are favorable. This conclusion is supported by the evi-

dence shown in the lack of activity on the part of the various consortia.

Cost estimates developed to support this research and the scenarios for
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the venture timing and operation were based on the premise that a "first

generation" system would be used by a pioneer developer. The descriptions

of the mining and processing systems were based on "known" technology;

that is on approaches that had been supported by at least some industrial

design work and limited pilot plant or scaled-down system testing, with

only limited extrapolation.

One may ask whether a developer using "second generation" mining and

processing technology could significantly reduce costs in these areas and

thereby enhance the prospects for the development of a viable deep ocean

mining industry7 This possibility is proposed for investigation in the

tasks described below.

U datin ros ectin and ex lorati on and environmental sensin s s-

tems for nodule minin . Many advances in "high-tech " electronics, micro-

processors and sensor technology applicable to nodu le mining have been

made since the consortium pilot plant studies of the 1970s. Major ad-

vances have been made in automated bathymetry and nodule exploration.

Major advances in sidescan sonar applicable to the bottom microtopography

have also been made. The Japanese LTakahara and Handa, 1984] are current-

ly investigating applicability of fiber optics for underwater sensing and

data transmission. Deep-tow sensing technology has also improved. The

applicability of this new technology to nodule mining and environmental

monitoring should be investigated. Major changes may be made in prospect-

ing and exploration procedures as a result of the technology  e.g. speed-

ing up the survey process and automation of data processing!. Revised

scenarios for prospecting and exploration may be developed and the econom-

ic impact assessed.

106



Novel rocess routes. Second generation process routes radically

different from the smelting and leaching processes used in this study may

be feasible. These novel processing plant configurations should be de-

signed without regard to the need to draw analogies to the processing of

terrestrial ores or to produce products that meet current market specifi-

cations. The new process may be defined based on a survey of the litera-

ture to determine which of the most recent advances in extractive metal-

lurgy could be used advantageously on this complex ore. This study may

give a first order evaluation of the prospects for improving process

economies via a breakthrough technology.

Forei n rocessin . High energy costs and the need to construct

plants that will conform to stringent environmental standards, increase

the costs of process plants constructed on the U.S. West Coast or Hawaii .

It is possible that there may be locations in other jurisdictions along

the Pacific rim where these and other constraints are not as severe, and

the economics of nodules processing would be more favorable . In general,

environmental restrictions are less severe and labor costs are much lower

in the developing countries in this area, although infrastructure costs

may be hi gher.

The total venture capital requirements and operating costs may be re-

estimated for alternative processing in each area, and the Texas A&M Uni-

versity madel may be used to determine the returns expected for each.

Texas A&M Universit Ocean Minin Pa out Pro ram Modifications

The program may be modified to handle the "inverse problem"  i.e.

given a satisfactory Internal Rate qf Return, what must the system costs

or metal prices be to produce this Internal Rate of Return?!. This is a
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reversal of the input-output relation in Figure 2. The approach may be

useful in targeting capital and/or operating costs in certain sectors or

subsectors to produce an economical ly viable mining system. Threshold

metal pricing Levels for economic viability may also be developed.

In addition, terms, conditions and restrictions of licenses and per-

mits for ocean mining are currently being generated. These terms, condi-

tions and restrictions have an economic impact on any mining venture.

Alternative lease terms have been proposed or considered as economic

incentives to mining companieS. These factors may be evaluated quanti ta-

ti vely by modifying the Texas ASM University Ocean Mini ng Payout Anal ysi s

Program.
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APPENDIX A

Capital and Operating Cost 8reakdown for Various Ore Processes

Table A-l. Reduction/Anmonia Leach Process �-Metal!

Table A-2. Smelting Process �-Metal!

Table A-3. Reduction/Ammonia Leach Process �-Metal!



Table A-1. Distribution of Costs for Reduction/NH3 Leach Process With
no Recovery of Manganese as a Function of Throughput

9.03.0 4.5

171.757.1 108.084.1

63.140.9

73.051.932.6

77.938.0 59.7

110 ' 1 156.8

132,9 193.0

60.8

76.0

501.8 690.2 1,293.2305.4Total

11.45.71.9 3.8

128.364.121.4 42.8

49.624.916.68.3

21.219.1

90.548. 335.121.4Fixed charges

117.4 164.2 306.968.8Total

A-2

Throughput, mil lions of d.s.t.p.y. 1.5

Capital Requirements

Millions of Dollars in

Materials handling

Reduction/extraction

Metals separation

Reagent recovery

Metals recovery

Services

Operating Costs

Millions of Dollars/Year

Materials/supplies

Fuels

Power  ~ llew/kwh

Labor

147.2

146.1

147.4

302.8

378.0
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APPENDIX B

Capital and Operating Costs and Output Buildup Schedules

Table 8-1. Four-Year Construction Period

Table 8-2. Six-Year Construction Period

Table 8-3. Eight-Year Construction Period

Table B-4. Ten-Year Construction Period

6-1



Year from Start

 Land, Year I!3 4 5 6Sector 1

a . Capital Spending in Percent of Total Capital

100

20 20 35 25

20 50 30

45 25 30

20 30 25 10

10 3U 35 24

30 65

100

15

1

5

9 100

b. Annual Operating Cost Buildup In Percent of Full

1 100 100 100 100 100 100 100

2 15 95 100 100

3 60 90 100 100

4 30 90 100 100

5 10 10 20 90 100 100

6 90 100 100

7 60 80 100

8 80 80 80 100 100 100 100

9 100 100 100 100 100 100 100

c. Annual Output in Percent of Full Production

60 80 100

B-2

Table B-1. Capital and Operating Costs and Output Buildup Schedules:
Four-Year Construction Period



Table B-2. Capital and Operating Costs and Output Buildup Schedules:
Six-Year Construction Period

Year from Start

Bj,'Land, Year 1!3 4 5 6Sector 1

1 100

35 25

50 30

25

25 5

20

10

25

20

10

75

100

9 100

b. Annual Operating Cost Buildup In Percent of Full

100 100

80 100

100 100

100 100

80 100

B-3

a. Capital Spending in Percent of Total Capital

15 20

20

25 30

15 30

25 30

1 100 100 100 100 100 100

2 35 70

3 10 80

4 5 50

5 5 10 10 20 40

6 10

7 5

8 80 80 80 80 80 100

9 100 100 100 100 100 100

c. Annual Output in Percent of Full Production

100 100

100 100

100 100

95 100

90 100



Table B-3. Capital and Operating Costs and Output Buildup Schedules:
Eight-Year Construction Period

Year from Start

Sector 1 2 3 4 5 6 7 8 9 10  Land, Year I!

IO 10 20 10

15 20 20 10

10 10 10 10

20 15 20 14

40 45

100

100

100

100

100

40 50 50 95 100

B-4

a. Capital Spending in Percent of Total Capital

1 50 50

2 10 20 20

3 10 25

4 10 20 30

5 20 30 25 10

6 5 15 20

7 10

8

9 100

b. Annual Operating Cost Buildup In Percent of Full

100 100 100 100 100 100 100 100 100

30 50 50 60 100

10 50 50 60 100

1O 60 70 80 100

10 10 20 70 8G 90 100

60 50 50 100

40 50 50 95

80 80 80 80 80 100 100 100 100

lGU 100 100 100 100 100 100 100 100

c. Annual Output in Percent of Full Production

100

100

100

100

100



Table 8-4. Capital and Operating Costs and Output Buildup Schedules:
Ten-Year Construction Period

Year from Start

Sector 1 2 3 4 5 6 7 8 9 10 ll  Land, Year !!

a. Capital Spending in Percent of Total Capital

1 50 50

2 10 20 20 �

3 10 25 15

10 10 10 10

10 10 10 10 �

4 10 20 30 � 10 -- 10 10 10

5 20 30 25 10

6 5 15 ZO 20

�

115 20 14

4510 40

1008

9 100

b. Annual Operating Cost Buildup In Percent of Full

c. Annual Output in Percent of Full Production

40 50 50 50 50 95

1 100 100 100 100 100 100

2 30 50

3 10 50

4 10 60

5 10 10 20 70

6 60

7 5 40

80 80 80 80 80 80

9 �0 100 100 100 100 100

100 100 100 100 100

50 50 50 59 100

50 50 50 60 �0

6U 60 60 90 100

70 70 70 90 100

50 50 50 50 100

50 50 50 50 95

80 100 100 100 100

100 100 100 100 100
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Standard Mining Taxation

by
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Standard Minin Taxation

Standard taxation of corporate enterprises does not generally apply

to United States' mining and metals producing companies. Special treat-

ments of mining enterprises, far mine exploration and mine development

expenses are permitted under Internal Revenue Cade Sections 616 and 617,

since the minerals produced are eligible for percentage depletion  everI

though percentage depletion may not necessarily be claimed or allowable!

since the taxpayer-venture need not have an "economic interest." Nine ex-

ploration costS> are found only in Sector 1 now, and mine development
costs2 are in Sector 2 and 8 as redefined now. During the pre-production
period, these expenses can be deducted directly, and capital investments

in these sectors can be depreciated  over 5 years ACRS! beginning at the

time of the expenditure. In combination with the 15-year carryforward now

a1lowed, this is very fast  almost immediate! writeoff of all mine

1Nine exploration expenditures are costs to ascertain the existence, loca-
tion, extent or quality of a mineral deposit before the beginning of the
mine development stage. Since mining in international waters may be
treated as non-foreign, domestic mining results, and the dollar amount of
deductions is not limited. Even after commercial mining begins, explora-
tion expenditures may be deductible.

Operating expenses of a mine during the development and production
states include expenditures to determine extent or quality of a known de-
posit in the mine, and to locate or find other ore. As applied to deep
ocean mining the difference between nodule exploration and operating ex-
pense is debatable and is relevant only during the construction peri od
for tax treatment of the integrated operation.
Nine development costs are expenses for all activities to make a deposit
"accessible for mining after the existence of commerci ally exploitable
deposits is disclosed, that is in marketable quantities." Even after
production begins, mine development costs are deductible or deferrable .
During the mine development stage, these costs minus the net receipts
from only partial production are deductible. If deducted, these costs
may not be included in the cost depletion basis. If deferred development
costs, not used here, are to be deducted annually, proportional to the
output of the mine; with uniform production, these defined costs are thus
amortized by a straightline method over the life of the mine .
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development and exploration expenses, as compared to normal tax treatment

of capitalizing all preproduction expense, and amortizing over either

their useful life or several years, beginning when production starts .

In addition, research and development expenditures,  found in new

Sector 9 for processing, land transport, and waste disposal! under IRS

Code Section 1974 and applicable to any and all taxpayers, is a deductibae

amount in the year of payment.< Otherwise, any Research & Development

capital plant, even in pre-production years, can be depreciated beginning

in the first year of the investment, on the accelerated three year ACRS.

Non-mining, non Research & Development expenses are not so generously

treated, in that like other industries, the pre-production expenses must

be capitalized as plant, and be depreciated over five years ACRS beginning

when production starts. Similarly, organization costs and business start-

up costs, now stated separately as General & Administrative must be amor-

tized  straight-line! for 60 months beginning at the start of production.

With the new sector definitions, direct comparison of the values and tax

treatment in the two prior Texas A&M University reports is not practical.

The mining taxation treatment for exploration and development ex-

penses permits rapid deduction for tax purposes, but that is most useful

only if the mining venture has tax payments to make at the time of these

A mine is in the producing stage when the major production comes from
workings other than those being developed, or when the mine's principal
activity is producing rather than developing. In the production stage,
all mine development expenses must be either deducted or deferred as a
unit for each natural deposit.

4'If a mine development cost item  such as for R&D! is currently deductible
under any other IRS code provision, then it may not be included as a mine
development cost.
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expenditures. Ear ly write-off  deduction! and years of carryforward be-

fore being able to deduct taxes is of restricted value, especially during

periods of rapid inflation. When five year carryforward was the maximum

allowed, danger of losing the write-off existed. With 15 year carryfor-

ward now allowed under the 1981 ERTA, if you cannot produce a taxable pro-

fit in that time, the investment certainly is poor. Therefore, the tax

election for an independent mining venture, with no taxable income until

sales are made, will differ from that of an already profitable corporation

with profits to shield from taxat1on.

Depletion is a separate tax deduction for mining ventures, which re-

flects wasting assets  ore deposit!. Once production has begun, the high-

er amount of depletion calculated by either the cost or percentage method

is allowed, with some restrictions. Cost depletion is limited to the

amount of acquisition cost of the m1ne, plus mine development expenses,

and is reduced by the amount of any up-front deductions taken as just des-

cribed, and cost depletion deductions can regain only the cost outlays.

Percentage depletion is a continuing deduCtion and can well exceed costs,

and provides an ongoing shelter to production prof1ts. In a m1ning ven-

ture, if the cost deplet1on amount calculated is higher than the percent-

age depletion amount, it must be used. Therefore, both depletion types

have to be computed for each type of organization, each year.

Cost Deplet1on. The purpose of cost depletion is to allow a mining

venture to recover those costs 1nvested in an enterpr1se pr1or to produc-

tion and dur1ng production, 1f these are expenditures are comparable to

the mine development expenses.
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Cost Depletion Basis and Adjustment. The basis of property for cost

depletion is price if purchased, fair market value when acquired, or ad-

justed basis of seller. None of these definitions fits the many costs of

prospecting and exploring a deep ocean mining site, acquiring permits and

licenses, including environmenta1 research and chemical analysis, which

might someday bring a sale price much higher than the pioneer's costs, if

the site was completed and saleable on the free market. Certainly land

and non-mineral property is not included in the cost, depletion basis, and

use of leased boats and buildings  rather than buying equipment! permits

these expenses to be included in cost depletion .

The Date of Acquiring the Property. When either a mining license or

a permit is received will be a determinant of the "cost of acquisition" by

expenditures up to that date. Clearly, until the permit is recieved,

little value is obtained in a specific mine site. Therefore, the GO date

is the earliest likely time at which date the pioneer has invested at

least $195 million in 1982 dollars, almost all in Prospecting 5 Explora-

tion and Research 8 Development. The requirement for a United Nations

royalty or product~on payment does not change this cost basis, unless it

is added on as a front-end "bonus" type payment to acquire the permit .

Internal Revenue Guide Section 636 is too complicated to guess how the

payments to the Sea Bed Authority wi11 be treated, and therefore, this

analysis is based upon the existing tax of P.L. 96-483.

The basis of cost depletion can change each tax year as minerals are

recovered decreasing the basis, or as expenditure of mine development

capitalized cost may increase the basis, both before and during commercial
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production. The increased costs depletable may be expensed, or capita-

lized and depreciated, and fit the category of "mine development costs".

The cost depletion original basis is reduced as mineral production

proceeds. To simplify this analysis, the entire mining tract is treated

as a single property. Cost  and percentage! depletion may be reduced by

the minimum tax on tax preference items, but this computati on for an inte-

grated corporate taxpayer depends upon other unknown information and has

not been estimated in this analysis. When cost basis is either all de-

ducted or recaptured or small, the mine operator can then switch to per-

centage depletion for the remainder of the production.

In the Texas AAN University program, the acquisition cost is set ini-

tially at the sum of Sectors 1 and 2 in the preparatory period. Then in

each year of the analysis, the amount of any cost depletion deduction is

subtracted from the acquisition cost, the initial basis for depletion,

until the basis account is reduced to zero.   In the integrated subsidiary

case, this happens immediately.! When the ZO year production begins, at a

uniform rate, I/20th of the basis is computed as the annual amount, of

which 85 percent is allowed as an immediate tax deduction and the remain-

ing 15 percent is deducted over five years ACRS, with an investment tax

credit of 10 percent on the 15 perrent amount.

Percentage Depletion. The percentage depletion deduction is not

based on cost, but is a specified percentage of the gross income from min-

ing a mineral, up to 50 percent of annual taxable income, and continuing

without regard to any cost basis as long as income continues.



Gross costs to produce income from a mine property includes the

transportation necessary and initial treatment of processing steps before

a chemical change in the ore, or up to production of the first saleable

product according to IRS sources, inciuding extraction of ores from the

ground, and from mine tailings. Specific treatment cost portions includ-

able for the three- and four-metal plants are crushing, drying, grinding,

concentration, leaching, separation and precipitation.

Transportation costs beyond 50 miles are allowed as part of mining

costs by the IRS only if found physically necessary for application of the

treatment process, which should be easily demonstrable for deep ocean min-

ing and its unusual process plants. Therefore, Sectors 2 through part of

6 can be considered part of "mining" costs. The gross income includes the

proportional share of all income as "mining" costs relate to total costs.

Percentage depletion is taken at a rate or blend of rates fixed for

each mineral. For nodules, the percent is 22 percent for all metals ex-

cept copper which is 15 percent. The percentage times "mining costs" as a

fraction of total costs, is applied to the ~ross revenue to obtain the taa

deduction called percentage depletion  see Table C-1!. This tax deduction

cannot exceed 50 percent of the taxpayer's "taxable income on the proper-

ty." The taxable income on the property relates only to the proportionate

share of income from "mining,' after allowable deductions such as General

and Administrative, operating expenses, depreciation, taxes, losses, mine

development and exploration expenses. However, expenses after the cut off

process point are not deducted, nor are capitalized expenses, nor are

losses carryable to other tax years. Questionable a'Ilowances for



percentage depletion include the Law of the Sea mining payments, and sell-

ing costs of the final product, and are ignored. Methods to maximize per-

centage depletion by deferring expenses have not been used.

The Texas ASM University payout model follows the steps in Table C-1

in computing the percentage depletion, comparing that amount with cost de-

pletion, and selecting the amount to be deducted. The sequence appl~es to

both corporate organizational forms, although an integrated parent-subsid-

iary always promptly expenses mine exploration and development costs, will

never have any basis for cost depletion, and therefore percentage deple-

tion can only be used.



Table C-1. Percentage Depletion Deduction Computation

Step Compute "Mining Costs" each year, equal sum of annual cost of
Sectors 1 through 4, plus Sector g, plus ~in ut = x percent of
Sector 6 costs x Sector 6 dollar value. Include both direct
operating costs durin roduction ears and depreciation on
capital costs for Sectors 1-4, and percent of 6.

Calculate "Ratio of Mining to Total Costs"  including Deprecia-
tion! for each production year.

Calculate "Gross Income from Mining" = Ratio x Gross Sales

Compute "Percentage Depletion Rate" based on sales value of each
metal:

Percentage n  $ Sales of Metali x Rate Metali!
Depletion = z
Rate i Gross Sales of A11 Metals

Note: Hate = 22 percent except copper, 15 percent

"Percentage Depletion Amount" = "Percentage Depletion Rate" x
"Gross  each year! Income from Mining"

"Mining Profit Before Tax" = "Gross Income from Mining" less  -!
"Mining Cost", each year.

"Maximum Percentage Depletion"  MPD! = 50 percent  " Mining Pro-
fit, Before Taxes" !

Compare "Percentage Depletion Amount"  POA! against "Maximum
Percentage Depletion"  MPD! and label the selected result
"Allowable Percentage Depletion"  APU!.

Now compare "Allowable Percentage Depletion"  APD! to "100 Per-
cent Cost Depletion" and take the higher of the two amounts.

If "Allowable Percentage Depletion" is higher, then insert 100
percent of this value as depletion amount in tax calculation for
the year. If "100 Percent Cost Depletion" amount is higher,
then see Cost Depletion instruction  that atlows deduction in
current year of only 85 percent, and 5 year ACRS plus 10 percent
ITC of remaining 15 percent!.

C-9



APPENDIX 0

Variable Case Input Data Sheet for the 1984 Texas ASM University

Deep Ocean Mining Payout Anal ys i s



VARIABI.E CASE INPUT DATA SHEET FOR THE
1984 TAIRI DEEP OCEAN MINING PAYOUT ANALYSIS

1. TOTAL CAPITAL COSTS FOR EACH SECTOR MINING COSTS IH PROCESSING SECTOR

Ore Marine Transportation
TRA3CC

Processfng
PR06CC»

Research and Development
RAD9CC»

2. TOTAL ANNUAL OPERATING COSTS FDR EACH SECTOR MINING COSTS IH PROCE551NG SECTOR

Ore Marine Transportation
S'ECT�!»

Processfng
SECT�!-

Research and Development
SECT 9!=

3. COHSTRUCTIDN PERIOD SPEED

Fast or Strxv Construction
I COHYR

4. METAL PRICES PROCESS EFFICIENCIES NODULE ASSAYS ANNUAL PRODUCTION SECONDARY METAL REVENUES

Manqaneae Price
PRIMN

Copper Price
PRICU

Cobalt Price
PRICO

Nickel Price
PR IH I *

Manganese Efffcfeucy
E FFIRI»

Nickel Efficiency cobalt Efficiency copper 'Efficiency
E FFHI ~ E FFCO- EFFCU»

Copper Assay
ASSYCU

Secondary Metat Revenues
SECREV»

Cobalt Assay
ASSYCO

Manganese Assay
ASSYMN=

Nickel Assay
ASSYNI»

Annus'I Hodule Production
AHPRD

5. PARENT SUBSIDIARY VENTURE OR IHDEPEHDEHT VENTURE

Type of Venture
HCDRP»

6, COGENERATION PREPARATORY PERIOD EXPEIIDITURES d METHOD G d A RATE

G 6 A RatePreparatory Period
Expenditures Expensing
Method
MPPEXP»

Preparatory Perf od
Expenditures

Cogeneration
Alternative

GANDA=PPEXP»

7. DEPRECIATION METHOD PROFITS TAX RATE INVESTMEHT TAX CREDIT TREATMENT

ITC Treatment
IITC-

Depreciation Length
MDEPR»

Depreciation Method Profits Tax Rate
IOEPR TXRATE»

B. DEBT FINANCING METHOD

Initial Repayment
Year
MSTART=

In teres t
Rate
RATIHT»

Debt
Percentage
OETFIX»

F I n a I Re pa yme n t
Year
MFIHIS»

Re paymen t
Method
MREPAY=

9. INFLATION RATE

I nfl atf on Ra te
IHFLT*

10. ELECTRIC'ITY COST 'HATER DEPT, LOCATIOH PROCESS

Electricity Cost
HELECT»

Location
NLOC»

Hater Depth
NDEPTH*

Process
NPROC=

D-2

Prospecting and Exploration
PAEICC»

Ore Marine Terminal
PRT4CC»

Haste Disposal
DI57CC

Mining Costs in Processing
MCIPRC»

Prospecting and Exploration
SECT�! ~

Ore Marine Terminal
SECT�!»

liaste Disposal
SECT�!»

Mining Costs fn Processing
IIICIPRA

Mining
MIH2CC»

Onahore TranaportatfOn
SHR5CC»

Additfonal Support
SUPBCC»

Hining
SECT�!=

Onshore Transportation
SECT�!»

Additfonal Support
SECT 8! ~



APPENOI X E

Flow Chart for Texas A&M University Ocean Mining Payout Analysis
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APPENDIX F

Output Printout for High Throughput Base Case
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