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Fishes of the Santa Barbara Kelp Forest

/

: v
Alfred W, Ebeling, Associate Professor of Zoology

Introduction

Beds of glant kelp off Santa Barbara, California provide cover and food for
complex anima.l communities containing several important sport fishes. Al-
though more than 120 species of fish inhabit the southern California kelp
beds, however, meny are casual visitors from other areas (Quast, 1968b).
Barracuda, yellowtail, and white sea bass, for example, orient to the
periphery| of the bed, where they enter an important sport fishery. The
Santa Barbara fish fauna is a combination of northern, southern, and wide-
ranging species, many fluctuating in abundance with the cooling trends,
warming trends, and water-mass changes that distinguish the ecologically
transitional Santa Barbare region (Hubbs, 1948; Quast, 1968a). With summer
warming, migratory fishes like the bonito and barracuda enter the game
fishery about the kelp beds as they follow the warmer water northward in
search of | forage fishes like the anchovy. Resident surface game fishes of
the kelp, | primarily the kelp bass, Paralabrax clathratus, implement this
fishery of the kelp fringe. The much prized California halibut, Paralichthys
ca.lifornicus, also reects to seasonal change and enters the summer sport
fishery. . -

Resident populations of smaller fishes remain active in and about the kelp
beds all year (Ebeling et al., 1970). The olive rock fish Sebastodes
_serranoides, for example, replaces the kelp bass in the northern part of its

~ range above Foint Conception north of Santa Barbara. Other rock fishes and

seaperches provide sport for kelp-bed anglers. ocuast (1968b) studied many

of these kelp-bed fishes. He noted the extensive overlap of the rocky-inshore
and kelp communit:.es with the surrounding level bottom communities, which
were recently sampled off Santa Barbara following the oil spill of 1969
(Ebeling et al., 1970). Both studies provide valusble supplements to the
present and proposed investigations of fish communities in and sbout the
Santa Barbara kelp. Relationships of these investigations with the fishery
are emerging in multiveriate analyses of resident fish abundances, catches per
angler efi‘ort, and many other variables of the local marine system.

Ecologica.l studies form the bases for applied research into the effects of
pollution, overfishing, etc. Fishes have evolved specializations to live

in certain habitats and exploit different resources in their own ways, Any
a.rtii‘icial change in the enviromment, such as an influx of industrial we.stes,
therefore, will upset the fish's niche or fish-environmental relationship,
delicate ba.la.nce maintained by natural selection. But are the observed
va.na.tions in composition and abundance of fish communities due to artificial
pollutants or to natural climatic fluctuations? In a transitional zone such
as the ma.mne littoral off Santa Barbara, the seasonal changes in the eco-
system must be distinguisheble from man-made alterations before pollution
damage ca.n be measured (Ebeling et et_al., 1970). The structure of a fish
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community should be understood before any subtle or long-term pollution
damage can be detected and assessed., The main difficulty in evaluating
possible effects of the recent oil spill on local fish communities was a
lack of ex'f‘iensive observations of the composition of fish communities prior
to the spill.

With last year's Sea Grant support (GH 43), we initiated systematic, well-
organized, land quantitative analyses of the Santa Barbara kelp beds as a
habitat foz; fishes. We hope to describe and analyze this still relatively
unspoiled gystem before another major accident of pollution, increasingly
probable as our industrial community rapidly expands. Local commercial and
sport fishermen have become interested in our studies as they have beccme
more and more aware of the disruptive contribution of pollution, seasonal
change, and overfishing to fluctuating catch rates. For example, Mr. Italo
Castagnola, a local commercial fishermen, regularly seeks advice on predicting
catches relative to seasonal changes of conditions. :

The objectives of this continuing study are: (1) to describe the ecological
groups of fishes in the kelp beds (communities and concourses) and to find
out how they relate to the environment as a whole system; then, (2) to inves-
tigate particular interactions suggested by an initial unified view of the
entire system. For example, if an initial multivariate analysis of the 80
veriaebles of fish abundances and other environmental cheracteristics measured
resolves a factor dominated by increasing numbers of bottom invertebrates

and greater bottom relief, we can ask why certain fishes but not others are
associated with this factor. This will provide the insight to pursue particu-
lar studies of eating habits and utilization of cover. Is the rocky substrate
or kelp itself of primary importance to the prevalence of these fishes and
the maintenance of this segment of their ecosystem? Similarly a seasonal
factor with components of water temperature may suggest metabolic experiments
to find if some species are more sensitive to sudden temperature changes

than others and why the summer sport fishery often fluctuates erratically.
It will be interesting to see which factor correlates with the parameter of
oil pollut;ion and if it is a positive or negative influence on the array of
variables icomposing the factor. Before the inception of the current studies,
we knew very little about the general organization of the local subtidal
ecosystem :and. how it interacts with the island sport fisheries..

Data procéssing

The present availability of high speed computers allows the profitable use

of multivariate statistical models in ecological analyses (e.g., Ebeling et
al., 19Ma). We must examine as a whole system the interactions of many
variables in the enviromment, from physical variables like temperature and
pollution to bioclogical variables like specles diversity and food availebility.
Factor ysis provides such a synthesis, empirically justifiable, of the
physical and biological elements in the system (Sokal and Daly, 1961). Inter-

.correlations among all variables are partitioned into factors, which imply

causal Mays. The enviromment influences the habits and distribution of
its occupaints and the factors suggest how. For example, to investigate the
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ecology of{ the kelp bass most profitably, we first examine the array of
variables composing the factor that also includes the variable of kelp-bass
abundance. Presumably, this array will include other species in the bass
copmunity slong with the physical variables that may control this community.
These pa.rtficular variables, therefore, comprise an intercorrelated subset
within the set of all 80 variables measured: atundances and orientstion of
all observed species at various times, localities, and seasons; physical, )
chemical, and topographical parameters such as temperature, depth, turbidity,
substrate, wave height, weather, cover, etc.; and others such as standing
crop, food availability, sport fish catch, and pollution. When intercorrelated
and resolved into factors, these variables should pinpoint specific questions,
which can be later answered by controlled observation and laboratory experiment.

Procedure on station

‘ \

Previous studies of kelp-bed communities involved hard and time-consuming
work: e.g., the laying and meintaining of transect lines, setting buoys to
locate permanent stations, instant underwater identification of fish species,
replication of transect dives, long and arduous training, ete. (Quast, 1968e).
The present analytical method of multivariate analysis, however, obviates the
laborious ! control of environmental variables. That is, the locality, sub-
strate, a.nd kelp cover themselves are variables and are scored for each
station (dive), chosen more or less at random. We may return to the same
spot only] by chance, and only two conditions control selection of stations:
habitat representation and water clarity (if a choice must be made between
two localities within a given area, we choose the one with clearest water).

Film strips obviate the difficulties of instant underwater identifications
and sbundance estimates. Line trensects are replaced by l5-minute film
strips taken by a SCUBA diving team, one diver operating the camera, the
other scoi'ing habitat type on a slate that simulates the first of a series
of data.sheets. This first sheet contains observations of the subset of

in situ variables of the enviromment. The white reverse side of the slate
is a reference to visibility at depth. The photogrepher swims at a slow and
constant speed, remaining over the same bottom type at a constant depth.
Pointing the camera forward, he "pans" it in a slight arc, filming a pro-
gressing zone about 6-10' wide.

During this dive, the boat tender completes a second data sheet of surface
va.riables%: depth, date, time, sea conditions, presence of bait fish, oil
contamination, Secchi disc turbidity, temperature, salinity, plankton volumes,
ete, If two film strips are taken during one dive, one set of surface
observations serves two stations (cases), so that all rows of the final data
matrix can be completed.

On a third data sheet, we later record observations of “remote" varisbles
measured by others at about the time of the dive: relative humidity, catch

per angler of sport fishes from commercial boats, standing crop of phyto-
plankton (chlorophyll a etc.), concentration of nutrients, barometriec pressure,
wind velqcity and direction, phase of moon, etc. This subset may also

’
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complete moré than one row, each for a 1S5-minute film strip.

On the fourth data sheet, we record fish abundances by species as we later

view the film strips in slow motion. Although the camera field is narrower

than the human visual field, film identifications can be rechecked if necessary
and the mumbers of individuals of the different species can be counted at leisure
as the film is slowed or stopped. Therefore, the photographer need not
necessarily be an expert at fish identification. Ichthyological novices can

replace.proféssionals if need be because the films provide permanent records

 of actual occurrences. The data sheet can be corrected upon review of the

£ilm strip. fPrecise mmbers of individuels are obviously easier to count on
a film than on locality underwater, where the fish dart quickly in and out
of the visual field. :

Preliminary results

'To date, we have taken 26 film strips from 19 different localities. The

technical problems encountered earlier have been largely overcome. High
speed black and white films vividly record detail in shaded water under the

kelp canopy on dark days, while color film records lighter areas more com-

pletely. Oui new back-up cemera has eliminated delays due to camera repair.
Sampling effort is controlled by using standard film cartridges.

A preliminar& analysis of the first 26 data sets indicates that this relative-
ly simple and rapid method of cinematic recording yields the same relative
species frequences as-the more tiresome method of Quast (1968c) (Fig. 1).
When we, like Quast (1968b), plotted the cumulative percentage of 57 species
sighted in q series from the most to least abundance (horizontal axis in
Fig. 1) vs. the percentage of the 26 film strips containing the species, the
resulting lognormal curve (solid line) resembles Quest's (dashed line). A
rank correlation test between the two sets of coordinates revealed no signi-
ficant différence between the relative commonness of the species in the

two arrays, even though Quast's observations were made off San Diego. The
apparent coincidence of the two sets indicates that the comparatively simple
film-strip recording provides an adequate measure of the relative commonness
of overt ke%p-bed fishes, as seen by SCUBA divers.

For a preliﬁinary test of the multivariate method of assembling the variables
into meaningful arrays, 28 of the 80 total variables were selected for factor
analysis wi@h rotation to simple structure (Sokal and Daly, 1961). Because

the number of variables should not greatly exceed the number of cases (set

of observations/station), the 26 cases recorded to date precluded & more
extensive analysis. The four rotated factors resolved, however, are mean-
ingful within this limited 28 by 26 system of observations (Table I). The
loadings ("correlations") of the variables on the factors indicate the

relative "importance" of the variables to the factors. (Variables with loadings

~ less than an absolute value of .50 on & scale of O - +1 were empirically

adjudged "nén-significant.") But be mindful of the 1Imitations of the system
when translating the arrays of factor loedings into working hypotheses. The
problem is analogous to solving a jig-saw puzzle with but a few peices. This
factor anal?tic model may allow only & partial arrangement of 28 peices
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FIGURE l.’ Relative commonness of overt rocky-inshore and kelp-bed fishes,
based on the visual sightings of Quast (1968b) (open circles with species
indicated by arrows) and on 26 film strips from the present study (solid
circles), Note the correspondence between Quast's hierarchicsl distribution
(dashed 1ine) and the present hierarchy of fish commonness (solid line),

whose specles (points) in the same percentile of commonness (vertical scale)

are ordered from left to right between dashes. Species are designated as

fin alph&%tuml order): Bf, kelp perch (Brachyisteus frenatus); Cp, blacksmith
Chromis punctipinnis); EJ, black perch (Embiotoca jacksoni); Gn, opaleye
(Girella nigricans); Hec, rainbow seaperch (Hypsurus caryi); Hr, garibaldi
(Eypsypops rubicunda); Mc, halfmoon (Medisluna californiensis); Oc, sefiorita

(o julis}californica.); Op, convictfish (Oxylebius pictus); Pc, kelp bass
(Paralabrax clathratus); Pf, white seaperch (Phanerodon furcatus); Pn, sand
bass (Paralabrax nebulifer); Pp, California sheephead (Pimelcmetépon pulchrum);
Rt, rubberlip seaperch (Rhecochilus toxotes); Rv, pileperch (R. vacca); Sa,
kelp rockfish (Sebastodes atrovirens); Sc, gopher rockfish (S. carnatus);

Sf, yellowtail rockfish (8. flavidus); Sg, California scorpishfish ZScogBaena
gutteta); Sm, blue rockfish (Sebastodes mystinus); Sma, cabazon (Scorpaenichthys
marmoratus); Ss, olive rockfish (Sebastodes serrancides); Ssc, treefish (S.

serricegsﬁ.
|




(varia.bles) out of the vast mumber composing the total picture (the kelp-bed
component of the local ecosystem). We only contend that 28 pieces provide
more information than two or three. i

The temporal factor (I) indicates serial change in the system between October
17 and November 21, 1969, obviously too short a period to show seasonal
trends. Transle.ting the array of loadings into working hypotheses, the
standing crop of phytoplankton as measured by chlorophyll "a" apparently
increeses as proportionately more stations are made inshore where the kelp is
less dense (Table I). After a period of dry Santa Ana winds, which warms

the water,| furthermore, the relative humidity increases (as the weather cools).
And as winter comes, live anchovy bait becomes scarse so that a deep sport
fishery for rockfishes (which bite on dead bait) replaces the preferred surface
fishery for kelp bass, an inverse relationship also implied in a previous
study (Ebel:.ng et al., 1970).

TABLE I. EACTORS IN THE KELP-BED SYSTEM THAT GROUP SELECTED VARIABLES INTO
CAUSAL ARRAYS, VARIABLES ARE ORDERED BY THEIR RELATIVE "IMPORTANCE" TO THE
FACTORS AS INDICATED BY THEIR LOADINGS (NUMBERS AT RIGHT).

Factor I: Temporal (Sept. - Nov.) Factor III: Depth
Date (days from 10-17) .89 Bottom depth 84
Chlorophyll a 91 Photogr. depth .76
Kelp density -.87 |  Black perch (Ejg -.63
Relative humidity ' .Th White perch (Pf -.61
Rockfish catch/angler SR 4 §
Kelp bass catch/angler -.69
Bottom temperature 67

Factor II:@ Bottom relief Factor IV: Abundance-visibility
Bottom type (increasing relief) .90 Fish abundance .79
Bottom invertebrate abundance .93 Sefiorita (Oc) .76
Total fish species (diversity) .77 Kelp perch (Bf) T
Divers:s.ﬂlby of bottom algae .72 Bait fish prevalence 61
Blue rockfish (Fig. 1 - Sm) .61 Kelp bass (Pc) 60
Opaleye (Gn) <59 Transect visibility .58
California sheephead (Pp) ST

Variables not loading significently on any factor

Rubberlip seaperch (Rt)
Pile perch (Rv)
. Surge
Location relative to kelp bed
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The bottom;relief factor (II) indicates that rocky bottoms with high relief

support gr#ater diversities of fish, more invertebrates, and a greater

variety of benthic algae. Certain fishes may prefer rocky bottoms to dense
kelp foresks. ‘
Although the depth factor (III) appears incomplete at this stage, the abundance
factor (IV) affirms that kelp bass eat smaller fish and appear most abundant
and conspicuous when bait fish prevail. Also, either more fish of all kinds
are in ca@era range when the water is clear or more fishes of the kelp beds

are generally active in clear water. Note that the two most cryptic species,

. ‘the senorﬂta (0c) and kelp perch (Bf) are most conspicuous in clear water.

The rubberlip seaperch, Rhacochilus toxotes, and its congener, R. vacca, seemed
to range evenly throughout all habitats, so that they did not load significant-
ly on any factor and did not correlate significantly with many other variables.
Location of the dives relative to the position of the kelp beds and the amount
of surge were also relatively unimportant links in the present limited system.
Perhaps, in general, fish abundance per se depends less on giant kelp as on
rocky reefs with dense cover and abundant invertebrate food (see factor II).

Discussion

Using filﬂ strips to record fish abundances has several operational advantages

‘over the transect method of Quast (1968c), which requires underwater notations:

(1) the observers (SCUBA divers) need not be experts on the local fauna, so
that personnel can be interchanged as students enter and leave the program (all
observations are recorded on film); (2) recurrent mistakes in fish identifica-
tions can be corrected by simply reviewing earlier films; (3) the observer is
not distrdcted by underwater notations; and (4) permenent records of the
envirorment accumulate for later specific analyses in retrospect, e.g., of
clumping, habitat preference, behavior patterns, etc. The last is particularly
important because factors may suggest interesting questions, previously not
considered, that can be answered in retrospect.

The preseﬁt method is at least as reliable as Quast's more tortuous technique.
Only 26 film strips already show fish in about the same hierarchy of cormon-
ness (see Quast, 1968b). And the few observed differences reflect the more
southerly fauna of San Diego. For example, the California sheephead (Pp of
Fig. 1) and garibaldi (Hr) are higher in Quast's hierarchy because they prefer
warmer water. S ' J

Even the present preliminary factor analysis looks very promising. Only two
month's observations have already provided a meaningful organization of the
limited system selected for this first trial. We already have hints that
temporal |events, bottom type, depth, and water clarity will be important
pieces in our giant jig-sew puzzle that will depict the ecosystem. Some of

the intergctions, furthermore, substantiate relationships revealed in previous
studies of trawled collections (Ebeling et al., 1970). The proposed expanded
analysis of all 80 variables observed semi-weekly will undoubtedly generate

a meaningful organization of the kelp-bed system and its interaction with




oil pollution and the local sport fishery.

The preliminary analysis suggests interesting questions, the answers to which
will provide more pieces to complete our puzzle. Many more questions will
follow future analyses, where seasonal trends can be resolved. Are fishes
dependent n the kelp per se, or more generally on cover provided by high
relief bottom? Why does the kelp bass lead the frequency hierarchy? Is it
really most sbundant or is it just most conspicuous? If it is the most
conspicuous of all kelp-bed fishes, why? Is it most conspicuous when bait
fish prevail? Do fish in general prefer clear water or are they simply more
discernible then? Do short term changes in water temperature affect the
catch of sport fishes? Are some species more temperature independent than
others? These and other questions generated by multiveriate analysis can be
investiga.ted by direct observation in the field, review of previous films,
or by controlled laboratory experiments in fish metabolism. Factor analysis
puts. us on%the right track by revealing the most pertinent questions.

|
Proposed studies

We want to‘eontinue the present program of semi-weekly dives and filmstrip
recording through two years, so that seasonal factors can be resolved among
the 80 variables observed. This should resolve the main environmental
gradients tha.t pertition the ecosystem into spatial and temporal communities
-and concourses- end the reactions of these ecological groups to climatic or
artificial disturbances.

0ccasiona.1 visual transects will be made concurrently with the film strips

to see if phere is a systematic difference ("correction factor") between what
can be seen and what can be photographed underwater. The excellent corres-
pondence between the two species frequency curves discussed above already
indicates that such an extrapolation from film strips to in situ observations
will be forthcoming. To do this; a third diver will accompany the "cinemato-
graphy pair and record sightings on an underwater tape recorder. Thereby,

we may estimate the total fish biomass of the kelp beds by using Quast's
(1968b, c)|extrapolation from transect sightings and visual abundance estimates
to direct estimates made by surrounding and poisoning whole beds, a difficult
and expens‘ive operation hopefully avoideble at Santa Barbara.

Finally, wg plan to test severe.l of the hypotheses generated by the multi-
variate ysis. Although we already have a partly equipped laboratory for
metabolic studies, etc. we require funds to buy some new equipment, replace
other camponents, restock supplies, and support an additional physiologically-

oriented research assistant, who can also help with the envirommental studies.
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TRACE METAL ANALYSIS OF OILY BEACH POLLUTANTS
IN THE SANTA BARBARA CHANNEL

| - yf”\f/
!
| Paul G; Mikolaj W

Assistant Professor of Chemical Engineering

PROGRESS REFORT

Work on ﬁhis project began in mid-June, 1969. An earlier starting date was
° not possible due to the unavailability of a greduate student with tge neces-
) sary preﬁequisite skills. The first six weeks were spent in obtaining

the University of California diving certification (60-foot depth) end in
preliminéry exploration of the offshore natural oil seeps in the vicinity
of Coal 0il Point. ‘

At the earliest practicable date (late July, 1969), collection of oily
deposits from coastal beaches was initiated. Beaches selected for the
sample collection range from Jalama County Beach just north of Poipt Con-
ception to Emma Wood State Beach just north of Ventura. In all, nine
beach locations are visited on & monthly basis and approximately ten
samples f beach tar are collected from each sampling station. To date,
over 500 |individual samples of beach tar have been collected and await
analysis for their nickel and vanadium content.

Concurre#t with the beach sampling program, efforts were undertaken to
obtain samples of natural oil seepage directly from ocean bottom locations.
Preliminary activity was directed to Coal Oil Point since it is the most
active seep region in the Santa Barbara Channel, Several dives over &
two-montq period resulted in the collection of about twenty ocean bottom

samples ?f natural seep material.

Bottom s;mpling at locations other than Coal 0il Point has not been very
productive. While areas of natural seepage have been reported all along
the coastline of Santa Barbara County, the current activity of these
seeps is}apparently so low that their locations cannot.be found. The
main areas involved in this exploration have been Carpinteria and Point
Conception. Upon return of more favorable weather conditions, efforts
in this direction will be resumed.

In addit%on to fieldwork, substantial time has also been devoted to the
analytical phase of the study. Because of problems with equipment vendors,
installation of the atomic absorption spectrophotometer was not completed

- until late August, 1969. During this interim, a literature survey was
made and |several research labs in the Los Angeles area were comsulted
regar analytical methods.




-12-

Not unexpeEtedly, several problems were encountered in the trace metal
analytical'procedure. “Because of the large number of samples to be
processed,| the more conventional method of ashing followed by aqueous
dissolution was bypassed in favor of direct solution in an organic solvent.
Precedent for this operation, however, was based on the analysis of oils
rather than the viscous, tarry matter encountered in this study. In
particularL the problems that arose were associated with the selection
of & suitable organic solvent, the selection of a suitable calibration
procedure,land instrument drift as a result of carbonaceous buildup on
the burner. These problems are now almost completely resolved and analysis
of the many samples is expected to get underway shortly.

\
Projection for the successful completion of this study still remains high.
The past six months effort, however, have put the program objectives in
a different light. The original question posed in this investigation was
"Which areas of natural seepage, along the sixty miles of affected coast-
line, are responsible for the major amount of pollutant tars found on
Santa Barbara beaches?" The approach being used to answer this question
is based on the assumption that oily material from each of the area's
active seeps can be characterized or fingerprinted by trace metal analysis.,
This epproach, however, presupposes that ocean bottom samples from several
~ locations can be collected. This supposition now seems unlikely in view

of the difficulty in locating natural seepage at areas other than Coal
. 0il Point. .

At present, it appears likely that results will be based primarily on the
analysis of beach samples. A substantial portion of these samples are

" expected t? be positively linked to the seepage at Coal Qil Point. Others,
however, could well show a trace metal content substantially different
than those originating at Coal 0il Point., If this proves to be the case,
it would then be safe to conclude that other regions of seepage, while

of unknown{location, are also contributing to beach pollution in the
Santa Barbara Channel,

|
}
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EFFECTS AND IMPLICATIONS OF PETROLEUM POLLUTANTS
| ON THE RESOURCES OF THE SANTA BARBARA CHANNEL
PHASE I - INFORMATION ANALYSIS AND PLANNING

oot ol

Paul G: Mikolaj

" Assistant Professor of Chemiéal Engineering

PROGRESS REPORT

Shortly after the proposal to conduct this study was completed, a massive
0il pollution incident occurred in the Santa Barbara Channel. One of the
effects of this incident has been to change national policies and priorities
with regard to pollution of the sea by oil. An important aspect of this

attltude has been the dramatic increase in research and develop-
ment on £he causes, prevention, and cleanup from oil spills, Unlike the
almost static condition that existed prior to the Santa Barbara oil spill,
new knowledge is being generated at a prolific rate.

As stateé in the original proposal for this study:

"The objective...is to gather pertinent background information
.+.8nd indicate those areas where new research must be undertaken
to fill in the necessary gaps. The results...will be used to
determane the long-range goals and establish priorities for
future studies of pollution in the Santa Barbara Channel."

While this was & reasonable objective at the time the proposal was written,
it has taken on a new light in view of the sudden flurry of research
act1v1tyL In other words, a critical assessment of future research needs
would be‘a presumptuous undertaking without some feedback from the large
number o? current studies,

For this'reason, the major tasks proposed in the original study have been
held in abeyance. Past and current efforts have been directed toward
preparing a bibliography of pertinent literature and toward the difficult
task of keeping up~to-date on the activities of various government agencies
and public and private research organizations. Unfortunately, a consider-
able amount of information is tied up because of the current litigation
between Fhe Federal Govermment, the oil industry, and the Sante Barbara
communit It is hoped, however, that, within the next six months, results

from the initial complement of research programs generated by the Santa

_ Barbara o0il spill will beccme available, At that time, work can proceed

as originally planned.

To date,|less then one-third of the funds grénted for this study have been
spent. It is expected that this condition will also exist at the May 31
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termlnation date. As intimated above, the balance of the available funds
will be used during the automatic six-month extension. It is also possible
that some|budgetary adjustments, in the form of reallocation of existing
funds, will be necessary to complete the study. This possibility, however,
will depePd on situations and factors that are presently unknown.
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CULTURE, BEHAVIOR AND PHYSIOLOGY OF THE
CALIFORNIA SPINY LOBSTER, PANULIRUS INTERRUPTUS

James F, Case (/

Professor of Zoology

James J. Childress
Assistant Professor of Biology

PROGRESS REPORT
(June 1, 1969 to January 1, 1970)

Behavioral and Developmental Studies

Culture Lfaciliﬁ.es and larval culture., During the Panulirus breeding season,
approximizely June to August, 1969, berried females were brought into the
laboratory and held until spawning under one of two conditions: in flowing,
non-recirculated seawater or in a large recirculated system. It was
initially thought that the closed system would facilitate harvesting hatched
larvae, but in actuality this proved to be no great problem in the flow-
through system. The later will be used exclusively during the present
season since it requires less attention and seems to provide more viable
larvae than the closed system.

Upon hat#hing , larvae were collected at a light and transferred into one

* of two systems. The first provided for mass culture in L-gallon containers
of recirculated sea-water. Optimal suspension of larvae was obtained by

a water inlet arranged to produce a slow rotation of entire volume and by
draining through a wide filter bed of oyster shell and charcoal at the
bottom of each container. In the second system, small numbers of larvae

were kep’g in 200 ml dishes and transferred daily.

In both systems, larvee were fed Artemia nauplii. Both culture methods
yielded t;mefully large numbers of early stage larvae for experimentation
but mortality was total by the Lth molt. Therefore, neither method will
be used during the breeding season just commencing. Instead, the pro-
cedures used by the San Diego State College group will be used (see pro-
posal for next year).

Experiments with larvae

Nutritional, In an effort to determine the possible significance of
dissolve orga.niﬂmatter in larval nutrition uptake, experiments were
conducted with C~ ~glutamic acid. No specific uptake of significance
was observed.



Beha.viora}l.. Photic orientation. Phyllosomes were examined for behavioral
photic orientation. Light from a monochromator, adjusted to equal relative
quanta by a thermopile method, was directed along a :!.O inch tube. Photic
responses were measured by determining the time requz..red. for larvae to

move the length of the tube to the end nearest the light source, Wl}ile
there was scme orientation in the red, green light was associated with

most repid orientation. The method is quite suitable for the deteminationi

of action’ spectra and its use will be continued..

Meriineﬂjts with adults

Chemoreception. An extensive series of experiments has been completed )

in vwhich the response spectrum of dactyl chemoreceptors has been detenpmed
for a series.of amino acids. Receptor axons were identified by recording
from sme.'lll bundles of dactyl neurons while stimulating the dactyl with

0.5 M glycine. Examples of experimental data are shown in Fig. 1. In )
general, jthe results indicate an amino acid chemoreceptive spectrum similar
to that which we have shown for Cancer.

Competitlon experiments have shown so far that there are at least two
classes of amino acid receptors on the lobster dactyls. Thus, of the
class oflreceptors detected by glycine screening, their adaptation to
glycine leaves them still responsive to leucine or glutamate but adapted
to valine. . :

Respiratory physiology. A variety of respirometers and other equipment
for respira.tory studies was constructed during this initial period and
preliminé.ry studies have been made on several of the topics considered

" in this.ﬁart of the original application. We have found thet adult P.
interruptus, unlike the Maine Lobster (Thomas, 1954), is able to regulate
its oxygen consumption rate down to a lower limiting oxygen concentration
(about 2.5 ml 0,/1.). Dissections have been performed to determine the
optimum locations for sensors and cannulae in the lobster circulatory
system. |Initial studies on blcod flow and heart rate suggest that a 2
1b. lobster pormally has a heart rate of about 50 beats/min. Now that
most of the required equipment is here and ready to be used, rapid progress
is anticipated in the next few months. However, due to initial delays

in obtaining essential apparatus, it will probably not be possible to
complete all of the work originally proposed. . :

The effeLt of pollutants, Our first effort in this regard is complete
and consists of a questionnaire prepared by Mr. James Lindsey and dis-
tributed to.200 commercial lobster fishermen and 3000 sport fishermen

in order to gain their collective impression of the status of the lobster
fishery,\ since the oil spill, 1In summary, the commercial fishermen

(53 resppnses) perceive a decline in the commercially harvestible popula-~
tion. Tpat is, 33 maintained that their yield was diminishing, 15 were
maintaining yields as before but with greater effort, while 5 were of the
opinion thet the yield per unit effort is increasing. The sport fishermen
were more convinced of declining populations (1190 report decline, 198
report stability and 12 noted an increase in their catch).
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STUDIES OF SEAWEED RESOURCE MANAGEMENT

—
Principal Investigators: Michael Neus Jr
Alexander C{ Charters <«

Research Assistants: Craig Barilottl
Emil Chi
Michael Foster
George W.’Silverthorne

PROGRESS REPORT

Introduction

The report #overs research carried out during the first eight months under the
subject grant. Aided by the existing facilities at. the UCSB Marine Laboratory
and by the availability of & small research vessel, we have been able to meke
progress in four areas of research: (1) structure and function of seaweed
gern cells,L(z) substrate studies, (3) vegetative propagation of the agar weed,
Gelidium robustum, and (4) economic studies.

| -

Detailed re@orts on the work in each of these areas are given in the following
sections. :

Some instrument development has been required (1) to provide for water motion
in our laboratory aquaria, and (2) to equip sea sites for field work. These
items are ﬁeported in those sections on botanical research to which they apply.

Much effort has been devoted to coordinating our work in various areas and
providing mutual support between individuel projects. Weekly meetings of the
research staff have been held to coordinate the work that is going on and to
review plans for the future, This approach of a "unified program" will become
more significent as various phases of the research mature and the broad outline
of a seaweed management or cultivation program begins to appear.

Structure and Function of Seaweed Germ Cells

Ultrastrucﬁure and Cytochemistry

The fine eruéture of the eggs and tetraspores of Dictyota binghamiae and the

zoospores of Macrocystis angustifolia has been studied with the electron
microscope; In Dictyota, the eggs and tetraspores develop from stalk cells,
which undergo marked structural changes in the nucleus and nuclear pores; the
increased activity of the nucleus is indicated by the number of vesicles
produced. |Fig. 1 shows a stalk cell in the process of development; Fig. 2

shows & normal stalk cell; Fig. 3 shows details of pore structure in & developed

cell.

-
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The micrographs of Dictyota indicate the mechanism by which the eggs are released.
" In the young cell a cross-wall forms at the basal end; Fig. 4 shows an early
stage of the new wall; Fig. 5 shows a slightly later stage with & substantial
quantity of mucilage adjacent to the wall. Fig. 6 shows large grenules in the
vicinity of the new wall and it is suspected that their presence may be related
to wall formation, although the cytochemistry of the granule is presently under
investmgat:.on. The wall forms a barrier between the egg celland the basal cell.
Release is effected. by separation of the wall into two layers. Fig. 7 shows a
structure m.thm the newly formed wall which is suspected to be the beginning

of the sepa.ra.tion process. The fully separated wall is shown by the two layers
evident in Fig. 8. _
' Cytochanical studies using protein and carbohydrate localization tests have
shown that both the eggs and tetraspores of Dictyota contain large amounts of
protein and [ca.rbohydra.te, especially in the granules. The mucilage layers

of the sori 'conta.:.n both protein and carbohydrates and they stain to a much

higher degre‘e then the cytoplasm.

Macrocystis zoospores develop from & zoospore mother cell (Fig. 9). The number
of spores produced by each mother cell is under investigation. The fine
structure of the zoospore shows it has & large nucleus surrounded by a wide
envelope. single chloroplast, closely associated with the nucleus, is found
in each spore (Fig. 10). The cytoplasm of the spores contains numerous mito-
chondria (Fig. 10), more than are found in other types of Macrocystis cells
examined. e zoospore has two flagella at its basal end, each with a nine

plus two microtubule structure (Fig. 11) This work on Macrocystis is currently
being prepared for publication. . I

|

Growth and Geminatiofx of Reproductive Cells

A new instrument has been developed for producing water motion in a laboratory
aquarium that simulates the scouring of wave surge over rocky substrates in

the ocean. ‘I'h:.s instrument, called the OSCARS* III water broom, consists of
(1) a tract-carria.ge-dnve system and (2) a nozzle-pump system. A photograph
of the water broom in position in an aquarium is shown in Figs. 12 and 13. In
Fig. 12, theLnozzle hes been raised out of the water to show its two sheet-jets
emerging at 5 each side of the vertical. In Fig. 13, the nozzle is submerged
and directs E.ts Jets onto the surface of a substrate rock. (The jet is faintly
outlined by bubbles in the flow.) When the water broom is in operation, the
carriage moves back and forth on its track (left and right in the photographs)
end the two sheet Jets "sweep" the surface of a substrate placed on the rack

as the nozzle passes over it. Pumps continuously recirculate water from the
aquarium through the n® zle and back. The traverse rate may be varied from
stationary to several feet per second; the cycling frequency is adjustable by
changing the tra.ck length; the velocity of the water jets can be varied from
zero to a of 25 ﬂ'./sec ; the width of each jet is fixed at 9" but the
sheet thickness is changeable in steps from 0.005" to 0.045" (the jets in the
photographs ha.ve sheet thickness of 0,015"); the distance of the nozzle from
the substrate is adjustable and may be varied from rack to rack by changing rack
height. Since the flow produced by a 2-dimensional jet impinging on a flat
surface is well known, the OSCARS III water broom enables the experimentalist
to generate a flow field over his substrate that has a known velocity distri-
bution and is controllable within the limits of the instrument. The water
broom will be used to investigate the effects of water motion on the germination
and growth of algal spores. At present, it is being calibrated.

*OSCARS: Ocean Surge and Current Algal Research Simulator
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Substrate Studies

Field Experiments and Laboratory Growth

Mats of smail macroscopic algae (turf) from Pt. Dume, Coches Prietos, and Naples
Reef have been collected and identified. Five turf species transplanted to the
laboratory have continued to grow over a period of U4 months-ugder conditions of
low light (70 - 300 foot-candles) and temperatures of 15 - 19 C. A grid of
marked bricks has been put out over Naples Reef. Algal growth on.these brlgks
is being followed to determine if turf species represent a stage in succession
to a community of larger algae, The brick studies are being carried out in

. conjunction with scraping-recolonization experiments at Coches Prietos.

Collections{so far indicate that turf varies greatly in species composit%on.

The most prévalenx species include Pterosiphonia, Spermothamnion, Chogdrla, .
and Murrayellopsis. Substrate, current light, temperature, and associated biota
have been measured and classified in areas where turf has been collected, but
not enough data have yet been accumulated to significantly characterize the
enviromment of various turf communities. Qualitative observations indicate

that large macrophytes such as Eisenia, Macrocystis, Gelidium, and Gigertine
seem to favor substrate edges for attachment and growth, while turf is generally

found on leyvel surfaces. Various substrate types are being used to test this
observation.

Associated Leboratory and Field Equipment

A surge sileator, the OSCARS IV, has been developed for use in the greenhouse,
This machine develops- & back and forth surge motion in large culture tanks. The
motion is accomplished by dividing the tank into three channels. DPaddles are
placed in the two outer channels and are driven back and forth by a frame
connected tb a crank. The water displaced by the paddles flows thpough the inner
channel containing experimental plants (see Figures 14 and 15). A maximum
velocity of 2.6 ft/sec has been developed with the apparatus. This is within

the range of velocities which have been found in the field at Coches Priebos

and Naples Reef. To measure water velocities in the field and in the surge
simulator, a hand-held current meter, consisting of a sphere attached to a line
end & scele for measuring the angular deflection of the sphere, has been developed
and used successfully (see Figs. 16 end 17). With a ping pong ball as an
indicator, currents from 1 to 3 ft/sec have been measured at depths up to 20 ft.
A family oq similaxr current measuring devices for use under a wider variety of
1aboratory’and field conditions is being developed based on the original model.

Vegetative Studies

Gelidium Growth

Verious faiets of vegétative growth are being studied, primarily dealing with
Gelidium robustum. Re-growth of plants harvested in the sea, germination and
. growth of relings, and the growth of vegetative fragments has been studied.

Prelimin experiments indicate that G. robustum tetraspores germinate and
develop (Fig. 18) in a manner similar o that reported for G. pusillum. Initial
sporeling growth appears to be slow, 3 cells with rhizoids in 12 days, and water

motion is being investigated as a means of enhancing growth over that obtained
in still water.
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The growth rate of G. robustum vegetative fragments varies with water motion, .
the maximum rate being 4.8 mm/week for main axis elongation at a current velocity
of 0.3 m/sec in a whirl-pool water tunnel, the OSCARS II (a circular culture
container in which the seawater rotates relative to the fixed plants). The
growth rate at 0.3 m/sec was significantly (5% level with anelysis of variance)
greater than rates obtained for plants in still water cultures and at the
relatively calm marine laboratory outplanting area (Fig. 19).

|

Diatom Control

A significath epiphytic growth of diatoms appears on G. robustum grown in the
laboratory. The rate of diatom growth varies with water velocity, first

" incressing to a meximum at a water velocity of O.4 f‘b/sec and then decreasing
sharply by a water velocity of 4.0 ft/sec (Figs. 20 and 21). Since the water
velocities currently in use in the laboratory fall within the range of incrgas-
ing diatom growth rate, water motion by itself does not appear to be a promising
method of controlling diatoms, Other means of diatom control are being tried,
such as the use of germenium dioxide.

The recovery of harvested G. robustum in the sea appears to be slow., The

average regrowth rate measured at Point Dume, Los Angeles County, was 1.1 mm/week
for the central axes that had regenerated (549 of the axes cut regenerated)
during the period from August 24 to October 19, Membrinopora (a bryozoan)

growth over the cut harvested branches may have been an important factor
influencing ithe regeneration. Growth rates, agar content and properties,
epiphyte ﬁﬁwth and regeneration rates in the sea are presently being studied

for seaso end geographic variation. Knowledge of these parameters should

be useful .’u‘i determining resource management procedures.

Light

Experiments on vegetative growth require that the aguaria in the laboratory
are illuminated with artificial light sources, filters, screens, etc., in such
& way that the spectral distribution and intensity of the light at the plants
have certain specified values. In order to facilitate the operation, a brief
study has been made of the relation between photometric and radiometric units
and of the procedure for converting the lightmster reading (in foot candles,
say) into incident radiant energy (in watts/em“, say). An equation has been
derived forl converting the meter reading to incident radiant energy in terms
of quadratures _(simple definite integrals) involving the spectral luminosity
of the light source, the spectral luminosity of the light for which the meter
is ca:l.ibra.tgd, the relative spectral sensitivty of the meter, and the standard
luminosity curve. A report is in preparation. ;

Economic Studies

Research on| the economics of the seaweed industry has been and will continue to
be concentrated in the following five areas:

- General Survey of the Current Status of the Seaweed Industry

Data have been accumulated on available raw materials (species), potential
outputs, and the structure of markets for seaweed products. A concerted effort
has been made to obtain statistical series on prices and quantities sold for
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j L Evidence has been

the major seaweed species over the past several decades. .
obtained from (1) published literature; (2) the records of operating firms; o
(3) general m‘grkets, such as the International Seaweed Exchange; and (4) comments
and private communications from various academic and industry experts. ltiost
seaweed is sold in incidental "spot" markets or harvested by vertically inte-
grated firms ’whose records are closed.

Data on the total harvest of Macrocystis from Celifornia waters from 1916 to
1968 have been provided by the California Department of Fish and Game. These
figures, combined with data on the Mexican kelp harvest e:.cported to Cal:.f?rnia.
for the years 1966-68 give a good picture of the utilization of Macrocystis

on the Pacif:ilc Coast. The following table gives the California harvest, the
Mexican ha.rve’st , and the total harvest in tons of wet Macrocystis.

| U. S. Mexico Total

| 1966 119, L6k 23,141 142,604
| 1967 131,495 20,755 152,250
1968 134,853 28,478 163,331
Average 128,600 24,125 152,728

The value of the kelp harvest has been difficult to determine because there

is no open market for Macrocystis. However, Productos del Pacifico, the

Mexican firm/which harvests on the Pacific Coast of Baja California and sells
its entire harvest to Kelco, Inc., of San Diego, has stated that the price it
receives es from $6.50 to $8.50 per ton of wet kelp. Taking these figures -
as upper and lower bounds on the value of kelp, the total value of the average
annual ha.rvelst of Macrocystis on the Pacific Coast may be said to fall between
$992,335.00 &nd $1,298,193.00.

Markets, whe;Lre they exist, are small and scattered, making it difficult to
draw inferences concerning "average" or "competitive" levels of price. We
shall continue to collect and refine all available data concerning other
seaweed markets, but in view of present uncertainties, we must conclude that
the economic outlook for a capital-intensive mariculture is both clouded and
risky. Wheﬁe the estimated costs of production seem favorable in relation

to presently known or inferred market prices, certain species have been proposed
as tentative production alternatives. The dynamic character of markets for
food and d.m.}g extracts from plants of the sea is obvious, however, and we shall
continue to explore hypothetical as well as currently exploited markets in
determining the optimum present and prospective investments in mariculture.

Technolog;y éf the Seaweed Industry

Harvesting nLe’chods for most seaweed have remeined surprisingly static over time.
A number of ‘mechanical harvesters, based on a rather rudimentary design, have
been used in the harvest of Macrocystis by both U. S. and foreign firms. A

~ never technique, involving an air-1ift mechanism, has been described in the
technical literature, and newer versions of the mechanical harvester are being
tested in M#ine (for the harvest of Chondrus crispus) and in Southern California
(for Gelidium robustum). Various degrees of imtervention in the natural growth
petterns of |seaweed have been attempted as a means of increasing the aveilable
supply. American firms, such as Marine Colloids, have established pilot seaweed

|
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farms, Onlyi in Japen have such techniques been brought to maturity. We have
started to collect all available engineering end production data on newer
techniques of:‘ harvesting and processing seaweed and will continue to do so.

The Nature ojf. Demands for Seaweed Products

Current prices give only limited information to the firm contemplating entry
to an industry. In the case of seaweed, this is particularly true for most .
markets have been only superficially explored and several are totally hypotheti-
cal.: Two fundamental questions must be answered in this connection: what is
the ela.stici:ity of demand for those seaweeds presently being marketed? And what
' is the likelihood of developing new (presently untapped) markets for seaweed
products? In respect to the first question, we are attempting to assess the
impact that ;the entry of new producers will have upon the prices received by
all in markets where current price data are available. Here the size of the
present market in relation to the entering firm's optimum rate of output is of
critical imﬁortance. Since long run elasticities of demand are judged, in the
case of sea.v‘reed, to be considerably higher than short run elasticities, the
“"staying po rer” of the entering firm--its ability to withstand initial losses--
becomes highly significant. In respect to the second question, we propose to
investigate [the possibility that seaweed could become a major raw material in
food and industries of the future.

Public Policy Implications of Mariculture

Our conside ’ tion of public policy toward mariculture has been limited to these
questions: Wl) To the extent that seaweed is & common property resource, what
is the socially optimal rate and method of its exploitation? (2) Furthermore,
from the point of view of optimal resource allocation, how should public authori-
ties set th}nprices peid for access to this resource? (3) To what extent does
the harvesting of seaweed contribute to (or alleviate) coastal pollution? This
question must be considered in the context of cost-benefit enalysis. While
these questions are not major concerns of our present research, directed as it
is to the a.g‘sessment of the economic potential of self-contained mariculture,

we are devo'?ing additional effort to providing answers in this area as well.

Establishing a Rank Ordering of "Most Favorable" Seaweed Cultivation Industries
for the Southern California Coastal Area

This is theisingle most important purpose of our economic studies and represents
& synthesis: of all the data accumulated under the section.headings given above.
The development in the primary portions of the project study of a living
"productioanunction" for various species from basic biological and ecological
data becomes, for us, the basic raw material input in an economic production
function fr#m which we derive a series of estimated costs and outputs. From

our market data, we then derive estimates of gross annual revenues allowing

both for el#.sticities of demend and for scme market innovation. Comparison

of net revenues with original investment costs yields a figure for the rate

- of return on investment , an index of the profitability of each potential species.

To date our 'ra.nkings are tenuous. Our first choice, Gelidium robustum, has &
high current market value but its apparently slow growth rate may create an
economic barrier. Ranked as second is Gracilaria verrucosa, also an agar weed,




-23 -

which though lower priced in current markets may have advantages in terms of
rate of growf.h, ease of establishment, and growth under conditions which
facilitate intervention and harvesting (as compared to Gelidium). Ranked

as third is Gigartina which, like Gracilaria, may show rapid growth and easy
colonization} in pilot farms. Its market value is lower than the first two
species mentioned, however, and it must therefore be considered a less promising

candidate for full-scale production at the present time., We stress that these
conclusions are tentative ones,
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INVESTIGATION OF THE SEISMICITY AND EARTHQUAKE HAZARDS
OF THE SANTA BARBARA CHANNEL AREA

q

* Arthur 'Sylvester

Assistant Professor of Geology

PROGRESS REPORT -

Introduction

The 0il Spill

The massi!ve 0il spill in the Santa Barbara Channel during 1969 caused
considera‘.ble premature attention to be focused upon our study, because
several ;Ioliticians argued that ‘earthquakes constitute a major threat to

offshore joil well drilling platforms.

The oppor mity to obtain factual data regarding the seismicity and earth-
quake ards of the channel was realized in June 1969 when this investi-

gation wa:.s funded.

The oil a’:pill has had an unexpected and adverse effect upon the seismo-
logical éart of the investigation, however, as described below, which may
not be possible to resolve within the duration of the grant.

Personneli Changes

We have had to alter our plan of investigation scmewhat, because of
several personnel changes. Graduate student, Ron Teissere, has taken over
the st study of J, D, Rietman who hes left UCSB as of 1 January 1970,
Teissere will do the work under the supervision of A, G, Sylvester, R. O.
Burford, and J, H, Howard.

Seversl UCSB graduate students have become interested in our investigaticn,
énd we are directing their studies of certain selected problems as far as

funds peTmit.

! Progress and Current Status

Geologi caLl Studies

Our geological studiés of the locations of faults and their histories of

movement was complemented unexpectedly by publication of two studies by
other investigators:

1) |Geologic framework of the Santa Barbara Channel Region by

J. G, Vedder, H, C, Wagner, and J, E. Schoellhamer (USGS Prof.
Paper 679-A) ' B




- 25 -

2) Geology of the Northern Channel Islands by D. W, Weaver and
Pthers (AAPG-SEPM Spec. Pub.)
Each of 'éhese publications contains much geologic information which will
save us 4onsiderable time and effort. We shall continue to concentrate
our efforts on documenting geometries and histories of certain large
mainland faults which have submarine extensions on the assumption that
the subzerial and submarine perts of the faults will be reasonably similar.

To date we have nearly completed a regional compilation of the geology
from other sources. Next we intend to do a comprehensive study of the
aerial pljlotogra.phs, looking for evidence of recent displacements along
lines of known or suspected faults, and then we shall conduct field mapping
in selected critical areas. ' :

Study of Recent Crustal Strain

After long red-tape type delays, we have obtained the surveying instruments
required'to do the short-distance surveying aspect of the study. In the
meantime [we have located several likely faults which may be moving by
creep, aTd we are in the process of putting survey networks across them.

The attempt to tie the Channel Islands to the mainland by long distance
surveying with a laser geodolite was done in October. The attempt was
ﬁ'ustra.t%d by mechanical difficulties and by an unexpected shortage of
funds (other agency funds, not NSF), so that this aspect of the study
hes hed to be postponed indefinitely. ' :

| Seismological Studies
I

One of the most critical aspects of the entire investigation is the
determination of the deep crustal velocity profile in the area so that
earthqua.llies may be located more precisely. This requires a series of
mdemtfr calibration explosions.

Because Bf the oil spill, we have found strong opposition to our plans to
fire the shots. Moreover, we have been denied the technical and advisory
assistance to do the job in a careful, systematic way. Thus, we have been
seeking plternate ways of locating and monitoring microseismic activity
in the channel. To this end, Smith has been developing & sea-bottom
seismcmeyter vwhich would telemeter data directly to UCSB or Caltech from
the epicentral areas in the channel.

Another iindirect effect which the oil spill has had upon our study as
conceived and proposed initially, is that another egency has established
& network of seven seismographs around the channel which is capable of gdo-
ing-a more complete method of recording and locating earthquakes in the
channel "bha.n we had hoped or intended to do ourselves. Thus we have had
to revise the scope and objectives of our seismological studies so that
we do not duplicate unnecessarily those efforts of the other agency. We




o . - 2 -

have a.rgued for example, that calibration explosions are needed in the
channel, but not so much by us any longer as by the other agency which also
has had grea.t experience in doing calibration explosions. Therefore, we
consider that we can use funds previously committed for the calibration
explosion‘ 1) in supporting parts of our study which are proving to be

very promis:.ng but the costs of which we underestimated in our first budget;
2) in developing alternatives to the calibration explosions which will
serve our{ purposes; and 3) in supporting a new and extremely significant
study which has come to light as a result of our studies and of the oil

spill: the role of fluid pressure variations in the prediction and pre-
vention of‘ earthquakes,
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EgggOMIC EVALUATION OF OCEAN MINERAL RESQURCES DEVELOPMENT
1 AND RELATED PUBLIC POLICY ISSUES

| Welter J. Mead
Professor of Econcmics

' Philip E. Sorensen
Associate Erofessor of Econamics

| ' PROGRESS REFORT
The objectives for our two-year study under the initial Sea Gremnt proposal
were stated as follows: "(1) a comprehensive private cost-output analysis
for several promising minerals; (2) estimates of the discounted private rates
of return for the same minerals; (3) a comprehensive study of external costs

and benefits; and (4) further exploration of alternative public policies
relative to|marine mineral development. '

- Since June 1, 1969 we have published one paper evaluating the profitability
of marine pEosphorite recovery operations off the coast of Southern
Californla.| After estimating the cost ranges for dredging, beneficiating,
transporting, off-loading, and land transporting phosphate rock to a proces-
sing facility, and then appreising other non-quantifiable factors, we concluded
that "development of marine phosphorite off the California coast is not pre-
sently economically feasible and may not be so within the present century."
This peper fits under our first and second objectives.

Under the t#ird objective we presented a paper before the UCSB Marine Science
Institute "§ymposium" on January 12, 1970 concerned with external costs and

‘benefits of marine mineral development. A refined version of this paper will
be presented before the Offshore Technology Conference in Houston, Texas,
April 23, 1970. This paper will be published in the Proceedings. It
points out that "if a free enterprise system is to produce an optimum alloca-
tion of resources..., external costs and benefits must be internalized and
unjustified interferences with the system of competitively determined market
prices should be eliminated. Where uncompensated externalities exist and
where market prices fail to reflect competitive forces, private enterprise
in making critical investment decisions wastes resources either in over or
under deveﬂopment. One means wherepy net external costs may be internalized
is to levy[a tax on the offending industry equal to the reduction in total
benefit resulting from the total operation. In instances where net external
benefits accrue we have & prime facie case for a public subsidy equal to the
amount of the net benefit accruing ng to society."

Under the ourth objective, Professor Mead presented a paper before the
Rocky Mountain Petroleum Economics Institute. This peper analyzed alterna-

tive publi 3policies for leasing oil and gas resources owned by the Federal
Government _
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Also under!the fourth objective we have presented testimony and public lectures.
Professor Mead testified before the California Legislature, Assembly Revenue
and Taxatipn Committee, on the subject of the mineral depletion allowance as
a subsidy.| Professor Mead also gave a series of public lectures in January,
1970 at the University of Alaska (both Fairbanks and Anchorage), and before
the Alaska[State Legislature in Juneau, Alaska. These lectures were concerned
with mlneral leasing policy alternatives under consideration by the state
of Alaska. In addition, there were radio and television appearances in
Alagka. Professor Mead served on a panel at the June, 1969 annual meeting
of the Marine Technology Society in Miami, Florida, discussing external costs
and benefirs associated with marine mineral development.
We also have work in process, which is already committed for publication.
Professor Mead will testify before the U, S, Senate Committee on Interior and
Insular Affairs on March 11, 1970. This testimony will discuss the economic
significance of marine minerals to the future growth of the U, S, economy,
approprlate regimes for the governance of marine mining activity, security of
investments, economic justification for mineral development subsidies, and
leasing policy alternatives. Professor Sorensen will present a paper before
the annual meeting of the Marine Technology Society in Washington, June 29,
1970 entitled, "Evaluation of Technological Spillovers--the Case of the Deep
Sea Dredge." This paper will estimate a function describing the decline in
cost of prodnction from a radically new technology. Special attention will
be given to the development of a dredge capable of recovering deep sea
minerals at depths up to 18,000 feet.
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ABSTRACT

Investments in resource development by pri-

vate enterprise will produce socially optimal

results in only those instances where (1)
monopoly power by private enterprise and un-
-justified interference with the market mechan-
ism by government are absent, and (2) external
_(spillover) benefits and costs are absent.
Government interference in order to raise the.
price of oil has caused a significant diver=-
gence between private and social benefits
such that over-investment in oil exploration
‘and development has resulted in serious re-
source misallocation. For marine minerals
requiring major technological innovations in
deep sea dredges as a prerequisite to develop-
~ment, the technological external benefits ap=-
pear to be sufficiently large to constitute
a prims facie case for a public subsidy. .
" However, the amount of such a justified sub- .
- sidy still does not appear sufficient to
‘render deep sea manganese recovery profitable
in the foreseeable future. On the other
hand, there are external costs due to marine
mineral recovery. These spillover costs are
.particularly evident in near-shore oil re-
covery. Efficient resource allocation with-
in a free enterprise system requires that
‘all externalities be internalized so that

they enter into the profitebility calculations
of those economic units affecting the develop-

‘ment of na.tural ITes0urces.,

: Reffere_ncea “a.nd_-illustra.ti_ong_ at eqd of paper.

._the private decision making process.

 INTRODUCTION

Decentralized decision making is an iden-.

- tifying characteristic of a pure free enter-

prise economy. Decisions regarding which

resources to develop, when, how, and by whom,

are made by individual business units rather
than by government. Planning is provided
by a relatively free price system where
business units are motivated by pursuit of
private profit. This system can be shown,

~in terms of a theoretical model, to produce"

optimum resource allocation and efficiency

“where prices are determined by effective

competition, and where there are no exter-

. nalities.

The purpose of this paper is to explore

 the effectiveness of private enterprise

decision making processes regarding masrine
resource development. The paper is divided
into three parts. First, we will identify
Second,
the important externalities problem will be

" defined and introduced as a distorting
- influence for private decision meking., Third,
" the principal external costs and benefits of

marine mineral recovery will be identified,

- and the concept and method of calculating a
. social rate of return will be set forth.

*  PRIVATE DECISION MAKING
IN RESOURCE DEVELORMENT

Gen) The guiding motive for business in resource
‘develorment, as in other areas, iz pursuit .




. of private profit. To the extent that the
- investment decision making proceds is rational,
priva.te rates of return for prospective )
. investments are calculated. This involves
" estimation of required investments, estimation
- of the. flow of gross revenues over time, and
-estimation of corresponding operating costs
~through the life of projects. This calcu-
~lation is illustrated in Figure 1. In year
_1 an investment outlsy is shown without
"eorresponding gross income, In year 2 rela-
‘tively heavy invest ent and initial operating
" costs are shown: corfcesrjond.mg with relatively
- low gross income. As income builds up in
;/years 3 and b4, annual costs and revenues are
reduced to a steadyl state condition showing
a.mmal revenues in excess of annual costs and
" a corresponding a.nnual operating profit.
Opera'bions will con'binue as long as operating
.% revenues exceed opelra,tmg costs. When opera=~
tzng revenues become equal to. or less tha.n ‘
opera.ting costs the operation will cease.-
= Given estimates of the time stream of
= investment, gross income, and operating .
~costs, an a.ppropria:be discount .rate is used
“to discount all revenues and costs to the
':'present to arrive discounted present
, values, If the discounted present value
* of the revenue strepm is in excess of the
‘. discounted present pra.lue of the costs stream
:.ncluding the required investment, then the .-
- investment has a "go signal" for private
: enterpr:.se. If the investment in question
. is exploitation of a marine mineral such as -
oil, and that mineral is subject to leasing
- from the govermment, then an enterpriser
“may bid a bonus amount up to the excess of _
+-the discounted present value of revemue over
‘ costs. His discount rate permits him to earn
his required profi'b!. Economic theory can ’
"~ demonstrate that if prices of all input )
: and output items are determined by reason- '
. ably effective competitive processes,
-* lacking both prn.va:be monopoly and govern-
ment interference W'{lth the price mechanism,

" and if there sre no externalities, then ..
this private decisi.on making process will -
produce an optimum p.].loca.tion of resources
v-and a highest possible standard of J:I.ving -
for an economy. ‘

PRI

. UHE EXTERNALITTES PROBLEM_'

:: The theoretical discussions of the ex- .-«
N terna.lity (also called "spillover") prob= -
. lem has been confused by the presence of -
. several kinds of external economies and - ‘
diseconomes. For 'Ehe purposes of this
. paper, we are concemed with exherna.:l:!.tiea

. the pollutiom.

deﬁned as fo.u.ow *,.,Rea.‘l. costs’ ’borne 'by

.'.'; | R

or real benefits received by economic units
other than the production unit causing them,
An example will provide meaning to this
definition. Air pollution is normally an
external cost because the cost of air pollue
tion is borme by society rather than by the _«
firm or other economic unit which causes

The problem of external
costs and benefits is illustrated in Figure -
2. As 8 private enterpriser estimates his
costs and revenues he calculates only those
private costs which he must bear and pri- ..
vate revenues which he collects. From
society's point of view however, costs and -

" benefits may not perfectly overlap those

of the firm, For example, if labor,
machinery and power costs are determined
under competitive conditions, use of these -
factors are real costs to both the firm and
to society; the firm must pay for their use
and society give up their use in some al-
ternative production process. Figure 2
also 1llustrates that there may be some
private costs which are not costs to society,
‘One illustration is the cost of royalty
payments from the firm to the govermment.
This item is & transfer payment, It is a

| real cost to the firm but not to society.

On the other hand, there are social costs, -
. best illustrated by pollution, which '
_society bears and which the firm may not 'be

" required to pay. Similarly the revenue .
“calculation normally involves a large area
- of overlap. Vhere the prices of the pro=-
duct produced are determined by effective -

. competition, and where government inter-
ference in the price system is not present, .
the value of production is both a private
and a social benefit. However, some

- revenues may be external to the firm and

. accrue to society, but not to the firm.

As an illustration to be developed in more .
detail later, some technological innovation
may produce substantial benefits to subsé-
quent producers and society in general,

and may not be ceptured by the initial inno=
vator. On the other hand, some private :
" revenues may not accrue to society., Where .-
monopoly power exists, or where the power
‘of government is used to raise prices above -
" the free market level, some of the revenues
accruing to the firm are privete but not
social benefits.

In 1776 Adem Smith advenced the concept -
.of the "invisible hand," which alleged that
pursuit of private profit corresponds
- precisely with pursuit of the public good. .
Smith wrote as follows, "As every individual
eesendeavors as much as he can both to
employ his capital in the support of dcmes-
tic industry, and 80...that its produce may . .



be OI the greauvest vadtue; cvely LuLyiuadad
necesse.rily labors to render the annual
_Yevemue of the soclety as great as he can.
" He generally, indeed, neither intends to
promote the public interest, nor knows how
‘" much he is promoting it.... He intends’
. only his own security; and by directing
' . that industry in such a manner as its pro-
» duce may be of greatest value, he intends
i "only his own gain, and he is in this, as in |
" many other cases, led. by an invisible
. hend to promote,an end which is no part of
. his intention." Thus Smith totelly ig-
?-L nored the poss:.bilipy of spillover costs
.- and benefits, and instead. asserted a happy
‘. harmony between priva.te and social interests,
A group of contempory economists known
. generally as the "C'Picago School" continues -
& ' the Smith tradition by utilizing any one
- or a combination of three positions:
(1) Some agsert that externalities are un-
" 4mportant.” (2) In the absence of govern- ' -
i ment regulation of any kind, and given a
.. smoothly working price system, the free

- market may mgke its own adjustment for ex- ,‘

. ternalities.” (3) iThe cost of government
" intervention to correct for externalities
- ey bg greater tha.n the cost of no correc- .
tion. ot
i+ The concensus of economists appeaxrs to be
“that in those insta.nces where net external .
“‘; economies are s:.gn:.fica.n’c, resource alloca=
tion can be improved if external costs are -
‘levied on the responsible firm in the form’
- of & special tax, and that where net ex-
ternal benefits are large, there is a ra- -
+ tional basis for & pu'blig subsidy payable
.~to the responsible firm.
‘that "external econom:.es are a cause for
.:". divergence between private profit and v
. social benefit and thus for the failure of
perfect competition to lead to an optimal
" situation.”  In his classic analysis of
. externalities, Coase concluded that the
i proper method to a.ccount for externalities - -
.'is to consider the total effect, acknow-
ledg:mg that the externahty situation
. involves a rec:.proce.l relationship. This
rela.tionsh:.p may b? illustrated in the
“‘marine enviromment., If a marine resource
d.eveloper polluteS\ the water, beach or air,
- "'he thereby inflicts harm on society and not
"upon himself. If society. prevents the de- -
veloper from polluting, then society inflicts
. harm upon the developer. Either alternative
» may reduce gross national product. By
following the Coase advice to have regard
.for the total effect, one sets up the prob-
lem in such a way that the external effects
-are encompassed in the decision-making
scructute. By this process, the net external
- costs and benefits accrue to the firm Te=

- sponsible, giving rise to the phrase .. . %

Seitovsky holds .°

Where externalities are significant,
optimum resource allocation may require
calculation of a social rate of return for

. g resource development project, and the
' estimated social rate of return will be
' different from the private rate. In this

section we will identify the prineipal -

- external costs and benefits of marine

resource recovery. Particular attention

. will be given to investments in oil pro=

duction. This is appropriate since oil :
production from the marine environment is =
of greater gross value than all other

marine mineral recovery combined from this-

* environment.

Social benefits will be considered first,.
The principal social benefit is production °
of the mineral which is recovered. In the -
absence of monopoly power oxr government

- interference with the pricing mechanism,
: social benefit corresponds precisely with
- private benefit and the social benefit is

measured by the gross value of mineral

. production. In the case of petroleum,

- however, there is massive government inter-’
-~ ference with the pricing mechanism on

.. behalf of the segment of the oil industry

:  which owns, or has existing investments in,
- crude reserves and oil production., The -

price of domestic crude delivered to East .

- . Coast markets prior to the 1969 price
_increase has been estimated at $3.25 per
.- barrel. However; it is also estimated
+~ that crude oil could be purchased in middle
.. eastern markets, transported to the U n:?ted
" States, and sold for $2.00 per barrel. ‘
", Assuming an elastic oil supply at $2.00 per.
- barrel, it follows that the opportunity "
.~ costs, and therefore the social value of
.. oil, is $2.00 per barrel, rather than
. $3.25. A private firm in estimating its
- private rate of return from e given oil - .
- venbture will quite naturally use current .
.. and anticipated future market prices, -
. However, more than one-third of this mar< .-
- . ket value is not real value to society
.. .'but rather represents a transfer from the. -
-, consumer to the owner of crude reserves, -

There are two important market inter-

... ferences producing the artificially high -
-+ price. -
- proretioning is to restrict output and -
- thereby gain a higher price for the pro- .
 ducer. The mechanism is illustrated in
. Figure 3. Hypothetical supply and demand .
" curves for oil are shown. Theegquilibrium
.- price end quantity is shown to be P, and
- g%. Those who own crude reserves would -

(1) The effect of market demand

efer a higher price for their product

" _'to a lmzer prica. . Ubilizing the power of.‘l

Y ; _,., .._,_ .-‘
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' ‘Federe.l and State Governments, some pro=

. ducers ‘are required to produce only a spec-' :

v ified percent of the MER (the maximum

' efficient rate of production) and by re-

' gtricting output from @, to @, a higher

i price, Py is generated by thé market.

" (2) The Second device for raising the price
' of o1l follows from the first.

. fprom foreign supplies.
"'.yere imposed in 1958, The mechanism

% whereby import quote.s increase the price of
" 0i1 4s shown in Figure L4, The ‘domestic

'~ demand for oil is satisfied by domestic.

" supply plus net imports. In the absence of
" any restrictions on free trade, Figure k4

. shows that at a price of $2.00 per barrel
"Il total supply would equal demand and the

- market would be in equilibrium. From the-
' point of view of the owner of crude petro-
.- leum reserves & high price is preferable
‘.- to & low price. . Clearly, if some segment .

= -of the competitive supply can be restricted,

*. the new equili’or:.um price will be higher
"~ than before. The effect of import quota.s
i'is to permit the domestic supply (SD)
*‘be augmented by res’cricted imports.

*~" shown as 8 With restricted imports,

.»<%'the new naBide price is shown at $3.25

- and is the quantity tha.t win be sup-
- plied and demanded,.

for any mvestment' must be based on the
-+7; soeial value of ‘bhe output. If the best
‘alternative source of oil available to the

> this source is a.va(lla.ble at $2.00 per
’:‘f’.';.'the social value gf oil production from.
. domestic sources.’
: ferences with the free market mechanism
.. produce a divergence between social and

- effect from this factor alone is over=

- investment in high cost oil explora.tion

-~ and production.
- A second ad;justment to the stream. of

" 4o technological externalities,
. may be of critica.l importance to deep sea
. marine minerals due to the need for a '
%, radieally new dredging technology.
-;. technological spillover benefits are wide=-
0.1y recognized as logical additions to

< “analysis of public
=~ there is little agreement as to what
. .spillover beneﬁts should be counted

‘and even less a.greement concerning the

;| methods by which fhese benefits should be:

.If domestic
- prices are raised ebove free market levels,
- then the domestic market must be insulated -

Hence import quotas -

. The
-~ domestie supply plus permitted imports is

An estimate of the social rate of return

-.U.S, market is :.mports from abroad, and if -
", barrel, then this opportunity cost becomes ' .

Thus, these two inter=
~-private rate of return estimates, and 'the"'f"
- socicl benefits may become necessary due - -
This case -
Though .

“_ other. benefits inéluded in the cost-benefit
3 investment projects, ... -

MEeASUTCA, LIl REIICLULy W liCW VELIUIVLUKY
provides external benefits in two ways: _
directly, by reducing the market price of
goods or services sold by the innovating
firm; and indirectly, by diffusion of new
ideas or "know-how" to other firms or
industries which is eventually.transmitted
into lower prices (or higher profits) for
those firms or industires., In order for
the first kind of benefit to be realized, -
" the pioneering firm must be forced by the

+ structure of the markets it faces to lower

the price of its outputs. The second

- group of benefits will occur vhenever

. patent protection is imperfect. The

- essence of technological spillovers is the

inability of the innovating firm to cap-

" ture the .total benefits of its pioneering

- activity.

Studies of technological change in var-
ious industries illustrate the dramatic

;- potential cost reduction involved in many
' new processes from the production of rayon

to the manufacture of giesel engines and
.* coal mining equipment.” As a single extra~
f ordinary example of technological improvee
ment, one study of the computer industry

" indicates that from 1946 to 1967 for a

L,

. given dollar expenditure the amount of
. computing power that can '28 purchased has ' .

almost doubled each year. In general,

. innovating firms have been able to capture
" a large enough part of the social benefits
. flowing from technological improvements

(either by means of patents or because of
the "diffusion-lag" discussed below) to
repay their original investments plus
expected profit. The question is, would

., this likely be true for marine mining and -

in particular for the deep see dredge? If

- 80, no public subsidy for its design and

- construction is necessary or economica.]_'ly

B : desirable.

The present outlook, however, confirmed

. by our recent study of the economic feasi-
.- bility of ocean mining for manganese '
© nodules, is that subsidies in excess of
$100 million may be required to compensate
" & ploneering firm for its probable capital
. losses in entering this industry.
- question then becomes whether the external
.. benefits of ocean mining are equal or

The .

‘greater than this pioneering investment

" cost,

To answer this question, we may first
estimate the possible reductions in market
prices for the several minerals contained

" . in manganese nodules and, by application

of these reductions to total consumption in

. the U,S., calculate the anmual cost savings
. to the public.

.This provides a measure of

the "consumers' surplus" enjoyed as a

- RESuLT aF. oNE NEW. TCCHA/o(,wG/
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-~ eration,

" strong.
-, be added, however, land both operate nega- .

-~ below the variable
- from the ocean, in

-, spnual subsidies.

" overs from aeros

! tory of these stu

© « Eupldying the model used in our previous-
‘ 1y cited’ study, world prices for manganese
“* and nickel might be expected to decline in
..price by about 3% while cobalt might fall

. by about 27% as a result of the increased

- supplies of these minerals made possible

" through &.single efficient ocean mining Op=~
The cost savings (in the world -
- market) resulting from these price reductions
" would total about $80 million annually,

- approximately half of these savings being

' realized in the United States (based upon

“ current levels of consumption).

.7 In general, & retihrn of $40 million

7 apnually in cost savings for society on an
" original investment of $100 million would

. appear to be sufficiently large to make

"’ the argument for a public subsidy very

Two additional considerations must

tively. First, these savings will not ac-
' erue immediately but only after a lapse of

" from ten to twenty years, thus the present

. discounted value of the annual savings is &
- far below the gross value cited above. .- -
'/, Then there remains the high level of risk
i atbached both to the original investment —
i and to markets for minerals generally in ..
"+ the 1980's and beyond. There is a possi-

- 'bility that the dredge will never operate

.. commercially. And even if it does, tech-
_.7-nological developments in the processing .-
7. of land-based mnezr'als may by that time .
. reduce the prices. of the contained minerals
cost of obtaining them
which case no ocean

.~ mining firm can sw
w3 I we assume & 5
- or both of these grounds, combined with
“%. the 10% discounting factor, the present
 value of direct bet
" reductions is reduced to between $50 and
~- $75 million, still considersbly below the
- 'required public subsidy. ‘ -
7 T4 is necessary then to ask whether

.. technological spillovers to other firms

..’ and industries, benefits which are inde-
7 pendent of those calculated as direct - .
" savings from price reductions, are suffi- :

< "cient to raise the total benefits to the
- ."level of expected costs.

These indirect
;7. spillover 'benefitsLa.re more difficult to
n" identify and to mepsure but we can obtain

" some idea of their nature and value from

e research. THe most
alytically satisfac-

3 ies was done by the

- British Ministry of Technology in respect

~ -to aviation designs developed by private

" firms under contraict to the Ministry. The’

1
P P

* " two recent major sEudies of analogous spill-:
d

. comprehensive an

ive without continuing . .

risk of fallure on one .

nefits on account of cost

AXTEeIlRl CUCUIIVILLED 44L&Vl (5T wadsliwday  wgprees
sored design research were estimated to
be approximately 10% of the cost of pro-
ducinglahe new ideas embodied in the de-

Bigns .

The second study was by the U, S. Departe
ment of Transportation as one of its com=
prehensive panel reports concerning the ~
advisability of continued federal su'pggrt
for the supersonic transport progranm.

Among the principal areas of technology .
which would be advanced by the SST proto-

. type program, according to the Report,
- were (1) aerodynamics, (2) advanced flight

- controls, (3) aircraft tires, (4) high
_ temperature structures, (5) aircraft en-

- vironmental control systems.
‘geemingly impressive list of potential

.

gines, (6) fuel tank sealants and (7) em-
Despite this

technological externalities, the Task -~ . .
Force concluded that claims for technolog-
ical fallout from the SST program were
generally unconvineing, that many of the
technologies were refinements of older

. developments already availsble, and that

others were unduly specialized. In summary,

. technological externalities were not to be
" . counted as significant in determining .
" federal policy toward the SST.

The conclusions reached in these studies

‘ “. are of value in interpreting the spill-

over benefits of the deep sea dredge.

+' First, indirect spillovers from dredge re~
", search will not likely exceed those flow-

ing from aircraft design research -- about

.. 10% of the cost of producing the new ideas.
.- And second, the federal govermment will '
. not accept as evidence of technological
. spillover benefits anything less than a

- unique and necessary cause and effect link-

S age.

We must note that there are areas of

.. technology which would be expected to bene-
S+ fit from e successful deep sea dredge con=
' struction program, including (1) hydrau-

7] 7. lic transmission systems; (2) high pressure
1.7 pumps, linkages and valves;
" strength non-corrosive alloys; (4) under-
£ 'water television and sensing devices; and -
- possibly (5) underwater vehicles, Bubt .
.’ this group of technologies is more limited
. -and specialized than that given for the:

(3) high

' SST program, and the latter group was re=-

o Jected by & prestigious govermment panel
.. a8 "generally unconvincing."

A major difficulty in evaluating the

. dmpact of technological externalities on
* other firms and industries is the. time span

separating the original research from its .
practical application., Various stages are

" 4nvolved in the process of technological
. innmtion including original conception,



S0STIACT aeslgn, moaellng in provovype,
experimenta.tion, re-design, full trial,
»original production modeling, commercial
availablllty and eventual general adoption.
-It has been shown that the length of time
: required for several major innovations to
i . spread from their origins in one campany to
" their use by other firms within the same ine
- dustry was sbout 10 ygars in the period
. since World War II, This "diffusion-lag"
- has a dual s:Lgniflcance for our present
.. problem, First, any indirect technological
+. spillover benefits ’ are not likely to be
:...realized until & decade or more after the
“ original designs are completed and thus the’
: - present value of such spillovers is much
~reduced. And second, the fact of "diffusion
- lag" gives the pioneering firm an extra-
_' +-legal .(apart from patent) measure of pro-
tect;on for its design, allowing it to
" earn additioral monopoly rents. Both of
: these con51deratn.ons tend to reinforce the
ea.rher arguments aga.:Lnsb public subsidy for
.. the deep sea dredge. j,
#» Thus, direct cost savings on major min- - -
. erals available from deep ocean mining .
might provide a significant external bene=
.- £it stream in the decade or two following
:.-original research and development of a
‘,T-ﬁdeep sea dredge. But these benefits are. _
> uncertain and long’ delayed. More uncertain -
“still are the indirect benefits of the new
'..._-.'technologies advanced by deep sea dredge
“research, Most of|these benefits are :
- extremely specialized and likely to remain
© of advantage only to the pioneering firm
-'-;j‘for an indefinite length of time following
- introduction of the new technologies, ~ °
'+ In the foregoing we have been concerned
}-.{“with estimation of|social benefits. We -
- now consider social costs. Under normal

-* conditions, most of the private costs in- - . .

7 curred by the prodncer are also social
costs. In the case of oil production, all .
; .of the private costs of exploration, de=: . .
" velopment, lifting and transporting to o
+.market, are both private and social costs, -’
v 'vhere there are no|monopoly elements in
- these factor costs, In addition, costs. : .-
: incurred by the producer in order to pre- . .
" vent envirommental pollution, and clean-up '
. costs where pollution occurs,'are both
. private and social costs. ¢ _
. However, some of the costs wh:.ch &. pro- ;
- ducer must bear are not social costs., For
-eXample, assume that oil has been dis- g
.-covered on a given|federal lease and that - -
;;ﬁprofitable production has taken place from

. -this lease, As an|oil field approaches its’

point of economic exhaustion the operator . -
‘,f will consider abandoning production. He -
: will abandon production when his.addition- .-

- production mll never be resumed.
- the present value of additional oil that

" . the social rate of return.

- indeed.

'i_.trea.t the cost as if it were zero.
. ‘estimate of the social cost is among the -

&l JCVECIIUC L VULlel UL VULl Jecuyvelcu nNo
longer exceeds his additional cost, in-

cluding royalty payments. In the absence
of royalty payments, production would be

continued as long as the additional revenue

- per barrel exceeds the additional operating
. cost,

Once a well is abandoned it will
not be reopened until there is either a .

' substantial reduction in production costs

(including the cost of reestablishing the
well) or a substantial increase in the
price of oil; and it is quite probable tha,t
Thus, °

might be recovered in the absence of a
royalty is lost to society. The royalty -
charge at this point therefore does not
reflect a real cost to society. It is
nevertheless & real cost to the producer.
In addition to private costs, vhich are

-also social costs, there may be external .

social costs., The primary category of ex-

.. ternal social costs is envirommental pollue

tion. Regarding oil production from the

. marine enviromment, environmental pollution
. may take the form of (1) scenery pollution,
- (2) water pollution, and (3) beach pollue-
" tion.

. people who have built homes overlooking

-~ the marine environment, or who admire the

Scenery pollution occurs for those

seascape as they walk or drive along the
seashore. Some people are offended by the

. appearance of drilling rigs and platforms
- on the seascape and feel a personal loss of
. value therefrom.

If scenery, water and beach pollution in-
volves real costs to society not borne by

- the developer, then optimum resource

allocation requires that these social costs

be incorporated in a total ga.lculation of . .
The methods

available to estimate these costs due to

- environmental pollution are primative,
. and are currently being refined.
-, estimate the value of scenery pollution
", by determining how much people would be

One may

willing to pay annually or on & lump sum

... basis to be free from the offending pollu-
s tanto
- may be estimated by calculating the decline

Alternatively, one element of cost

in property values adjacent to drilling

' and production operations.

Other estimation instruments may also be
developed. Nevertheless, any estimates of
the social cost will be rough approximations
However s in the past after having -
acknowledged the great difficulty of esti- -

" mating these intangible social costs there

has been a tendency to conclude that the
cost cannot be estimated and thereby to
A zZero




- losses.

- worst estimates that could possibly be
.amade, . There is a need to further refine
the analytical instruments to estimate

" 'social costs. But in the meantime an ex-

- tremely rough estimate is probably better

< than none at all. '

"7 In addition to pollution as a social cost,
- there are biological resource costs which

* may result from marine mineral production.
“* These may include fish, wild life and plant
: An estimate of the social cost re-
- quires first some knowledge of the physical
7 -demage. Obviously, estimation of the bio-
.+ logieal resource cost involves interdisci-
' plinary research, Economists can meke their
- value estimate onl;yl

. on the basis of prior
-+ blological research. R

There may also be labor and capital losses
,due to marine mineral recovery., ~For exam-

i ple, the Santa Bar‘::'ara oil spill resulted

¥ v in commercial fishi?ng boats being confined -
* to the harbor for a period of time. During
' "this time, some fishing boats were idle

- and the cost to soqiety-ta.kes the form of
-idle capital. Some fishing labor, exclud-
7' ing that labor employed in the clean-up

7. process (which is 4 social cost itself), is

- & social cost as an unemployed resource.

- Further, pleasure boats were similarly

.- 'confined to the harbor, and a social loss

. -occurred due to this unused capital. :
.7 Finally, there may be a. social cost due
.to & loss of tourism income.  However, this

. loss may be more apparent than real. Again

f._{.f-.using the example of the Santa Barbara oil
- ~spill, if it can be shown that a specified
. qumber of tourists 'a.voided the Santa -

.- Barbara area and as a consequence, a spec-.

. ified tourism expenditure was lost, it still
- does not follow that there is a social loss.
+ There would be no social loss if the tour- -
. ~ists who did not come to Santa.Barbara ‘
. instead visited another area and found

¢ available facilities there, and further

= that such tourists were indifferent between

- spending their leisure in Santa Barbara or
«-the alternative location. In this event
“the tourism services were consumed with

. equal sa:bisfaction,! hence, there would be

.. no social cost, The tourism loss is there-
> by confined to a private loss, external to

- the oil companies responsible for the oil

-*- 8pill, but nevertheless a private loss.

% On the other hand, if tourist facilities

.. were not available |in alternative locations
- end instead additional motels,’ for example,
~..were constructed to meet the new demand

" leaving idle facilities in the Santa '
- Barbara area, and er if the alterna-

"~ tive locations were clearly inferior choices,

., then redl social losses would be involved, .
“Even in the latter '8itua.t.19n, however, the

.8ocial cost is probably relatively modest, .

In the foregoing analysis of social costs
we have made reference to a particular

" instence and to costs in an ex-post sense,

' that is after the fact.

If social costs
are internalized in such a manner that they
will affect future decision making, then

', estimates of social costs derived from such

incidents as the Santa Barbara oil spill,
first mustbe restated in terms of a proba=~
bility and a value of such social cost,
end second must be allocated to a given
lease, Vhen this is done the ex-ante
(vefore the fact) cost to be internalized

- is likely to be a relatively minor amount,
'We can show this additional cost in terms
" of Figure 1 by making a slight addition

to the bars representing estimated opera-

ting cost for a given investment.

For oil investments the major adjustment
resulting from calculation of a social

- rate of return is likely to occur in a re-

statement of expected benefits. Again,

* Figure 1 may be used to reflect this adjust-

. ment, The estimated time stream of revenues

.'would be adjusted dovnward to eliminate the
- fictitious values created through govern=- .
‘ment interference with the price mechanism,

segments of the oil industry.

such interference occurring on behalf of -
If the pri- -

vate estimates contain a fictitious value

" equal to slightly more than one-third of

the current market wvalue, then the time
stream of anticipated revenues would be

. reduced by slightly more than one-third.

. Thus, it is probable that in the case of
- 0il production the excess of anticipated
“ benefits over costs would be substantially

reduced. When these values are discounted
to the present the probable effect is
first, bonuses bid to the Federal Govern-
ment for oil leases would have been sub-

© stantially reduced and second, for the oil
. leases sold in the Santa Barbara channel
it is probably true that most leases

“would have had a negative value,

That is,

- potential buyers would have concluded that
- the leases offered were worthless and no

.. bids would heve been submitted.

CONCIUSION

If a free enterprise system is to prodncé

: an -optimum allocation of resources as re-

quired for a high standard of living, op- .

+timumn national security, and other goals

dependent upon & high efficient economy,-
then it follows that external costs and

- benefits must be internalized and that wi-

Justified interferences with the system of.
competitively determined market prices

- should be eliminsteds Where uncompensated
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fail to reflect competitive forces, private

- enterprisé in meking crrbical investment
decisions wastes resources either in over or -
under development. One means whereby net
external costs may 'be‘ internalized is to

levy a tax on the offending industry equal .

to the reduction in total benefit resulting
“from the total operation. In instances

vhere net external benefits acerue we have a -
orima facie case for b. public subsidy equal

to the amou g of the net benefit accruing

to soc:.ety. Only where monopolistic and
unjustified governmenpa.l interference with the
price system is absent, and where externalitles
are either absent or correctly internalized,
will we achieve. the ha.ppy harmony between
‘private and social interests which Adam Smith
described in his doctfine of the invisi'ble
ha.n&. : :

Smith, Adem, The Wealth of Netions, New -
. Yorks: The Mode&'n Libraxy, p. ll23. ‘

Freedme.n, Milton,LCa.pn.ta.llsm and Freedom, '
Chicago University of Ch:i.cago P:.'ess >

g 19620

Coase, R. H., "The Problem of Social COB'I: "
Jour, of Law and Econ., Oc‘b. 2.960, 3,

. -

_f'~= Ibi.d.o, Pp. 16"'18

'.5 On a more technical level, fu.ll Pa.reto

< equilibrium ¢ ot be reached by

unilaterally osing a tax on an

v offending firm [in the case of an external

~cost and providing a subsidy in the case
of an external benefit. Full Pareto '

equilibrium m&tead. requires bilateral

> baxes and subs:.(dies covering both parties
in each exte ty situation. In the

- marine develomen‘b environment many

- persons are inv‘olved as the "affected

.party." Due to incomparability of

T utility functions, a double tax-subsidy

' solution that attan.ns full Pareto

~equilibrium is ;a pra.ct:.cal impossibility

For a full sis of this problem see -

- Jemes M. Bu an and Wm, Craig Stubble-
. bfine, "E:d:ernahty," Economica, N. S.

~ Nov, 1962, 29, |371-381+_"'_'" .

6 Scitcvslqr, Ti'bor‘ "Tyo - Concepts of Exberna.l
Economes 5" Joﬁr of Pol, Econ., Apr.
19514 62, p. 143.

7 Mead, Walter J. ,irestimony before the
Sl Committee on the Judiciary ‘Subconmittee
;on Antitrust and. Monopoly, 9151; COngresa,

“wyention in the Ma.rket Mecha.msm, Part 1,
pp. T7-102,

The case for government interference on
. behalf of the oil industry (at the
. expense of all consumers) has been made -
.. on the national security argument. This
RPN a.rgument is commonly the basis for
. rationalizing a claim for government
subsidies, whether in the indirect form
- of tariffs and quotas, or more direct
subsidies, Only very recently have we
asked whether the benefits are equal to
the costs, or if there is a less expensi
~ alternative means of meeting national
. security requirements., .

9.

8.

A

Sorensen, Philip, and Mead, Walter J., "A
"Cost-Benefit Analysis of Ocean Mineral
Resource Development: The Case of
'+ Manganese Nodules,"

Amer, Jour'. of Ag. -
Econ., Dec. 1968, 50, 1618-13. )

Knight, Kenneth E., "An Application of
Technological Forecasting to the
- Computer Industry," Graduate School.-
of Business, University of Texas at’
"Austin, 1968,

10,

- Zﬂaese calculations assume unitary elastici*
~  of demand for the relevant minerals, No
.. change is assumed to occur in the world
- price of copper, the fourth contained:
‘ ‘mineral. For details see Sorensen
".‘ and Mead, 920 g_jitio, Pe 16170

Needham, D., "Technological Spillover

. Benefits from Defense Research and '
Development Activities,” British Ministm
of Technology, Aug. 1, 1968,

U. S. Department of Transportation, "Task
. -Force Report on Technological Fallout,"

Mansfield, Edwin, "Diffusion of Technical
"~ .Change," in Review of Dats on Research
.., and Development, National Science
Foundation, October 1961.

1k,

15, - This argument assumes that, since a large
. . number of people are involved in bearing
" the external cost of pollution, the cost

.. of market transactions would be too great

: to permit a market adjustment which would
‘produce optimm resource allocation. See

Coase, op. cit. p:p. 5-19.
| _See footnote No. 5. ‘
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](-‘;) folldwing the woi'ding of the 1058 Geneva Convention on the Conti-

“nental Shelf, “beyond that limit, to where the depth of the superadjacent
- waters admits of the exploitation of the natural resources of the said
;. areas.” Thus, all areas outside the 200-meter countour are at least poten-
tial mining sites if U.S. firms arc able to demonstrate an operable produc-
- tion system. ‘ T I : e
- ——The-elosest-known-manganese-iron oxide reserves lic-at-depths-of 350 —— —
to 1,000 meters on the Blake Plateau off the southeastern coast of the
United States, an area of about 1,800 square miles. These reserves, esti-
‘mated to total 1.45 billion tons, contain 20.5 percent MN,0,, 15.8 percent
.. Fe;0,, 0.43 percent nickel, 0.3 percent cobalt, and 0.13 percent copper
: [10, p. 49]. All of these concentrations compare unfavorably in ore grade ..
.. with available land deposits or with Pacific Ocean nodules. Reserves of . -
‘manganese nodules in the Pacific have been estimated to be as great as -
.1.7 trillion tons [12, p. 175]. Their average composition is estimated to be
:~ 24.2 percent manganese, 14.0 percent iron, 1.0 percent nickel, 0.35 percent
“ cobalt, and 0.53 percent copper [12, p. 180]. The enrichment of the no- ..
;. dules with trace minerals is a function of depth, however, and those de-

~ posits of economic importance may be expected to lie at depths of from . '
7. . 12,000 to 18,000 feet. - : : e

Suppl):' z;nd Demand Conditions

- The recovery and processing of manganese nodules will result in signif-
*.' icant output of manganese ore, cobalt, nickel, and copper. The principal
- - use of manganese is in steel production to counteract the effect of sulphur
< and to impart various qualities of strength and hardness. Known world re-
. serves (about 2 billion tons) are large relative to annual consumption of
16 million tons. Since 1964, the price of manganese ore has doubled from
"~ $30 to about $60 per ton in recent quotations. Since the demand for the
" ore is derived from the demand for steel, and since “there is no satisfactory
. substitute for manganese in the major metallurgical uses and manganese
* " " as a metal has no uses of its own” [5, p. 570], the demand should be highly
"3 inelastie, ' . R
... Cobalt has a wide application in the making of high-strength steel al-
- loys. World production averages about 15,000 tons per year, one-third of
. ... which is consumed in the United States. Known reserves are over 3 mil-
" lion tons. Prices have trended downward from $2.60 per pound in 1955 to
- $1.87 in 1967, Although its own price elasticity of demand may be close to
- one, the fact that its uses substantially overlap those of nickel means that
.~ any joint decline in prices following manganese nodule recovery would
";" result in a smaller increment in quantity demanded for either mineral =~
-~ " than that estimated by the conventional formula, . R
7. - Principal uses of nickel are jn stainless steel, nickel platings, nickel al-
) . ) Vi : - e
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A Cosf;ﬁeneﬁt Analysis of Ocean .Miﬁeral_ L
 Resource Devclopment: The Case of

- ' Manganese Nodules

R ) PmupE SORENSEN AND WALTER ]J. MEAD®

I Necent y’e‘aré,“b‘oth popl;iar magazines and scholarly journals have, in

- " ] increasing numbers, heralded the imminent opening up of the “inex-
- haustible treasures of the oceans,” leading some investment advisory ser-

" vices to conclude that ocean mining will be “the growth industry of the
1970s.” At the same time, committees of the United Nations are studying |
the implications of ocean mineral exploitation for the underdeveloped na-.

, tions, fearing the impending loss of major export sales and hoping to ar-

. rive at a "law of the sea” which protects these nations’ presumed “natural
" right” to a basic inheritance of mankind. Is this optimism justified? And
.. are there externalities connected with these developments of sufficient
- - value that a case can be made for government inducements to growth?

The present paper attempts to answer these questions by applying
. cost-benefit analysis to the most promising untapped ocean mineral re-

4" source, manganese nodules.

_ ‘The Present Status of Marine Mineral Recovery

. Although the oceans and the lands beneath them are potentiai sources
..". of all minerals, only oil, natural gas, and sulphur are presently being pro-
" duced in significant quantity. All other presently exploited ocean minerals,

" including tin, diamonds, sand, gravel, magnesium, bromine, and gold, rep-
" resent less than 30 percent of the total value of mineral resources recov-
ered from the ocean in 1964, estimated to be about $3 billion, one-third of

_ this amount being attributed to U.S. production [6, p. 23]. At present the
" most important potential ocean mineral resources are phosphorite, a

" high-grade fertilizer available in great quantities on the contineatal
. shelves, and manganese nodules, porous, spherical concretions containing

;" varying quantities of nickel, cobalt, and copper, which are widely distrib-

uted on the sea floor. _
The relévant geographical areas from which a manganese nodule in- O

.ventory is legally available for the United States are (1) the territorial G

waters over which states have jurisdiction, (2) the outer continental she
beyond the boundaries of state jurisdiction to a depth of 200 meters, and

® Wo are engaged in a general study of the economics of ocean mineral resource
" development. We gratefully acknowledge the rescarch support of the John Randolph

... . Haynes and Dora Haynes Foundation.

. Prmae E. SORENSEN {s assistant professor of cconomics and WALTER J. Meap is
. professor of economics, both at the Univcrsity of California, Santa Barbara.

.



. pared to the total investment required.

0 Dredging - C T e
. There are no_presently operative-deep-water dredges; there are; in-
. decd, no final enginecring designs for such dredges, despite the profusion
. of fantasy models illustrated in various publications. As noted earlier,
”.- those manganese nodules of economic interest lie at depths of from 12,000
i~ 7 %0 18,000 fect. To bring up materials from such depths will require a new
~ “hydraulic dredge capable of withstanding tremendous pressures, both
- from occan depths and within the water column supplying the pressure

minerals recovered from gross tonnage processed, a revenue estimate will
be derived. The present value of the expected revenues will then be com-.

0% differential, At the same time, the dredge line must be reasonably flexible,

:, able to withstand current changes and adjust to the varying topography
* of the ocean floor#Despite attempts by promoters of ocean mining to ex-
plain away these difliculties, it appears that the deep-water. dredge will

‘require an order of creative engincering to date unknown in world min-
ing. Attesting to the limits of present technology, a recent survey of avail-

able undersea mining equipment noted that suction dredges operate at

| ,.}"..; < depths of from 30 to 90 fect “but are being built to operate at depths up
~ © to 250 feet” [17, p. 112]. The adjustment of production techniques re-

‘2, quired to move to 18,000 foot depths.is clearly not a simple, continuous
o function; it is a technological challenge of an entirely different order. '

What will it cost to develop and produce a practical deep-sca dredge?

v Some experts confess that they don't believe such an engineering feat is

-yt

% within the financial capacity of any private firm; some say that a deep-wa-

~ter dredge simply won’t operate.’. Engineers at the Bureau of Mines ex-

. press the belief that such a dredge could cost as much as $150 million.?

‘When this figure was put to a managing engincer for one of the world’s
largest dredge manufacturers, he ‘agreed to it only as a minimum esti-
mate.® Further evidence of the magnitude of the required investment was

. given by a speaker at a rccent oceanography conference, who used the
.. figure $200 million as the amount a major mining firm has “agreed to
~++ commit” over the next decade in research, prototype construction, and

final system construction for manganese nodule recovery and processing.*

.

.77 "They belicve that the nodules will lodge in the joints of a flexible system—that only ‘
" .+, avertical dredging colunin is cagable of gencrating the required lift, and that a “tcle-
) lcoplng" vertical column cannot

¢ built to operate in this cnvironment.

* "7~ . SConversation with M. J. Cruickshank, Marinc Mincrals Techunology Center, Tiburon,

California, June 6, 1968,

C o4 -lcoagvcrsation with K. W. Possclt, Standard Dredging, Inc,, New York City, June R
C. v 94,1908, S o

* A confidential confirmation of s figure was given us by a consultant to the proj-

tion, and pfdccssipg. These systcms will be dégmibéél.;ﬁd ébéf.éstiﬁlz{tés-
- for them given separately. On the basis of the estimated proportions of
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| l;'ys," and 'st(ecllcastings. World reserves are i)!cnﬁful and widely distrib-

uted, totaling 70 million tons as compared to annual consumption’ .Of L
400,000 tons, 45 percent of which is U.S. consumption. v
Despite adequate reserves, he rapid growth in world dcr{xand for .
nickel since 1964 has resulted in shortages which have pushed prices from
about 70¢ per pound in the decade before 1963 to 94¢ in 1968. A tight sup-
ply situation is expected to continue through 1970, but major new produc-

uing substitution of other metals for nickel in stainless steel, contribute to - )
an expectation of stable or falling nickel prices after 1970. ]
Copper’s major use is in the transmission of electricity, other uses being

i plumbing, automobile and home appliance manufacturing, and decorative

and architectural applications. World copper production is expe:cted to
reach almost 7 million tons in 1968, of which the United States will con-
sume some 30 percent. Estimated reserves of copper (270 .million tons)
are adcquate, even in relation to the increased consumption leve.ls ex-
pected in the next decades. The combination of a prolonged labor dispute
in the United States and high military demand have caused extraordinary
recent price increases for copper in free metal marlfets of the world. The
present copper price (42¢) is not expected to persist beyond early 1969,
however, because of excess stocks of copper scrap and loss of some part of

the copper market to aluminum and plastics as a result of the strik?.
|, Technological advances in copper mining and processing have made it

possible to mine ores containing as little as 0.3 percent copper in .the
United States, as compared to the 2-percent figure regarded as marginal

- fifty years ago [7, p. 62]. All these factors point to long-run stability in .

. copper prices. .
B Private Costs and Revenues
In attempting to estimate the private costs and revenues which may be

. expected in exploiting manganese nodules as a resource, & massive infor-

mation gap is immediately encountered. At almost every l.evel of the pro-
duction system, new and unknown processes must be apphed,,whose cos.ts

~ and operating characteristics can only be speculated upon. What follow ;i

. then, is not a listing of known engincering and construction costs for all
parts of the system but instead the best available estimates, based upon
history and analogy, drawn tpon by government agencies and private

"t frms and synthesized by the present writers, Where conflicts of opinion

B ’

exist, we have generally sought to use conservative figures for c?st.s.at l;dl B
-stages in the total system and have likewise al?phcd a conscrvative hy-

- pothesis concerning demand functions in estimating revenues. .

~ " Ignoring cxploration costs, there are three connected produchon sys-
tems involved in manganeso nodule cxploitation: dredging, transporta- N

s , . e .
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from the (expected) location of the processing plant (near Los Angeles).
..+~ ".'The speed of these vessels ranges between 9 and 11 knots. We therefore
.- . conclude that a flect of 18 barges and 16 tugs will be required to com-
... plete the 180 round trips associated with one year’s operation. A port fa-
~-. cility with specially designed off-loading equipment will also be required,

. the cost of such a facility being about $5 million, with an annual cost for

" an investment of $15 million and annual operating costs of about $10.5
. mimon' K ’ . o i e . S

. Processing B I

energics of a number of outstanding chemists and geologists have been

-1 geochemical properties. There is no way adequately to summarize the dif-
.. Bculties of extracting trace minerals from manganese nodiiles without en--
- tering into some discussion of complex chemical and mineralogical rela-
T tionships such as oxide phases, lattice structure, and chemical reaction
o : functions. It may be concluded, however, that the difficultics of selective
- leaching are such that no immediate or simple process of obtaining large
;. proportions of the contained trace minerals from manganese nodules is

*. monly suggested process of extraction (using an acid leach) are described

+, 1ing process has several apparent drawbacks: the dissolution of copper and
- nickel from the nodules takes an extraordinary length of time, requires an
- unacceptable quantity of acid as an input, and results in high cobalt dis-

;. solution only where the iron content of the nodule is low, (less than 5 per-

.- cent). The later separation of the cobalt from the nickel in solution, while
" theoretically possible, appears to be both difficult and expénsive. Present
.~ Indications are that technical and economic factors rule out acid leaching,
- direct smelting, sulphur dioxide leaching, and other direct reduction
methods. A rccent intensive study concluded that the most effective ex-
- . tractive method involves a reductive roast-ammonium carbonate leach
- process.® U§ing this process, the maximum percentages of contained min-
.. erals extracted (depending upon the presence of oxygen) were 75 percent
~ . Mn, 78 pereent Fe, 85 percent Co; 90 percent Ni, and 10 percent Cu [15,

- *The study [15] “was made at the Burenu of Mines Metallurgy Rescare) '
Salt Lako City. Fucther conclusions of the study have been rclmw;lc(?tc: ::sl b(;o?tt? Il:.‘
- Schack, director of this research. )

if:" labor, maintenance, and power required for off-loading of about $1 mil- o A
. lion Summing up; the transportation of manganiesé nodules will Tequire |

devoted in recent years to unraveling the mysteries of their origin and

- now known or anticipated. Functional characteristics of the most com- ,

- in detail by Hoover [8, pp. 20-64]. Despite his optimism, the acid leach-

" p. 2].*° The capital cost of a proctssing plant capable of handling 5,000 .

Manganese nodules are a true mineralogical fhenemehee; and thebest

R
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- {."We’ believe it reesox;able io eoncleae that tbe'ca'pital cost of the dcci)-wa-: .

ter dredge required to recover 5,000 tons of nodules (net dry weight) per

e day (averaged over 360 days, on the hypothesis of 250 working days per

year and 18 hours per working day of operations)® will be $150 million.®
In the absence of design specifications for the deep-sea dredge, operat-
ing costs can only be roughly estimated. Welling and Cruickshank note
that large conventional dredges already require over 10,000 horsepower
‘117, p. 113]. We assume that the proposed system, with greater pressure
requirements, using an underwater vehicle and possibly carrying a televi-

+." sion camera on the ocean floor, would require a minimum of 15,000 horse-

_power. The power costs alone would then be in the neighborhood of $1.5
" million per year (at 2¢ per operating horsepower hour). Conservatively
-~ estimated, additional costs of $7.5 million in operation and maintenance
and $7.5 million in insurance’ would bring the yearly operating costs of

| the dredge alone to $16.5 million. ‘ .

Transportation® .

Wo have employcd even Jarger recovery percentages in our revenue estimates, ac-

A . .

— e veme - ears o 48 e coe

Transport of manganese nodules will require an almost continuous -

' movement of ore-carrying barges from the point of recovery to processing

i plants in the United States. The costs of operating this flect can be more
* accurately estimated than were dredging costs, though the optimum ship
design for this purpose is still unknown, Consideration of a number of al-
ternatives has-led us to conclude that the least-cost method of transport
for nodules would be a system of barges, pulled by ocean-going tugs, and
moving in a continuous cycle to and from the recovery site. Construction
- costs for the required barge (having an ore-carrying capacity of 10,000
. short tons) is about $550,000. Annual maintenance costs of about 5 per-
cent of original cost and insurance costs of 2.5 percent of insured risk per
'~ year could be anticipated. Ocean-going tugs of the type required may be
chartered at $1500 per day, which we regard as a competitive exemplifi-
cation of the total operating cost of such a vesscl. The original mining
sites are cxpected to lie in the South Pacific, some 4,000 nautical miles

_ ect. He agrees with us that only a small part of this amount will be spent unless some
major change in conditions of demand ot supﬁly takes place.
Gross tonnage dredged would be much higher; water, sand, and silt would be
screened ont on the recciving barge. Cf. Webb [16, c}: 12}, who reports an avemge
t gross dredging rate of 2,340 tons per working day at depths of from 33 to 100 foct in
i sen diamond mining. ‘ . .
* Mecro estimates the cost at $7.2 million [12, p. 270]; Brooks uscs a figure of $100
million, including processing facilities [4.

L LA

i~ . "Transport lmrt'cs of the type n‘quirng for the system carry a rate of about 2.5 per-

! cent of-insured risk per year. Prototype undersca vehicles carry nutes of 25 percent and

higher, if fnsurance is available, (Communication from Royal Globe Insurance Com-

i - pany.) ‘
*This scction was written with the assistance of J. R, Paulling, Professor of Naval

Architecture, University of C:}El‘omi:\. nfrkg%)'.
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tons of r'natigz'mcs'é; nodules per day is estimated ( in this same study) to

‘be $50 million. Tlie estimated variable cost of processing nodules using

this system is $30 per ton, although the figure could fall as low as $25 per
ton in the future, as we have assumed in the cost calculations below.?
Employing ‘the accepted estimate of the average proportions of con-
tained mincrals,!? a plant processing 5,000 tons of mangancse nodules
daily (or 1,800,000 tons yearly) and recovering maximum percentages of

“the contained minerals would recover 585,000 tons of manganese-iron ore,

17,100 tons of nickel, 5,760 tons of cobalt, and 1,908 tons of copper.

If the present prices of these minerals are used as estimates of future -

prices, the annual gross revenue generated by the system is about $90 mil-
lion. Yearly operating costs (combining the estimates developed above for
the three phases of the system) total $72 million. Discounted at 6 percent,
the present value of net operating revenue is about $99 million, as com-
pared to a capital cost (discounted to allow for a five-year development
_period) of $175 million.?® . - I L Y
- When account is taken of the expected change in prices brought about
by the increased supplics made available, the outlook is blacker still. In
Table 1, current world production of the relevant minerals is compared
with incremental outputs, and the proportions are then used to predict
the percentage decline in market price which would occur if price elasti-

cities of demand are assumed to be unitary, for all outputs. -

At these more realistic price levels, total revenue would fall to about

counting for possible increases in efficiency: 85 percent for Mn and Fe, 80 percent for h

Co, 95 percent for Ni, and 20 percent for Cu. S
3 This is also the figure used by Mero [12, p. 272]. :
® For example, 24.2
and 0.53 percent Cu [12, p. 180].
® An appendix giving details of these
upon request. - )

Table 1. Expected change in priceé of minerals as a result of increased
- supplies from marine rccovery of manganese nodules

percent Mn, 14.0 percent Fe, 0.99 percent Ni, 0.85 percent Co, -'

calculations fs available from the authors N i

| » ' . . P p l:grce.ntage '
L ) Presént world Increase in k erccnta_ge ccline in price,
.. Mineral increase in  [assuming unitary
S output ‘Wm'ld output output elasticity of
) o demand*
L eecesesthousand tons....cceufceneens ceeoporCont.......... .
Mangancse ore 18,000 585.00 3.25 3.13 .
Nickel . 450 17.10 3.80 3.67
Cobalt 15 5.67 37.80 27.43
Copper 7,000 1.90 Negligible Negligible

. ®The actual clasticitics, we belicve, would be lower; the assumption

elastitity is made for purposes of comparison only.

L « ™

of unitary

.

e
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$81.8 million, the present discounted value of net revenue ( at 6 p.erccrnl‘t)}~ '
17,5 falls to $53 million, and the prospective capital loss becomes $122 million,
“[:- 27>+ At any higher rate of discount (which would approximate the degree of
- risk involved), the loss would obviously be greater still. .
. L ¢ . " .

R Social Costs and Denefits _
.+ _ Given this dismal outlook for profits in mining manganese nodules, why |
- docs the prospect continue to excite interest among a number of major’
» American firms? We believe that there are two explanations. First, mining
.. companies must, for defensive reasons, engage in sufficient individual re-
.- search to assure themselves full knowledge of the economic potential of
.. marine minerals which could eventually destroy their present markets [13,
- p- 182]. And second, it is widely belicved that the United States (or even
.- some foreign governments) may, in the near future, be willing to under-
.. write all or most of the basic exploration and prototype construction re- .
... quired for marine mining. Many firms are willing to enter the field under
- these circumstances and are presently preparing their credentials.
/. The likelihood of federal assistance to undersea mining in the explicit
;- - form now hoped for depends upon a number of political or international
- exigencies, but from a purely economic point of view should be based
*" solely upon an evaluation of the social rate of return which might be ex-
_ pected on the investment involved. In a recent study [11, pp. 11-14], we
~ have attempted to identify and give some order of magnitude to the
- major external costs and benefits associated with marine mining generally.
. For the specific case of manganese nodules, the principal external cost is
== likely to be associated with disposal of detrital materials in the ore benefi-
" ciation process at sea, which could have a major effect on the ecology of
- the area. The great distance of anticipated mining sites from inhabited
.. areas obviates the additional forms of environmental pollution which
- would be observed in near-shore-mining. Problems of disposal of wastes
- from processing plants on land and navigational hazards attributable to
~ the mining and transport of the nodules are not unique to this industry,
.. and recreation site destruction is unlikely so long as processing facilities
" are located in industrial arcas. Thus, cxternal costs peculiar to the con-
+” templated system appear to be negligible. L

sare
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==+ ‘There are, however, some significant external benefits: (1) pure re-
" search bencfits flowing from cuhanced knowledge of the ocean floor, (2)
. national defensc benefits connected with increased engincering capability
- in the underwater environment and improved knowledge of undersea ge-
ology, and (3) technological spillovers, alfecting follower firms in the .
same industry as well as firms in other industries. 5 -
_ The most important of the listed benefits is likely to be technological
~ - spillover effects. A new indlustey, dmploying radically dilferent or con;p!cx
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.f"_.:t‘c.:clilhdiég&,'fvlvill experience a fall in 'pfoﬂuéifox{ costs as it matures, both ..

- through physical improvements in the capital used and through greater

. -understanding of the production process. For example, the deflated cost R

* of producing rayon declined from about $1.15 per pound in 1930 to $0.58
in 1940 and to $0.38 in 1950 {11, p. 14]. The cost of sea water desalina-
tion by various methods declined from an estimated $10 per 1,000 gallons
- in 1960 to $1.15 in 1963, $0.80 in 1965, and $0.50 in 1968 [14, pp. 1, 16].
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tem-technological spillovers to other industries, pure fesearch benefits,
and national defense bencfits; but these values would not, in our opinios,
equal the present cost to society of the investment required. We conclude

* that there is not, at the present time, a sufficient prospect of private or .
_.. public reward for any major investment in manganese nodule exploitation

.+ to be economically justifiable. Continucd defensive mancuvering by inter-
- ested firms and widespread publicity which even now threatens ocean

. -Nuclear_power_generating costs_have similarly declined from_about 50
mills per kwh in 1938, to 6.2 mills in 1962, and to 4.4 mills in 1964, a cost
*: improvement for-the most part attributable to the construction of larger

- generating units [2, p. 20; 3, p. 21]. Cost reductions flowing from rapidly .
. changing technology are distinct from and in addition to what has been
. called the “learning curve,” a reflection of increased operating efficiencics
. as workers accumulate experience in handling a new process in the con-
_text of a nearly constant technology (1, p. 87]. ; _
.. Some increase in the efficiency of transporting and processing man-

- ganese nodules attributable to both of these catses may be expected (and
. for the processing phasc are allowed for in the cost estimates given -
-~ above), but any dramatjc improvements will likely occur in the manufac-

- ture and operation of the decp-water dredge. Second-generation dredges,

_ engineered in the light of experience gained by the pioneering firm, may
produce much higher recovery levels. It is impossible for such benefits to
be completcly intemalized by patent protection, for neither knowledge
- diffusion nor imitative art can long be controlled. So it will pay to wait, to
be the second or third firm in the industry. And, in time, firms in other
industries which now use conventional dredges will similarly enjoy the ben-
 efits of a perfected technology for whose development they have not paid.
" Thus the question is posed: Are the external benefits of deep-water

. mining suflicicnt that a reasonable case can be made for direct federal as-

_ sistance? Fhe analysis in our section on the ‘present statis of marine min-
-.- eral recovery indicates that, under optimistic assumptions concerning de-
- mand elasticitics and discount rates on expected net revenues, a man-

. ganese nodule mining system would, at present, result in massive capital
losses. Furthermore, we see little cause for optimism that the prospect for
- profitability will improve in the next decade. The existence of large, un-
tapped land-bascd reserves of all the contained minerals, together with
continuing improvements in the technology of extraction and processing,
make it unlikely that conditions of supply will force general price in-
creascs. Any revolutionary breakthrough in techniques of processing man-
* ganese nodules would immediately open up vast new reserves of low-
- grade ores on land, obviating the need for ocean mining. And there is no.

_rcason to assume that the estimated pioncering costs of a decp-water

* dredging system will fall in the (uture. S
It is diflicult to place values on the major external benefits of the sys-

-
. .

- - of cold, ccono;nic logic.

Loele

mining with “promotional overkill” should not distract us from recognition
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. N NEW BOCNOMIC APPRAISAL OF MARINE PHOSPHORITE DEPOSITS

oy CEF THE COAST / R
- B o Philip B. Soremsen and Walter J, Mead* S
: Department of Econamics ;
Univorsity of California, Santa Barbara :

phosphorite lies open to exploitation off the coast of California is .
seriously disputed in this paper. Analysis of (1) the limited market for
phosphates on the West Coast; (2) the ocosts of mining, beneficiating and

.. transporting marine phosphorite; (3) the massive size of competitive land-
- based reserves and production capacities; and (4) the absence of any net

social benefit connected with phosphorite mining which might justify

... foderal subsidization of initial ventures in the area leads us to concluds
. that the off-shore California phosphorite deposits will not be economic .
" tomine in the foresceabls future. .

This paper will attempt to estimate the present and potential econanic
" significance of the marine phosphorite deposits lying off the coast of

. Southern California. For reasons that will be made clear in what follows, ° -
. wa have not made any detailed investigation of other marine phosphorite
.+ sites, such as the contipental shelf areas off Florida, Baja California
- or Australia, although these areas are known to be potential sources of
marine phosphorite from geological surveys. We believe that technological
and economic factors poipt to non-U.S. sites as having the greatest imme-
diate economic potential, Until these foreign sources come into producticon
. and yield positive econcmic results, the Southemn California sites must
" be considered sub-marginal given the present structure of markets and com= .
% . peting sources. We recognize that the immediate availability of marine

- phosphorite deposits so near to California markets has stimilated consid= .
- erable interest in their profit potential, Our paper will evaluate the Ct
: . findings of other investigators and will present a new set of conclusions .
-~ based upmn both private and social costs and revenues (or benefits)., ’

- ‘Ihe widely accepted estimate given by Bwery (8, p. 319] that same one

-+;+ billion. tons of phosphorite is deposited off the coast of Southern Calif- ..
-.. cmia explains the interest in mining this resource. The most attractive
'~ deposits are those located at reascnably acoessible depths (up to 1000
=~ feat) and in required concentrations (a minims of five pounds per square
v foot). It has been assumed that these marine phosphorite deposits might
- ba compatitive with present sources in Plorida, Idaho, Wyoming and Utah.
‘- Whether or not they are econamically feasible to mine depends upon five .
considarationg: . :

. (1) The size of the market open for penatration and the -
" expected market price.
(2) The technical cost of dredging, beneficiating and o
. transporting marine phosphorite. st
(3) The risk premium required in offshore operations. S
(4) The in situ rescurca cost; i.e., the policy of state e
and federal govermments in respect to lease arrangements.
(5) The likelihood of any tax subsidies from state or
federal governments. - :

"naauﬂnrsmc‘mnuquagedinaqemraléuﬂyofﬂ\eemgoi
: ocaan mineral resource development. Research support provided by the
B m.mmmmmmmmmmmMymm_ 3




" The current demand for phosphate rock in Califormia is variously estimated
- at from 350,000 to 450,000 tons annually. Adopting 500,000 tons as an
-. optimistic figure and compounding at the predicted market growth rate of
6% per year, the total demand for phosphate rock in California will double
by 1980 and reach 3 million tons annually by the end of the century. But
. even this dramatic growth will present a minor challenge to present
suppliers. The estimated reserves of plmphahe rock in the United States
exceed 7 billion tons; “potential reserves” inferred from geological data,
are aumated at an additional 49 billion tons in the U.S, alone (15,
_p._704].1 One calculation has_shown that, assuming a rate of population

‘uuuld be sn.ss (14. p. 1], mach closer ho !‘bzo s estimm of tha costs
- of reoovering

. _the cost pro,
dredges

Ey . calculated.
. dredge alone would be $200,000.

manganese nodules at 1000 foot depths also using a drag
dredge (between $11.50 and $12.10 per ton) (19, p. 257}. Translating
jections given by Davis and McKay {7, p. 691 for bucket line
operating at 200 foot depths and recovering 100 cubic yards (75

+. short tons) of materials per hour (or 1200 short tons per operating day,
- vhich could be then beneficiated to yield about 600 tons per day of nocdules)
" we deduce that the capital costs of the required dredge would be approxi-

mately $8,000,000; the direct cost per short ton of materials dredged
would be $1.00 (or $2.00 per ton of nodules). Maintenance costs of the
dredge are included in direct oosts, though no obsolescence factor is
the minirmum rates of marine insurance are applicable
(2.5 percent of insured risk pegyear), amual insurance costs for the

A minimum opportunity cost for the

growth equal to past trends (7.4 billion world population in the year 2000)

and projecting present rates of increase in phosphate rock consumption to

that date, aggregate world consunption of phosphate rock, from 1966

. “through 2000 A.D., will equal only 7.6 billion tons (12, p. 60]. By no

stretch of the imagination can marine phosphorite be considered a strabeglc

- reserve mnnndi.ty. . :

* California presently imports all its phosphate rock from Florida and the

-’ Western states. Should phosphorite become available from offshore sites,

“ it would not camplately displace these current sources, even if lower

pxices were offered, ﬁorﬂnteasmﬂxatamajorshareotﬂreiuporﬁed

- rock is processed by firms either vertically integrated to the mines or

" tied to Florida producers by long-term contracts. Earlier studies of the

market for California rite have stressed the potential for

to Japan and the South Pacific [25, pp. 160-167]. These (currently

about 2.5 million tons per year to Japan and Asia) would be an attractive

. incentive to potential investors if delivered prices from Florida could

. be undercut. Nevertheless, the long-nm outlook for these export sales

- .. canmot be considered bright, we believe, because whatever improvements and
: mmtimmofmrkh;gomductimsysbemocnmmoperatimsoff the

" Southern California coast must surely be transferable to the equally rich

. resource sites off the masts of Australia or India, and these sources

will then undersell California producers through savings in transport costs

- alone, ignoring other possible savings. The long-run prospect, then, is

" that California rite can command only a portion of the limited West

Opast market, sharing that market with fert.u:lzer and chemical processors

. vhosa captive mines :ln Florida will, in all likelihood, continue to operate.

* QOSTS OF PRODUCTION

. . There are widely diverse estimates of the cast of dredging marine phosphorite,
-, Mero's 1960 estimate of $4.50 per ton [20, p. 53] has encaurageg great
" interest interest in the econamic potential of these resources.“ Hess,
for example, has adopted Mero's prediction.[13, p. 88]. Overall's recent
. study [22, p. 62) adopts Mero's $4.50 figure-for mining costs as a working
hypothesis, concluding that the indicated spread between this figure and
a maximr permissible figure for "mining, washing, and grinding
costs” of $8.26 leaves open the possibility of a profitable California
- operation inwlving exports to Japan. Estimating on the basis of 600 foot
dtedgingdepﬂls Isaxdandd‘ng\dllconchﬂedulatthetpermm

.

-

"Potmth.l lmﬂ-basedwrldmsemmmrlsomnmw\s, op. cit:.

. %hmwﬁersetmhﬂ:ums&at 'S4—7perhmdepend.lngmthodeptho£
dzedghnguﬂﬂzeud.n.{nqmﬂndmed" [19, p. 72].
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. leads us to conclude that the cost of dredging .
-MlybmgebebamSlOandsnpe:mm,atmannualpmducdm

i v s e e e mr s $ 2

.’..{.WQdm&unmyalmobemmw\y.

“capital invested in the dredge (considering the risk factor) is 108.

The rental cost of the dredge, therefore, would be about $3500 per
operating day. The estimated total costs would then Le about $8.00 per
ton of nodules dredged. It should be assumed that the costs of

at greater depths (the target depth of most surveys is 600 feet) would be
higher. Omnsideration of this figure and the estimates ear:gfn ciﬁ

te es

rate of 180,000 tons.
Zatliarsmdi&ehmassuredﬂmtmﬁnepmspmdhecmbeupgra&dﬁo

the required 31% P concentration by simple calcination. The cost of
this process, 28 on the richness of the original nodules, would -

»m:gebebemSla:ﬂSZperm Indications are, however, that marine

rite containg excessive quantities of iron oxides and other irpur-

. ities which limit the potential uses of the phosphorite and reduce its
. market value, irrespective of P05 content. To submit the phosphorite to
the

chemical process of upgrading - presumably inwolving an
acid leach — would add an unknown but considerable cost to the pmduct.‘

_ It must be assured that a product conparable to current land-based phos-

phate rock can be derived from marine phosphorite only at an additional
beneficiation and processing cost of from $2 to $5 per toa.

Our estimate of the costs of tr. nodules from the mining site to
the port of Los Angeles (between 100 and 200 miles, RT) is adapted from a

L recent study by Miller of the econamics of bulk carrier operations {21,

pp- 277-287). That study was designed to point out the general econamic
desirability of barges versus ships. Annual transport costs for dry bulk

carrying barges on a coastwise service whose RT operating route was 850
* . miles long, were estimated to be $1.33 per short ton at a minimm (21, p. 280).
> Inference from Miller's table of annual

rt costs as a function of
various distances [21, p. 280] leads us to conclude that the similarly com-

S puted costs for a RT distance of 200 miles would be 70¢ per short ton.

Miller's estimates do not include overhead, depreciation, taxes, loading

" or unloading costs and apply to a relatively large (780,000) total yearly

tomage, thus including some econamies of scale not anticipated in a marine

phospharite venture. We believe it is reasonable to assume that transport
‘. costs alone will be approximately $1.00 per ton minimum.

A separate docking and unloading expense has not been included in previous
studies of marine phosphorite. This cost is by no means negligible. It
is possible to off-load bulk cargoes using automatic machinery, as in the

‘IoaddnquuddcnstauﬂnimmofSSpatmnm:dmgmmwvenlty




B PR RN PR
N
.

. of unloading and other variables. The harbor feo alone {oollected by
- tha Clty of los Angeles) is 45¢ per ton. -The costs for unloading xun
from $1 to S$2 per ton. Since there may be possible modifications of the
barges used in the operation which will simplify unloading, we have esti-
mated the cost of this phase of the operation to be from $1.00 to $2.00
i per ton. Our estimated total transport costs {including off-loading) of
s, $2 =83 per may appear high in relation to the cost of transporting
“. phosphata rock.from Florida (about $5.00 per ton). The latter figure is
made possible, however, only by backhauls of rice and other commodities

§

) » However, we did learn that the quali and quanti of nodules
_ i were “disappointing” and that dredging in 3 \mccnuol.lg environ- ’
... " ment is nore difficult and unpredictable than is assured in any of the

C known project studies, most of the latter being based uon oper-
.. ations i.nvolv'l.ng such minerals as cassiterite, conducted in sheltered

T oenting 8 Tis, providen (16 vould sepean e e e Hoarly Topre-

- ’

by ng ps e appear) a happy pretext for escaping

. The effect of the Collier experience, in the years since 1963, has been
dramatic. No further phosphorite leases near California have'bem requested
and neither Union Oil nor any other firm has felt that sufficient economic
incentives exist to stimulate developrent of a sucocessor production system.

- Rsone observer recently put it, if any future off-shore phosphorite
venture is to succeed, “The various goverrments involved must provide

.. troncalifomia tn Florida, and the phosphate shiprents, therefore, carry -

only about half of the RT costs.
OPPORIWNITY COSTS AND RISK FACIORS

It is not oomonly recognized that thed attractiveness of any potential
. mmtinmﬁmpmsphoribezewvarycmmtbedebemﬁ:udmthebasis
of sbsolute expected profits independently of (a) "opportunity costs,”
facIng the individual firm; and (b) the n;n%lor statistical distribution
of possible profits. Potential operators wi first consider alternative
", .investment opportunities in current (lmown) processes or activities. And
1f the "maximum likelihood® estimates of profits in a new or untested )
-t endeavor exceed rates of return available in known activities, the variance
" of the (expected) distribution of potential profits in the pioneering
) will then be considered in reaching an investment decision. Pre-
surably, the greater the variance of the distribution of possible profit
outcomes, the higher the risk premium which must be attached to the
activity. A look at rates of return currently realized by firms poten-
tially interested in phosphorite gives some indication of minimm levels

. of retwm that must be anticipated in marine mining before practical -

“..."" operations take place. Gulf Oil Corporation, for example, realized net
4.7 income after taxes of 13.1% of invested capital in 1967. The comparshle
+- .. (1967) Tigure for Union Oil was 11.2%; for Lockheed, 15.5%; for Texas Gulf
Sulphur, 26.4%. Oonsidering the risk involved in a phosphorite venture
from the point of view of both costs and eventual markets, it is not
wnreasonable to predict that expected net rates of return on investrent
: in:rarinem!ningofftmmuampm:emtwnlbemededwbdng&e
required capital on line. e, .

' LEASE POLICY

Since Southemn California phosphorite is found on the continental shelves
within the jurisdiction of the federal (and in some cases the gtate)

. goverrrrent, a question arises as to possible payments for leasing rights.
3o fimm will make the major investments required for phosphorite mining
in the absenoe of some clear understanding regarding a legal regime per-
mitting exclusive developrent and exploitation. The accepted procedure

_ in the case of foderally owmed resources is to offer leases for sale at

public auction. It was in this manner that COollier Carbon and Cherdcal

‘ Company (a subsidiary of Union 0il Company) obtained leases on 39,240

. acres of the continental shelf on the Morty ‘tile Bank off the coast of

... San Dlego. Opllier (the only bidder) paid $4.03 ner acre in leasehold

bonuses, and entered into active exploration and dredging of the area -

during 1962 and 1963. The oompany dredged up several unexploded naval shells
remaining from a qunnery, range used during torld War II and on the discovery
that the arca was mot "clear and mineable,” as the lease agreed, was awarded

a full refund of the lonus payment by the Rureau of Land ‘anagerent, Our

conversations with Union 0il Corpany personnel connected with the Opllier

experirent (as expected) produced no detailed exolanation of ollier's
£indings during the pilot operation. This information is regardad as

Y
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¢ .. Given the discouraging outlook for profits in mining marine phosphori‘he,

incentives to the trisk takers more liberal than the policies in effect at

;. the time of the Collier Carbon lease” [22, Mov. 19681,”9. 52). Whether :r
not f&dﬁ::l;ﬂ :::be q:;e:menttil have sufficient reason for providing

.. Aincen potential sphorite tions in the

woor otherwisa is the subject of the mmsecum. . fom. of subsidies

,/

~ why does the prospect continue to excite the interest of a nurber of Ameri

" firms and private individuals? We believe there are two e:mlanatigns. o
_Pirst, some companies must, for defensive reasons, engage in sufficient
individual research to provide themselves with protective knowledge of

e respurces that could strongly affect their present markets (18, p. 1618].-
Lo This "watchful waiting” is typical of competitors on the fr:lnqés'of a nl; )

. industry. And second, there is some possibility that the federal

mtnay,atmtﬁminﬂ'e&mre,bewmmqmmmlmmﬂm-
vmmsinmrh\eminpxq. Many firms would be willing to enter the
»'m%ms these circumstances and are presently preparing their

. The likelihood of federal assistance to undersea mining in theexnucit
form now hoped for depends upon a muber of political or intemational
exigencies, but from a purely economic point-of-view should be based upon
~ an evaluation of the net benefit to society, computed in the form of a

- goclal rate of return on the investment involved. In a previocus study
17, pp. 11-14], we have attempted to identify and give same order of
magnitude to the major external costs and benefits likely to be associated
- with marine generally. In the case of phosphorite, the major
. external cost is likely to be associated with waste disposal at sea,

. hel.-.saxmi.nq that the phosphorite undergoes initial beneficiation at the dredge
ad. So serious are the prospective effects on the emlogy of near-shore
areas as a result of contamination with mine tailings that there is no

possibility, given the present “conservation minded” political climate,

that the California state government would permit either dred te
disposal in waters under its jurisdiction.? The federal m%?m?

sl’or some reason the environment difficulties experienced by Marine
, Diarond Qorporation in dredging off the coast of South Afrﬁa between
1961 and 1965 seem not to be similarly analogous (25, esp. p. 8].

64 have recently been informed by a Union 0il Co. official that Gollier
was red to stop dredging in the area by the U.S. Navy after the shells
mmwaieawni?mm tﬁhadho;zn:ef "ra that
un a dete
Santal xp b ° tion is made that

mﬂaﬂm.

v.7 N 4"~v'-.".
This fact has been confinmed by an active ocean mining fim in a private )
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» oil drilling and inability to limit the use of chemicals such as DOT, in .
. both cases leading to daxnage to many forms of life in the occan. Any PR

recently core under widespread criticism for improper control of offshore

process inwolving waste disposal (particularly if toxicants are

in federal waters will be scrutinized more closely now than has ever beforo

been anticipated.B It is not without reason that mining firms look upon

“ U.S. controlled waters as the most strictly regulated environment in the

".. world ocean.

oa\ermmalcostsassociahedwiﬁxpmspmﬂbeminimjamlas important: o

": . increased navigation hazards and noise creation, the latter relevant only

) ..+ tn dredging nearer to shore than is presently contenplated. -
" Etapnal bereFits are 1i%8ly € be &raller still; however. In an earlier

-, smare e

. Our survey of expected private costs of Southem California ptospi'otlee
production points to the following cost ranqges as minimm estimates:

study (18, pp. 1618-1619] we discussed the significance of technological
spillover effects which occur when a new or innovative technology is
applied to a basic process and later becomes available (at mo additicnal

',o:at) to other firms or sectors of the economy. In this sitvation, a case

czn be made for subsidy payments to the innovating firm equal to society's
net "spillover” benefit., Phosphorite mining is unlikely to involve any

.- major departure from conventional dredging and transport. It is true that
. beneficiation processes may be developed out of the marine vhosphorite

experience vhich will open other land-based phosphorite sources to exploi-
tation which are cwrrently sub-marginal. The irony of this case is that

marine phosphorite spillover benefits could then be said to hawe destroyed

their creator. The henefits of such a breakthrough would accruve to the
phosphate industry generally, probably including the firm whose marine

. " phosphorite experimonts brought about the new techniques, So tenuwous is
- the argument for social subsidy in this case that it would be wise to
ignore it in computing tiie net social effect of phosphorite mining. In

sumary, we find (1) no basis upon which a case for federal subsidization

"."of marine phosphorite production can be built; and (2) sufficient cause

for concorn over environmental nollution to support strict federal requ-
lation of off-shore dumping of wastes. The fact that phosphate production
in Florida and the tlestern states creates major pollution vroblems (See 7,
pp. 60-61 and 3, pp. 158-59] stands as a warning. It will be difficult
to shift this kind of pollution to another site. . .

Dredging $10 - $12 per ton
Beneficiating $2~$5 .per ton
Transporting, off-loading $2 - $ 3 per ton
Land transport (100 miles) - $§ 1 - $ 2 per ton

TOTAL QOSTS " $15 - $22 per ton

Further emphasis of the uneconomic char-

R

] . -

skly&nbtwnmnunqt!epotmual emlogical damage causad by
"Degp in the Mud of Texas," Audubon, Nov./Mec. 1968, pp. 98-118.

.* These figures may be conpared to present prices for phosphate rock delivered
~ from Florida or Idaho, varying from $12 to $16 per ton, denending upon

- grade and source [16, p. 32].

‘1 acter of the Southern California phosphorite denosits is added when these

7+ additional facts are considered: . e

,,"_, w mnpmsphab'emdih\dus&yhaslnrecentyéarsfanminhoése‘rjm;
. ;eeomm!c recession brought about by significant increases in damestic

I .
. and attendant waste disposal is disspelled by George Laycock in his article,

o

e n e

R

act: ardﬂnopadngupotlmasaimcity tthevozhi.

.. In mid-1968, some 15 to 16 million tons of rock {about 40% of that year's
© output) were in

inventory in the U.S. alone {3, p. 158]. By means of
shatdowns and curtailments, the industry averted an even greater crisis
f1), pp. 66-67). Despite this unfavorable economic climate, ncw invest-
ments in phosphate rock facilities added some 7.2 million tons

" per year to U.S. capacity in 1968. Significantly, cme project which was

terminated in the face of the poor economic cutlook for the industry was
the development by New Idria Mining and Chemical Corpany of an 1800 acre
te deposit near Bakersfield, California (23, pp. 98-102). This

phosphal
- @eposit would presumably enjoy a campetitive advantage over rarine deposits

and would therefore enter p for the California market prior to

" offshore production. _ o

. million tons per year
. ments in projects in Morocco which are designed to add 18 million tons
. to yearly capacity by 1975 (23, pp. 98-102]). These projects assure fierce

Omitting the U.S.S.R., present investment projects in other parts of the

. world will add between 18 and 20 million tons per year to amnual capacity

in the next three years, and these figures do not include two massive

E foreign projects: the first involving development of the world's largest

te deposits in the Spanish Sahara, which will add (initially) 10
to outputs; the second involving continuing invest-

conpetition for American export rarkets (about 11 million tons in 1968)
i{n the future and o not encourage commitment to the development of off-
shore phosphorite in so risky a situation as that presented by the Califor-

nia sites. :

{2) The Collier experience does not represent the only serious look by .

°  operating firms into the feasibility of mining the Southern California

tes. International Minerals and Chemical Corporation entered
into a joint study venture with Lockheed Adrcraft Corporation in the fall

I of 1963 and spent two years evalvating the business opportunities offered

by ocean exploitation, After considerable investigation, including sarple
dredging, they concluded that the economic prospects for California phos-

RS ; phorite were negative. Global Marine, Inc., has also explored these sites
- and reached a similar negative conclusion concerning their present value.

{3) Our cost estimates (above) have not included allovance for exploration

. and leasing costs, royalties, or taxes. If open sea disposal of dredging

sastes is not permitted, our cost figures for transportation and unloading
would have to be doubled and an additional cost added for on-land disposal

' of waste materials, Oonsidering the costs of canparable by-product disposal
:_ in the Florida operations, this expense together with the other added costs
+. would push

the delivered cost of phosphate from these off-shore sites above
$20 a ton (minimum). . .

" (4) In spite of nany programs by government agencies and private fims to

acconplish exhaustive sea-floor sampling, we know very little about the
quality and quantity of phosphorite lying off our coast. Resource delinea-
tion iz an expensive, painstaking process. There has been too little coor-
dination of exploration and research activities. For example, some published
and widely-quoted figures concerning P,0g content in dredged samples from

A :'-j various sites off the California coast were later found to be exaggexations

for the sinple reason that surface areas of the sanples alone were tested
and these contained the highest concentrations of the desired cowpourd.
Recent extensive sanpling by scientists from the U.S. Bureau of Mines on

- the Coronado Bank, in contrast to earlier findings, revealed the surprising
*  results that 85% of the sand xan less than 1% Py

(upgradable to 4% by
) and that the average P: content of all materials dredged was

screening 9 ) ;
only 3.20%7 w%hile the character of all potential California mining sites

%. c. from 8. Bames, Marine Minerals Technology Center, Tiburon, Calif,

ST




‘ j‘ o ;“off'ﬂumt'mstof -South-Americafor-the-developrent of ‘whicha-major

- there 1s not mt%icimt evidence of deposit quality and quantity
" presently available upon which to base the major investments requived
. for ocean mining.

coast i3 rot presently econcmically feasible and may not be so within the
present century. We Zwaif. the results of pilot operations involving the
phosphatic sands off the West Oocast of Baja California funded by the
.government of Mexico. We know of disappointing experiments in dredging
- phosphorite off the cnast of Australia, but at the same tire we are

" privately informed of a "surprisingly”™ rich deposit of phosphatic mad

W

' ‘imsitappeats ﬂntdeveloprmt:ofuarhnp?os;ﬂntibeoff the California

(2]
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oil carpany has obtained leases and is conducting extensive physical and
chemical (beneficiation) studies. We believe that marine phosphorites
will come into in the next decade, but rot off the U.S. coast

e " and not in avounts sufficient to significantly affect the world market

for land-based phosphates.

In respect to this and other heralded ocean mineral “bonanzas,® we would
repeat these words of caution: “During the past decade the layman has

- ‘discovered® the ocean. His view of it as an enormous source of food,

- minerals and energy for future generations has been colored by exaggerated
©#v'. elaims based on enthusiasm or cormercial interest rather than on scientific
© - inquiry™ (10, p. 95). . : .
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- THE ECONOMICS OF DEPLETION ALLOWANCE

In:roduction.

De$]ution allowanca. in ice prcnanc torm. han been with us sinca

‘gas ptoduqtion E 1] free of incoma taxa:ion, up to a limit of 50 percan: of

”net 1nc f*om the ptoparty. Where the lattat ia limiting. this moans

fthak ue 1ncomn from 011 production paya only half the 1ncoma tax rato that

other buaineaaas and 1nd1vidua15 are required to pny.

“to demand similat sdbsidian.

'5Subsidiea involve coata to aociaty.

}a" Lower standatd of living. ff;’ ;
Be 'W@akanod national defanne cavability.i
_ ;?Subaidies 1uvolva a ea: coae.
':fgf. An oil 1ndustty reply. -

:;f ,§} COnclunions end tecommendacions.‘ “
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claaeified as 1ntangibla drilling coscs and laasa tentals.1

er (1) expensing in the year 1ncurred or by (2) annual depreciation, f”, 

.,Q; ?antag,'dgpi,gign’ag 1o éddition:to'depreciation.A‘

Deem

'wi ha tighc which oil producet33 hava to caka peteeneage depletion

*pernits a :ax-free reeutn of the 1nitia1 investment 1n produccive wella
g .

T"Intangible drilling coeta" includa expenditures for labor, ‘Fuel, _
powar. naterials, supplies, tool rencal and repairs of dtilling equipmant,1¢-

tn connaction with dtilltng end equipping wells,

‘ . ]

- 2Another important weans of minimizing tax paymentn used successfully _
by the oil industry, although not uniquely by-this industry, is to expenge --—-—=
'1nt8n31b1e drilling costa and lease-rentals, thereby reducing income subjec: -
‘! to a 43 percant corporate income tax rate or higher poersonal tax rate, then '
' sell Eha property for a capital gain. The capital gain is then subject to _
:"'a maximum tax rate of only 25 percent. Im ordar to close this major loop- S
hole, | any gains realized on the sale of such property ghould be taxed as ~ '
ordinary income to the extent that the cost of the properiy has been RV
‘deducted in the past, but sts.1l permitting the excess of the sale price .Q"f-';
over the origtnal cost to be treated as a capital gain. See Secretary of C
. “the Treasury, President's Tox Message, Hearings, Committee on Ways aud SO
Jinbans. Kouse of Rnpresen:a:ives. Febtuary. 1963, p. 18. .

d"* Othet segmenta of the minaral 1ndustry also hava a deplction allawance
ugh the rates are below che 27~1/2 perecn: accordad oil and gas. G




:ﬁan} timas ovar.1 whcn a tnzpayer who ownn a productivo 011 vell eloutn ‘ Y
,; ‘to tnke pereentaga dapleticn, ha foragoaa the righ: to cxpange Or éepreciate ;L{;)
7‘on1y the lease acquisition cost (if any), and his explaration coata (if

- any). rboso oo catcgories of cost are a ralatively small part of the .;jﬁ

j; cotal investment tn 011 vell devalopﬁent. Pereantage deplacion may be | Tl
“;[cékon'anuually for as 1ong as the well is ptoductivn, totally indapendont “'f”

5o£ tﬁe dollat valuo of the otiginnl 1nvestmsn:. Therefora, & producciva .;?ﬂ,i?EW
5#011 may ptovida a Cax-fran return of inveatmant ten times, a hundred :.“A”!f-".
. 1L1eimsa, or ten chouaand times, in £act, vithou: limtc axeapt by 27-1/? ‘il'f;gf**”‘

lf patcene of gross and 50 percent of ne: incoms. as noted above. .:’\

AR

vkrious devicaa are also available and are used to winimize the |
iéffecc of the 50 petcent limicacian. For example, an in:egrated oll o
?comfhﬁy may ba dble to 1ncrease its rapot:cd 1nccma per. proper:y by either ;;f:
‘,?Er'boﬂz shifting sore. expandituzes from chargos egainoc tha property to , 1;{£€:13
;_ chargea agains: other cotpora:e incomc. and by inflating the aceoun:ing CL;fffi}¥;

:nf its oil ac well head.» Both dovicea w111 increaee tha raporced R

éléggé'uould otherwise rastrict deplaticn allcwance benefita.z‘ The offac:

‘?13 to nullify the 50 parcent limitacion in many canes.

::ﬁetcengage deplation has bean indepandent of the tnitial capi:al R

&eos: ﬁinen its incsption in deeral tax lagialaticn. Rnthe:; 1: 13

.,..'

B iFor dry holea, all exploracory and other costs are fully deductible f‘”Jﬂﬁh
i ngain t other gross income of tha taxpayer. , . .

f . |For a discuaelon of the ABC Deal see J. Henty Wilkinoou, Jr.. -
i MABC-+tFrom A to Z," Texas Law Review, Juna 1960, 38, 673-724, and Charles
. O« Galvin, “The 'Ought’ and 'is' of 0il and Gas Taxation," Harvard Law

o 3 June 1960, 73. 1699—1506. S , : .
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: f’historically baaed on a cax-free £10w~o£ -incoma equal to the estimnted

. valie of the oil property at tha point of diacovery. The Raveuua Act

'fof 1918 granted a 100 pcrcent tax~free income equnl to tha discovary value'l_
Slof the ol propetty. The Revenua Act of 1924 reduced the tux-ftee 1neeaa
iiflow7te 50 parcent of the preperty'a net 1ncome. Dus to the great ditfi— . .
facﬁley of es:imating the future output of a ptodue;ng property and thereioradtff:
.;? Ats diacovary value, et che princ of diseovety, che present rule of thumb g
T;vns eatablished in 1926 permitting 27-1/2 pereenc of gross ineome to be ’

—

:bretutwed taxrfree.' The 27-1/2 percent BCacutory figure was a politieal

eomprdmise. “':',; ?f;fi:df:va 529\5; B AR |

) e right of tax fzeedom for up to 50 pereent of the net tncoma from '

ifn disdovered income producing resource 13 a special prtvilege not accorded ‘
iiother’taxpayers.. All businessmen or corporationa ara permitted a tax free

dretu v of 1nventments beesuae 1neome vhich is raeinvested is firat subject

;{to:t ation as income. Similar;y the "discovery" of a movie star ‘doeg ‘ifiti,;i

|

f{uocizzrmit either the "diseovarer" or tha star a tax-free return of the - it

;fesel ted eeonomic vnlue of the star at the point of diseovery. In the
*;ease f the depleeion allowance, logie would support a tax-free recurn of

55the d#seovery value only 1g chat diecover? velue 1t821f 908 1nitia11y snbjee: ;;i

fdco taLation.- But aueh ia not :ha ease.,wv”--;~'~v

~v74. .

ﬁffnepletioﬁ'allowenee 13 e’sub516y.
"Q-Ia :he absence of any logieal basia in eicher the prineiplep of ;":_ .

'-1f::e 4 ohiea or the prineiples of taxation, the depletion allowanea ptovision f ;fﬂ

| may bn examined and appraised as a subsidy. '?". e g SR
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.Spotescen for thc oil 1ndustry have argucd repaatedly that tha .
:depleti allowanco i3 necessary to encourage exploration and devclopmen:“ﬁ
{fof oil Yegerves. Yer, cconomic research haa not 1ndicared that the "igﬁ”
:Tdepleti allowance has resulted in a large {ncreass in reserves. | L"
ifbavids concluded tha: “19 the long-run, percanragn depletion docs not - ’ﬁfﬁ
;?aignificantly encourage the allocation of addicional real rosources to 7 ;fi};{i;$.;
;;axploring presently unproduccivc oil lands. The depleticn cllowancc 1s ;i}?;éi J%
,7prﬁmar1Ly an ad valorem subsidy to nineral rights ownars.' A reduction "

~

:fln the dcplcrion allavancc will nct ‘reduce the incentivas to explore

wl-

undevel ped oil lands. Ihe Davidson posirion 1a that most of the subsiéy}if'

ilaccruea to thc 011 resource osner 1n the form of cconamic rent.
- r;FA'Enre reccnc empirical study i3 more preciae in its concluaions.“f’;
'I"'i‘" ”°P°"‘ to the Treasury Deparement. che CONSAD Research COrporarion

:of'Pircsburgh concludcd that "percenragc deplction 18 a relativcly

:ihcfficien: merhod of encouraging exploratioa and thc raeul:anr discovcry

.~ e
« . ,"'» ,' ‘.'_‘:. e et

'@:;ﬁgw domesric resorves of liquid perroleum. 3_“:
..filf tha major effect of the tax aubsidy ia co 1ncreasa econcmic‘
zreA§,£§ owners of oil resources, chen the economic consequencc 18 mainlf.l"v
cnc qf 1ncamc distrihucion, favoring oil resource’ ownera at the expcnae.
1;05‘511 other taxpayera. On thc ‘other hand 15 the major cffect 13 ro f'r;
,Vg11ccare more rasources 1nto oil exploracion end devalopmenr. at the

cxpcnse of 1nveatmcnt 1n OChcr areas and in ccnsumption. than the cffcct

“;Sgc.probablc misallocarion of raaourcas.' Tha oil 1nduscry, 1n 1ra appealA

B R - -\ vy ."~' B '.-..' oo s
R T T .

DN Z‘a;ul Dav:ldson, "Policy Problems of the Crude 011 Induscry." S
Americ Economic Rcviev, March 1963, p. 107. L oo Crpe
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tinuacion}of 1:5 subaidy. plaado the national defense justificatian.it;£
the common braia used by most clalmanta of a subsidy. As in most }fthEA
;éaSéél the “ati°“ﬂl defense justification is of doubtful mcrit.A But e
fiagaadless of ica merln, budgetary-supoort for-nationul dafcnsa 13 2  §?;'

;ﬁfundtion of the Federal Governmenc, not of the state of California.'

AR

T:There 13 an analytical procedure available in economle aualysia to jﬁ;f*'

test any industry 8 claim for a subaidy. A subaidy la merited only in Hﬁif}

»

_thosa cases where there are net extcrnal beneflta (benefits vhich accrue

?“to soulety but cannoc be capturod by tha privace enterprise that provides

the a ecassary lnvestment). The amounc of any justlfied aubaldy is the ';" '

j:amoan of the net external benefito.

?Q::Ihera haa unever baan a demonstration fhat external beuefita are l"'ﬁ??;ﬁf

\exeaﬂed by oil exploration and development. In any event the only ex:ernal

sbenefit claimed by the oll indnstry 13 natlonal defenae ‘and the State of L.:Fi:

:Caliiornia haa no obligation to subaidlze any industty for national

RS N

}defansa putposea.;‘

Kl

]E;EThe tacant Santa Barbara oil apill haa, in fact, demons.rated the l,r

'Tice, that there are aignificant and 8etious external costs (costs

fborne by aoclety and not fnlly paid for by the privace enterprise which i?lﬁf"ﬁ

..r‘

fcauard them) due to oil explration and development. If there are nec
rnal costa rather than benefits. then tha proper public polioy calla ﬁf

e

~-for: 8 special tax (not a subsidy) to be levied on the oil induscty aqual

ount to tha net external costa."f




o -

'5.? Subﬂkdios normally create a uaw set of aidc~e£fnct probl@ms..

A 115 the deplﬁtion allownnca subsidy 1ia fact has e:imulated oil n"‘dii;r}f?:

‘developéenc and produccion. than ona incvi dble effect of an 1ncreased :
eupply of 011 is lover ctude oil ptices. But uwners of crude oil producing
5 f1nnde prefet high prices to low prices and way be led to seek relief  ‘ o
?ﬂthrough (1) a system of prora:ioning whereby groduccion limitntians ate_:.ﬂf”

e !
placed on producars, and (2) a syatem of import quotas to reduce the

_.?zeupply of compecing oil ftam foreign sources. In face, ‘both relief

‘ y"?;measures have been sought and granced.

f4:$, Subsidies to one 1ndustty commonly favor that industry at the L

9expense of close aubstitu:e products and lead producare of auch sﬁbatituce

[producés :o demand comgenaating adbeidiea. Thia. n fac:, has also

. \ - : .
fhappan%d. The parcentage deplaeion rate on oil shaln amounta to 15 pereenc

. et

;of the’groas value of oil shale aftet 1t is mined and crushed prior to
?recort ng. Thia is equivnlenc to about 7 S parcent depletion on 011

?produc a fram shala.f‘"Spokesman for ofl dhale interests have argued that %
cha vablo percancage depletion ahould ba 27-1/2 percanc (che same 08 é

for pettoleum) and that 1: should be baeed on tha valua of the shale oil

A X
"1

af:er ita extrsction froa the oil shale. 011 from shala mus: compote fﬁ'

,with crude oil. hence an equicy question atises.r R&ducing both to saro

;deplet#ou races would ba a logical aolution.

[

Skmilarly, patroleam producta may be produced from eoal and frcm L

.s. Departmgn: of the Intetior. Prospects for 011 Shale Develqpment, {?}]lf
p. 109..:~.». e e e . I T




.from 5 1. The equity quaation arises ngnin. A frec entcrpriae aolution ‘izj;fv'

““is to Lubsidizc nonc. cxccpt whcn ouppotted by claar avidcnco of ncc wa

:G;f-Suboidies'ihvolve.cosca"to socicty. .
SRt . ’ C : et .- - — 1’ , v s oon

PP
. -

Efpattcjn of rasource allocation providcd by a frae price system, resourcc :

:;“1031 ocation follows. Thc ecaucmic consequence of resource misallocation :?'“'

i}

;fia (A) a lowcr standard of Iiving. relative to what might have been withoue _i

;-interfctence with the frec prices mcchcniam, and {B) weakened (noc
’ stren thcncd as claimed by thc oil induscry) national defense capabili:y

:sincc oucput o£ thc economy is bclow ics maximum lcvel of efficiaucy.

fThe 8 rengeh of a nation is rooted {n i:s productivc cbility.

3?5 e hawe no eatimntc of thc aocial coat to California cicizcns dua C

to de letion allcwancc. Rowever, we do havc an estimate of the aocial

fimpo:c quocas on oil., Profcasor Adclman has estimaecd that, baeed on it;

' iconditions,m"the annual chargc of this wholc syacem of orgsnized :5:

1M A. Adclman, “Efficiency in Reaource Usc in Cruda Pcttoleum,
ern Economic Journal,. October 1964, p. 105. S




'{'h;;.7;’ 8ﬁba1die9 imvolve'a tax coac.;i 5.1:"f:fﬁi ;'i"'th S ;'[;w;577 .

L Aifnx aubsidy involves a tax cose. One group of taxpayers is graneed
?a;pri§1loged poaieion. £ cotal revenue naeda of the Stata of California "'”"”"f
iate cond At vith o: without ‘the tax aubsidy, as 13 prdbably the case.;.h”_

-;then ocher taxpavers mnac pay higher cuxea to compensato for privileges

-—— —-...__-..._-...... cm——

Zﬁigrantéd to the favored group.' The annual tax cost in the State of d

::cﬁlifo. ia can be eotmated for 011 alone. In 1966 erude oil producticn

5;in Cali ornia amounted to 345 million barrels. Aasuming an avetage value B

fgducticn was $1 035 million. One recoguized student of oil 1ndustry ta:acion . ?

;?eggimated that the nec benefit of percentagc dePIOtiOﬂ 8110"8°°°’ over
of oil ptoduction.%' Using this estimate, we find ehae tha tax cost to
m ehe yeat 1966 vas s207 minion. Thia eacimate should be treaced as 0

,hélf;:buc other Ca: gimmicks as voll, vhich reduce the effecciva rate

:towafd zero. Thn net rasul: 13 chac over the fiva year period fram 1962

1;hroug\ 1966, :ha 22 largeac U s. oil campanies had an affactive ?ederal

~ -'-'51Stephen L. McDonald, "Percentage Depletion nnd che Allccatinn of R
-~ Regsourees: The Csse of 011 and Gas," National Tax Journal, Dacembar 1961. SRR
T T e N B L S P S
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.i{j;incoma tax rate of slighcly mota than 6 Pefcent-l This 1is °°“°id°tably

et

V;“belcw tha 48 percent tax rate that othar corporationo are requixed to pay. 5'ﬂ?f?1

f{ftha Stan ard 011 COmpony of California had a tax rate of only 3. 8 petcenc.
J?'while Uaion 011 Company of California paid Pederal corporaco income taxes i

at 14.9. percanc ‘of nee 1ncome. Union 8 relatively high tax rate (telacive R

e, v'

,:}go other oil componies) is duo to its minor pogition as an internaﬁ}oua1
-ﬁoil company. Thus it receives only minor banefit from U.Se :ax foresiVenesn-;':fo-
”’eqoal to the sum of oil royalties paid to foteign 80varnmenta. X" ' LT

An 011 Induatry Reply. o L 'j”af:') f;gf B T'.ﬂ7‘5‘ ,“fﬁb;

"wbii 1ndustry spokeouen have dofended tbeir vatioun subsidias with tho E

ouoaeioo By wa teceiva all the subaidias vhioh ouzr critics allege, why }'..ﬂ5x>“
ia‘our rate of return on investpd cnpital not substantially higher chan ;4.”
;other nonsubaidized industries?" Tho anevar to thia queetiou is that a. -
‘subsidy Vill raise tha profi: rate at the poin: in time at uhich 1t s  "¥i
Econfer ; Its effec‘s’ howover, are eroded avay with time as producars‘if;?ffr‘AA
‘teact tﬁ their mora profitable situaticn by expanding 1nvestmancs 1n:o“vﬁ;@f‘“
.ochezwiae submarginal areao.' This expanaion leads to a decline 1n :ha:of"?;'
’tata of return toward a normal y1e1d and to resource misalloca:ion as ;;‘E;f?

.well., .his expectad decline in tn:o of teturn to normal haa, in facc,;il??

foccurrad._ In 1908 the aftat-:nx rate of return ‘on equity for the oil fﬂ

‘1ndus=ry' vas 11-8 p ercent, eompared to 11.7 percone fo: an 1nduscry.z-f7.’~"

ﬁ'ICon rossional Record. U S. Sanate. August 28. 1967, p. 8-12309.

5 2"’]'ho 500 I.argest :ndusmaxs,'! ?ortune, nay 15, 1969. p. 135. )

eseo L




?zcbhélﬁsioisegnd Rccomméndation;t

" Gi en thc existing tights of mineral davelopars to fnlly ezponse uf

or dapreciate all eosts of exploration and development. there 13 uo

[

A subsidy thae 18 noc justified by a showing of net axternal

- producoa reaource miaalloca:ion, which in turn 1owota our

cost to cha nation, dua to oil induatcy nuboidics, is about

4

¢4 billﬂoa annually.: The annual tax burdcn to California stata taxpayars

(noc inuludiug Faderal taxes) for support of the State [ depletion 1} ,?
;ae 13 eacimnced at $207 million. The benefitu appenr to be o
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made ‘sales at these
- British Petroleum
-which is, I understand, Standard Oil of California, Texaco, and Gulf

Oil Corp. : Ll e A T
-+ Senator ILarr. Without objection they will bo veceived.

P e o LR - P N

srices included Es%o‘Intcrmitiqn{tl, Mobil Sales,

. Tt m‘g]\ifl.t:\.‘;l‘c..\rn.iss"rﬁ.v' -
s T r Te s WAL e T Washington, D.C., October §, 1968,
;- Subjeet. Information on Brazilian ofl imports. | e -
Dr. Jontx Br.amr, e

ading, Shell International Petroloum, Chevron, =

+~ Senator TTaxr. The arrangements have heen made and we are grate-
ful to Professor Mead for his willingness to stay over. We will adjourn,
*.to resume at 10 tomorrow morning in this room. At least at the
open.i{:g of that session Senator Xennedy, of Massachusctts, will
- preside. S T T : :
-l-) (\Whereupon, at 4:10 p.m., a recess was taken until the following
-day, Wednesday, March 12,1969,at 10am.) * . . - . ., -

.-~ WEDNISDAY, MARCH 12, 1969

—Chief Economist
Anli-T'rust Subcommitice oo
Senate Ofice, Room 415. ST T YRS RFRATRY
" DEAR Dr. Brawm: Referring to Your request above nentloned, we have th
e the
pleasure to ceuclose some information on the matter, which we h'ope will be (;f i
use to you. CeT D r e R R BRI
... Yourstruly, ’ F I R
T lE - PEDRO PAULA PINTO ASsumpgio, .
Gl T Lot n - Becond Sceretary.

I3

“a

e~ | IMPORTS

e et

OF PETROLEUM MADE BY PETROBRAS DURING THE PERIOD 1954-66

AN

LT LY Modslidade C and F R

0 LT Modalidade Lo.b, . Lo st
L R 1 AT
".mho) 1964 165 195 . 1964 1965 1965 . -Fomecedor .

175

i3

3540 1.78 l‘.7‘5A Compafiis Shell de Venazuela,
R . Yenezuelan Sun 04l Co., and

' Atlantic Richfield Co,, .

Texaco Oversoas Petroleum Co.,
Richmond Explaration Co.,

+ + Chevron Oif Trading Co.,

- Sinclair International, Gulf O}
Corp., and Esso Intesnational

SO
N Vcnuuala.._......{

Lar

1045 151

Oriente MEdio
.- (Arzbia Saugl.
13, fraque,
Kuwail).

T 1 i
1.82 Eszo International Inc., Mobil
-;-.. o Sales, Totel Irternational,
. ¢ Brilish Petrelou Trading,
- Ltd. Shell Intemnational Pe-
: troleum Co. Chevron Qi
%. Trading Co., Texaco Overseas
.- Petrofeum Co, and Gulf Ol

. 215 Shell fn!emaliona! Pelcoleum

o= 2 - Co, Gult Ot Corp., and

ik el goﬁlgt?tr;nmgﬂg ges Pétroles
Lo SO ves s o DTAquitalne 3

a1 ‘,1.954_ 187 v Sojuznc!leoxpost.)

I T
frica (Angela, ]
: mgégia;.g,e i _30'.“;.., '_’8(,"

N been prepared respectively by Dr. Browne, and Dr. Measday, the
" former on the cost of tanker transportation which is an exposition
of the manner in which rates for tankers are arrived at; and the latter
15 2 history of IFederal cooperation with the petrolewn industry.
.- Mr. Chairman, T would like to have those entered in the record.
“Senator Ianr. Theso will be received without objection,

[

o 599.) S ¢

+++. Dr,Bram, Thank you, sir, ° L T e R annt
.'«TSenntor ITarr, As'T said when you concluded your testimony, Mr.
: "Newton, wo are in your debt for the wealth of facls that you have
< put into this record with respect to the basic figures that we will need
: . ~.a8 wo go forward, We are very graleful to you. I
7 % Mr. NewroN. Thank you. =~

e ot

7" Dr. Bram. The last two exhibits are staff memoranda vwhich have

*_ (The iwo memoranda may be found iin the appendix, pp. 578 van("l o

~"The subcommittee met, pursuaint to recess, at 70 am., in Room 1318,
New Senate Oftice Building, Senator Edward M. ennedy presiding.
.. Present: Senators Kennedy and Fong. K : I
i Also present: S. Jerry Cohen, staff director and chief counssl; Dr. .
=John M. Blair, chicf economist ; ITorace L. Flurry, assistant staff diree-
_tor and chief counsel ; Peter N. Chumbnis, chief ¢r.:insel for the minor-
-ity ; Kirkley Coulter, eccnomist for the minority ; Gladys I. Montier,
- elerk; and Patricia f&ario, editorial director. g
i Senator Kexxepy. The subcommittee will come to order.
~-Our first and only witness today is Prof. Walter J. Mead of the De-
: gartment, of Economics, University of California, Santa Barbara.
Professor Mead, whose previous testimony appears in part 4 of the .
- subcommittes hearing on cconomice concentration, is particularly noted
-for his studics in the ficld of competition and conservation. Currently
" he is preparing a paper on the welfare costs of oil import (notas whic
~.- Wwill appear this year as part of a symposium in the Natural Resources
-Journal. In addition, he was a subcontractor on the Public Land Law
‘Review -Commission study of the Quter Continental Shelf. In thi
. study he was responsible for all the economic analysis; the major ming
“eral discussed was oil. ITe is currently president of the Western Eco: |
-nomic Association. L 3=
.. - Professor Mead, I want to welcome you to the subcopumittee. I haveo
“had a chance in the past to have an exchange of letters and correspond-
... ence with you, and have reviewed some of your previous wrilings, and
- -I know you bring to the subcommittee and to this subject a broad back-
- ground, experience, and concern, and I know we will benefit greatly

.from your observations and commejts. I want to say how pleased we
are to have you here this morning. e .
~x;+ You may proceed. L e

. o . .
. .STATEMENT OF PROF. WALIER J. MEAD, PROFESSOR OF ECOOIIICS,
<o oo UNIVERSITY OF CALIFORNIA, SANTA BARBARA

 Dr. Mean, Thank you. It is nice to be back here. .
I would liko to read my statement. e
“ Senator Kuxxeov, Fine, » LT e -
. Dr. Mran. Tt scems entively appropriate for the Senate Subeom-
imitteo on Antitrust. and Monopoly to conduct hearings on govern-
Y .mental intervention intoe the market meclianism of the petrolewn in-

s dustry. There is, i fact, o system of tax subsidies to stimulate

77 petrolewm resouree discovery and produetion, togrether with production
oo, and marketing controls designed to vestriet supply and theweby main-
co ttadn ofl prices substantially above competitive Tevels, Import quotas

'

57 have been ingtituted jrovder fo_insulate the domestic oil mavket from




-.7*the challengo of foreign competition. Given this barrier to free entry
- “into the U.S. nuivrket, the price of crudo oil in the United States is
. approximatel
© of 1968 the Japaueso Government. purchased approximately 2.3 mil-
_lion barrels per day of largely Middle Eastern crudo at prices averag-

;" ing 8142 per bavrel. This oil had an average API gravity rating. of
-82.3 degrees. In contrast erude prices in the United States for similar
gravity ratings havo been aboutgf;! per barrel. S .
.o The larg‘cst- Japanese purchases were of Iranian heavy crude oil at
- —a price of-§155-per-barrel: Table 1-shows-that this-oit misght e trims=
>, ported to the Tast Coast markets of the United States and would have.
& delivered price of about $2.10 per barrel before payment of tavift.
=" U.S. crude oil, having the samo gravity rating, can be purchased at a
. Texas Gulf port for $3.12 per barrel and delivered to the East Coast
- "8t a delivered price of about $3.42 per barrel. This delivered price
- differenco of $1.32 per barrel before tariff and $1.22 after the tariff
.could not exist except for the protection afforded by the tariff and
import quota.? ‘ i I L U ATV

£

* . -

e

: . - TApLE 1.—Comparison
“: Middle East crude ofl : : - S
;% ... Price of Iranian heavy crude 31.0° average gravity FOB

6f7 US and 1wcorld pr;ices

e, -

. Transportation cost U.S. East Coast port__—___._________________ . 7%:’
R e =3
: Total delivered price after tarifr._. R 2,20
:ﬁ,.S.crudeon: ’ C e R ’ H oo
- ransporiation aost to Bost Conop s etuglo, Tes b4
ool : . ."',53 . S f’-ﬁf e B " 3.42

--.+ Further evidence supporting the price differential shown. in table 1
1s provided by the fact that import “tickets” have in recent years
had & market value of about $1.25 per barrel. The value of o ticket
- to import one barrel of crude oil into PAD districts I-1V (cast of the
Rocky Mountainz) has recently and probably temporarily fallen from

- $1.25 per barrel to about 75 cents per barrel.? This is the result of sub- -
* . stantially higher freight rates duc in turn to the Suez Canal closuro and

. to ashortage of Inrae oil tankers. -

A recent U.S. ﬁepnrtmcnt of Interior study conservatively esti-

.

v double the free market world price. In the first half

Py

~ mated that if import quotas were removed the impact of world com-".
etition would eause the American price of crudo oil east of the

- Rocky Mountains to decline approximately 95 cents per barrel.2
- Tho'relatively high U.S. price of crude oil is the result of a complex
: system of tax subsidies and production restrictions imposed on behalf

.,_wof the domestic oil industry. Import quotus ‘are simply a capstone

leated, Free

34l should be warned that ofl price and cost dntn are extr'(-'mely eom‘r
s, as well ay

. market pricea are Kearce ond miny Involve tax cont 2

N quulllr aud grographieng dm'o:rcmi:-s that are mfg 'cl'cf-:l;:ns' slde paynents, tra

:Ol and Gas Journal, Dee, 2, 1968, p. 205-26.

p Ofiice of Cor;’\«-l! Maore, Anulstant éecrc-tnry of the Interlor,

r ;«;g;um -:l” tlm" ”lu"-rltmu Seonomy,” Jan, 16, 1960, p, 1. Stace this &tndy wos anthorized

- an ‘c." cl,:?lll"(" l:ﬁlnl:- “m{': -’::flm?:;t ndl;nlnlnlcrlnu the ofl fmport program, any hins wonld he
Rl S s m'-'lc‘i-':af to tho cconomy !ay minlmbzing the sprend bct\y:ccu Unitled

. e

“Cost of the ON Tmport

o &

e

I

AP,
-~

be

ign com-

“-which the system requires in order to be insulated from fore
LT petition, L e e LT T ‘
~ .. The purpose of this paper is to review the system of oil industry

- 'subsidies in total, I understund that others will econcentrate on detailed

- .. analysis of the component parts of the sulsidy system.

... Y. Percentage depletion allowance—Yercentaze depletion must be
" distinguished from the conventional right to a tax-free recovery of a .
- - previous investinent. Rather, it is historically based on a tax-free flow

... of income equal to the estimated value of the oil property at the
7 ... point-of-discovery.-Tho-Revenuo-Act -0f-1918-granted. a 100-percent
7 tax-free income equal to the discovery value of the oil property, inde-

-- pendent of discovery costs, The Revenue Act of 1924 reduced the tax-
o '}’ree income flow to a maximum of 50 percent of the property’s net
2" inceme. In 1926, thé present rule of thumb was established permitting
-+ 2714 percent of the gross income (not net), from an oil property to he
- free of tax, up to a limit of 50 percent of the net income from that
property. Thus, where the full value of the depletion allowance is
«-used, the eflect 1s to reduce the Federal income tax rate on oil incoma
.- by half. G S R
-~ While percentage depletion allowance is based historically on dis-
- covery value rather than a tax free yeturn of an initial investment, the
, latter is also permitled for important items of esploration and de-
velopment cost. The present law permits depreciation of all tangible
- -equipment costs for producing wells. In addition, lease rentals and all
.- intangible drilling costs may be expensed as incurred including ex-
- penditures for labor, fuel, power, materials, supplies, tool rental and
" ‘repairs of drilling equipment in connection with drilling and equip-
5, .- ping wells. Therefore, o taxpayer electing to take percentage depletion
"~ Instead of cost depletion not only receives up to 50 percent of iie
. property’s net income free of tax, but receives a tax-free return of all
* .. of his initial investment except his lease acquisition costs and his ex-
~ ploration_expenses. For productive wells, he may recover these costs
- only by electing to take cost depletion in licu of percentaze depletion.
. For nonproductive wells, even these may be expensed when the prop-
.- erty is abandoned. ) L
" * Various devices are also aviilable and are wsed to minimize the
effect of the 50 percent limitation. For exampls, an integrated oil com-
> pany may bo able to increaso its reported income per property by
.- either or both shifting from expenditures from charges against the
.+ property to charges against other corporate income, and by intlating
. tho accounting valuo of its oil at well head. Both devices will increase
"7 the reported net income of the oil property and thereby weaken the
' 50 porcent limitation. Further tho “ATC deal” involving production
- payments may be utilized to increase net income for an od. property in
" & year in which the 50 percent limit would otherwise restrict depletion
- allowance benefits.* : : .
. Percentago depletion allowance benefits were introduced during and
"+ following World War I as a tax subsidy to encourage oil exploration
‘and devclopment. Sinco investors make investment decisions on the
basis of their anticipatéd after-tax rates of return, and since the deple-
tion allowance permits a sizablo reduction in corporate or personal

.

. . a dizscusston of the ABC deal sce J. Heary Wilkinsowg Jr,, “ARC—From A to Z.%
’ 'l‘e:f: r!.:\\wr ;ic\'lc:v, Jeano 1060, ;ts,. G78-72¢, and Charles O, Galvin, Che ‘Qught’ and *ls’
- . of Ol and Qas Taxation,” Harvarl Iaw Review, June 1060, 78, 1498-1306, .
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~income taxes, we should expect an i
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nereased flow
exploration and rroduct-ion at the expenso of other investinent alterna-
tives. This should be followed in time by expanded output (n shift
of the short-run supply curve to the right.)® As a further consequence,
the pl:i‘ce of oil would be reduced below levels which wvould otherwise
prevail, T

11. Market-demnand {}for'ationing.—Px-iéc dcprcssiﬁg offects of the.
- ‘percentage depletion a

lowance tax subsidy were accentuated, prob-

. ably fortuitously, by the discovery of the East Texas oil field in 1950.

Lk -This discovery-substantially increased tho sup )y of oil at a time when f' B

Ty

R

e

!

" from the fact of common’ reservoir owners

domand was declining. Consequent sharp declines in the price of oil,
together with unrestricted driﬂing and production from jointly owned
oil propertics, culminated in the passage of prorationing laws in the

leading oil producing States.* S g
_ Prorationing may be defined as “the rules and procedures by
a regulatory agency determines the total crude o1l production from a
Stats and allocates the total among the various reservoirs and to the

roducers in each reservoir.” 7 Prorationing cousists of two parts: (1)

MER (maximum eflicient rate) prorationing and (2) market-demand

prorationing.

- (1) MER prorationing attempts to caleulate the maximum efficient -

rate of production, presumably on the basis of physical characteristics
of the reservoir, and production quotas are then prorated (rationed)
among the producers involved. Thesc permitted levels of production
are ealled “allowables.” The need for MER-type prorationing follows

}xip. In the absence of
unitization and MER-type prorationing, each owner of the common
Eroperty, oil, in a given reservoir would compete to recover at least

is full share before it was drained away by other owners .The result

would bo vast over-investment and inefficient utilization of the oil

reservoir. While the need for MER-type prorationing is granted, the
only justification for market-demand prorationing is from the resource

owner’s point of view, who presumably would prefer high prices for

his crude rather than low prices.®

¢The assumption Is made that the supply of uncommitted ofl leases 1a not perfectly
tnelastic. We have no information on the extent of the curreut {ncrease in production due
to this tax subsldy, It Is obvlous that the tax subsidy does mat Increase oll In the ground,
but presumably causes it to be produced earller rather than later. For & discussion of the
‘resource misallocntion effects of the percentage depletion allowance provision sre Arnold C.
Harberger, “The Toxatlon of Mineral Industrles,” Federal Tax Policy for Economle Growth

* and Stablitts, a Compendium of Papers presented to the Joint Committee on the Econonile

Report. 81th Cong., first sess. (1953) ¢ Stephen I, MeDonnld, “Federal Tax Treatment of
Income From Ofl and Gas.” Washington, D.C.: fThe Braokings Institution, 1963, especlall
¢h. 3: and A. E. Kahn, “The Depletion Allownnce in the Context of Cartelizatlon,” Awmerl-
can Feonomlc Review, June 1064, G4, p. 2056,

*The first State to undertake prorationing was Oklahoma, The Oklahoma Corporation
Commission instituted f»rorallonln: In Scptember 192S. Mexas followed with Its first attempt
at statewlde proeationing in 1920, On Angzust 27, 1935, Congress apperoved the “Interstnte
Comypact o Conserve Oll and Gas™ and the Interstate Ol Compact ommisslon was created

. on Sept. 12, 19:45, The purpase of the compnct was *“to conserve ofl and gas by the preven.

tion of phgslenl waste thereof feom any cause,'

T Wallnee F. Lovejoy and Pant T, flaman, “Economic Aspeets of Olt Conserva tton Regu-
latton.” Baltimore : 'The Johny 1lopking I'resg, 1967, p. 127,

# Wirlle granting the neerd for MIR-type proratinning, the manner in which it Is curvently
gdministered hag been eubject to whleapread critlelsm. The _caleulation itxelf haa been

- shown tr be fanlty from the economic nnnlysls polat of view. Further, the most inetlicient

Lo

© . wells aro feegnently exempl from prorationtng (particularly market-demand proratloning

fn Mexas). while the most peoductive wellx are forend to enctatl ontput and therehy to oper.

. ate tnefliciently, Tiardwleke has estinmbed thad the cconomie waste due to unneeded wells in

Texns nlone nmounty to more than $160,000,000 a rear. S Robert D, Thrdwicke, 208 Well
Spacing Resulation and Protection of Propecty Richts in Mexar.” Texns Lnw Review, 1952,
3. p. 31. For nan extenstve annlysiy of economle Inefliclency in prorationing proceduess Reo
Lovejuy and "u!mm, on. cit., Chaps. 4-T7, : . .
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, (2) Under market-demand prorationing the State rezulatory agency

“- determines and restricts production to a level calculated to equal the

- "quantity demanded at the prevailing priee. This determnination is*

- mado on n monthly basis. Market-demand prorationing normnally

... further restricts production below the maximum cfficient rate of pro-

.= .. duction. For examnple, the Texas Railroad Commission has detersnined

" that for the month o”t' February 1969, nonexenipt operators in Texas

. may produce at only 42.8 percent of their allowable production. Thus,

* while the MER allowable is theoretically rclated to production effi-

ciency for a given reservoir, market-demand prorationing is related to
“desired price” of crude

. oil. The desired price is maintained by restricting the level of pro-

" duction. Article % of the Intcrstate Oil Compact specifically denies
' - any price-fixing intent. Article V states: ' e

<... It is not the p';;nrpose of this Compact to authorize the States joininz herein
... to 1tmit the production of oil or gas for the purpose of stabllizing or fixinzg the

price thereof, or to create or perpctuate monopoly.

* " However, unless the law of demand has been repesled for oil,
“larger quantitics will be demanded at lower prices, and production
restrictions will generate higher prices. . S
The price effect of market-demand prorationing can be clearly seen

the quantity that the market will absorhat a

.. in figure 1. R :
i : S0t Demand  Supply
Lo o curve cucve Lo
: .o {
a l-“—m_'_ﬂ—~— —— ’
AT e uantit
e sl e B R ¢ T

[ Iilustrk{tiéh of Mexcess cap:.;c:{ty“

. 1N v .

Figure
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7 D, Meav. At Py, the quantity demanded equals the quantity sup-
~~plied at Q,. This is the normal situation in a free price market.-\Where
- a higher price is desired, for example, P, the quantity demanded is
. only Q,. But at this more attractive price, from the seller’s point of
... viey, Q. will be supplied. The excess of quantity su})plicd over quanti-
ty demanded (the distance Qs to Q.) would force the price downward

- - toward P, in & free market system. In order to obtain the desired
. -hié,vher price (P2) producers must submit to production controls, Spe-

.. cifically, production must be limited to Q, since this is the quautity

~which the market will-demand-at Ps; the-desived price. The-function -

"~ of market-demand _prorationing is, to restrict output to some level
... such as Q,, since this is the quantity which the market will absorb
" " at the desired price. Markct-%leman rorationing at less than 100

+-. percent of the maximum eflicient rate of productjon creates a situation

" of excess capacity with its consequent social cost, of over-investment.®

" Administrators of state prorationing systems have maintained tho
.+ judicious fiction that the objective of prorationing is the prevention of

... waste. One official, when questioned about the price effect of proration-

" ing, replied : “We have nothing to do with price. We are forbidden to

e cor.lsi(}’ex;) economics; purely Iﬁlysical waste. I know nothing about

. i= price.”? ' : :

.7 Asindicated in section I above, percentage ‘dopletion allowance, as™

- & significant tax subsid({, has the effect of shifting the supply curve
- for oil to the right and, in the long run, depressing oil prices. The

. 927% percent depletion allowance rate has now been in effect for 43

. . years and presumably would have brought about an expansion of

. oil production and depressed prices to the point where the after-tax

47 --rate of return on oil exploration and development investments would

be only normal. The price depressing effect, however, has been pre- '

* vented by market-demand prorationing, In effect, one interference with

" the market mechanism (depletion allowance), has stimulated pro-

...~ duction and brought forth a second interference with the market mech-
“;" anism (prorationing) introducing production controls.

_ Market-demand prorationing, however, restson a precarious founda-

tion. The leading oil-producing States, excepting California and

.- Wyoming, have market-demand prorationing controls. Lovejoy and

" Homan found that the States having market-demand prorationing

- ;account for 75 percent of U.S. crude production.’* These States bear the

_»’. . burden of price fixing. Their dilemma is that of 2 dominant firm (or

- up of firms), that chooses to behave as 2 monopolist in an oligopol-

« - 1stic industry. They must restrict output in order to maintain the de-

***. gired price while producers in nonmarket-demand States are free to

. maximize their own profit given the artificially maintained high price.

.7 - As recently as mid-1966 Oklahoma, the fourth largest oil-producing

-2 State, restricted production to 38 percent of the maximum efficient

.~ ." rate. For Febrnary 1969 tho permitted rate was raised to 90 percent.

_ ¢ While one may dispute the exnct degree of supply and demand elasticlty (the slope of

a2t the sunrly and demand curves) and the deviatlon of Ps (the preseat price of American

. erude) from the Py (the price w ilch would prevail In a free market), Flzuce 1 describes the

. essence of the market demnand peorationlng problem, The domand curve nstented in Fizure

* 1 1s shown to ba relatively Inclustlc as s generally asaumed. See Interstate Ol Compact

. Comunisslon, a Stuidy of Conseryatinn of Oll and Gas In the United States (1961), v. 122,

¥ Testiraony of Ernnst O. (Thompaon, member of Texas Rallrond Commisslon, at the heat-

“-.  Ings of_the Cominlitee on Interstute and Forelgn Commerce, Houso of Represcutatives, 85th
e Cog%pn;tl g-:s;. { ;g.’ﬂ), quoted in Lovejoy and Homan, p. 210,

. ¢it, . . D "

- . Tt A

A . et

.f}ﬁ;:eti've for March 1969, the Oklahoma Corporation Commission an-

"~ ‘nounced that production at 100 percent of the maximum cflicient rate
-+ :iwould be pcrnlzitted. Thus, if we may assume that Okluhoma’s MER--
- -type prorationing involves no price-fixing features, then Oklahoma

- has, in effect, passed the burden of price stabilization to other market-

- ' demand States.

1IL. 04 smport quotas—Under conditions of free trade, the ability

".." ‘of an oil price conspiracy to raise domestic prices above the competitive

equilibrium level is limited by the prevailing world price plus freight

. e b . . - . . [ = = - Ilv

_* ‘jnexcess of this premium then they must obtain import barriers usually

.-~ in the form of tzrt)riifs or import quotas. The American oil industry has

_.i ."obtained both. The current tari or; crude oil is 1015 cents per barrel. |

.t Thisrate hasbeen in effect since 1943 . .
i e On July 29,1957, President Eisenhower asked oil importers operat-

- : {ing east of the Rocl{y Mountains to voluntarily reduce their crude oil

charges tb‘tlfé‘Uh’ited‘Statcs.—Ifthc-domestxcproducers,dcsires a price

-

‘imports te 10 percent below their avernge for 195456 that is, to abhout

~ '] million barrels per day. Under strong pressure from the Inde-

pendent Petroleum Association of America, supported in turn by the

: 3 National Coal Association, Pl:esident Eisenhower on March 10, 1959,

‘ordered mandatory quotas on imports of crude oil, gasoline, and other.

‘finished petroleum products. On April 30 the order was amended to
... exempt from the trll)andatory limits oil shipped by overland trans-

portation from Canada and Mexico. Imports into districts I to IV (the

.

= a east of the Rocky Mountains), are limited to 12.2 percent of esti-
S :f:ted domestic rodlz'ctlon in thesZa districts, less the exem ted produc-
... - tion from Canada and Mexico. Imports into district V (the area west
" of the Rocky Mountains), were limited to the difference between (1);
-, the sum of district V domestic supply and exempt imports from C:}_nagla
- and Mexico and (2) total demand (at the desired price) in that district

" asestimated by the Bureau of Mines. :

. . . - . . . - . rt
Given the relatively high U.S. price for crude oil, resulting in pa
from market-demang rorationing, U.S. oil ex?orts declined ar%c(l‘
imports into tlie United%tates increased gharply. The trends from '19 :
through 1968 are shown in figure 2. Figure 3 shows the relatmf.l. o
erude oil imports to the domestic demand for all oil products from
1939 through 1968. :

" . . We find that imports increased from 9.7 percent of total demand in

1939, to 11.6 percent in 1057 when voluntary import _n\st rl.cp‘oxl\s xt'org
jmposed. From 1957 to date the ratio of imports to dnn})cat ie ¢ fzi\.m
has declined under the impact of import quot as-Figure 2 shows, how-
ever, that the absolutf level of mt\lport? increased after the imposition
" of controls, but at a lower growth rate. L ]
?'f]m rt rostrictions have had the effect of producing & gap bc:té\ fsx_}
- American and world crude prices amounting to anwro§\nxat?l} $ tl;.;
per barrel, in excess of transportation charges. Thus, import quotas

- and the tarift ave part of the system of subsidics received by the oil

industry. Market-demand prorationing, asa price-fixing giev_u‘e, would
have limited elfectiveness in the absenee of import vestrictions.

.

IV. U.S. Federal income tax credit for forcign royaltics pazd.-.-—.-}n:
other major subsidy is available only tothe internationaloil cm;q:.}tue:.
“In tho United States when oil compantes pay royalties to lando vIers,

whether Government or private, such royalty costs ave treated as nor

-
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~-- 'mal expenses of doing business. But when ‘certain legal formalities
“.’~ gre observed, royalties paid to foreign governments may be classified
‘as foreign taxes and are treated in licu of U.S. corporate incomé taxes.
This tax treatment means that such foreign royalty expenses involve
¢ g gzero aftertax cost to the American oil firm. In effect, the American
..” Government pays about 100 1percent of the foreign royalty charges.
.7 - The consequences are at least twofold. First, foreizn oil develop-
‘~" *‘ment is stimulated at the expense of development in the United States.
.+ __It should be noted here that this subsidy runs counter to the stated
-~ intent of depletion allowance=to stimulate domestic oil exploration.
* " and development. Second, U.S. income tases aid by American oil
.. ‘companies with international operations already reduced by the per-
.., centage depletion allowance and other tax favors, are further drasti-
" cally reduced. The record shows that Standard Qil Co. of New Jersey,
- the largest U.S. oil company, had an effective Federal income tax rate
. ‘of only 3.8 percent over the 5-year eriod. 1962-66. The 22 largest U.S.
“. oil companies had an effective ederal income tax rate averaging
= .shghtly more than 6 percent.'? : SR
" Genator KexxEpY. As I understand, what you are suggesting here
_ is that one of the principal justifications for the whole depletion allow-
.-* dnce, and certain other tax advantages, was to stimulate the discovery
..and the production of oil reserves here in the United States, so the
" - justification for that, at least the stated purpose for that as I under-
._stand it, is primarily for national security reasons? e

“» Dr. Meap. Yes. This was the justification. o o
. -. Senator Kexnvepy. What you are additionally suggesting is that
~:. .. because of the particular tax advantages that are provided to the
" ‘major oil companies, in terms of tax credits and depletion allowances,
“-:/we areactually encouraging more of the research, more of the discovery
‘efforts, in the Middle East and in these other foreign fields?
* Dr. MEeap. That is correct. . - . :
' Senator KENNEDY. S0, actually, a program justified in terms of
-* gtimulating the domestic oil industry is, because of other Government
- policies, actuglly stimulating foreign exploration and development.
©* 27,7, Dr. Mean. The credit for foreign tases in part nullifies the deple-
:+- -~ ‘tion allowance, or the effects of depletion allowance. It does nothing
el ' it ST T v t«; reduﬁe that verivl ftlwoxf'able tax rate and it Sll'l}} en:;okis certain peoi
S 0t e e ““+--." 'ple to have very high after-tax income in oil, ut if the purpose o
e ‘&?f;’tf,‘f,,‘:’;,?‘;,;' Fof 1 e . Lo ‘gepletlon allognce was to stimulate domestic production, that pur-
T M w00 ot pose is partly nullified by the second tax gimmick, that of T.S. credit
T TR f. ovvsie ) oo, i for foreign taxes paid. SR O
I o . - BRI <-.. ", Senator KrxnepY. Can you support that with.some evidence? I
I P e crer A Bt e S L "7 mean, can you show that actually the efforts which are being made
—\ oo ¥ AR ¥ 1} =701 - '7. by the majors or smaller companies in the ficld of exploration are of
. g limited nature, that the-principal kinds of efforts being made by
" -the majors are in the foreign ﬁelx? ‘

S o mi ey e g TERON TR A
. Crude ofl exports’and imports.

K DF-P," t,n.“t °.f. t‘!c.mnzo.,.co" Suﬁ” of Current B.uéin'esa." o |
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R S ety b e s o0 T D, Mean. Yes. Tt would be easy to present, figures to show this, It
. g B | e s ¥ A - S P would consist of tho very high level of foreign oil exploration and
e Pigure e  Crude L S - S R - .- dovelopment investment in recent years, aud that presumably would
B - .. 'Crude o1 imports as £ of dozestio demand for all oflg, o0 redues the funds available for domestic oxplomtllm\ :ugl development.
: #-- -Bources U, 8. Departmont of Comn C o St T o020 Semator KexnxeoY, I suppose that you relato those figuves to a sig-
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j p Dr Meap. Yt’:s; 'éé;'iainiy.

", "that would be pressed by tho industries themselves? What would their
.~ explanations be in response to that? Would they say that there are
" .. greater known oil rescrves in these other parts of the world? -
"o Dr. Meap. Well, if that is the responsc, then, of course, there would

"+ 'be no further need for the domestic depletion allowance. So they

:would not make that point. I have asked them this question, and the

nse I get is-that we after all are paying taxes abroad and you

P - ) . - N Voett P Livgie L !
.. ‘Senator KKENNEDY. Are there other sound economic reasons for it

.} Senator Kexxeoy. I am sorry, Professor. We will have to haves '
.- B-minuto recess. Then, we will resume. : e

T (A recess was taken.

-’ Senator Kexneoy. The subcommittee will come to order.
..~ Xf you will be kind enough to proceed, Professor Mead.
""" Dr. Meap. On the resourco misallocation point, I simply make the
-~ point that we are recovering resources that have a cost greater than

- .- their value, and this, in fact, penalizes our national defense rather than
strengthens it. o '

- cannot expect us to pay taxes on taxes. The gimmick is these are
rognltia, not taxes. LA PR 4

" = Senator Kexxeoy. I am not sure whether you were here yesterday.
.t‘ 'Dr..L[EAD. I was. . ".‘ i ot B . e ..
.-Senator KExNEDY. But we were trying to at Jeast develop that point
-and I am sure ﬁou have at least an opinion on that question. It would
“appear to me that with the extraordinarily high payments in relation
~- 10 cost, the payments should be treated as royalties, not taxes.

<" Dr. Meap. That is right.

¥ i Senator Kennepy. Would you talk on that point ipét'_a’l:itti'e .

-+ further?

2% Dr. Meap. Yes. The thing called the foreign tax is exactly the same

.88 8 royalty paid in this country. On certain Federal leases, for ex-

_ ample, the Toyalty is 1623 percent. Now, that royalty in this country
-~ is treated as & normal expense of doing business. It should be treated
... . exactly the same way abroad but it is not. It is classified as a tax. Itis

- exactly the same payment.

* mnderstand, there is very little resistance on the part of an American
... oil company to pressure from abroad to increase that royalty, the pay-

7. ~'ments to a foreign kingdom. Why is there no resistance? Because the
=7~ U.S. Government pays it. So, the American oil company does not want

. .The Federal Government pays the whole business.
- 7. Senator Kexnepy. The taxpayers pay it. i
- o+ ..'Dr. Meap. That is the U.S. taxpayer. i weetr 3
.7 x. -Senator Kenxepy. Now, just for my own information, and I am
*.+ quite in the dark about tax systems of these foreign countries, do they
-+ unpose this type of tax on other corporate entitics within their coun-
- -tries or is this a special kind of a tax which is imposed by these re-
..~ spective countries? As I understand it, this is peculiar to the oil indus-

+

e t? which would again suggest and support your arguments that in
. efiect, L

it really is a royalty and not a tax.

< Dr Mmo.%r Toiss
-+ an expert in that area and I cannot testify with any finality.
A ~.;Senator Kexneoy. You may proéeed.y ¥ ¥

Dr. MEap. V, Resource Misallocation—The net effect of fhé entlro '

., subsidy system available to the oil industry is overinvestment in oil
-7 exploration and production, and consequent misallocation of the Na-
- ~ tlon’s resources, VWo are developin

- . $3.42 per barrel that have a social value of about $2.10 per barrel,
.*."s Resource misallocation in turn results in a lower standard of living
S g‘i’é&'s oglgl"wxlgo qraillablc tolthis Nation. To the extent that we do not

, use our limited natural resour * long ilid
. oursé‘lrvcs i3 weakened. 5 c?s’ Q‘.l l lofl'.’l} m abﬂh"y tc‘> defex ld\

2 -:: Now, one of the problems that comes out of this ié, as you can i’éhiiil)" a

‘to ﬁ%}‘lt to keep that royalty down. It does not cost them anything. - '

et . .
G oerb SRR o
re - R ;

es, This is also my understanding. Howéver, T ami not _

o resources at social costs of about

~This next paragraph simply reaffirms Adelman’s point that he made

. yesterday. The welfare cost of the system of organized waste, as he
~ ¢alls it, 1s about $4 billion a year and I agree with Dr, Blair’s com-
- ments following that, that it has now grown beyond $4 billion a year.
-~ ‘1f national defense is the justification for this system of subsidies, I
"suspect we can achieve such defense benefits at 2 lower price than $i-

plus billion a year. S o .
.5+ 0 Senator KENNEDY. Are you suggesting there that we could devise

e .. other kinds of procedures to insure that there would be available a

* -~ wartime oil capability? It is your own belief that we could devise a
A tem which would not be as costly in terms of the consuming public

- which is paying these subsidies now. Is that the point?

- Dr. Meap. That is my view. This is not the subject of my paper
and this should bs doveloped separately, but to outline my thoughts
on the subject, they go like this. Any profit-maximizing oil company

. is not going to permit their company’s reserves to fall to zero. Any

-+ - ‘company is going to want to maintain 5, 6, 7—1I do not know how’

many—years of reserves, completely absent any kind of import quotas
and prorationing. . - ' L
" Secondly, in the event of a war, our foreign sources are not going
to decline to zero. We know that. - :
. ‘Third, we have vast oil reserves in the form of oil shale, and to quote
just one figure on that, if iou look at the oil shale in-Colorado and
.- count only the richest, that having more than 25 gallons per ton, there
-."". gre 600 billion barrels available, Now, that is an awful lot of oil.
.+ . Senator KeEx~EDY. I realize there are engineering problems and ex-
.. tracting problems, but in terms of that figure, 600 billion barrels, how
would it compare to our projected use of oil over the next 10 years?
- Dr. Meap. Offhand I cannot answer, but in this study of oil shale,
%here is an answer to the question. I can perhaps dig it out later
or you. : ‘ , E L :
Senator Kexnepy. Well, I mean, is it—are we talking about 10
- .. years or are we talking about 100 years? : .
.- -, Dr. Meap. This is 1,000 years of supply of oil at current produc-
.. .tion from oil shale. R T S
-4+ Senator Xexxeoy. In the United Statest

"% Dr, Mran. Yes. Here, let mo give you another figure. If we take

‘ the oil 4 : . R
Senator Kexneoy. As I understand from staff, we expect to use
~ about 50 billion barrels over the next 10 years. Does that sound like
& roasonable fizuro? P
- Dr. Meap. That sounds about rvight. < o
%, Senator Kenyeny. And this 600 billion barrels in this Colorado——
Dr. Meap. That is only the richest oil. e e

.
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¥ 4 Senator KENxEbY. Let me ask you ono other question that concerns
- me. Do you find problems in justifying the argument on the basis
= of national security ? I would think if we are interested in the question
~".. of national security we would be importing more oil and setting
. the reserves that we have, : S T s
.~ - Dr. Meap. Precisely. So, in effect, this argument—-— v
. Senator Kex~eoy, Obviously, as with any other industry which is

Pt 40

.. In terms of how we are going to keep them in a constant state
- .. - readiness. " TR P IR Dol T TP ST M
- 1LY 2 Dr-Meap.Precisely. ' e

L2 S

-- would be dramatically less than the $4 billion we are paying a year

.in terms of keeping this industry supposedly ready for national

:'-‘securit.. . . .o R oo .

s~ D

. System simf)ly sacrifices the future for the present.

=+ Senator IXex~NepY. Do you b

rr doit? o - L i

“i '~ Dr. MEeap. I certainly do, but I have not inad
paper. That is another subject. ' R

" Senator Kexxepy. Thank you.

e
b i ey

the poin

Tt e
in this

You may proceed.

- Dr. Meav. The effect of market-demand prorationing and import

" quotas is to substantially raise the domestic price of crude oil and oil
products. The effect of favored tax treatment is to reduce tax costs
" - for oil companies relative to firms in other industries. These measures
. - taken together substantially raise the expected aftertax profit rates
~:.onoil industry exploration and development investments in what
- -would otherwise be submarginal uses of scarce capital. Investment in
. petroleum exploration and development is indeed expanded to the

... point where the aftertax rate of return is approximately equal to

2+ - that which may be obtained on alternative uses of capital. Professor
": , Kahn has summarized the misallocation effect as follows: . ‘
~ The fact that net returns on Investment after taxes In the ofl industry may
not be unusually high thus constitutes not a defense of the ( percentage dople-
.., tion) allowance but the clearest possible proof of the misallocation it causes.™
- Ol industry spokesmen have defended their various subsidies with
i the question: If we receive all the subsidies which our critics allege,
. - why is our rate of return on invested cnpital not substantially higher
... than other nonsubsidized industries? The answer to this question is
.z that a subsidy will raise the profit rate at the point in time at which
it is_conferred. Its effects, however, are eroded away with time as
17+ - producers react to their more profitable situation by expanding into
».”" . otherwise submarginal arcas. This expansion leads to a decline in the
Lo rate cﬁf return toward a normal yield and to resources misullocati'on
.‘asWe . . - L AT ..- .. .. . ., . . '. . e LI .$ . i>.
L.t The oil-spillnge case in tbe Santa Barbara Channel is directly related
. v, to the subsidy system. Leases were purchased and drilling occurred in
-2 -, the California offshore area because such operations were made rofita-
" ble by the subsidy legislation. Under freo market conditions, oil prices
. would be substantinlly lower, tax costs substantially higher in tho
"~ 6il industry, and the profit inducement to buy leases in the chaunnel

* = T WA E. Kaha, op. cit, p, 203, . S
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aside

oing to be essential for national security, we ought to be thinkin% :

% - Senator KeExzeny. And it is your belief that the economics of that B

[eAp. There are chea er;ziys.'to‘ do it; but the oil }ﬁlpbrt '

lieve there are more efficient ways to
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.* would probably be lacking. To develop oil from such sources js to use
-« = up more economic value than is produced. In addition to this probable
- -" waste of resources, we have the external cost—anptly called spillover
costs even before this oil-spillage case—of environmental pollution,
. * Data are not availablo to test the propasition that removal of oil
.. subsidies would remove the economic incentives to buy oil leases in the
- Santa Barbara Channel. Production records are not yet available on
the Federal leases, and may never be. Further, oil companies do not
7 disclose their estimates of probable production, revenue, and costs of
- exploring for and developing the channel oil resources,
- However, we do have 14 years of data for the 193% and 1933
- Federal leases on the Quter Continental Shelf offshore from Louisiana,
From the record of oil and gas production on these leases, a projection
~.;.'of future revenue may be made. We know that bonus payments total-
+.+7 ing $216 million were (Paid for these Federal leases. These bonuses in
.., total represent the bidder’s best estimates of the discounted present

+ 7 yalue (in 1954 and 1955) of expected future net income after tases

..+ for these leases. We have precise information on all physical produc-
& tion of oil and gas by years from the leases, annual rental payments,
., royalty payments, and wellhead value for oil and gas. Reliable es-
... timates may be made for presale exploration cost, well drilling and
" equipping cost, and operating cost. S

" Revenue from oil production, actual through 1967 and projected
thercafter to the year 2000, may be adjusted downward to the point
where the U.S. crude price is equal to the world price on a delivered
basis to East Coast ports. A price decline amounting to $1.332 per bar-
rel is assumed.** This adjustment would follow from the removal of the
existing quotas and tariff, making rorationing unworkable. Further,
tax costs may be adjusted upward from the 6 percent average rate
actually paid by the 22 largest oil companies, to the 48 percent statu-
tory rate, These adjustments to compensate for the removal of the
major subsidies not only eliminate the entire $216 million of dis-
counted present value—the bonus payments—but in addition result in
an internal rate of return on the 1954-55 leases amounting to only 4.5
percent after taxes. This assumes zero bonus payment. These findings
. Indicate that if oil companies expect to eatn more than 4.5 percent,
and they do, after taxes on their oil development investment, they
should have regarded the 1954-55 leases in total as havine no present
_value.” This evidence lends support to the assertion that oil leasing in
the Santa Barbara Channel would not have taken place in the absence

of the subsidy system.® a .
. Congress is now considering bills to prohibit fyrther drilling and
production of oil from the channel area. If the system of subsidies is
+ retained, such legislation may be necessary. However, the root of the
problem lies elsewhero and it scems futile to prohibit, in new legisla-

tion, what is made very profitable by existing legislation.
B‘u“t?\ee tablell. World
MER prorationing T the Loadinm oot Sonimacsiyfiat would result {rotn conalderal
duh ﬁl&m :?‘u;: :gt:}su:\'ee:e n;gnnlml ns Eom promising than others, bids micht have bren
© racte, even under a4 no-sudsfdy system,

1 We know that ssme physieat conditiona tn the channel diffes substantially from thase
are' Blehir: and Ieedvctton 1 oo sy o 056t wrater Uepthe nre greateg, Jelliing oovts
On the other hand, the U.S. Dcz‘-nrtm}nt of the l‘;m'rl"u!';ﬁ;:t';":}ol‘vlu:-;‘t‘cc:“:':1‘:(3“'":‘;:?&

. that tn reglon V the price decllue due to the remoy 2 S
"+ less thaa for the Gulf of nlv.-.xh'o. m‘t‘,u o't :xtwtns 'v.to‘ulld be 20 c\-nl * pt d NN'.'F
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ternalize the oxternal

T wox.ﬂ(i recommmend 't'h'ixt';lstei)s b taken to i

.-,'. *-"-costs that socicty bears in the form of environmental pollution; that
;" .-js, to make oil companies fully liable for all public and private
. damage. : : ' '

1 would further recommend that the system of,_sulisidics described

.. hero be phased out over a period of about 5 years. . . :
.- When the important external costs (and beneﬁ{:s_} are mternahzcdf
> "and when subsidies are removed, private and socia

al benefits from oi
production will more nearly correspond. Only when these two steps

" are taken will the massive burden of resource misallocation in this

7" industry be romoved as a drag on this Nation’s strengthi.

Ve e

- -~ ] am sure it is more than $1 billion. , o Loy
“:7 " Senmator KexNepy. Now, obviously, one of the purposes of the de-
. pletion and other tax advantages that are given to the oil industries is

.. lion. If someons estimates $7 bi

“Senator Kexnepy. One of the points that you made in the course

5 -"." of your testimony in referring to Adelman’s comments yesterday is the
.+, cost of this program, and Adelman put the figure at about $# billion.
57 billion annually. What would

1{‘ that it is tbduy gr;aate'l.' than ’$4 ‘bivl'-" N
i

I have heard anywhere from $4 to
* your estimate be on this? E
. Dr. Mrap. I would simply s K
on, I have no basis for disagreement.

- to encourage exploration with the idea, I would think, that the in-
. dustry would become more competitive within itself. -~ - ..
" Dr. Meap. Right. CU :

: > Senator Kexxeoy. And that, as a result of com eiﬁigioﬁ and Wifﬁ '
* 2+ the not inconsiderable resources which are available in the United

States in terms of oil underground as well as the potential for the

development of the oil shale, that we ought to see a reduction in the

' '+ - cost of oil products.

- X think the record shows quite clearly that that has not happened,
and what we have scen to the contrary is an increase in the price to the
consumer. And I am wondering just why you believe that this is the

-"case. As I understand, the cost of crude oil in Europe has declined

" rather significantly, up to 25 percent in the last 3 years.

Ta

.. is primarily the import quota has not permitted a decline.
¢ fact, produced an increase in the price of crude in the United States.
... .-Now, I would maintain and I am sure Professor Adelman would
.. agres with me, that if we removed the zuota system the price would

. -

"1 plays? You talked a bit about it durin
., onthecost to the consumer again.

- .. Dr. Meap. But 1t has not declined in the United States. The cost

- of ‘erude has gone up here due to the restrictions we have been

... Senator KenNeoy. So, where do you put that burden? I mean,

S wlg are we not getting a lowering of cost?
S P

. Mzeap. Well, the reason we are not getting a Iowerin% olf1 costs
t has, in

o down. My estimate is it would go down $1.32 a barrel. If that
appens, I would further expect that the price of petroleum products,

_ gasoline, et cetera, would decline. I do believe that the oil industry
13 sufficiently competitive and efficient so that, if the prico of crude

. declines, these benefits would be passed on to consumers in the form
- of lower prices, I think the oil industry is sufficiently competitive for

that effect to take place. : ) St
Senator Kerxneoy. Now, what is the role that the prorationing

Loe e g

g the courso ?f,. your testimony

N 7

-

: Dr. Meap, Well, the role of prorationing is probably twofold. It
N determines, under what they cnl{ the MER proratiening, which wells
7 aroallowed to {)toduce and how much. ' :

s A great deal of inefficiency is introduced. For example, the most ef-
. ficient wells, the most productive wells, are the ones where operations
are curtailed and in both Louisiana and Texas, the two largest produc-
- ing States, the present permitted output is less than 50 percent of the
> maximum efficient rate. " :

.-~ The most eflicient wells are curtailed. The least efficient wells, the
- ... 8tripper_wells, are allowed to produce without restriction in_some
- - "States. These are the least efficient wells. These are the ones that should

be out of business. So, prorationing introduces a lot of inefficiency.
- .. Second, prorationing restricts output in order to hold the price up.
.7 . Senator Kex~EDY. ﬁ'ell, I suppose they would say that we have to
--. restrict output so that we are going to be able to conserve our resources
% ' in the ground, and how would you respond to that? It is necessary

.. even to keep those ineficient wells moving because—— .
" Dr.Mgap. I would deny that is the case. o :
%" Senator Kexxepy. They argue that you have to extract the oil at a
.- certain speed and if you do not you are not going to be able to extract
: as much. Therefore, considering the national security, we ought to
. proration to assure that we are able to extract as much mineral as

~ ' "= possible.
~: " How would you respond to that? :
~ - +Dr. Meap. Well, the first type of prorationing is intended to produce
* an efficient rate of extraction. I would recommend to you this Lovejoy
and Homan book that goes into this in great detail. MER-type prora-
-+ . tioning is supposed to produce an eflicient rate of extraction. q;ove-
v ]? and Homan conclude that it in fact does not, it is so poorly
administered. _ - : :
. The second point is I firmly deny that market demand prorationing
is intended to produce an efficient rate of extraction, and instead I as-
- sert that market-demand prorationing is intended only to raise the
- -~ price of oil, and T have given reasons for that in my paper.
‘ Rl%ht now you know that the price of crude has been raised. There
.~ have been only very slight increases in the market-demand proration-
- .+ ing figure. This is the time to raise the market-demand prorationing
-+ - allowable. . :
Senator Kexxeny. Article V of the Interstate Oil Compact specifi-
' cally denies any price fixing intent. It says: : '
It 1s not the purpose of this Compact to authorize the states joining herein to
1imit the production of ofl and gas for the purpuses of stabilizing and fixioyg the
price thereof, to create or perpetuate monopoly.
" Do you in effect, believe that it does? , : -
. Dr. Meap. Yes, I do. The economic analysis clearly shows that that
is the case. If you restrict output, you are going to get a higher price.
If that is incorrect, the a couple of hundred years of economics are
- nullified. : <
~ Senator Kenxeby, Well, do you have recommendations of what
we might do specifically on that? C :
~ Dr. Meav. 1 have given two in my paper. One is to phase out the
whole system, : ' e e
Senator Kexxeoy, That is over the 5-year period ?
“ Dr. Meap. Over adi;year period, yes,

an A e
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1" “'Senator Kexxeoy, Now, let me ask, why would it not make some

" sense to give the full depletion allowance to the smaller companies,

."."along the lines that have been suggested by the Proxmire amend-

ment which provides a scale so that you get- a depletion allowance for

_ " the small companies that might be willing to take chances on wild-

catting? You give them the full depletion allowance and you reduce

3

* * the depletion allowance as you get into the majors. Does that malke
" any sense, to provide a scale, the idea being to stimulate and assist the

smaller operations?

Dr. M. T would personally-have-great-reservations: I-do-not-see

. why anyone needs a subsidy in that area. I would withdraw it from
- all. I belicve that a small producer can very effectively compete with
- g large one and does not need a subsidy. I would remove it from all.

" You run into all of the same resource misallocation problems all over

. ggain if you give it simply to the little guy. He can compete all right.

' He is doing very well. :

% of past production records supplemented by new entries. It isa valne -

-..., Senator Kexxeny. Could you talk 4 little bit about the.. imp.ort,'- T
*licensing program? Who gets the real benefits of these hcensmg_ N

agreements? L . :
Dr. Meap. That is & very interesting and very complex system. As
_ you know, as soon as we restrict imsmrts, we create a value. It is a
value paid for by the consumer in the form of higher prices. That
value now amounts to roughly $1.23 per barrel of imported oil.
Now, that $1.25 value is given away. It is given away to those who
qualify on the basis of refinery through-put. It is given on the basis

given away.

7 -. - About a year ago, Secretary Udaifproposed that we have an #}1(:- L
...-*: tion. to sell that publicly created value. If you are going to have im-

e _port quotas, this is & good idea, to recover for the public the value

:.- ' which the public pays. What happened was that proposal was circular-

.+ ized in the industry. The industry reacted violently, as anyone would

.~ suspect and forecast that they would, and he withdrew the proposal.
*_ So we continue to give away this public value. : :

- Yesterday you recall Professor Adelman suggested that he had some

: ‘;.’ surprise that there was no scandal. What he was getting at is you have
" created a value here and somebody has to allocate that value. If you

allocate the right to import 100,000 barrels o day and provide an

AR in:lnort. ticket, you are allocating something that is worth $125,000
;o s dey. e R
¢ ;.. Now, this opens an opportunity for all kinds of corruption, and _
 the fact that we have had very little isa great testimony to thehonesty

i " of our public officials.

- Senator Kex~epy. So, who gets those Ticenses for the most part? I
" mean, could you give us sort of an idea? Is it the smaller companies
- that get it or ig it the majors that met it? - S v

.7~ Dr. Mean, Across the hoard. Small companies, big ones, inland re-
> . -finers, somo that aro nowhere near a port and could not possibly im-

< port and refine foreign oil.

Senator Krxnreoy. What do the inland refiners do?.'

Dr. Meap. They by and largo trade their licenses to someone who
.~ canuso them. The proclamation forbids them to sell them but permits

trading. So, they trade and in effect receive a market vatue of §1.25
a barrel for their quota, their ticket, =~ ° e e oo 8
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". no way benefits the consutners—
"+ Dr. Meap. In no way whatsoever.

"2 Senator Kexyrox. So this public value that is nrtiﬁc'ix;ll)"'cre.at‘e(;l in

" Senator Kenx~epy (continuing.) That youknbw about.
- Dr. MEap. In no way whatsoever, that I know about. -
Senator KexNepy. So this in addition is another subsidy, is that

+ - correct? -

Dr. Mean. That is corréct. It goes to the péopie who h.ﬁppcn to re-

", ceive the tickets. Rt , NN
.. . ~—Senator-Kexxepy:- In-your-earlier-testimony you indicated that it

" . was these incentives that stimulated the development out at Santa
. .Barbara with the attendant disaster that we experienced there. Could
.- youexpand on that a little bit? o

Santa Barbara—

4 - .Senator KENNEDY. You knot, in the initial phases of it we heard the

. * Secretary of the Interior say that the problem out in Santa Barbara

.~ was that the Federal officials were not enforcing the regulations. That
... .washis first reaction to it. ' :

-l

" if o pipe, protective

Is that the reason that you think Santa Barbara happened? .
Dr. Meap. With the benefit of hindsight, it apparently is true that,
ipe, had been sunk more than—what is it, 349
feet or something of the sort—had been sunk for a 1,000 feet or so, the

. blowout would not have occurred and this is a matter of regulations.

I am. not an expert in that area, so I am merely repeating what I read

" -in the newspaper.

My_roint is different. My point is that if 2 free market price of oil
prevailed, and if costs were not artificially reduced through taxes, it

" would not pay an oil company to be out there and they should not he

. there. The fact that they are out there in that high-cost area is misallo-

cating the Nation’s resources. That is my point.

Senator Kexyeor. And, of course, I suppose we have a situation
where the amount of production is controlled, as I understand it, by
the Interior Department, is it not?

Dr. Meap. The amount of production is controlled by prorationing
thro;}i;hcl)]ut the Nation in the prorationing States. Are you speaking
specifically— : : : .

Senator Kexxeoy. I am talking about the offshore. I am sorry. That

" js Federal land. Excuse me. Qut in Santa Barbara it would have been

* State land. :

Dr. MEap. The ease of the spillage is on Federal la nd. And that pro-
duction is not subject to prorationing. California is zone 5, and is not

. subject to prorationing. It is a deficit area. There are no controls on

* production that Tam aware of out there.
-~ Senator Kexxeoy, I guess Louisiana offshore is

Dr. Meao. Louisiana offshore, even Federal, is subject to Louisiana
Stato prorationing rules. This is a case where the Federal Government
accepts the decisions of a State, the State of Louisiana, even though the

" -Fedoral Government owns the land boyond the 3-mile limit. They -

have accepted Stato jurisdiction on prorationing, but thero is no pro-
rationing offshore from Culifornia. , ' :

. Senator Kuxxeny. As I understand it, the oil import proclamation
itself requires tho Offico of Emergency Planning to determine whether
any pricoe risy in oil products is in the interest of national security. Do

&

e
a .

~..-" Dr. Meap. Yes. The case that I am making is that drilling offchore



L you sco any possible justiﬁ?cation for the recent oil and gas price rises
ol ional security terms R A T
mﬂ?t Meap. Nong whatsoover. There is an easy way to stop it and
that is for the State of Texas, the State of Louisiana, to raise their
market-demand prorationing restriction, eliminate it entirely.
" Senator KexNeoy. I suppose if the States are not willing to do that
% it is not unreasonable to assume that-the Federal Government coul

.. goahead and import more oil.

. Dr. Meap. This is another way to stop it. So, if the Federal Govern- o
—= *mentis*re:i’dy—intcrested~in«zembuting—mﬁauon,—lt-shquld_ren}ove~1m-., —]

“port quotas.

* - .7 Another thing the Federal Government can do is to eliminate pro- ; '

* . rationing from offshore areas, the Texas-Louisiana areas.
: - -Senator Kexnepy. And then they would be able to really—

... Jower cost, and there would be a lower price of crude. - S -
77 Senator Kenxepy. And what do you think would be the ramifica-
7 tions in, say, for example, Louisiana? If you ‘had an increase in pro-

.- duction do you believe 1t would have adverse effects on'the economy ‘of. ; -

“+-...Louisiana : v : g
" . Dr. Meap. In the short run it probably would because it would re-
duce the price of oil. It would also have shortrun efects, perhaps, in

_." 'Texas that are adverse because it would reduce the price of oil.
-+~ . Senator Kexneoy. Well, I su{)pose that efficient wells in Louisiana

. might actually benefit from the elimination of prorationing.

-".:* -~ Mr. Meap. Yes. If you want to s(i)eak of the efficient producer, the
i high-quality fields, those fields would probably operate at an advantage
"7 without restrictions because present restrictions are forcing them to

.~ . operate at an ineflicient level. In the absence of restrictions they would

+. " operate at 2 point which they would, consider most profitable. It is true

. that price should go down but their costs should go down also, and
-+ .. perhaps more than price.. . e

" Senator KENNEDY. At least this is z}m open question, is it not?

.. Dr.Meap. It isan open question, right. R
R 'genutor Kmm»rr;mr.pLet(,1 me ask & final question. It was suggested
' -yesterdey that the most important questions involved in this field
L ia.ve never really been seriously discussed and studied, and I think
i " Mr. Adelman seid yesterday it was because the important and signifi-
;.7 cant material and evidence has never been made available to profes-
* . gionals like yourself who have the understanding and the expecrience
" and the knowledge, but are denied access to the kinds of significant
information which would be necessary for a serious study of the oil

" ..import program and its effects on national security. .
72", Now, a8 I understand it, President Nixon has directed a major
~. ... reassessment of the program—— VRSP IRR
-+~ Dr.Mean. For import quotas. E LT

" Senator KenNeDY (continumg&. And is now considering a complete

- - review of that program. I would assume that with the access to in-
. <, formation that ho has in the Interior Department, Commerce Depart-
- - mont, tho Treasury Dopartment, and the Council of Economic Ad-
. yisers, that the information would be available to the White ITousc and
~ . that it would be possible to make a considered judgment on this oil

" ” importation question. -
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“*z" Dr, Meap. Then they would be able to produce more efficiently at . i

EEFIATE]
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* 7 Ithink everybody who has been interested in this question and prob-

" * = i3now 43 years old, and prorationing was instituted in the midthirties.

‘ think it should take to

L —isnot-available-.

" . I do not have them at the moment. '

. 7+ 7 ' Senator Fona.

..05 :
- T-am wondering how long it would take really, How long do you
. get some kind of a result from this study?
. X mean, if you had that information available to ?'ou, say, with Mr,
Adelman and maybe one or two of your friends that yon have some
.+ confidence in, how long do you think it would take t» make recom-
" mendations on the oil import program? ‘ C e
- Dr. Meap. Well, if full information were available, such a recon-
. mendation could probably be produced in a matter of a couple of
months. However, as Professor Adelman pointed out, full information
I’nst-asﬂveconcluded‘a~fewfmoments‘ago*that'it isan
open question of the effect in Louisiana of changing the rules, it is
" open bécause we do not know the cost of production gy wells. That is

© .| *+;. private information, not publicly available.

<z~ * Senator KexNvEpY. But if that information were gathered and avail-

- .. ""able, I would think in terms of perhaps 60, 90, or 120 days. Would this
~:%5 seem reasonable? o Ce e
. - Dr.Meap. I should think that would be adequate. o
.~ .  Senator Kexnepy. I think we are talking really about 3 months,
= " perhaps 4, after which we could expect some kind of decision. Because ,

.. lem realizes that this has been studied to death, though perhaps not

. withallthe facts and figures that one might like. o
_Just as a final question, realizing that this program costs about $4

. billion a year, and it could go as high as $7 bilfion this program, I am

‘- reminded by counsel here, has just had its 10th anniversary a day or so

ago. It has been in effect for 10 years. My mathematics would indicaté

.- that this program has cost anywhere between 10 and $50 billion to

- - the consuming public of this country. I am just wondering whether you
_would agree with that? . :

. Mr. MEap. Yes; in part. What counsel has reminded you of is that

*._ 1mport quotas went into effect 10 years ago, but depletion allowance

.. So, actually, the cost would even be greater than you estimated.
" Senator Kexxepy. Do you have any ball-park figures on those?
-Dr. Meap. No; I do not. I am sorr;l': They could be worked up but
hey are astounding.
. Senator KKexxepy. In terms of hundreds of billions of dollars?
- . Dr.Meav. Perhaps. " S
" Senator KexxEpy. Professor, I want to—Senator Fong?
", Senator Foxa, Mr. Mead, it scems that the market-demand prora-
bioning is actually the real joker in this whole situation, is it not?
Dr. Meap. It is part of it. It is reinforced by imports quotas?
\tor: es. Now, if {ou did not have the market-demand
.. prorationing, you probably would have reduced prices. :
.. Dr.Meap, Yes; especially if you got rid of import quotas.
Senator Foxo. Now, even with import quotas, your marketing-
demand prorationing is ono which is looked at every month, is that
* correct? : . e
Dr. Meap. That is correct. S T
... Senator Foxa. So that, if the price should go down, then immediately
+ the stolp you from rum ping.
r. Meap. Thoy slow it down; yes.

R ] R N



» Senator Foxa. They slow it down.
materially, even if you had impor
It would, indeed.
- "Sénator Foxe. And even i
- rationing.
<.« Pr. Meaw. It would, indeed.
. Senator Foxe. Now, would you
_’not have any maximum eflicient rate of p
. Dr. Meap. No, sir. No. We need some kin

So if that was eliinjiizitéd it would
t quots restrictions? ,

f you had masimum efficiency

go as far as to say that we should ‘ _

roduction? R

d of MER-type proration- -

is owned by several pro-

S

. o

. .and get n rate of return of about 13 percent on the investment of about
... $150 million. T w LT
:%.7w . Now, that is reasonably attractive. And it provides us with a rela-
..+ tively low-cost means of taking care of our national security needs.
~..oeve :The present way we are taking care of our national security needs is
= o ¢t e @Xtremely expensive, something in excess of $1 billion a year. We can
: - proceed with development of oil shale reserves and make them avail-
* able in case of national defense needs. They are far better than, say,
- offshore oil which is vulnerable to attack. And the oil shale reserves

to|. -~. ... areso vast, utterly vast.

:-.ing. The reason is, given a pool of oil that

A one will compete with another to
ossible, and too quic
ind of unitization or MER
tion about that in my mind.
ing that is the difficult point.
o you say to market-demand

aet that stuff out of the
lﬁy for maximum eflicient
rorationing is
t is this added

D as quickly as p
- production. So, some k
-needed. There is no ques
+.market-demand proration
- - Senator Foxc. What d
Do you think there should be some form of that?
“, “Dr. Meap. I think it is totally inexcusable i

prorationing? - =1

uld not be tolerated, in my opinion.

ractice and sho L
P y eliminated.

“2407: Senator Foxe. You feel that that should be ent
~:2 - "Dr.Mean. I do, indeed.
%7 .Senator Foxe. Now, as
* - ghould be an import quota ?
...~ - Dr.Meap. If I had my “druthers,’
A7 out over o period of time, and I have s
“..* happy to have it p}
=% for import quotas.
.. from the obvious one, tl {
.. made publicly is the national defense jus
"-».., Senator Foxa. That was the thrust of
-"..of these import quotas.
. " Dr. Meap. That is correct.
: ‘Senator Foxo. When it was finally adopted. .
:.. Now, what do you say as to how our national security wo
dangered by the elimination of the import

far as import quotaé, do ybu think that there

" T would phase import quotas
gested § years.
seo no need in the long run

The only justification ever made for them, apart

hat it Taises prices, the only justification ever

sased out in 10 years,

the—that was the rationale .

ndangered or not en

" Dr, Mzap. With the elimin
- go up. How much
_.Increase sub:

-
b

ation of import quotas, imports would

they would increase I do not know. But they would

stantially. This would make us in peacetime at least more

dependent on foreign oil than we are novw. X -
.. It is not true, however, that domestic reserves wo .
-zero. Right now domestic reserves are about 11 times current produc-
_tion and use. I should imagine that those reserves would decline and
: "perhaps to 5 or 6 or 7 years, and that is quite a reserve. But my real
. ther area, and that is to say that this whole rational-
. jzation of national defenso came before the development and knowl-

about our oil shale reserves. - -
s u see, we know a great deal now
* “gomething about the cost of producin
%% completed by the Department of the
¢ =~ cover those reserves even from a relatively ineflicient first-stage plant

uld decline to

" point is in ano

about these reserves, “’e kmow
oil from shale. A study recently
nterior showed that you can re-

*° Senator Foxa. Over a trillion barrels? ’ I
.. " Dr. Meap. Well, you can go to 2 trillion. Estimates run that high.
... .- But one way of expressing it is this way. If you take the reserves that
;- have more than 10 gallons per ton in them, we have more oil in shale,
“x. . in fact, three times as much as the known crude petroleum reserves in
-~ the entire world, including the Middle East. Now, that tells us that
" there is no problem of availability of oil. It is nothing but making the
flaclhtlms available to produce it. And that can be done relatively
. cheaply. : R e
S Semﬁor Foxa. And the discovery of the Alaskan oil fields also adds

-+, to the national— -

-+ -+ Dr. Meap. That adds to it further. o -
. . _._ Senator Foxa. So, you would propose instead of subsidizing the in-
-+ dustry to the tune of $1 billion per year—is that it?

.. .. > Dr. MEap. Yes, that is about right. :

- -7 .~ Senator Foxa. That part of that be used for the exploration and de-

._..... velopment of the oil shales, the marginal fields, to bring them up so, in

- case of an emergency, we will have tﬁat supply. '
-+, Dr. Meap. Correct. I think the national defense argument has lost -
~much of its punch. '- - ST

.. Senator Fo~e. And the implementation of the import quotas was
" due primarily to the fact that national security demanded it.

- Dr. MEap, That has been the rationalization. ,

" Senator Foxe. So from that standpoint you feel within 5 or 10

..+ . years we could eliminate the import quota. : —_

-+ -+ Dr.Meap. Yes, sir. ’ : St e -

“ “* -Senator Foxo. Now, specifically talking about the import quota, as
you know, the import quota divides the country into five districts.
", - Dr.Mrap. Yes. R '

__ “ne .- Senator Foxo. Do you feel that there should be such a division, even
-3z though we may have an import quota ? R R
. Dr.Mgan. Well, yes— . S e

Senator Foxa. Is it not discriminatory that certain districts—that

.. .wedohave these district zones? - :

. Dr. Meap. Yes, it is. However, there are real differences. The west

.. coast s, in fact, a deficit area and the area east of the Rockies is, in

+ .~ .- fact, a surplus arca. So, I think there is soms justification for treating
"7 ..+ thoso two regions differently. However, if you get rid of import quotas
+ then,of course, there is no need—— - R : o
.. - Senator Foxa. You refer to tickets being worth from 95 cents to

: $1.25 per barrel. e et g T T e
" o » Dr. Meap. Correct. o i ernaed e e ety

]
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2 .. Senator Foxa. You come from California. S
... .- Dr.Mzap. Yes. ' Coe e e BT -1
/%% Senator Foxa, And I think probably you may have had some notice

o _ﬂ%nt:lthere is quite & stir in the State of Hawaii relative to the cost
+... ofoil. ' . L et T -
w-ws . Dr. MEap, Yes. I read a bit about it. T AT I SR R
.7, Senator FoNa. And the people of Hawaii feel that thoy are paying

"> $14 to $15 million 2 year more than they should be paying. And thef
%" cannot seo Standard Oil importing oil from Indonesia and Sounth

-~

Y R

m SN
el Tl

.discussion of the problem. I think your statement has been very, ve
helpful to me in the understanding of this problem. I want to thaxll-lyc
§ you. . « . e Lo L. . . e - coLe
" - "Dr. Mrap. Thank you very much.

<" Senator Foxe. Dr. Blair SR A T T
= Dr. Buarr. Professor Mead, the uniquely valuable part of your state-
- ment is the way in which you show how one form of governmental in-
". tervention into the market mechanism breeds another. Each one en-

- genders a successive form of restraint. Your depiction of the process

S

EEETOF ST KRS (..u

: . America and bringing the oil to Hawaii and then refiiing it aid then
- charging the people of Hawaii the cost of oil, which is at the price

~+;" provalent on the West Coast plus 60, cents per barrel to bring it from
;. the West Cosat to Iawaii, on the theory that they have bought tickets

i . Dr. Mgzap. Yes. - _

R .

. ... Dr. Meap. Senator, I think there is a full explanation available for
* that in textbooks on ‘monopoly. This is monopoly behavior. And it
_ought to be looked into. I do not think it would prevail if competi-
__tion prevailed. e LT e
" Senator Foxa. Pursuing that policy, as an outcome of that policy,
" the Honolulu Gas Co. in Hawaii has started a move to have a refining
" zone, & foreign trade refinery, haying a certain section of the islands
.+ "declared as a foreign zone, and in that foreign zone they intend to
-, build & refinery, and all of the refined products are not to come into
.*." domestic usp but for sale outside of the State of Hawaii and to the
.- military which now is permitted to buy these bonded things which
. % . arenot refined in the United States. T IR . 2
. 7."_ . We have been trying to get a license. The Interior Department has
“..- "had regulations so that we could proceed under the importation of oil.
... But we have not yet received a license from the Commerce Depart- .
’ m%l’t,which handles the import zones. R,
. Now.
: _grantec’l under those circumstances, would you not? ] N
."7 Dr. Mzab. I should think you would be far better off with the kind
. of free trade zone that you are describing. I would suggest in addi-
;’ . tion you would benefit from having some other companies in there to
.- compete with Standard Oil of California. S
~%<~ " Senator Fono. I was coming to that. I asked Mr. Gary of the Hono- -
.3+ lulu Gas Co. as to why we did not go for a free—for an elimination of

-from other refincries so that they have to moke up for that purchase. ~ ~°

R

+- Senator Fona. You agree with me that this is quite i\bsurd; isitnot?

KL
. S

as an economist you would agree that a license should be 1 T

~ 7 by which this has taken place in the-oil industry is most illuminating,
- starting with percentage depletion which re.ults in excessive produe-
.+ "_tion which then must be limited by mark<' :* - -»nd proration, the
+.. ~. - Interstate Qil Compact Commission, and so 3...  "‘hen because there
= i a limitation on domestic production but non¢  foreign supplies
“”. import quotas must be established. Hence, we find ourselves az a re?
--sult of this process shackled with a whole variety of contrcls, each
one of which is more or less the inevitable and expected praduct of
" what has gone before. .
;... Is that more or less the substance of your presentation?
- Dr. MEap. That is a fair statement of my position ; yes.
“Dr. Bramr, It is a remarkably penetrating-analysis.
- - Dr. Meap. Thank you very much. ’ ;
" Dr. Bramr. In your discussion of the immediate impact of a subsidy
. you state: . Q -

e 1ts effects, however, are eroded away. with time as producers react to thelr
- _*_moro profitable situation by expanding into otherwise submarginal areas.
.5, After they make that expansion, then annarentl~ T zeed
‘v for some control on the produ::i... -.- . ...atsion.
- . .% . -Would you say that the processt.... - RIS B
-+, Dr. Meap. In a sense, es. It is ad.. .ve in the sense that, every
..~ tire one of these new subsidies is added, it will create an immediate
+- windfall profit for all the firms that can Denefit by it. That immediate
.. windfall profit can, as you say, be addictive in that you will need an-
- other windfall profit a few years later to maintain your past growth
- .rate in, say, profit rate per share.
- - Dr. i}mm With respect to your comment on Professor Adelman’s
_ -, suggestion yesterday that there was need to secure more data before
- any meaningful conclusion could be drawn as to policy decisions, I
. presume what he was referring to primarily was cost data.
..., Dr.Meap. I think so.

“i-c - thoquota, - - e et D o i b ddees - D, Brarr, As veterans of this subcommitteo will recall, e have
7+ .Dr.Mean. There you would be better off. L CoHee Rt s spent about 10 years off and on trying to obtain cost data. usually
© 7 Senator Foxo. And he said not yet. Let us establish a few more " with remarkably littls success. The reason for failurs is understand-
 : =+ .refineries so we have competition, and he says, even if you had a zone . 5 =. " able, Producers regard cost data as trade secrets—as a type of informa-
“ir. " and you did not have competition, you will still be up against high ... .tion .which if divulged or disclosed would be of benefit to their
-, - JPrices. R N B N PRI AP - - e :A.-‘_:r;,compotitors, :

oot e MU IR:N

- Could you talk to that point? - - o ird
. .. Dr. Meap. It is hard to speculate on what would happen. I certainly
: -< agree that if you have two or three additionsl competitors there, and
--7" if you have an elimination of import quotas, you would be far better
_*  off than you are now, and X suspect that the price iou are paying for

“+ your crude would be approximately cut in half. I have not studied it
carefully but it would bo something like that. ) BN
. Senator Fong. Mr. Mead, I have read your statement, I think three- -

%y

e Xt would bo nice to have a group of economists before whom the
» cost data could be spread and wijose deliberations, based thereon, could
- .. .- provide the basis for public policy. But would you not agree, based on.
~.» past exporience, that the likelihood of any governmental body actually
~ securing this data is rather remote? . . -
Dr.Mean. I agree. Te T e ER L
- Dr. Brair. Even from a sybstantive point of view, if cost data wero
obtained, thoy would reflect costs provailine under existing lovéls of
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- ;v bo if production restraints were eliminated? If wells in low-cost areas
* were permitted to maximize their production within some form of
" unitized field Iimitation, to what extent would their existing costs fall?

An answer to this question is not to be obtained by surveys of existing

. costs. - ‘ . L
.. Dr.Mean. That is correct. R
-+ .- Dr, Buam. Do you agree? L T
“% " Dr.Meap. Thatis right. ST A R S S

" Dr. Brarr. If a policy decision must wait until we have all the data

b ll,»:Dr.l\'l"mﬁ.YJS. S A LT
; v:.-. Dr. Bram. Consequently, I do not think there is any sabstantial
. difference between us. : '

- Dr. Mxap. No. And as I tried to point out, this business of pricing,
obtaining price information and cost information, on oil is extremcry

. - . - difficult. Different researchers will obtain different figures. My £3.12
", figure is a cost at a port, hence it does not have any gathering figure
-+ added. It is in Refugio, Tex., which is a port city. ,
. DPr. Bram. Would it still have the terminal charges?

0 .

.. Dr. Mrap. I have tried to include those_in my transportation eosts.

. which ideally we should have, we may be waiting far longer than even
your10-yéar phascout period. R R R
Dr. Mrap. 1 agree.

Dr. Brair. The decision to .put'. the qﬁota into effect was taken iith-

" out the existence of cost data, adequate or otherwise.

e .

- Dr. Meab. But if you take any existing well and if you have cost B

;. ‘data on that well, variable costs, you know its output. There
. are occasions where that output is vastly increased as in the two
Suez crises. There was an increase in production per well permitted.

" "So that from that record it is possible to get some idea of how much
.+ 'you can increase output under free conditions and what happens to
.+ cost. So, if we had that kind of information, it would be possible to
"~ make a better estimate about what would happen under the absence of

= Dr. Bram. Senator Fong may be interested to know that the sub-
. committee has been doing its best to obtain exactly that kind of data
-" for the most recent Suez crisis. We have encountered some difliculty

‘ _with the Department of the Interior. We hope that those difficulties .

= "will be eliminated. -

-, Dr. Meap. There is another reason why you need cost information

. that has not been brought out here. The Government is also a seller of
- oil resources, and as a seller of resources it has normally a minimum
price below which it will not accept bids. It is not in & very good posi-
tion to estimate what that minimum price is in the absence of more cost

. information. Xf it is to intelligently sell its resources, it needs more

2 cost information than it now has. . . ,
... » Dr. Bramr. In order to clarify the record concerning the delivered
-« price to the eastern seaboard of domestic crude, I would like to go

- "through the arithmetic very briefly. R S
. - Your delivered price is ahout 53.42. Yesterday I presented an esti-
" mate of around $3.75. One difference was that, in order to make com-
... parisons with Middle East crude, we were using a gravity of 34 and

., ¢ difference is about 10 cents.
=" Dr.Mrap. Yes. LT e T
. * Dr. Bram, Then, we added to the price at the wellhead the gather-
*.*ing and pipeline and terminal charges which were in the vicinity of
. around 20 cents. Then, we used o tanker rate of 50 cents which, accord-
ing to our understanding, is the current rate applicable for ship-

ment from the Gulf of Mexico to the U.S. East Coast for a 30,000-ton . .

. " tanker for a 1- or 2-year charter. U
- Thus the use of a tanker rate which is 30 cents higher than what you
... have_used, plus 10 cents for the gravity differential, would bring us,
.. -~ starting from your base, to about a $3.50 level. I

. . coe L N
L St . S RPN IR )

.t
o eese

“ you are using a somewhat heavier crude of 31 to 31.9. Apparently the

.. all of these—these massive restrictions. B

-,
B Y

A

However, they are substantially less than yours and I have no reason

= for saying my figures are any better than yours. My interest here, at

any rate, is the difference between the foreign and the domestie, and I

R estimate $1.32 difference. Your estimate is a little bit higher. Either
- one is adequate to make the point that I am concerned with. Your

estimate makes it even more dramatically than mine does.
Dr. Bram. Thank you, Professor.

- Senator Foxg. Mr. Coulter? - S
. 7" Mr. Courrex. Dr. Mead, one problem is that, if the only way to get
.. - foreign oil is to make us dependent on certain foreign nations, I think

there is some hesitancy about putting this Nation in that position.

- Two years ago the Arab countries attempted to use an embargo on
- their oil as a political weapon.

You mentioned that if the import quotas were abolished there would
be an increase in importation of oil.
. Can you give us an idea as to where that additional oil would come
from? I should say, making the question more precise, what propor-

~ - tion would come from the Arab nations?
... . Dr. Mgan. I should think that most of it would come fron: the Arab
. .. nations, but I eannot, without looking at it, estimate exactly what it

would be. I should think since most of the idle capacity is in the Middle

. East rather than, say, in Venezuela, that it would come from that
- grea. But you have used the term “dependent.” I would want to point
- out that, while we become more dependent upon them, they also be-
. ... comomore dependent upon us.

.. As was pointed out yesterday, selling oil to this country is at least

.- as important to the Arab countries as it would be to us.

Mr. CourtEr. Yes. I am an economist like you are and I tend to look

* at the economic or financial side of things and I think I should not
* really be discussing foreign policy matters. However, it appears to

me that some of those nations, when they have te choose between the
political objective and the financial objective, they always choose the

... political objectivo.

- - Ll N -
Dr. Mrap. Yes. We should ask at what price do we want to aveid

" this kind of additional dependence. There 1s a price at which it is too
* expensive. I think that price is now too high, I believe that we have
" lowei-cost ways of taking care of our national defense needs than the
"method now being used.

Mr. Courrenr. One other question I have. You probably reeall, as

="+ T do, n couplo of years ngo, I think, a largs tanker went on the rocks
* in the English Channel——- . .

Dr. Meap. I recall, . SRR . . L .
Mr. Coutwer (continuing). Presumably leaded with cheap im-
rted oil, and that, oil spoiled some very attractive beaches on the

T erlinly panet



: ‘mess that cheap foreign

S - Ils there any difference between the kind of 5

- oil mnkes on beaches as compared with the kind of mess that tho ex-

. pensive Santa Barbara oil makes on beaches? «

“.."-" Dr. Meap, In cither case it is thick and black and gooey and i
a big mess. : ' e

In my first recommendation I have proposed that the costs of water

*', " pollution which society has to bear bs internalized. I think I would
" apply the same point to shipping of oil. Society does run o big risk
- -gs tankers may go aground and the oil spread around. I believe that

t makes

- it would be very helpful to levy some kind of o fec on tank transporta-

" tion of oil such that a reserve is created to compensate society for
... those costs. That is, to internalize them. So, I apply the point not just
.- to offshore drilling. I would also apply it to_transportation of oil.

.+ " Mr. Courter. From the standpoint of keeping the beaches pretty

-+ " gnd avoiding that damage, there isreally no difference. ‘
"~ Dr.Mgeap. That is correct. S R S

""" DF. Bram. Mr. Chairman, in that connection, may I make a personal * T

.. observation? As a young boy I happened to be, with my father and
. - -mother, in Santa Barbara at the time of the great earthquake of the
" mid-twenties. I can still remember the experience of the hotel rocking
" violently and I can still remember that as we ran out in the street
-+ large cracks and crevices appeared in the street. Water from broken
" fireplugs was streaming into the street. Now, if at that time offshore
. oil wells had been in operation in the Santa Barbara Channel, they
~.. . probably would have been simply sheared off by the force of the quake.
o gince they would have been well underneath the surface, it would have
" been difficult, if not impossible, to plug up these sheared-off
:+": has been done in the recent disaster. T )
e -+ Dr. Meap. Has not quite been done. T R
.. - Dr.Bram. Not quite been done? - ’ . i

""", of Union Oil Co. and the oil slick is now only about one or two blocks
. wide and is only about 40 miles long at the moment. So, this is very
Sl niodestdcompared to what it was 3 weeks ago. But it is not quite
. pufrge. . .o . . oo . et
=. " Dr. Brair. Is there a feeling amon

g;éolégists.tliat the area is now

' * " fairly safe from a recurrence of an earthquake of the type that occu;red _

" ".some 40 years ago?

~"1. " Dr, Meap, Not at all. The geologists are scared stiff. If you get 60 V-

"+ or so wells from a (Y]ntform out there in that carthquake-prone area
.-..» - they can be sheare
. will shear off the pipes at a higher level.

“That is an area that moved, I belicve, 60 times last year in oarth_-: - "

; " quakes. But this is another matter, of course.

% " Senator Foxc. Professor Mead, the committee wants to ‘thank E
- you for appearing beforo it. Thank you for a very, very oxcellent -

.-+ presentatiom. S

. ...".-.+ Dr. Meap. It ig a pleasure to be here. ) .
¢« " Senator Foxe. It will help us materially in the discussion.
-, - Thank you very much. : -

The committee stands adjourned until Monday, March 24. o

" ¢" - (Whereupon, at 12 noon, the hearing was recessed, to reconvene on

.. Monday, March 24, 1969.)

pipc_s as

4 0" Dr, Meap. As I flew over that area on Monday, I saw the platform

off. You can also get submarine landslides that
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:" . GOVERNMENTAL INTERVENTION IN THE MARKET

i

e . MECHANISM: THE PETROLEUM INDUSTRY

... MIONDAY, MARCH 24, 1969
TR S O - U.S. SENATE,
‘e e i SUBCOMMITIEE ON ANTITRUST AND MoNoOpPOLY
w7 . o oF TEE COMMITIEE ON THE JUDICIARY,
o aT et i o o . Washington, D.C.
*." " The subcommittee met, pursuant to recess, at 10:03 a.n., in room .
- 1318, New Senate Office Building, Senator Philip . Hart (chairman)
preSldlng. . . . T -, P et e .

e

‘President : Senators Hart (presiainv) and Fong.

w7 Also j‘present.: S. Jerry Cohen, staff director and chief counsel; Dr.

- John M. Blair, chief economist; Peter N. Chumbris, chief counsel for
the minority ; Kirkley Coulter, economist for the minority; Gladys E.
Montier, cleri{; and Jo Anne Lang, stenographer.

Senator Hart. The committee will be in order.
" ...+ The committes had announced that today we would hear, among
others, Professor Engler of Sarah Lawrence. We have been advised
, PBrofessor Engler will not be able to be with us today. I would
__.jyﬁope' that we mlngt have his comment and testimony later in the
o . earlngs' . : W . :
‘We open with Dr. Paul T. Homan, 2 most respected member of the
economic profession. E ) c
‘For many years Dr. Homan was editor of the American Economic
Review, the oflicial publication of the American Economic Associa-

¢ tion, Ho has-been professor of economics at Cornell, the University
“- 7 of California at Los Angeles, and Southern Methodist. He has also

"been & senior stafl economist with the War Production Board, the
... Council of Economic Advisers, and other Government agencies.

«": .. One of his ficlds of specinlization has been the petroleum industry.

Among his more important publications in this field are the Economic

.- Aspects of Oil Conservation Regulation and Cost Analysis in the Pe-

troleum Industry. Each_of these books was written in conjunction
- with Professor Wallace Lovejoy, whom we had invited to testify but

=.... who, unfortunately is unable to appear.

-~ Today we have asked Dr. Homan to describe the evolution and the
. history of tho oil import program. ' : '
- - Doctor, wo welcome you.

. -

+%: . STATEMENT OF DR. PAUL T. HOMAN, FORMER EDITOR, AMERICAN
rtoeowo ... - {. ECONOMIC REVIEW -

_.... ¢ Dr. Hostan. Senator Hart and members of tho subcommittee, I am

.- vory happy to appear before your subcommitteo to present somo of
ey . - . :., .’.'..:’b_: 4“ ...: : ." '(103) ‘ . . . .
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DETECTION OF OIL SLICK POLLUTION ON WATER SURFACE!
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! : J. C. Aukland < W, H, Conway
i

-Microwave Sensor Systems, Inc,
Downey, Califoraia

Dr. N, K. Sandéers

University of California at Santa Barbara
. Santa Barbara, California

-

Examination of the theoretical and experimental body of information that is presently
- available Icads to the conclusion that there are two mechanisms by which the presence of oil on a
« water surface may be detected. Both of these mechanisms create an apparent temperature anome
aly when oil is present. It is the presence of this local anomaly in the relatively uniform back-
ground of the sea surface that will siznify the detection of oil pollution. This paper deveiops an
analytical basis for the mechanisms and presents the results of the experimental verification., -

The first phenomena to be considered is measuring the local change.in sea state due to the
presence of t}#e oil pollution. This phenomena presents very strong signals o microwave radiome
eters when winds of 6§ knots or more are blowing. Ii is felt that this will be ne primary detection
mechanism for thin oil films. The second mechanisin to be considered is the direct change in tae
emissivity of the water suriace due to the presence of oil. Thais pnenomena is slighily the weaker
of the two, buF offers the promise of measuring oil thickness. Because of the independence of
these two potentizl detection mechanisms the y are described separately in tae following para-
graphs; | . R '

i THE CASE OF VARIATIONS IN SEA STATE PRODUCING CHANGES
; . OF RADIOMETRIC TEMPERATURE '

The ability of oii to "calm the water" has been known to sea-going men for centuries; how=
ever, the abilily to quantify this phenomena has not been available un:il very recently. This is
due to the x’acﬂ that exact measurement of the sea state has not been possible, Determination of
the sea state has been a subjective estimation of the value, using arbitrary reference points,

In early 1968 the results of an in-house study at Microwave Sensor Systems led to a pro-
gram o examina the use of microwave radiometers to mezsure sea staie. The resulis expecied
from tais on-going sea state measurement program will satisfy the requirement of demonsirating
2 practical method of measuring sea state. The oil slick pollution measuremenis have been in-

.cluded, during the summer of 1969, to obtain tzis portion of the data.* The sea state irformation |
was presented in a companicn paper! at this symposium, with the oil slick effects presented in B
this paper. : ‘ ’ :

. The effects of oil slicks upon sea state were difficult to determine in measurements from
pier installations, as the oil was-ofien accompanied with detergent foam and debris. The sresence
of foam caused an increase in radiometric temperature instead of the decrease expacted from oil
alone calming the water. However, several measurements were made where oil was present -
without foam. |These measurements show taat for relatively calm seas with wind ripple, ize radi-
omeiric temperature decreased by approximately 4 whenever the oil suppressed the ripples.

For sea states}ox’ 1 or 2, thin films of oil had similar effects provided wind ripple was present,

In higher sea siczte, the temgperature decrease will be even more pronounced, Figure 1 shows
Stogryn's? predicted value of surface semparature as a function of wind speed. From this curve
it is apparent that a decrease in sca state may produce a signature of up to 10°, :

#Thoce moosurezcnts wore mede pocaitle by a Netional Scicrce Foundation Grant.

1“ ) .. -.' g '-.
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v Larger quantitics of oil which suppress the sea state may have different effects, Decreace
ing sea state will result in colder radiometric readings, but thie increased absorption from inter-
ference effects for thicker oil {ilms may mask the deercase in sea stute effcet with a resuitant
increasc in radiomctric temperature,

THE CASE OF OIL OVER WATER SURFACE PROVIDING CHANGI

| i HEISSIVITY

~ Following the method hat StrattonS suggests to determine the interference effects ex-

hibited by a thin diciectric sheet (0il) separating two semi-infinite dielectric media (air and
water), it is apfparcnt that the reflaction cocificicnt becomes a minimum when the thickness of the
oil film is A/ 4 at the wavelength being observed., This minimum value becoraes 0 for the special
case when the dielectric constant of the oil is such that

Coil = ST T3
or when its dielectric constant is the geometric mean of water and air, Since the emission and

reflection cceificients are related by ¢ 4+ p = 1, it also follows that the eraissivity will taerefore
become 2 maxiinum at this point, : :

In the generzl case the apparent temperature 'of.t_he ‘water surface is given by:
Tw = Tamb (_]'_'m +*R Tsky .
\vhgre Tamb = Ambient ten‘:per;ture of water
" R = Reflection coefficient of water with oil .
- 2 a.d

2

. r ,-r'2_4r Tha Sin
whereR=( 12 +°23) 12 *23

(1+r;, r23)2 = 4r;o Tog Sin? ayd

Es
ris = Reflection Coeificient of the air-oil interface

| rgg = Reflection Coefficient of the oil-water interface

a,d = Path length in oil layer

" Both ry4 2nd ron vary with the viewing incidence angle and with the relative dielectric constants

involved, and aTe difierent for each polarization, These coefficients are also calculated from ex=
pressions given by Stration: . B

pyp o &1 = c2 Sing, )t _/& g Con,
p (el“GQSine‘-,)Jz~ +/'32C0500

’

2a y1
c1 €988, “/eq (¢ ~ g Sin"8,)3

0

Ve ( SinZo, )%
14088 /T2 lep ~ape o/¥

The angles used nere are the sénsor viewing incidence angle for the reflection at the air-oil
interface, but this angle must be modified by the refraction effects (Snells' law) for the o:l-
water interface. The path length in the oil film must also be calculated using the refracied angle,

.
i

: The values of dieleciric constants of oil and peiroléum prodicts given by von Hippel® are

. closely grouped between 1.9 and 2, 16; therefore, it appesars that a value of 2.0 is a good average
for the general analysis. The value of dielectric constant for water is given to be 49 at 153° C and
increases slighily with temgerature., Since most of the measurements of interest would invoive
water betwean 15° C and 200 C, the value of 49 was chosen as an average, The values of ihis
reflection. coeifigient have therefore been calculated using values of §; =1 (air); ¢, =2 {oil),
and €3 =49 (water), . : ’ :

Calculations for both polarizations have been carried out for nadir ansles ranging from 0°
(normal incidence) to 75° (159 grazing), These interfuce reilections have then been comvined 1o
form the toial rdilection term, and the aprarent temperature of the water surface calculated
using sky temperature variatisns cbizined ficm Harcules and Brown®,

.
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Summary !
Examipation of the data obtained during

behaves in a manner that causes.t{wo separate and distinct effects.
lower radiometric temperature than the surrounding sea by reducing the number and size of

small capillary waves produced by the wind, This eifect can produce a signature of up o i0
For an operating frecuency of 35 Gz,
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degrees. |
When the oil film becomes thicker,
layer on the water suriface.
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" the eifects of 2 dielectric
crossover point for these itwo paenomena occurs in the
hicker oil concentrations caused very

sadd

wind sreed,
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taken in applying these teci

" CONCLUSIONS
Microwave radiemeters offér a means of detectine

on an all weatier, day and ni-at basis, Care must be
of oll thickness incic

s . g A
is possibie o ?a:ain combinationa
render spllc fnvigible, .

it causes the apparent-temperature to increase cue to

*le o
veel

range of 0.1 to 0.3 mm, depending on :h
hot signature, up to 100° at 1.0.mm thickness,

and tracking oil spills in the open ocean
H & h Bile
ques, since it

ce angle, and wind speeds ihat could
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Fortunately wihen oil of this thickness range exists, it iy also possible to obtain u meas-
urement of its thickness, It is felt that these techniques can oifer a significant capability that is

not presently available,
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POPULATION DYNAMICS OF INTERTIDAL ORGANISMS
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PROGRESS REPORT

1. Black Abalone on Santa Cruz Island, California

This project was carried on by Miss Mary Bergen, as a1 M.A, thesis under
J. H, Connell. It has yielded some very surprising results.

a.

d.

Recruitment. Extremely slow, almost nonexistent, in most areas
inhabited by adults. However, young were finally found on the
under side of loose stones and shells in nearby quiet bays.
Whether these grow awhile there and then move to the "adult" area,
we |don't know as yet. The smallest ones in the adult area were
far back in crevices. We believe that this behavior provides a
refuge from predators, such as crabs, snails and octopuses,

Growth. Many were marked individually with numbered tags and the
shells measured at intervals. Some tags were lost, possibly grazed
off, especially from small individuals. Of those abalones which
were certainly known, no shell growth has been detected over a
period of six months. This indicates either that this was the
season when there is usually no growth, or else that these abalones,
which vere mainly the larger ones, stop growing and probably live

e long time afterwards. Recently, some slight growth has begun.

Movement. Most marked ones moved very little at all. When sand
was washed in, some movement occurred.

Mortality. Since tags were known to have been lost, it is im-
possible to get an accurate estimate of mortality. However, the
photographs taken at intervals of the same areas seem to show the
same population density. Since there is little recruitment and
growth, and little movement, this indicates that mortalily rate

is rlso probably very low.

Feeding. Observations were made at all tide stages, and Miss Bergen

seldom saw any evidence that the abalones were catching drifting
algal fronds. Since they don't move much, it looks like they might
be getting energy by filtering sea water. Experiments to test

this hypothesis have been set up in the marine laboratory. Indivi-
dual abalones were put in aquaria with filtered sea water (in the
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dark). Some are being given plankton caught in plankton nets near
sﬁore s while others are being starved. They are weighed, wet, at
intervals.

A#other experiment was set up to see whether abalones can filter
oqt organic matter. Two treatments, with and without abalones
have been started. Natural sea water with its contained plankton
was put in each, and a sample taken at the start to measure the
amount of organic matter present. After an interval, another set
of water samples was analyzed to see whether the abalones have

filtered some plankton out.

Bqth of these experiments are in the preliminary stage at present,
a.tlxd no definitive results have been obtained.
! . .
f. Effects on other organisms. Estimates of abundances of other inter-
tix;dal organisms coexisting with abalones are being made. It is then
plenned to remove abalones from some areas to see what effect this

has on the other species.

Effects of oil on intertidal grazing animals (several investigators)

In some rocky areas large amounts of o0il adhered to the rock surface.
In addition, oil adhered to some parts of kelp which was washed up on
the shore, although it apparently did not adhere to living kelp offshore.

We attempted to see whether grazing animals ate the oil, and what
effect this had on them. iny lobsters were placed in seawater in
pens, with 3 treatments: a) with crude o0il in a tarry lump, b) same,
but lump wrapped in plastic screening to prevent the lobster from
ea.tin;m it, and ¢) no oil. All pans had pieces of plastic screen in
as a c:ontrol for the effect of the screen material. All lobsters
died within 12 days and were frozen for later examination.

Black abalones were given kelp (Macrocystis), some of which had oil
adhering. After & period of feeding they were also frozen. All
frozen material is to be sent to Dr. Max Blumer, Woods Hole Oceano-
graphic Institution, for biochemical examination of the fate of
ingest’ed oil.

ObserJPtions on the shore showed that areas around groups of limpets
(Acmaea) had little oil. Similar observations in England and France

indicete that’ limpets can rasp off "aged" oil from rocks.

Feeding in general marine predators

Experiments with marine predatory sneils have recently been completed
by Dr.| Murdoch. He finds that the snails feeding on two species of"
musselfs prefer certain species regardless of their relative abundances.
However, if the 2 prey are equally preferred, such as Mytilus edulis
and Balanus glanduls, the predators (Thais and Acanthina) tend to eat
them in the same relative emount as they occur. However, if the pre-
datorsrare trained to eat one species, they then tend to eat a greater

l
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proportion of it than it is represented in a mixed population.

Thus, marine predators may "switch" to & more common prey, ignoring
the rare species only if they are already trained on the common one,
and also show no preference between th
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