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1. Background Considerations

Introduction

In 1971 the Rhode Island General Assembly cre-
ated the Coastal Reso»rces Management Council
to *'... preserve, protect, develop, and where pos-
sible, restore the 'coastal resources of the state for
this and succeeding generations through compre-
hensive and coordinated long-range planning and
management designed to produce the maximum
benefit for society...." As part of its overall man-
agement task the Council was directed to inventory
the state's marine amI coastal resources and to
propose 'md impleme»t plans I'or their use. The
Coastai Resources Center of thc University of
Rhode Island has been assisting the Council in de-
veloping the inventory;md plan.

In its Interim Coastal Rr sources Management
Plan  September 18, 1972! the Council declares its
intention "to develop management regulations for
sand and gravel and mineral extraction which will
permit exploitation only in ways which will not
prevent other uses or damage marine life," The fol-
lowing study examines th» marine aggregate mining
industry and attempts to project its probable im-
pact on Rhode Island's marine environment and on
other uses and users cf this environment, A n>an-

agcment rcsponsc to iorcsccablc probleros is pro-
posed an<1 incorporates declared Council objectives.
The study concludes with a model legislative pro-
posal for th» regulatio» uf hard tnineral mining in
Rhode Island State waters,

The Need for Management

Three trends in the sand and gravel industrv will
make it necessary to m;mage Rhode Island's offshore
and estuarine sand and gravel resources.  Through-
out this report thc terms sand and gravel and ag-
gregates will be used interchangeably. !

L Rising Demand, U, S. consumption of sand
and gravel is accelerating. An annual consumption
of 500 million tons in l954 had nearly doubled to
980 million tons by 1970, and it is projected that
1,670 million tons will be consumed in 1985 and
2,530 million tons in 2000  Commission on Marine
Science, Engineering,".nd Development, 1968: VII-
152!. With» 1970 per capita annual demand of fiv
tons, consumption of sand and gravel has already
outstripped that of all mineral co>nmodities except
water  WIckcivey et al., 1968; Hess, 1971!.

2, Decreasing Land Supply, Ristng Cost, The
demand for aggregate material is greatest in metro-
politan areas where residential, industrial and con-
struction users are concentrated. The low unit-
value of the resource and the high cost ot' transpor-
tation dictate minimal separation of quarry and
market. The producers of sand and gravel, how-
ever, arc being prevented by suburban expansion,
zoning restrictions and high land costs from devel-
oping new close-in deposits as those presently
worked are depleted. They are consequently forced
to move farther from their markets. This increases
production costs which are, in turn, passed on to
the consumer  Davenport, 1971!, The effects of
increased distance between deposit and market can
alreadv be seen in Rhode Island  Altieri, McHale,
1972; interviews!,

3. Increasing Exploitation of Ocean Deposits, As
land supplies dwindle and costs rise, it becomes
increasingly attractive to look elsewhere for cheap
and reliable sources. Extensive, nearby and high
quality deposits are found in several areas off the
New England coast   McMaster, 1960; Emery,
1965!. While little commercial use has yet been
made of U. S. offshore sand and gravel rleposits,
there is no reason to believe this will continue.
The United Kingdom, faced with increasing supply
and demand problems, is already producing over
13 percent of her aggregate from the sea, The
British industry supports 32 companies operating
75 <>cean-going dredges wo>th some $100 milhon
 Hess, 1971!. In all probability an industry similar
to England's will develop ar»u»d the major coastal
mctropolita» areas of the United States. Rhode Is-
land waters c<>ntain large a».d potentially valuable
offshore aggregate deposits and the state should
be ready to st c prcssure for their exploitation risc.

Ma»agement Responsibilit'tes
The Coastal Resources Management Cou>rci1 is

charged svith broad responsibility "to develop re-
source n>anagr ment plans co>upatible with the
needs of the people of Rhode Island, while pre-
sening and enhancing as far as possible the natural
qualities of the marine cnvir<>nment"  Interim
Policy Statement, 1972!. The Council has specifi-
cally committed itself to permit mineral exploita-
tion "univ in ways wl>ich svill not prevent  >ther
uses or damage life"   Intcrin> Policy Statement,
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Figure 1. Distrit>«tion and pr<noit>«1 <no<lai size of sand on the continent;<1 m«ruin oB' north<.eaten> t:nite<l stat<a. t<< print<d
from Schiee, John. 1968. 8«n<! a<«t ><ravel on the contin<'<<tat shelf of the nortl<eustern Untt<d Stat< s, t <.8,  ;< ofot.i«.,1 8«<soy
«i<c«lar 602.

197o!. Under Chapter 279, Public Laws 1971 �6-
23-6 Sub A! thc Council is charg<'d to:

a. Identify the state's coastal resources.
b, Evaluate these r< sources in terms of their

quantity, quality, capabilitv for use, and other key
ch aracteristics.

c, Determine the current and potential uses of
each resource.

d. Determine the current and potential problems
of each resour< e.

c. Formttlate ph<ns and programs for thc man-
agement of each reso«rcc. identifying permitted
ttses, locatiorts, and prot<.ction measures.

f. Carry out these resource managerncnt programs
through implementing authority and coordination
of state, federal, local and private activities.

g, Fort»«lute stttttdards xvhere these do not exist,
a»<l rccvaluat» existing standards.

All plans and programs arc to be develop»d
around the following basic standards and criteria:
 a.! Thc need and demand for various a<tivittcs
and their impact upon ecological systems,  b, ! the
degree of compatibility ol' various activities;  c.!
the capability of coastal reso<trces to support vari-
ous activities;  d,! water quality standards s< t by
the State Department of Health;  e,! consideration
of contiguous land uses and transportation facili-
ties, and  f,! consistency svith the state gui<lc plan.

The form and content of this study have been
shaped bv the above considerations.

The Ocean Resource

Sand, and to a lesser extent gravel, deposits cover
mor< than 50 percent' of th» U»itcd States Atlantic
continental shelf, These deposits range front the



Figure 2. Distribution of gravel on the continental margin off northeastern United States. Reprinte<l from Schlee, John. 1968,
Sand and graoel on the continental shelf of the northeastern Untted States, U.S, Cr ological Survey Circular 602.

shoreline 100 miles er more offshore and from
depths of 0 to 600 feet  Ocean Science and Engi-
neering, 1967!. Thc southern New England and
central Atlarrtie shelf from Cape Cod Bay to south-
ern New Jersey is especially rich in deposits of
Pleistocene  glacial! origin  figs. 1 and 2!. These
deposits reached their present locations suspended
in movin.g glacial ice or transported by glacial
streams that crossed the then exposed continental
shelf. The largest portion of Rhode Island's offshore
resource was deposited by retreating glaciers  Mc-
Master, 1960!. Deposits laid down during the Pleis-
tocene are clearly distinguishable by their coarser
texture from the sand> of present beaches  Ocean
Science and Engineering, 1967!. The coarseness of
the deposits, their great age and the persistence
of features such as ancient drowned beaches, dunes
and river beds formed during periods of lowered

sea level indicate that deposits have beert largely
inactive since their deposition,

At depth between 60 and 80 feet  Emery 19';
McMaster, 1960! inactive Pleistocene rJeposits give
way to presently active deposits. Sediments in this
zone are subject to wave action, current and near-
shore transport patterns, Because these processes
affect beach erosion and building and are active
to depths between 60 and 80 feet, this shallow zone
should be of great concern to those rnanagi»g off-
shore sand und gravel resources.

Two aspects of nearshore sediment transport are
particularly important in determining the effects of
aggregate extraction from the beach area. These
are the onshore and offshore seasonal migration of
sand and the longshore  littoral! drift of material
in the surf zone. Both processes involve ntoverrre»t
of sand particles by wave action  Bascom, 1971!.
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Figure 3. Profile of a beach is characterized by a berm
 the deposit of material at the top of the beach! and bars.
In winter heavy surf removes sand from the berm and de-
posits it on the bars; in summer, light surf builds the berm,
Vertical scale is exaggerated 25 times, Reprinted from Bas-
cora, Willard. 1971. Beaches  August 19B7!. in Oceanog-
raphy: Feedings from Scientific American. San Francisco:
W. H. Freeman and Company.

Net transport of sand during the winter months is
ofF the beach face and onto submerged offshore
bars. The eroded beach face is then replenished by
shoreward transport of sand off the bars and back
ont:o the beach face by gentler summer wave action
 Bascom, 1971; fig. 3!. The on-ofFshore movement
of sand is not a closed system. During severe winter
storms material is lost offshore beyond the depth
from which summer swells can move it back onto
the beach, Lost material is replaced and the equi-
librium of the beach maintained by the lateral
transport of sand by longshore currents along and
immediately seaward i!f the beach face. These
currents are driven by waves that hit the beach at
an angle and set up a movement of water and sus-
pended material along shore in a direction oppo-
site to the wave direction  Bascom, 1971; fig. 4!.

A Recommendation

A delicate equilibrium maintains the natural
contours of existing beaches. Removal of material
from either the beach itself or offshore bars will
upset the equilibrium and may result in excessive
beach erosion. The beai;h's dependence on littoral
drift to replace sand lost offshore through storm ero-
sion further suggests that removal of material from
deposits not immediately adlacent to sandy beaches
may also upset the natural equilibrium. It would

Figure 4. Longshore or lateral movement of littoral drift,
Reprinted from Department of the Army, Corps of Fngi-
neers. 1971. Shore protection guidelines. Washington, D.C.:
U,S. Government Printing Office.

not seem advisable, therefore, to protect only those
shallow water deposits directly seaward of beaches.
Until the source of longshore material for all
beaches is pinpointed, the exploitation of nearshore
deposits, regardless of location, should be avoided.

The relative inactivity of Pleistocene deposits
indicates that mining them is unlikely to affect
beach processes. Sand within the 0-80-foot depth
range is involved in active beach processes  Emery,
1965; McMaster, 1965!. It is, therefore, recom-
mended that mining in coasta[ areas shallower than
80 feet be forbidden. The 80-foot depth contour is
shown in figures 5 and 6.

Rhode Island Deposits
McMaster �960! found extensive sand deposits

in Narragansett Bay. Coarse sediments were found
ofF Tiverton, Newport Neck, Bristol Point and
Warwick Point. Particularly high concentrations of
sand are found along the northern and western
sides of the upper Bay, the mouth and lower
reaches of West Passage, the entrances of East
Passage and the Sakonnet River and in Rhode Is-
land Sound off the Sakonnet River and East Passage
 fig. 7!. Sediments in the upper Bay, West Passage
and the Sakonnet River have a higher proportion of
sand than those in the East Passage, High ratios
 greater than 30 to 1! of sand to clay exist in the
upper Bay, the lower West Passage and at the
East Passage and Sakonnet River entrances   fig, 8!.
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Figure 5. Eighty-foot depth contour. Froin U,S, Coast
and Geodetic Survey chart 353.

Figure 6. From U,S. Coast and Geodetic Survey charts
1210, 1211.

Figure 7. Sand content distribution, From ivlcMaster, Rob-
ert L. 1060. Sediments of Narragansett Bay system and
Rhode Island Sound, Rhode Island. Journal of Sedimentary
Petrology 30 i 2!.

Sediments in Rhode Island Sound are predomi-
nantly sand with several large patches of gravel
and mixed sand and gravel southeast of Block
Island and oH Sakonnet Point. A belt of scattered

sand and gravel extends southeast from Point Judith
and bends back to the northeast to join a belt run-
ning southeast from the mouth of the Sakonnet
River, Another broader belt lies southeast of Block

Island and extends eastward  figs. 9 and 10!.
McMaster �960! found that Bay sediments are

primarily reworked glacial deposits with little con-
tribution froin recent river-borne sediments or
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Figure 8. Sand-to-clay ratio. From McMaster, Robert L,
1980, Sediments of Narragansett Bay system and Rhode
Island Sound, Rhode Island, Journal of Sedimentary Pe-
trology 30   2 ! .

shoreline erosion. Sediment distribution in the Bay
is controlled by the pattern of tides and currents.
The cleanest and best-graded sand deposits are
located in the lower reaches of the Bay in shallow
waters subject to tidal and ocean turbulence. South
shore beaches are subject to well defined patterns
of sand movement determined by littoral drift in
a predominantly northerly direction  ffg, ll!. A
tongue of sand extending from Point Judith up
into the mouth of the West Passage is an extension
of this drift, The contribution of sediments to

beach processes in the shallower areas of the Bay
and off the south short suggests, again, that shal-
low water mining shouhl be prohibited,

Figure 9. Gravel distribution. From McMaster, Robert L.
1960. Sediments of Narragansett Bay system and Rhode
Island Sound, Rhode Island. Journal of Sedimentary Pe-
trology 30 �!.

Research Needs

McMaster �960!, Schfee �968!, and McKelvey
et al. �969! have frequentlv spoken of the need
for more accurate and detaiIed information on sedi-

ment depth and deposit delineation, Detailed map-
ping of bottom topography, bathymetry  structure
and vertical proffle! and sediment type, distribution
and depth is necessary to determine the potential
value of deposits to both the producer and the state.

There are many methods of surveying the sea
floor. Sediment samples can bc taken by gravity,
piston and vibratory corers or by a grab bucket or
dredge, The distribution of sub-bottom material»
can be determined by magnetic, gravity, and seis-
mic methods  Tracey, 1969; McMaster, 1972!, but
physical sampling is needed to determine the exact
composition of the sediment. Coring devices work
poorly on sandy bottoms, and grab buckets and
towed dredges may not penetrate hard bottoms.
These methods are both slow and expensive. Drill
sampling guarantees penetration and is quicker,
but it is even more expensive. Hess �971! indi-
cates that it costs approximately $25,000 per month
to operate an expIoratory driII ship off Great Britain.
A complete prospecting program costs between
$180,000 and $240,000 per year �970 dolIars!. It
becomes questionable, therefore, whether the po-
tentiaI value of the offshore resource justifies further
detailed surveying by the state. It does not seem
probable that a fuII-scale prospecting program
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Figure 10. Sediment distribution in Rhode Island Sound.
From Me%laster, Robert I., 1960. Sediments of Narragan-
sett Bay system and Rhode Island Sound, Rhode Island.
Jorrrnrtl of sedirnentrrry Petrology 30 i 2 !.

could be mounted in thc immediate future, but
there are several ways Rhode Island can increase
her knowledge at reasonable cost,

The Graduate Schoo] of Oceanography should be
encouraged to expand sediment research efforts in
the state's coastal waters. Greater use can be made

of surveys undertaken by the U. S. Geological Sur-
vey and the Army Corps of Engineers; both of
these agencies would be willing to cooperate with
Rhode Island in better defining her bottom re-
sources. 'I'he state should make a concerted eBort to

participate through the University of Rhode Island
or the Coastal Resources Center in research con-

ducted by other institutions in our state waters.
The Raytheon Corporation of Portsmouth and the
University of New Hampshire are currently en-
gaged in a study of Rhode Island bottom sediments
funded by the Sea Grant Program, U. S. Depart-
ment of Commerce. The five-year study began in
1970 and is aimed toward developing advanced
acoustic profiling devices and improved vibratory
corers, developing mathematical modeling tech-
niques for analytical bottom mapping, locating and
evaluating sand and gravel deposits, and determin-
ing the i.nvironmental consequences of dredging
 Sea Grant 70's, Vol. 1, No. 1, 1970 and Nautilus:
Orr Station, Vol. 2, No. 43, 1971!. Each of these
research objectives should be of great interest to
the state and would justify the Council's participa-
tion at the earliest possible date.

U
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Fltttrre II. Pattern of sand movement along south shore.
From McMaster, Robert L, ]960. Mineralogy as an indi-
cator of beach sand movement along the Rhode Island
Shore, JonrrM1 of Sedirrrentary Petrology 30 �!.

The domestic consumption of sand and gravel
is accelerating. At present the demand is satisfied
by the mining of land deposits, Supply problems,
however, are beginning to develop in the major
metropolitan areas due to increasing demand and
restrictions on supply caused by urban expansion,
increased land costs and zoning  Davenport, 1971!,
Producers are being forced to range farther from
their markets to find suitable supply sources. This
trend has a strong impact on both the producer and
the consumer because of  I l the large volumes of
aggregate needed to support an industry and meet
demands, �! the low unit value of the material,
and �! the high cost of transportation from the
quarry to the consumption point. The value of
the aggregate at the quarry is seldom more than
$1.00 per ton  loaded!, While 80 percent of the
sand and gravel produced in the United States is
consumed within a 30-mile radius of the quarry,
even a 20-mile truck haul doubles the delivered cost

of the unprocessed aggregate  Davenport, 1971!.
Davenport, working with New York prices, esti-
mates a $1.00 extraction and loading cost, an aver-
age haul of 20 miles at $1.00 and a processing cost
of approximately $1.00 per ton, The cost to the
consumer, therefore, will be $3.00 or more per ton,
depending on the amount of processing involved
and the volume being purchased.



Z'he Rhode Islar<cl Sitt<utior<

Rhode Island's sand and gravel industry is be-
ginning to feel the effects of rising demand and
urban expansion, Our situation, however, is not as
serious as tliat of N» w York or Boston, Major
Rhode Island producer., haul, <>n the average. 12 to
15 miles frotn cxtracti<>n to processing point nnd
have a lower cost structure than that estimated by
Davenport  Altieri, M<>Hal<, 1972!, A rough cost
per ton breakdown for the Rh<>rle Island in<lustry
would be as follows:

5 .25 extraction
.20 loading
.75 ha»ling  quarry to processing plant!
.75 process< ng

$1.95 Total cost to cons<<<a< r   1972 prie< s !

This figure checks wc]1 with the average pit cost
of the eight tvpes of aggregate iri this price list.

Delivered in
Truck-Load
Lots Within

F,O.B, Radius
Pit of 8 Miles

S2.75 Ton
2.75 Ton
1.95 Ton
2.50 Ton
3,25 Ton
3.50 Ton
2.95 Ton

Average cost
Differential between average

pit and delivered cost

1,93 Ton 2,81 Ton

.88 Ton

Source: Rhode bland Sand and Gravel, inc.; effective June
1, 197'L

The above figures sliow that Rhode Island pit
prices must increase dramatically to reach the $3.20
to $3.50 per ton pit prices of New York and the
$2.75 to $3.00 per ton prices of Boston. They also
indicate the high cost of transportation to the con-
sumer, a 41 percent mark-up for trucking within an
eight-inile radius,

Preliminary investigations indicate that Rhode
Island aggregate prices are not rising as quickly as
might be presumed, The state Department of Trans-
portation, for instance, paid the same average pit
price for wit>ter road sanding material, $1.44 per
cubic yard, in fiscal 1970-71 and 1969-70. The

Washed acr< ened brick sand
Washed screened concrete sand
Bank run gravel
Crushed bank gravel
Washed ser<.ened gravel � sr< " up
Washed scr«..ned pea gravel
Concrete mix
FilI

'$i,.90 Ton
1,90 Ton
1.20 Ton
1.75 Ton
2.50 Ton
2.75 Ton
2.20 Ton
1,25 Cubic

Yard

1971-72 average unit price increased only $.13
  Rongo, 1972!,

None of the Rhode Island operators intcrvicwcd
expect significant changes in their hauling distance
or sources in the near future. They are now hauling
from quarries in the western and southern parts of
the state. 'Ihcy feel that available resources in
these areas should meet their needs for the next 15

to 20 years, They point out that a large part of
what remains of the state's estimated 54,317,000
cubic yards of aggregate  Moultrop, 1964! is in
areas still open to mi~ing. 7oning restrictions arc
recognized as a. problem, but interviewed operators
feel that the industry's present policy of excavating
<mly to road level and then grading the property
for industrial and residential development will do
mucli t<> make them acceptable neighbors in rural
communitics. Future price increases, therefore,
sh<>uld reflect thc increasing cost of labor more than
a shortage <>f' nearby supplies,

Zen<<or><ic Stt«l</ Yeeded
It would bc advisable to undertake an economic

studv of the existing industry. The study should
measure the effect of the Big River Reservoir proj-
ect on aggregate supply, Thc reservoir site as now
define will cover m<>re than 13,000 acres, much of
which is sand and gravel, in  :over>try, Exeter and
East and 'Brest Greenwich. The first of s<>me 17

lease tracts has already been put out to bid. This
120-acre site c<mtains some 6.6 million cubic yards
of sand, gravel and overburden to be rcmox cd over
a five-year period with a fivc-year renewal option.
Bids ranging from $.15 to $.52 per cubic yard have
been accepted by the state and excavation has be-
gun  Russ, 19<3!. It may bc presumed that if the
Big River site is developed as planned adequate
land supplies of sand and gravel will bc assured
for more years than might otherwise be anticipated.

Ocean mining will develop as land deposits are
depleted and land sources become more costly.
Britain, with a highly developed ocean industry,
still meets much of her demand through land ex-
traction  Hess, 1971!. An ocean industry will de-
velop when the cost of land aggregate rises to the
level at which offshore sources can compete favor-
ably, In order to predict when this wiII occur it is
necessary to examine the ocean industry in some
detail, This will also place us in a better position



to anticipate the likely iinpact of <>cean mining of
sand an<i gravel on th» state s oth< r coastal activities
and pro .esses,

Ocean Mining

There are five stag<is to a riiarinc mining op»ra-
tion. These are �! prI>spccting, �! cvaluatio», �!
extraction, �! processing, and �! transportati<>n.

Prospecting an<I Lo«h<atio>i
Ocean mining of sand and gravel in the United

States is presently di»coiiraged E>y the»liortage of
<Eetailed informatior> <>n which to base so<md eco-

nomic decisions. The difFiculty aud high cost of
obtaining this inforniation make it unlikely tliat
industry will begin exploration until prohibitively
high land c<>»t» force. it to seek alteriiate supply
sources. Th<. consequences for the general public
will be twofold: Aggregat«prices will be driven
higher than they oth<rwisc»iight be before i»du»-
try will risk prospecting I'or oHshore s<>urces, and
the cost of exploration will be passed to thc con-
sumer in the form of higher pri<.es. Botli of these
conscqiie»c<.» mav 1>i. avoided through improving
our kno>vtedge of offshore aggregate deposits by
inaking better use of presently available i»for>»a-
tion an<I encouraging research by otlier interests,
If the state shares its inforniation svitE> industry it
can encourage the earliest development of oceaii
resourc<s compatible with svise managcm»»t con-
sidcrati<i»s and, by so doing, prevent an imdesiral>le
inflation of price.

The early develop»sent of ocean deposits at a
reduced cost to the consumer can further be en-

couraged tlirough modification of standard explora-
tory lease practice. It would be to the advantage of
all concerned if parti«s to an exploratory lease werc
require<i to cooperate in a collectively financed
survey <if the lease area. Inforination developed by
such a survey svoul<E be public knowledge. This
policy would prevent wasteful duplication of sur-
vey work by competing bidders and allow for
consequent reductiorl of cost passed to the con-
sumer. 1t will encourage thc accumulation of valu-
able information on the state's marine mineral re-

sources by guaranteeing public access to survey
results, Individual c<>mpanics could expect more
and hetter survey information than they could
afford to produce themselves, Their investment

would be protected by restricting extraction bids
<inly t<> those conccriis party to tlic initial cspIora-
tory le;is«. Tliis proposal rcpr«s«rits a r>ew appr<>ach
to inineral exploration and, as a r<.suit, >nay meet
with some opposition froni svithin the industry.
The administration of th» «xplor:itory survev woiild
E>e»uE>ject to tEie dir«ctivcs <>f the Co<i>i< if. State
co»trol might he ex< rcis«. I <E>rougE> ics» ofaii inde-
pendent survey firrn hired bv the state iii>d paid
by thc Icssccs.

extraction

Xlarinc mining cxtractiori tcclmi ques ire <.<m-
trollcd by lour viiriaE>1«s:  ] ! th«phy»i<!al iiatiire. of
th<.. deposit, �! the unit vahie of the aggregate,
�! tlie dept!i of the working surface, and �! the
sca state  svir>d a»d wav«i. Unconsolid;itcd sedi-
ments»ucli as sand and gr;ivel can he mineR 1>y a
variety of techniques including draglining I'ro»i the
beach <>r win. line, E>uck»t-ladder, clam sh«ll or
hydraulic <lrcdging froiii floating platforii>s  <Icro,
1963; figiiic 12!. The Eosv unit vafiie of' sa»d and
gravel dictates a high volume, low c<>st method.
Hydraulic»iiction dredging has be«or»« the inost
popular technique. In this method a puinp lifts
large voluir>es of water-aggregate siurrs through
an intake pipe drawn across the ocean bottom. Dig-
gi»g iictio» is often impr<>v«<E by mechariical cut-
ters   figs. 12 .uid 13!. The aggregate slurry is either
discharged into hoppers on board the dredge.
pu»ip< d into;i transport burg< or pumped through
a fl<>ating dis<:barge pipe to the sh<>re. In the first
two cases excess water is discharged over tli» side.

There are two types of hvdraulic suction
dredge», The 1>arge dredge  figs. 12 a»<E 14! i»
designed for maximum production at shall<>w depths
and in sheltcrcd waters, The barge dredge is posi-
tioned over a deposit by sinking a spu<E ori the stern
into the bottom. The barge is then manellvelpd in
an arc across the deposit hy working anchor lines
running out several thousand feet diag<>nally from
thc port and starboard be>vs. Fore and aft move-
ment is controlled by anchors set <>ut at a similar
distance from bow and stern  "Ocean %fining
Comes of Age," 1971!, The barge su«tion dredge
is a cumbersome apparatus to move an<i i» virtu-
ally immobile during operation. It depends on com-
paiiioii barges or shore-con>>ected pip«linc» to tra»s-
port the aggregate to processing faciliti«s,
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Figure 12. Basic dredge types and methods of marine ore
exploitation, Reprinted from Mero, John I.. Review of min-
eral vailues on an<I under the ocean Hoor, ln Exploiting the
ocean. Washington, D,C,: Marine Technology Society.

Barge dredging is the method best suited to op-
erations in the sheltered and shallow waters of
Narragansett Bay. Cost figures on barge dredges are
difficult to obtain and are extremely variable. They
are, however, considerably cheaper than ocean-
going dredges of similar size due to their simpler
engineering. The lower costs of building and operat-
ing a barge dredge, its suitability to work in the
Bay and the proximity  If Bay deposits to market
areas suggest that pressure for marine aggregate
extraction wiH be felt llrst in Niarragansett Bay.
The probable method will be barge suction dredg-
ing. However, if dredging is forbidden in depths
less than 80 feet, most Bay deposits will be closed
to commercial dredging  Sg, 5! .

If, on the other hand, dredging is allowed i»
shallower waters, much of the Bay may be opened

Figure 13. Hydraulic suction cutter head. From Florida
Mactune and Foundry Company advertisement.

to exploitation and the following considerations
should be taken into account. The site occupied by
the dredge and its anchor lines will cover a roughly
oval area some 4,000 feet long by 2,000 to 3,000 feet
wide  frg. 15!. Navigation within this area by com-
mercial traffic of any size would be hazardous to
both the dredge and the passing vessel. Deep <lraft
vessels might foul dredge anchor lines and would
risk collision with work boats and transport barges
moving between the dredge and the offloading
point. Recreational craft within the area described
in figure 15 will present little threat to the dredge,
although dredge-related congestion might present
enough of a hazard to recreational vessels to r»ake
their presence in the zone undesirable.

Since the dredge will be largely immobile, it
will be advisable to discourage mining i» areas
such as narrow channels where undue interl'ere»ce
with navigation can be expected. Navigational con-
siderations also suggest that shore-linked floating
discharge systems, especially those of any Ie»gth,
are poorly suited to a heavily traveled water body
such as the Bay, At best a»uisance, they could be
hazardous to small craft in bad weather.

Open-sea conditions and greater deposit depth
dictate use of seaworthy vessels for open water
dredging, European dredging experience iIT the
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North Sea has led to thc development of thc all-
weather ocean-going vessel shown in figures 12 and
16, This is basically a conventional ship hull with
dredge pipes trailed aft off the port and starboard
bows. Hecause sea conditions frequently make load-
ing onto barges impossible, these dredges load into
hoppers built into their holds and later unload at
pierside. Hess' �971! study of the English marine
industry provides tnuch information on the hopper
dredge operation. Hopper capacities range from
500 to 10,000 tons with the majority of vessels fall-
ing in the 1,000- to 4,000-ton range. A typical vessel
is 350 feet in length and has a }aden draft of 25 to
30 feet. Uew vessel costs �970! vary considerably.
A dredge with a 2,AN-ton hopper capacity costs
approximately $1 million and a 3,000- to 4,000-ton
dredge costs from $1.5 to $2 million. Vessel costs.
transportation distances, annual production, operat-
ing costs and per-ton costs to the operator for un-
processed material are shown in the table, page 12.

The loading period of a hopper dredge varies
from one to eight hours depending on vessel capac-
ity, water depth, sea state and deposit quality, Al-
though large dredges can work at depths up to 120
feet, shallower deposits are preferred. The loaded
dredge steams to port at eight to ten knots, unloads
in one to two hours and returns to the dredge
grounds. Thc length of the round trip, the vessel
capacity, and loading and unloading time are the
primary determinants of the operation's annual pro-
duction and cost. Ocean dredging on the present
European scale is likeI.y to develop on the American

3,000

O
O QQ O O

Figure t5. Operational zone of barge dredge. From infor-
mation in Ocean mining comes of age � part l. 1971. Ocean-
ologtr Internattonai tf   11!,

shelf only when demand justifies high capital in-
vestment. The economic subleties of the marine
mining industry need further study before predic-
tions can be made on when this will take place.



iV<v«;samples of sea drerlg<ng costs � capital investment and operations,~

Annual
Operation
Cost  $!

Annual
Production

 tons!

Round
Trip

 miles!

Cargo
 ton!

Capital
Cost  $!

Cost Per
Ton  $!

Example

D E

300
500
850

1,200
2,000

75,000
200,000
600,000
600,000

1,075,000

0.49'
041
0.45'
0,35<
0.49"

90,000
191,800
282,565
300.000
400,000

20
8

20
30

140

44,000
; 8,500

125,000
105,000
196,000

Key; ' Conversion 1948; ' C >nvcrsion 1966, "New-built 1966  Scraper discharge!, ' Ncw-built 1967. ' New-built 1967  Sc<aper
di »charge !.

From Hear �971! Marine Sand an<i C'ravel Mining Industry of the tinitcd Kingdon>, p. 66.

Transportation

The extrer»ely Iow unit cost of moving large vol-
t>mes <>f bulk materiaI in ships or barges is one of
the most attractive features of ucea» mi»ing. While
proces»i»g costs are cun>parable with those from
la»d suurc.es  Iiess mentions a figure of 8.55 per
ton for thc British indu»trv! and extraction and
capitalization costs are considerably higher, much
lower transportation costs give the ocean i»d»stry
a competitive position in high demand markets.
Transportation is not likely to create insurmount-
able problems for resource management. Heavy
barge traffic would contribute to congestion in the
Bay, but adequate legal authority to regulate water-

12

Processing

Processing of mined»>at<rial takes place at two
stages regardless of the clrcdge type. Water and
fines  silt and clay particles! are discharged over
the side of the dredge before the aggregate is
loaded inta barges <>r hoppers. When gravel is be-
ing dredged, a great deal of sand  as >»uch as twu
to three tons f<>r every t<>n of gravel recovered!»>ay
«Isu be discharged d»r<»g thc dcwatering process
 Hess, 1971!. The discharge of large quantitics of
fine sedime»t into the >vater column creates prob-
Ier»s which justify exter>sive independent considera-
tion  scc Impact on the X«tr>r«I Environment in
Chapter 2!. Of morc direct concern here arc prob-
lems related to unloading, fi»al processing and stor-
age of mined material. Thc more advanced hopper
dredges avoid most of these problems by washing
and sorting the; aggregate on board so that a fi-
nishe product is discharged at the unloading point.
Operations ul this sort however, are uncommon
and still depend on having a port facility that is
adequate to receive, stockpile and process the
dn dgecl rrraterial and located i» an area open ta
deep-draft vessels and close to >»«rket s<>urces.

These r<.cl»ireme»ts If»it available sites in Rhode
Island to dredged «rcas of Providence Ilarbor and
a fcw scattered locatr'ons in tl>e la»ver East Passage
of Xarrag«»sett Bay, The low ur>it-value of sand
and gravel rnav put tire industry in a poor position
to compete svith high revenue-producing users of
valuable shorefront acreage. Such users are already
well established in many desirable Bay locations.
Sit<s un the lower Bay wuuId avoid sornc competi-
tio», but would still require valuable acreage and

lead to high additional tra»spurt«tiun costs ff naa-
terial had tu be trucked long dist«r>ces tu rrrarkets.
The offshore irr<l»stry might i»crease the; »>r>»ber of
possible unloadi»g points by <>per«ting sr»all hopper
dredge» or unloading large vessels irrtu b;trges in
the Bay. Sine<. unlu«ding an<I processi»g f«<ilitics
will bc larg<.. active «nd potentially disruptive, their
lu<.ation should not be left tu char>ce. It would ap-
pear desirable fur the Council tu petition thc state
legislature t<> i»elude rr>ari»e aggregate offloading,
storage, and processing facilities among those spe-
cific activities and land uses svhich it is empowered
to regulate under the provisions of the Coastal
Resources Man«gement Council Act of 197I. Prob-
lems may also be expected from the trucking or
slurry piping of aggregate material to existing in-
land facilities for processing. If wash s< aters used in
processing were discharged into rivers and streams,
salt contamination could result.
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Figure 16, Operational sxetoh of hopper dredge  lengthwise section!, Reprinted from Hanse, Ray S, 197L  'reat Lakes
dredging: problems and re>nedies. World Dredging and Marine Construction 7 �4!.

borne transportation of dredge materials already
exists under Title 46 of Chapter 47, Public Laws
1971. Under the provisions of this statute, a permit
must be issued by the Director of the Department of
Natural Resources to transport dredged material
over state waters.

Hydraulic suction dredging by barges in the Bay
and by self-loading hopper dredges in Rhode Is-
land and Block Island Sounds appear to be the
most likely methods for large-scale exploitation
of Rhode Island resources,

late under present legislation, a more direct policy
statement might prove helpful in such a sitiiation.
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Beach Mirutig

A little publicized and presently inactive opera-
tion of the M. A. Gammino Construction Company
on the Portsmouth .' horeline suggests that the
Council also address itself to the problems asso-
ciated v ith land-based operations, The company
mined material from a pit behind, but in close
proximity to, the existing shoreline for a number of
years. Under pre-1971 legislation this was legal
although of some concern to the Department of
Natural Resources   Bolwell, Mulhearn, 1972!.
Some time ago the cofferdam between the gravel
pit and the Bay was breached, creating a substan-
tial cove separated from the Sakonnet River by a
narrow sand spit. Similar activitv, particularly be-
hind south shore beaches, could have a serious
impact on coastal processes. While mineral extrac-
tion is iricluded among those land uses which the
Management Council is specifically charged to regu-

The Future

Speculation as to when Rhode Island's ocean ruin-
ing industry will develop would be premature until
more information is developed. Several conclusions
can, however, be drawn from what is known. Ini-
tial pressure is likely to bc from small operations
working from the beach and utilizing conventional
drag-line techniques. 'I'he Gammino operation
cited suggests that others of this type can be ex-
pected at any time and sl>o>dd be strictly regulated
due to their potential for uncontrolled shoreline
modification. Barge dredging of aggregate from
shallow deposits in the Bay will be the "natural"
second step in the development of the resource.
Sheltered waters, easily accessible material and
proximity to markets will make these deposits at-
tractive to investors.

Ocean hopper dredging will be the final and
largest stage in the development of ocean aggregate
mining. This will be a highlv capitalized and so-
phisticated operation which will ultimately extract
material from considerable depths and distances
from shore on the outer shelf.

The development of any marine mining industry
will vary with the vitality of the land industry, with
economic, urban and residential growth patterns.
and with any restrictions which may be placed on
its activities.
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necessary to briefly consider the mechanics of ma-
rine life systems. A marine ecosystem consists of a
complex sveb of vertical and horizontal energy
 food! exchanges between organisms ranging from
single-celled plants to large flsb, KVhile the web is
vulnerable to change a.t all Ievels, it is especially
so at the lowest and most important level, that of
the primary producers, Unicellular phytoplankton
need sunlight t > produce organic material  food!
and oxygen upon which the web depends. Anv
activity that interfere." with primary productivity is
a threat to thc ccosystcrn.

The species cor»position of an ecosystem is de-
termined by biological and physical factors. Biologi-
cal factors include nutri .nt supply, competition,
predation,>nd behas ior. Physical factors include
light, salinity, ternperat»rt, pressure, currents, oxy-
gen, bottom corn positio» ar! d svater chen>istry.
Changes in the biological and physical environment
mav cause rlramatic c1>angus svithin the ecosystem.

Tttrbidfttf sects
Turbidit> is the optical interfcrencc with the pas-

sage of light thro»gh sv; ter caused bv the presence.
of particulate and dissolved matter   Dn>ninqucz
and B:Isco, 19r 1!. Thi. disturbance of bottom rnate-
rial by,  dredge and the discharge of fine sedirn nt
during;>ggregate svashing ear>se local increases of
turbiditv  flg. 17!. 'I'he effect of such increases
upon phytoplankton productivity has not been con-
clusively determined altho»gh there is evi lenci.
that dramatic short -term reductions Can oCC ur

 Maltvainc, 1971!, This is particularly true for
plankto» populations at grcatcr depths  Maitvaine,
1971!. Bella �971! found reduced oxygen levels
and organic co~tent and increased respiratory ac-
tivity in turbid areas. H» r>oted, however, that; 
limited m>rnber of planktor> species flourish ur>der
these conditions. Urhile the evidence of long-term
impact is as yct inconclusive, immediate local altera-
tions in phytoplankton populations ma.v be ex-
pected.

Research. Turbidity research has concentrated
on the effects of channel dredging; the extension of
results to marine aggregate  nining may prove
questionab1e. A greaI- am n>nt of new and useful
data wiII, however. bi come available over the next

few years as the results of r>csv research projects are
released. The most ambitious of these is a joint

~CUTTERHEAD
EFFECTS OF STRATIFICATION IN WATER
COLUMN UPON TURSIDITY ~ I STRI >UT ION

EFFEcTS OF cURRENT ON TURBIDIT v
O I STR I >UT ON

Fig>>re 17. EITects of current on turbidity distri1>ution. Re-
printed from Dorninquez, Richard F. and David R. Basco.
1971. alii<1 ly aspects of water  niality affecting dredges.
N'orld Drcdgii>R and Marine Coastrrtct on 7 �4!.

federal-state investigation of environmental effects
.>Ss !ei >ted svith marine sand and gravel mining,
This investigation will involve large areas of Massa-
chusetts Bay and is described by Director Robert
Bl» nberg of the Massachusetts Division of Marine
Resources as I'ollows:

It  the study! will encompass a base line
marine biological study systematizing benthic
communities within the area to be dredged for
a period of onc year. A dredge will then be
brought in and approximately 500,000 cubic
yards will be extracted, During that time the
entire dredging opcrati !n svill be closely moni-
tored to assess short term   Hects nn thc benthic

co>nmunities and anv interactive forces on the

near shore and beach «reas. After thc termina-

tion  If this phase there will bc a tsvo-year
observation phase during which Iong term ef-
f cts will bc analyzed,  Letter of February
11, 1972!
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The Massachusetts project has begun and its

scope has been expanded bv increased federal par-
ticipation and funding. Information developed will
be specifically directed to marine aggregate mining
and should be of great interest to Rhode Island in
ni«naging lier marine resource.

!Vhatevcr the results of the Massachusetts Bay
project, there are a number of turbidity processes
which should be considered in managing dredge
mining, XVc need to know how Iong sediment par-
ticles will stay in suspension, where they will come
to rest and how they will get there. Further infor-
mation is needed on particle behavior and the
effr ct of size, density, distribution, shape and
chemical attr;iction on settling rates. Variables
such as discharge rate, currents, turbulence and
eater density must also be defined and analyzed,

Sedimentation

The settling of dredge fines will affect the ben-
thic  bottom! environment, This should be an im-
portant consideration in managing sand and gravel
mining. Probalile effects «re several.

Nutrient Release. Organic material stabilized in
sedimentary beds will be disturbed and resuspended
in the water column dirring dredging. This may
henefit those species attracted to the nutrients re-
leased but at the same time may prove toxic to
others. High biological oxygen demand may result
from bacterial decomposition of suspended organic
matter  Maltvaine, 1971; Bella, 1971!. The possible
harmful effect of resulting anoxic  low oxygen!
conditions on desirable commercial and recrea-
tional species should be of considerable concern.
Reliable information on the effects of nutrient re-
lease should include determinations of community
composition, density and nutrient requirements and
the organic content of bottom sediments in the
dredge area.

Release of Toxins. Sediments in several areas of
Narragansett Bay and Rhode Island Sound  figs.
18, 19! are contaminated with a variety of toxic
pollutants. These include hydrocarbon and pesti-
cide residues, sewage sludge and toxic heavy metals
such as mercury and cadmium. Many of these sub-
stances are toxic in very low concentrations, espe-
cially to larval stages   Bella, 1971! . Chemical
analysis of sediments in suspect areas will be neces-

Figure 18. Polluted areas � Narragansett Bay. From State
of Rhode Island. l970, Report of the Goeernor's Coromitteeon the Coastal Zona. Providence, reer

rT pr

Figssra19. Dumping grounds. Frmn U.S, Army Corps of
Engineers charts,
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sary to determine their toxicity and consequent
suitability for dredging.

Fffe<ts on Diatorna. Microscopic plants  diatoms!
are imp»rtant producers of »xygen and food. They
are especially abunc,'.ant on shallow, organically
rich bottoms  Maltva..ne, 1971! and are vulnerable
to sedirnentatiori because of their limited powers
of inobiIity. Even s>na11 sediment accumulations
may destroy populations. The frequent coincidence
of diatotn mortality and high biological oxygen de-
mand iri deposited s<.dimcnts increases the likeli-
hood that anoxic bottom conditions will be created,
Unacceptable mortali"ies can be avoided by care-
ful in situ and laboratory investigations of species
comp<>sition, density, productivity and migratory
ability and hy cletermination of probable dredge
sediment load and settling rate.

Steeer on Si>eer re'tderr Sed.imentery eirecir on
commercially valuabli: filter feeders such as hard-
and soft-shell clams ss ill bc of concern in managing
nearshore sand and gravel mining. One may expect
acute problems in areas near active shellfish beds
 fig. 20;. Particulate matter may block gill cham-
bers and food filters, causing suffocation or starva-
tion of shellfish  Bell,t, 1971!. High sedimentation
rates mav bury orgat>isms or exhaust their energy
reserves in their efforts to dig out. Definitive pre-
dictions ar< not, however, supportable by existing
evidenc<. A 1959 study  Stringer! found that al-
though Varragansett Bay hard clams were accus-
tomed t<> low particulate levels, they could tolerate
high sedimentation rates with no apparent ill ef-
fects, Cronin �970!, however, observed reductions
of 65 to 70 percent iu benthic population density
and biomass  organic weight! in areas subject to
deposition of dredge spoiI. Until present uncer-
tainties are clarified, dredging in areas of high
biologic,il productivity does not appear advisable.
Greater flexibility will be possible when research
determines shellfish tolerance to sedimentation,
acceptable deposition rates and the effects of excess
sediment on filter-feeder life systems, benthic bio-
mass, population den< ity and community composi-
tion.

Facts on Lart>al Stages. Larval forms of most
marine species are extremely sensitive to changes
in their environment, Increased sedimentation

rates may clog gills and membranes, reduce egg

Figure 20. Shellfish beds. From State of Rhode Island.
l970. Report of the Gooernor's Comm>'ttee on the Co<>stol
Zone. Providence,

buoyancy or restrict movement between the bottom
and the water column by accumulations of new
material  Smith et al., 1971; Bella, 1971!. Since
species propagation often depends on larval move-
ment between the bottom and the water column

interference with this process may prove fatal to
the community  Bella, 1971!. Cronin et al. �970!,
while recognizing the sensitivity of larval stages,
did not observe gross damage to fish eggs or larvae
in their study of spoil deposition in Chesapeake
Bay, Clarification of existing uncertainties will be
necessary before dredging in or near spawning
and nursery grounds is permitted. This information
might include the species»f larvae present in the
water and bottom sediment, tolerance to sedimenta-



tion, effects of sub-leth,.� sediment concentrations,
and thc idcntification of known nursery areas and
seasons. Som» areas might require permar>ent or
seasonal dredging restri< tions,

Facts on Community C<>mpositron and Species
Di ersity. Communities of organisms able to adapt
to thc stress of high turbidity levels and sedimenta-
tion rates may rcplacc i atural populations in areas
subject to heavy spoil deposition. Cronin et <d.
�970! found a dramatic decrease in species diver-
sitv a >d population de»sity to bc associated with
dredging activity. De»'ity recovery was evident
within one year after dredging had stopped al-
though ce t;>i» species appeared to have been per-
manently eli>ninated, D>»dgir>g i» productive areas
would not., the> <fore,,>ppear d<..sirable until we
can predict with so»re. <ertainty svhich species will
be eliminated ar>d wl>ieh increased in number
and/or size. We would also svant to know the re-
population time of the dreclge l area and thc »Rect
d»population had on nesv communities.

Deposition, Density Flora» <r»c/ Resuspension
The sedinie»tary proc<sscs   ssoeiated with dredg-

ing are compIex. In their stud! of dredging impact
on Upper Ch»sapeake Has, Cronin et at. �970!
found that fi»» s<.din>«r>ts co>i»e»tratcd in flows

 turbidity currents! d re«tly af>ove tbc botto>n.
With,< density only slightlv greater than the water
in <vhich they w»r<. sii;pcnded, particles in these
Rows settled very slowly, w»rc sensitive to cvcn
th : g<ntlest inclines and .sprea<1 o>it over an area
m; ny ti»i s gr»ater than anticipated. Even when
deposited»r> r»lativ .ly fl;>t surfa»es, thc fi»e par-
ticles spread over larg» a>eas because they could
hold only an extremely shallow slope. They were
extrc>nelv sensitive to wav»;>nd current action and
were resuspended in cn>~sidcrablc quantities by cur-
rents arid other natural forces. Deposition phe-
no>»cna si r>il;>r to those observed by Cronm are
likclv t > r suit from dr< dging of Rhode Isl<md de-
posits, especially those with moderate to high silt
content. In order to protect the marine environment
from ur>fores  e>i char>g  it would, thcrcfore. be
desirable to determine <. » rr< r>t patt erns, bottom
topography, t rrbulent forces and the vario»s other
factors bearing on sedii»e»t-c >rrying capacity and
transport patterns   see Turbidity Effects! in an-
ticipa cd dredge ar»as.

Afechanicaf and Physical Effect»
Many rnarir>c organis ns will be destroyed as

they are drawn through dredge machinery, others
will be eliminated by shock caused bv disruption
of thc r»incd ar»    TIM>r»pson, 1971!. Destructive
impact may br minimized by discouraging dredging
during seasonal periods of high phytoplankton or
larval activity. Some difficulty should be anticipated
in �! identifyii>g tl>ese periods for all valuable
species and �! separating overlapping blooms.

The exposure of ncw bottom through removal
of dredged n>at»rial will attract a populatior> whose
composition will differ from the original i» pro-
portion to the change in substrate  Cronin, 1971!.
Beneficial or d<trin>cr>tal «h;>»gc may involve al-
terations in flow patterns, flushing rates, temp»ra-
ture and saIinity distrib ition, water and s di>nent
chc>nistry, turbidity and dissolved oxygen content,
Minimal change may be anticipated if miners are
encouraged to drcdg» alor>g r>atural bottom con-
tours, av >id .steep-cutti»g slop»s and leave enough
of the original aggregate s>irface material to support
rccolo»izatio» by the originaI population.

Deliberate a»d c mtroll d alteration of natural

bottom topography during r»ining could b  >ised
in some cases to improve conditions for d<..sirable
species. Existing research suggests, howev .'r, that
wc may»ot yet know enough to prevent undesirable
effects of deliberate alteration. Anoxic stagnation
aiuI <lestructivc erosion are typical and frequent
results of su<.h;>ctivity  Bclla, 1971!. Exp»rirncntal
drc.dge alteration might be co»sidercd when thc
information generated by thc Massachusetts Hay
project becomes available.

Summary of r> management Recommendations
A great deal morc needs to be known about the

effects of dredgi»g on thc marine environment.
Every e8ort shoukl be macle >o ge»crate rnor» and
bcttcr inforrnatior> on the manv processes involved.
The state of Rhode Island c;>»not and should not
undertake all the necessary research itself. It al-
ready has been suggested that the marine ir>incr
contribut« to the rrathering of knowlcdgc necessary
to m; nage our sand and gravel resources 'Ocean
Mining in Chapter 1!. The industry could do this
by submitting;  statement projecting the environ-
mental i»>pact of its a<tivitics before thc Manage-
ment Council issues a >»i»eral »xtraetior> lease.
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Th<. ii>>pact statcineiit could be a product <>f a joint
<vplor;>ti!r! lease fuii<lrd E!y thc bidders. The con-
te!>ts  !f thc ill>pa 't st'ltc»>cut vvould change as
existing rlucsti !ns;ne;u!ssver <d a»<l iicw ones
rais<id. Ma»y problems ab !iit svhich little nr i!othing
is ki»!w ii »iiist bc st»die<1. These include the effects
ot turbii lit!, tr !xi cit1, scdi!»cut clcposi'tioi> and rc-
suspcnsio»;1r!d»!e<.I!,uii<vil disti!rbaiicr oi> bo<toi>r
pl,mts '!nd .i»i>i>aIs; plai>ktr!>i,'ind larval organisms,
i:r»»»>i»!it! c<!i>lp<!sit <!i>: botton> features; ss ater
q<ralitv, «!«I liydiv»ili  p>1!ccsscs. Tlir»iipact state-
>»cnt could 1>r us <l I y tl!<. C<!i»icil in establishing
Ic;isc coi!cliii ! ns,

Impact on the Human Environment

 !ursti !»s  it resoiire< allocation demand con-
sideration of hun>an a.lurs t > which it is difificult

tii iitt:«1! <I»;»>tifi,>bi<!»>ci!surcmcnts. AVhilc thc
q rality i>f' tli<»i,iriiic c»vironincnt is clearly svorth
soi»< thiiig to tlir. gr ii< r;il p»hlic, it is difFicult t<!
<.st,iblisli oii svhat basis vvorth is defined or what

cr»>1»>'It!>lent it r 'pr<'sc»ts, Thc acSt}ictlC value that
th ' pill	1<', pL«' ".i  i» tl! ' li!ai'lire CI!viioll!>1cnt de-
peiids <»> its scenic 1>ea!!ty. tranquility, SpaciOuS-
ness a»d tI<c recreational pursuits it supp<!rts. In
th<,>bsi iicc of »<lier i!irlicat»r», iicsthr;tic value
must he»1< as>!re<1 in tcr»>S Of vvillingneSS tO fOregO
or modify uses <!f th marine environment which
would otherwise <lctract from its aesthetic attrac-

tiveness, Tl>e public will t<!lcratc higher resource
prices or restricted supply only in proporti»i! to
its c !mmit>ncnt to aesthetic values. There are un-

fortunatelv i>o easy methods of determining thr
value svhi< h the pu I! 1 i< places on a "pleasing"
marine cnvironrner>t. The Management Council
can, howcvcr, try to bc sensitive t<! public feeling.
It can i ncrease p»1.' I ic k»owl<. dge and int<! rest
through the clarification of environmental and
acstheti<. consequences of various types of develop-
ment.

The aesthetic iinpact of aggregate mining, espe-
cially in nearshore;ireas, may be considerable.
Control could bc exercised through concern for the
visual aiid;iudible impact of a mining operation on
nearby scenic, recreational and residential areas.
Ncstrictions on seasons, hours, methods and areas
of operatioii might piove necessary in some areas.
!Vecessa> y restrictions should be identified and
impleme»terl before mining begins. Aesthetic prob-

lems should, therefore, be studied during the cx-
plOratOry lcaSe as a part of the envirOnn1cntal irn-
p;ict statem .nt.

Use Conflicts

4rfanagemerit I'riorifies

IIesou>'c .s arc of two general types. Renewable
resources iire n<>t depicted if thr.'y i re r xploit .d in-
telligeiitly. Fish are an  xai»pie. 'Xonr  nesvable re-
sources are those whicli aie depleted by exploita-
tion, s!fincral znaterials such as sand and gravel
fi>fl in th>s catr. gory.

There are three management priorities to <vm-
sider, First, whe» cxploitati<in of a renevvable and
a i!Onrcnesvabl» res<>ur<!e c<!me intr! conflict, it is

iisiialh prcfr.ruble to favor the renew >bi» r<.s<!urce.
>'<»<wablc resource may have a lower ai>iuial

dollar 1 aine, 1>ut its potcntiall! indefinite production
may yielrI a much greater long-term gain. It should
riot be assui»< d th;it c<>»current renewable and

nor!re<!ewable resoiirc< exp1»itati<>n will;il>vays he
i>1COmpatible, Mi»Or mOdificatiOn Of Operating prac-
tins r»ay oftc>i reduce cor>flicts to an ace<.ptablc
level, Thc possible r ompatibility of aggregate
dredging and fish spawning through seasonal re-
strictions on mining has already been mentioned.

Second, a distincti !n must be made bctsvce» the
real and apparent value  if a res<»!re<. Hevenue
geo<! atcd is not in itself an adequate measure of
vi>lu<s .'Cot oiily must cnvironmcntal and aesthetic
<.'osts b ' c<tiisld<'i'<  I, hilt th ' l»!pi>et r!f thc r 'venue
on thc state's economy r»ust be r»easure I. A high
iipp:irci!t viiluc usc will have little real value if th 
fey i!iir. gc»cr;ltCd dOCS l>Ot Stiiy ill thc C !i» inul1ity.
If outside cr>rpr>rati<i»» </ v�»p the Bh !d  Isla»d
inarine aggregate resource, little of the incom 
generated n!ay actually bc spent in thc state. It'
they do i!ot i»arkct tlicir pro<hict in the state,
their activities will have < ven less impact on thr.
local economy. Even though the apparent valiie of
an aggregate i»diistry i»iiy be gn ater thiin, for
instance, that of a con»ncrcI;!I fishery, its real value
may be much less. In wr ighing tra<le-offs betsveen
thc sand and gravel n s<!iirr.c user,md other »1arinc
resource users a niinil!er nf points should bc con-
sidered:  I j ultimate destination of i»rome gen-
erated. �! c6cct on the local econrimy through
spending, wages, materials services, etc��! effect
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on the local economy through stimulation of other
sectors  fur sand and gravel, primarily construc-
ti<i»!, �! dir<ect and indirect effects on local prices,
and  ,~! revenue realized by thc state from royalties
and rentals  minus management costs!. Considera-
ti<in of these factors should make the comparison
of relatrve values easier.

Finally, the displaceme»t of trsers who are lim-
ited to a particular location or environment by
users who can operate equally well elsewhere
should be discouraged. Sand and gravel mining
should be discouraged in or near shellfish beds,
valuable fishing or fish nursery grounds, beaches,
navigation channels and cable and pipeline cross-
ings unless it can be shown that extraction will not
displace other users.

f.'Se C ate grOrt<7S

Rorholm �963! idcntificd three types of user
relationships � complementary, supplementary and
corrrpetitivc, A complementary relationship exists
when one usc actually bcncflts another; a supple-
mentary relationship she» one has no effect on
another; and a competitive relationship, when one
usc comprorrlises another. Successful management
will depend lo a great i xt<.rit on the careful defini-
tion of relationships between the sand and gravel
industry and other resource users. Complementary
relationships such as those that might exist if
dredging projects can 'be directed to provide habi-
tats for desirable flsh species should be encouraged.
S<rpplementary relationships as between dredging
and navigati<rn in OpcrI. waters alsO are tO be en-
couraged. Competitive relationships will require
careful management along lines already suggested.

XQolfrQtlorl

The potential for conflict between aggregate
dredgirlg and marine rravigation varies according
to the locrttio» arid the 7ricthod of extraction, Nar-
ragansett Bay, Rhode Islarrd Sound and, to a lesser
extent, Block Island Sound are heavily traveled
by commercial, military, fishing and recreational
vessels.

Narragansett Bay is likely to present particularly
severe use conihcts. Figurc 21 indicates the narrow
shipping channel leadilig up the East Passage to
the port ol Provide»cc. Mining cannot bc permitted
rn Bay channels because limiting depths confine

Figure Zl. Navigatio» areas � Narragansett Bay. From
State Of RhOde ISland. 1970. Re7rart Of the COOernor'S CO<n-
mtttaa on the Coastal Zone. Providence.

shipping to them. Dredging under strictly con-
trolled conditions might be possible in commercial
mooring areas  flg. 21!, but work in Navy anchor-
ages and torpedo test ranges  flg. 21! would re-
quire military approval.

Dredging in most of the %Vest and Sakonnet Pas-
sages of the Bay should not have a major effect on
infrequent military and commercial traffic, It may,
however, interfere with recreational boating which
is of considerable value to the state's economy.
Rorholrn �968! estimated that total boating-re-
lated expenditure in 1967 was more than five mil-
lion dollars. Much of this economic activity was
attributable to the Bay's recreational attractiveness.
Aggregate mining might decrease the Bay's value



as a recreational resource through the creation of
visual and audio nuisances, discoloration of the
water by turbidity, arid occupation of surface area,
The physical presence of dredging during the recre-
ationallv valuable summer months is likely to create
the most severe confhets, especially if mining takes
place iri coristricted areas or popular cruising,
fishing or mooring areas  fig. 22!. Seasonal restric-
tions on mining in these areas may prove desirablc.
Protecti<m of areas shallower than 80 feet as beach

conservatioii areas woui<l prevent the great major-
ity of Bay conflicts from materializing.

Iiopp<tr <3redging in the offshore waters of the
state shoul<3 have <>nly a limited effect on recrea-
tional boating, Ffferts <>n commercial and military
traffic are likely to be more significant, Rhode
Island and Block Island Sounds are crossed by u
number of heavil> travelerl commercial shipping
tracks arid I'crry routes  fig, 23!. Traffic along these
tracks consists largely of c<>astal vessels and barge
tows of petroleurri products, inany of which are
urrpilot< d   State Pilots Association, 1972! . The
heavy traffic in unpiloted petroleum barges sug-
gests the desirability of discouraging dredgirrg in
the imniediate vicinitv of shipping routes. Great
Britain has minimized navigational conflicts by
forbidding stationary dredging in shipping lanes
 Hess, 1971!, It is 'uggested that Rhode Island
pursue a similar policy within mile-wide fairways
along heavily traveled routes.

Fixed fairways arc unattractive to the shipping
industr> aiid military-. Shipping is liable to cross
any oeshore area deep enough to permit safe
passage Dredge sites should, therefore, be care-
fully mark< d to minimize the <3angcr of collision,
Their location should be indicated in daily Notices
to Alrrriners  published by the Coast Guard! and
dredges should be lighted according to standard
practice. Additional precautions may prove desir-
able. These might in lude distinctive painting, the
installation of strobe '..ights and radar reflectors, and
the closing of heavily traveled areas to dredges
during fogs and storms,

7<uiO71 2O71430

Figure 22. Heavy recreational boat use, From Coastal Re-
sources Center field investigations,
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Pollution

Aggregate dredging rnav contribute to water pol-
lution through the release of high sediment loads
in wash water or the resuspcnsion of toxic bottom
material. Resuspension of polluted bottom scdi-

Figure 23. Shipping routes. trrom informatiori furnished
by Rhode Island State Pilots Association.
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Figure 24. narragansett Bay sport ttshery. From Rorhotm,
.'frets, et al, 1088, A socio-econoraic study oi lvarragansetr
Hay, Rhode Island. Kingstor, Rhod<. Island: University ot
Rhode Island

ments will have a particularly severe effect on
other users of the marirre environment and should
be descouraged under existing federal  EPA !
water quality standards, Polluted areas are indi-
cated on figures 18 and 19. Problems of aesthetic
pollution should be considered along the lines sug-
gested in the section, Impact on the Human En-
vironment, in areas where conflicts with residential
or recreational uses are anticipated.

Fisheries

Sand and gravel dredging may conflict in varying
degrees with a number of Rhode Island inshore,
offshore, sport and commercial fisheries.

Sport Fishery, Sisson �970! calculated that the
sport fisher in Narragansett Hay was worth ap-
proximately four million dollars in 1970  wholesale
value of landings plus expendlitures by fishermen!,
Rorholm �968! found that a significant portion of
Bay recreation is related to sport fishing  firg. 24!.
Large sport fishing fleets sail out of Galilee, Block
Island and many ports in the Bay to fish offshore
stocks, Farre!l �972! calculates that boats partici-
pating in two 19"rl tuna tournaments alone gener-
ated over $211,000 in cxpenditurcs. Dredging may
well prove detrimental to the state's sport fishery
due to its possible adverse efFects on navigation,
primary productivity, benthic and larval life and
physical processes  see Impact on the Natural En-
vironrnent!. Thc relative values of the sport fishery
and the marine aggregate industry will need peri-
odic reevaluation to manage confiicts between
them.

Commercial Fishery. National Marine Fisheries
Service statistics for 1971 shoxv that the total Rhode
Island catch was worth approximately $10.7 million
svith thc following breakdown;

The Bay quahaug industry may prove particu-
larly vulnerable to unregulated dredging, Adverse
effects should be minimized if �! dredging is dis-
couragtd in or near the productive beds  fig. 25!,
�! the suggested 80-foot beach preservation zone
is established, arrd �! a detailed environmental im-
pact statement is required.

Offshore conflicts between dredging and com-
mercial fishing are likely to be extensive due to the
variety of fisheries involved, the number of tech-
niques employed and seasonal shifts in activity
 fig, 26!. A great deal morc information on the
commercial fisherv needs to be generated before
use cnnfiicts can be efFectively minimized. Such
information should include intensity of fishing ef-
fort, value of the catch, seasonal fiuctuations in
landings and the impact of the industry on the
state's economy. Pertinent research is currently
being completed by the Coastal Resources Center
and should prove useful in corrrparing the relative
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Flltsre25. Shellfish and lobster areas � Narragansett Bay.
From State of Rhode Island, 1970. Report of the Goeernor's
Committee on the Coastal Zone. Providence.

Figure 26. Commercial fishing grounds, From information
collected by the Coastal Resources Center.

real values of aggregate and fishery resources. This
comparison will be helpful to the Council in estab-
lishing use priorities,

Beaches

Sandy beaches are one of Rhode Island's most
precious and fragile natural resources. The scarcity
of ocean beaches with water warm enough for
swimming increases their value yearly. Beach recre-
ation areas are a "gate-way" resource; they not only
provide diversion for state residents, but they draw
users from other states who spend money for lodg-
ings and services which provide a substantial sea-
sonal stimulus to the state's economy. Rorholm
�9B8! estimated that in 1967  a poor beach year!
the total revenue generated directly by beach use
was in excess of $1.73 million. This does not in-
clude the considerably greater economic activity
generated indirectly by beach users, many of whom
bring in money from out of state,

Beaches arc one of the roost fragile of coastal
features and for reasons discussed in the section,
The Ocean Resource, in Chapter 1, it is felt desir-
able to protect them with a beach conservation zone
extending out to the 80-foot depth contour. Possible
turbidity effects and noise may make it necessary
to extend the closed area even further off heavily
used recreational beaches.

Cable and Pipeline Crossings
Narragansett Bay is criss-crossed by a maze of

pipelines, sewage outfalls and cable crossings which
will complicate dredge mining  Bg, 27!. Until such
time as it becomes practical to move these installa-
tions it will be desirable to prohibit dredging in
close proximity to them. The bottom area covered
by the trans-Atlantic telephone cable terminating
in Charlestown should be similarly protected. This
cable has already been broken on several occasions
by draggers and quahaug dredgers  Haley, 1972!.
It may prove useful to establish a one-quarter mile
to one-half mile wide fairway along the existing
cable route  fig. 28! to which all future cable con-
nections will be limited. A chart delineating the
precise location of the cable crossing has been pro-
vided by the American Telephone and Telegraph
Company and is on file at the Coastal Resources
Center.
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Figure 27. Cable and pipeline crossings � Narragansett
Hay. 1'rom State of Rhode Isla»d. 1970, Ileport oj the Gov-
ernor'3 Committee on th» Coastal Zone, Providence,
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Figure 28. Transatlantic cable crossing. From American
Telephone and Telegraph Comps.ny chart, 1972.





regulation of marine mii!ing. The U. S. Army Corps
of Engineers comes into frequent contact with
state regulatory agencies through its control over
work in navigable waters. The following outlines
the Cori>s' responsibility F<>r aggregate mining and
clarifics its relatioiiship with the "host" state:

The basic statutory authority for Depart-
nicnt of the Ariny regulati<m of coi»mcrcial
sancl and grav<l dredging <>pcrations is Sec-
tion IO oi' the Riv<:!. and Ilarbor Act of 3
March 1899. Urider this provision of Jaw, Con-
gress h;!s grant» d;!ul:hority to the Secretarv of
the Ar»iy to issue p .rinits for tlic pcrforinancc
of work i» navigable s< aters of the United
States. An ii»p<>rtai>t responsibility of th<' Sec-
retary of the Army ia the escrcise of this au-
thority is to dcterniiii< ivhether any proposed
work is c >i!sistcnt xvitJ! tl!<. public interest, The
issuance of a per!nit is 1!ascd on the effects of
the per!»ittvd activity on th<' piiblic interest in-
cluding s»ch factors as navigation, fish and
<vildlife, iva ter quali 'v, <. cono!»ice, conserva-
tion, aesthetics, recreuti<>n, sv<!t< r supply, flood
daii!age 1>1 '< eiltioll. !I !J!»ct on vc'nsystcms al'!cl.
in general, tli< nc<'ds !!»cl wclfarv. of thc people.
fJ!c permit pn>griii» is admi!iistered by thc
Co!ps of Engii!<.ers ii! i!ccordaiicc with CFH
2W.120.

Propose<I work in»<ivigab1c waters is co-
nrdi<iiitc I vvith State a»el 1» -.il governmental
bodies aiid other F<dcral agenci< s having ai!
interest !'» such i»atty rs, aiid every effort is
niadv to clcter»!ii!<. th<'.  >vcrall public iiitercst.
In c<>ordi»ating th< Federal p< rmit prograin,
the Corps ciicourag< s St<!t  authorities to play
a lead role i» dctcrmh!ing the piiblic inter st.
This role is so<i!ctimcs reflected through State
regulatorv programs oi zoning regulations. Of
particulai' iiiterest in <lrcdging operations are
svater qu'ility and fish and wildlife co»sidcra-
tions, As a resu1t of Section 27  b! of thc
Fcdcral KV:!tcr P >llutinn Control Act as
a!»ended, wv require permit applicants to ob-
tain ccrtification that ivater quality stai!dards
will »ot bc violate ] Jro n thc appropriate State
agency, Iii;iccordancv >vith the Fish and AVild-
life Coordinatioii A .t w seek the rccoi»mcnda-
ti<>»s»f the State ag<. »cy respoi!sibIc for pro-
tection ot' fisli and wiIdlife rcs >urccs, In any

event. the Corps ahvays attaches a great deal
of i!»portance to State recoinmcndations con-
cerniiig proposed work in navigablc waters.
 Cousins. 1972!

Thc notable siinilarity betsvccn the Corps defini-
tion of public interest and the onc proposed in this
study s»ggests that Rhode Isi;»!d cars anticipate
cooperation and support fn>in the Corps in man-
aging the state's aggregate deposits along rccoin-
mcndecl lines, In its rcvis .d procedural dir< ctivcs
 Permits for Work a>!cf Structures, ctc�1971! the
Corps furthvri»or«specificall binds itself to deny
all pern!its where»ccessary state approval has been
previo!!sly refused. Its practice to date has d<i»!on-
stratcd a n asonabJe sei!sitivity to stat< desires an<i
objectives  licplingcr, 1972! .

De@«rtme>!t of the Interior
Under provisions of tlic Out< r ContincntaJ Shelf

Lan ls Act �&3!, «s admi»ist rcd !»«lcr Bureau
of Lan<1 Manage»!<»t imd C: .<>Ingical Siirvey 8 .'g-
ulati<>ns, thc Depa!t»! »t of the Int< rior h;is
sui»cd c>.tensivr 1>owcrs over rnincral r<.s<»iree d<.-
veJopi!u»t on th<' c<>ntinentiil shelf bevo»d state
jurisdiction. It is i!nt ivitl!in the scope of this study
t<> cx,»nine tl!cs<> powers iii a»v detail.

Thv pres<.ntly strained relatioris betsveen thc De-
partm<.i!t of the I»terior and t]u Isicw F!igIaiid
states s»gg sts that thc Dcpartmei!t's attitud<' to-
wards res<><!rc< dcvclopmviit i»al nnt b» compatible
with what the stiit<s have <Icfi<icd as th<.ir best
interest. A situatio!i has dcv lop<  I in svhich state
officials feel that resource dcvclopincnt is heing
fore  I upon them l>y a fecleral agency svJ!osc  <>m-
mitmcnt t<> cnvironr»ci!t il qiiality is quest'i<!»,'!blc.
Tlic present co»flict higlilights th«lifficulties posed
by thc arbitrary tc!T»inatio» <>f state. sc>vr rcigi!tv
thr .e !»iles from an often iIJ- l fi» d point on shore,
Mining nutsi<1e the three-rni!c liinit may affect a
state's n!ariiie c!iviron!»e»t !s niuch as if it were
taking place withiii state juiis<liction. It is sug-
gested, thcrefo!<., tliat thc. stat< clcfinc thc esact
limitations of its sover ignty u!!d r present law and
clarify ambigiiitics which c<>»!plicate such d< fini-
tion. It is further siiggcstcd that the Council adopt
and announce a marine mineral resource develop-
ment policy for state waters. Every effort shoiil<l
be ma I<. to influcnc<. th  Dvpartment of thc In-
terior to respect this policy in its owi! activities oi!



the outer shelf off our shores. A considerable amount

of pressur< can be <.xerted bs a state which has
clarifie its own objc<.tivcs.

I egislation r>f Neighboring States

A su>r»n><ry presentation of the marin<. hard mi»-
eral mining policy of th< 30 coastal states is in-
cluded in Appendix ]3. It will be advantageous for
Rhode Isla»d's rcguh<tory syst<, m to bc particularly
compatible with those ol' her i!»r»ediate neighbors,
A brief exarninatio» <!f C<!>mecticut and htassachu-

setts legisIation. therefor<, follows.

aclvcrse effects on environmental considerations"

 Pell< t>cr, 19<2!,
Con»cetic»t r< gulat<!ry;»>thority bears a strong

resemblance t<! the p<nvcrs formally granted to the
Coastal Resourc<.s %I»nag»cn>cnt Cou»cil under
19 < 1 leg>slat>on, It '<>ppcars that Connecticut Icg>s-
lation pr<!viclcs r<.g»l,>torv «»thority simiIar to
Rhode Island's while sharing with it «common
lack ol spec>fic n>a»agon!cnt n!<.'<'har>>su>s a»el guide-
lines, Thc»!ai» tl>r»st of tl!< Connecticut Iavv an<1

its ent'orc<m<.nt to <late s»ggests that the proposals
made in this study ar< co>»patible with thc Con-
»ecticut approach to >n;>ri»c n>incral dcvclopm<»t,

Connecticut

Under Section 25, 10-18 �969 Supp,! the Con-
necticut Ih'atcr Resources Commission controls

through «pcrmit sv.;te>» th» rc!»oval of sancl and
gr;>vcl »<>m lands u»clcr tidal an<I coastal vvaters.
Permits arc co»side>ecI "svith ch>e regard for thc
prevention or al]evia.'ion of shore erosion. thc pro-
tection ofnccessary shell-fish grounds and An-fish
habitats< th< preservatio» of necessary wilcllife
habitat»< the devel<!p»ent of adjoining uplands, the
rights <>f riparian property osvncrs...," Permits
arc not issued unless thc above conditions are <net

a»el a price and p;>yme»t sch< dule for mined ma-
terial i» established �5-11!. Public hearings arc
rcctuircd o» all extra<:tio» pcr>nits with applicatior!s
a»d supporting <lo<!»»<»ts open for public i»spec-
tio». I!> granting a pen»it the Commission pre-
scribes "conditi<ms rcguh>ting the removal and dis-
pos;<I of sa»<l< gr;>vcl or»ther»>aterial to he taken
and n>as r»ake reasonal>le regulations and require
boncls to enforce thi c<!nditions prescribed by it,
and m:>y r< vokc <>r suspend any removal p< >»>it
»po» a violation of !,uch c<mclitions" �5-12!, Pr<>-
visi<>n is made for a fine <>f $100. 30 days imprison-
ment or both for violation of Section 25-11, with

each d;<y of contin»ing violation construed t<! be a
separate offense �5-18!.

No permits for c<!>nmercial extraction have been
issued under the provisions of 25-10, although sev-
eral applications hase been made. "The defeat of
these applications has ge»erally been based on the

Massachusetts

Massachus<.tts man;<gcmcut of offshore rnincral
resources is c<>rrcntly u»<l<. >goi»g cxt< nsiv< revision.
A division of Mineral Rcso!<rc< s became operational
in <Ia> of 1970 and according to Director Robert
Blumbcrg is "just getting on its feet"  Bh>mberg.
1972!, Vew ! <>les and regulations have been drafted
and svere»»der review< bv appropriate state agen-
cies when this study vvas xvritten, The Common-
w<alth has declared a n>oratoriu>n on all sand a»d

gravel exploration and < xtraction !xithin its marine
b<n>ndaries "until such time as the Department
 Vatural Resources! can,>sscss the cxtcnt of risk
of har»> such <>ctivitics m,<y have on th<. c»viron-
ment"  Blu>»berg, 1972!. In addition, a number
of bills establishing permanent >narine mining sanc-
tuaries have bcc!! passed by thc state legislature to
protect parti<!»Iarly v;>h>al>le   and vulnerable!
areas <m Cape C<>d and the Elizabeth Islands. The
state is currently involved In the preliminary stages
of a sand,>nd gravel inventory and a federally spon-
sored <nvironmcntal impa< t studv of extraction in
Massachusetts Bay  see fr»pact on the Natural
Enviror>ment. Chapter 2',. The careful attention
which M >ssachusetts is giving to the possibl<. ef-
fects <>f an aggregate industry and its conservative
approach to dcvclopmcnt suggest again, as with
Connecti<.ut, that Rhocle Island need a»ticipate uo
serious confiicts with its neighbor to th< north ir>
managing its resources along the lines recon>-
mended in this study,



Appendices

APPENDIX A: Summary of Management
Recommendations

1. Forbid aggregate mi ni >tg in coastal areas
she>I/a<ver thai> 80 feet. The natural equilibrium of
a sandy beaclt is maintained through a number of
physical processes involve'»g sand deposits within
thc 80-foot d<.'pth contour, Until it is determined
that extra<:tion of shallosv deposits is not detri-
mental to the beach <>r that some degree of change
in present beach conditi<>ns can be tolerated it
would appear advisable tn protect the state' s
beaches with a conservation zone extending to the
80-f<x>t depth <x>ntour.

2. Increase knotoledge of ocean mineral resources.
A full-scale state-funded research effort is not
feasible duc to thc great cost of such a project, A
wealth of inf<>rtnation <.an, however, be collected
from other sources:  a. i The Graduate S<h<>ol of
Oceanographv at the University of Rhode Island
and relatecl institutions such as Wo<>ds Hole Ocean-
ographic 1>rstitution; �>.! fcclcral agencies such as
thc Dcpartmer>t of the I<>t< ri<>r  Geological Survey
in particular! and thc Army Corps of Engit>c<rs,
and  c.! on-going rcsctrch bv other institutions
and agencies. The Raytheon-University of New
Hampshire project and the NOAA Massachusetts
13ay pi1ot project should l>c of great interest.

It is recomn>ended that pertinettt information be
gathered by the Coastal Resources Ccntcr as it
becomes available,

3. Require all parties to a lease for the right to
extract hard mineral resources from anty portion of
the seabed of Rhode lsliz>td to cooperate in a col-
lectit:ely ftttanced survey of that area, The results
of such a surv<.y <vill be pubhc knotcledge. Protect
the interests of the lessees by restricting bidding to
only those concerns involvea tn the collective sur-
vey. The advantages of this proposal arc several,
For example, it

I, insures the accumulation of valuable informa-
tion on hard n>incral resources,

2. prevents svasteful;1nd expensive duplication
of cff<rrt and rcduccs the cnd cost of aggregate.

3. enc<>urages carly d< vclopmcnt of the marine
resource while it discourages iuflatiort of price to
the consumer,

4. increases the quattti~.y and quality of informa-
tion available to the bidder and the state,

4. Barge suction dreclgin ~ sl<ould not l>e allotved
in areas u;here the occttpati<>n <rf the space indicated
in figure Ib  page II! u;ill cause unacceptable in-
terference toith commercial or recreatiorll naviga-
tion. Crossing this area could prove hazardous <htc
to  I! potential fouling of th<. l>urge's anchor lines
and �! interference with barge and work boat
traKc.

5. Lxtended surface pipeli>te discharge systems
from lrar e to shore should lre discoura cd <chere
interference tcith navigation is prolrahle, Se>t>i-
perrnancr>t structures of this s<>rt could prove haz-
ardous to rccteati<>n<tl and commercial trafl>c.

6, Marine agg>'egclte offload> >lg, storage 07><l
processing facilities should be included among those
speciftc a<.'tivities ancl land uses rchich the  ,ouncil
is empou:ere<i to regulate tinder the provisions of
the Coastal Res<>urces Management Council Act of
197I, A simple indicator <>f <lepcndency could bc
the presence of dock-side unloading equipment. The
potential disruptiveness of large processing facili-
ties in the ci>astal zone and the present absence
of controls argues for the d<sirability of Council
intervention.

7. The Cot<neil should announce its intention to
stricthl regiilatc land or mater-based mining of the
state's beaches,,sand dunes and salt ponds, Sntall-
scalc land ruining of beach material bv conventional
methods is likely to bc the initial step from a ]and
to an ocean industry. Left unregulated, it could
contribute to coastal erosion.

8. Dredging t'n spatoning and nursery grounds
should be discouraged until long-term effects of
such activity are determined. The recreational and
commercial value of many species suggests that
their propagation should be protected.

9, Dredging should follotv natural bottom con-
tours, avol d the creation of steep slopes and isolated
holes and leave enough of the original aggregate
surface material to support recolonization by the
original population, These policies should mmimize
artificial alterations whose ultimate signiitcancc can
seldom be predicted.

IO. Parties to collecttve mtneral erploratt'on
leas,.s should be required to submit a common en-
vironmental impact statement as a product of their



surver1. This stater<re»t vvill allow the Council to
anticipate environmerital problems and provide for
their resolution prior to thc issuance of an extrac-
tion lease. The statcrncnt should consider the ef-
fects of turbidity, toxicity, sediment deposition and
resospension, and mechanical disturbance on bot-
tom plants and animals, plankton and larval or-
ganisms, community composition, bottom topog-
raphy, water quality and hydraulic processes.

11. The aesthetic ! mpact of mining operations
should be <onsirlered as part of the environmental
impact statement  I ! al>or>e!, It is possible that
ncarshor'e dredging activity will create visual and
noise problems for neighboring scenic, recreational
or residential areas. 'I hese problems should be an-
ticipate<1 arrd acceptal>le tolcrances established.

12. Anchored dredging in heavily travelled off-
shore shipping channels should be discouraged.

l3, All dredges, ichether anchored or steaming,
should be distinctir>ely marked and their operatin"
areas shoulrl bc included in the daily Notices to
Xfariners. Restriction on poor ueather drerlging in
some areas mi«ht b> considered, Heavy offshore
traffic i» petroleun> barges, many of which are un-
pilotcrl, miry make it desirable to take precautions
t<r avoirl collisions.

14. Bottom areas <chose sediments are polluted

according to state or federal standards should be
closed to dredging. Hesuspension of polluted bot-
tom materials by mining activities mav have a se-
vere effect on the local cnvironrnent and should
bc discouraged,

15, Dredging in productive shellfish beds should
be discourrrge<l.

lt>. Fxtensive research on the offshore cornmer-
cial pershing industry must be completed before
conflicts u ith marine miriing can be effectively
managed. The Coastal Resources Center is prepar-
ing a fisheries study which should prove valuable.

17. Dredgin«should. be prohibited in areas oc-
cupied by cable or pipeline cr<rssings a»d scrcage
outfalls. The trans-Atlantic cable crossing shouM
be protected by a buffer zone. All future trans-
Atlantic cables should be located in thr's zone,

18. The Council u'ith the assistance of appropri-
ate state agencies shoukl deli'rre<rte the offshore and
lateral boundaries of state u;aters. Numerous dis-
crepancies and ambiguities in existing legislation
leave thc extent of the state's territorial sea unclear.

19. The Council should adopt and announce a
marine mineral resource rler'eloprnent policy< and
inform appr<rpriate federal agencies of its desire to
see this policy reflected iri their activities off our
shores.



APPENDlX 8: Regulation of Hard-Mineral Mining on the Continental Shelf

'Pable of .1!anagement Patterns in the United States.

Column 1 5 6 8 9
E xp! or etio n P sr mi t.� --
E xc1 u- Filing of
rive? Convertibley Exploratory

inf or mat ion

f1ii f
Agency Term Obtaining Area TermState

Dep't of Con. N.S.
servation-
Srate Lands
Division.

N, S. N,S..S. N S. N,S.Alabama t t

2.'60 55 year
acres term, re.

newable.

10 year $2 i appiica-
maximuin. tion Fee; f 1

per acre for
first 2 years;
$1 per acre
pr r year for
next 8 y.ears.

The director
may require
ar Eris
discretion.

Alaska Tv the extent
workable
deposits are
shown,

Yes.

Ai.astra Srar.
,18.05.035  9l
  1 968L
Ccr.fidentiaLArea must be

an unexplored
area.

California State F.s n de
Conimission-
Stxrr I ands
Division.

Mandatory
vn 15th of
each month;
confidential.

Pa>ment of Yes,
$1 per acre
plus filing  ee.

Connecticut Water N.S,
Re sou rce s
Commission.

N,S. N,S.N.S. N.S. N.S.

Delaware> N.S.Water and 2 years;
A i r R e sources renew-
Commission. able.

No.

LEGEND i
t This state scheme is primarily for oil and gas mining.
t Mineral lr,ising laws for this state are substantially the satue for onshore and olfsbore operations.

No authorizing statute.
N.S. Not specified.

30

l!ep't of
Vatural
Rrsources-
Division of
I.ands.

2 years�
1 year ex-
tension at
director's
discretion,

Claim stairing
allowed if 2
corners on or
above mean
high tid».

M ust apply
for permit to
rem ove sa n d
arid gravel.

Apply de- No,
scribing area
to he explored
60 days prior to
contemplated
approval date.
Application
feei ,$250.

Tv the extent
oF workable
mmcral de.
pnsits shown
not sulylrct to
upland 160 acre
km i ta ti on.

At Commis-
sion's drscre-
t i on � C ommi s.
mon must hold
confidential,

20 year
term; 10
year re-
newable
terms,

10 years
and so lon,
as there.
after pro-
ducing.
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Authorizing
Statutes rod
Regulations

bfiring Permit  Lease!~
Method of Erctu-
Obtaioing rive! Area

Confiicting Uses
Provisions

Artificiel
Str net urea

Eo vi ronmcn tal
Protection

Anz Conc tit. 26,
5 179 �958!, at
amended  Supp
1969!,

Director may N.S.
«jcct all bids if
ln tbe public
interest.

N,S.Competitive
bidding  miiy
reject RJ  bifs!,

N.S. 5,2DD
acl'es peT
t Tact.

Bond maybe Work credit on Al asrA Svsv.
required, A pcr- structures and 38 05.082 �968!
mit does not relieveother tangible provides for ex.
applicant from evidence of work elusive fisheries
filing with other dona given leases.
agencies, stR'tc or against f eli tel
federal. plus excess allowed

to be "banked" for
future reatal.

Anasxa STRT.
5 38,05,250 �968!.
Anrsxa Rxo. 25,
tit, 6, c. 607
�967!,

N.S.

Tlrere may or may
tlat lie a royalty
rata

No limit
as ious' as
treat does
not sub-
stant i ally
interfere
with
aaviga-
tiau and
fisbing OT
"public
trust.

Attorney General
 ae protector of
"public. trust"!
must approve all
exploration and
mining permits
before they are
! et.

ln luulconl petltlvc
leaaes royalty ia
normally 20oys of
grOaa value of all
minerals produced.

Statute provides
for "due regard
for other uses"�
s,p,, riparian
owners, shell-fish
gatberers, terre
ationsllnteresta
and other factors
of public interest,

Bond for possible "Duc regard"
damage must be for public ioter-
posted. eats involved',

permit required.

C Os x, G en. ST S T,
Rxv. 55 25-10 to
25-18 �958! as
amended  Supp.
1969!.

N.S. N.S.Must olttain
certificate "rom
Commtss>aa.

Upon termina- State may Dal COnx An S.
tion visible area permit reason- tit. 7, 55 6401-6462
must be restored able non~flirt-  Supp, 1968!,
to substantially lag uses.
tbe same coadltlau,

6 square
miles
�,840
acres!
for any
singl ~
lease to
any one
person.

$20 appRcal ion Yea
fee a! by conver-
sion from ecplor-
ation permit at $1
per ante per year
b! erplored areas
� bidding com-
petitively an $,1
per acre vet year
plus higbesi cash
bonne,

a! by coavcrsloa
� rental $1 pc'
acre plus rc yalty
sperified in exptar-
RBOn Pe";
b ! e rpl or ed areas
~ompetitivs bid-
ding at act rental
plus $50 iuluinlutu
deposit plus best
royalty offer.

Mandatory public Yce.
hearing � public
iutcrcst caosldered,
atlninliliu Q Toy
alty of gross pra
duction; milumum
25c per acre
rental dednctible
from royalty;
exc naivety com-
petitive biilding.

Cotomission must
make finding at
public m Tetmg
that lease will not
have "sigmfirant
detrimental en-
vironments.! effect"
and shell make
environmental
impact report avail-
able tO the public.

Bond require-
ment to protect
public intcrest-
injunctian au-
thorized for vio.
latino of Com.
mission ruks.
Avoidable pallu.
tion and contami-
natioa prohibited.
Refers ta others to
be consulted before
lease ie 1st. Sub-
stantiall hnpair-
ment Stands r* Use
of lessee's em-
ployees to correct
pollution problem
under Conunis.
aioa's supervisioa
auth ori red.

Can. Pvs, Rxs,  See precediag
Coax 6818  West columns.!
1956! as asskudkd
 West Supp.
1970!. Must apply
lo Attorney Gen-
eral before
buil din g.

Csi. Pvs Rrs
Coos 55 6890-6900
 West 1956! as
amended  West
Supp, 1970!.
C*x, Austin Coax
tit. 2, 56 2200-2205
 Supp. 1969!.
Crt, Pva. Rxs,
Coos 8 6371  West
Supp. 1970!.



4 5 I 8Column 1

Fxploration Permit
E ac lu.
sive? Convertible?

Filing of
k xploratory Area
1oformation

hfetbod of
Obtaining TermTe tiltState Agency

Florida j N.S. N.S. N.S.Director
l.a n d Records
Division,
Trustees o 
the internal
Imlirovement
Fund,

N.S, N.S.N.S.

N.S. N.S. N,S. N.S.

N.S.Hawaii j Department
iif Land ani1
Natural
Resources.

Illinois N.S. N.S. N,S, 5 years.

192 10 years
acrea primary

tc rrn.

Indiana j Department
cf Natural
Resources,

N.S.Permit Yes.
needed but no
fees except if
other alqih-
cants, then
cash bonus
bidding.

l year.

Loni sianat j 8 tate
hfineraj
Il oar d.

Permit N.S.
needed where
allowed but in
general state
does or super-
vises all of the
prospecting,

90 days
renew-
able.

N,S, Primary
trrrn 5
years and
as long
thereafter
as pro-
ducing.

N.S. Qnty after
the least ia
obtained�
ron 5 dent is I.

Maine 5 hfining
B or eau.

N.S.

N.S. N.S.N,S.Geological
Survey De+
partmrnt of
Chesapeake
B iy Affairs.

Maryland N.S. N.S.N.S. N.S.

Statute pro-
vides that
those i ~ i barge
of state lands
"inay sell or
leace... upon
such terms and
conditions as
ma> seem ad-
visable to the
said trustees,
boards, depart-
ments or
agencies and
t o the liest
intrrects of
the state."

Georgiaf j State hfin- N,S. N,S.
r s I c I .ca s in g

Commission.

Permit N,S. N.S.
required.

l! spar t ment N.S, N. S,
of Puli!is
iVorks snd
Jluildings.

$5 fee � good N.S. N.S.
through end
of t' he year
obtained.

Rrqiured; N.S. 65 yearn
he I cl con 6 den
tial 6 mos.

Only after N.S. 5 year
lease is maximum.
obtained.
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huthorir ing
Statutes and
Regulations

M<n<itg I'cia<it  Lcasel ~
ht ethod uf Exclu.
Ohtainirg sire? Area

C'on i< cting Uses
Provisions

Art i fici a 1
Structures

Environ:ncntal
Protection

 Sce "Explni- N,S, N.S. N.S, N.S. N.S. FLA. STAT.
ation P<rmit' 1 253.45 �965!.
column.!

GA. Cone Any<.
16 91-119, 91.123
�963!.

C'oropet itive N.S. N.S.
bidding requ red.

N.S.5lust cooperate
with federal
aiithoritirs as
the C'ommissi on
directs.

No limit, !<fust post bond
to en~ure compli-
ance with terms
of the lease.

$100 appliraiion Ycs.
fce; $500 deposit.
Pulilic oucticn liy
rentsp may i ctect
all bids,

Bond required. Must get a N.S.
permit.

Competitive N.S, N.S.
b iddin g speci fi ed.

Ino. Aria. Srar.
16 46-1601 to
46.1732  Burne
1965!.

N.S,Yes. 640 acres, N,S. N.S.

N.S. Oyster beds are
protected.

N.S,

N.S.N,S,

N.S. N.S. N.S.N.S.N.S.

33

Linorel owner
has preferential
right, Proveii areas
are by comp< titive
bids; others sy
conversicn, <ti
max i m um royalty,
$1-$10 rental per
acre per yeai .

$100 application Yes,
fce bidding iii ocess

cash bonus phrs
yearly rents. not
less than fr< cas'h
i<onus plus royalty
of $2 ton sulphur
or 10c ton potash
or <Ar of other
ininerals.

Must record lease Yes.
each year with
hl icing Bur su i
$10 applicat.on $5
per acre per rear
rental. Rental
credit allowed
against 5'yo
royalty,

Permit needed to
remove sand and
gravel from Bay.
0th sr stat u 1 or y
framework rery
vague; $10 liling
fee.

5,000
acres pcr
tract. Must
also he less
than.3 <<5
rnilcs in
length and
width.

Financial rc.
sponsibility of
lessee is reouired.
Applicant's pre.
vious activities
must have caused
no unreasonable
damage.

<$1ust comply N. S. except in HAw*rt Rrv. STAT.
with water anrl general language 1! t! 1112 2 to 182-15
air pollution laws. of "public trust," [1968!.

lbs.. Ann. STAT.
ch. 1!h 1 65
  Smith. Hurd
1963!, as a<nrndsd,
  Supp. 1970! .

LA. Rrv. STAT.
H 30 121 30 179 7
�950!,as
amrndrd,  Cmn.
Supp, 1962!.

Mining Bureau Mr, Rav. STAT.
is made up of 7 tit. 10, 6 2101-2111
members, each of  Supp. 1969!.
whom is a mern-
ber of a possible
conSicting-use
agency.

Mn. htrr. Conn
art. 66C, $13B
�957!, as
ament cd,  Supp,
1967!;
art. 78A, 5 1$
�957!, as
amrndctf  Supp.
1965!,



Column I 5 6
E* i P

Method of Kxelu- Filing of
Obtaining sive? Convertible? Exploratory Area

Information
Terisl

State Agency Term

hfassachu-
setts?

N.S. N.S. N.S.

Michigan Conservation N.S. N.S.
Commission.

N,S. N.S. N.S. N,S. N.S.

Minnesota Must obtain V.S, N.S.
permit, N.S. N.S.N.S.

State Min- N.S. N.S.
eral Less mg
Coinmi aston.

N.S. N.S.Mississippi' N.S. N-S.N.S.

New
H amp ah i re

New Jersey N.S. N.S. N S. N.S. N,S. N.S. N.S.

N.S. N.S.New York N.S. N.S. State has
full right of
inspection

N.S. N.S.N,S, N.S. N.S.N. S.North
Carolina N.S.

Ohio

Oregon N.S. N.S.State Land N.S. N,S,
Board�
Division of
State Lands.

N.S, N,S.N. S.

Penn-
ey lvamas

De p art ment
»f Forestry
ind Waters.

N.S, N,S.N.S. N,S,Department N. S, N. S.
»f Natural
Resources.

Rhode Island

34

Department
ot' Natural
Resources�
Division of
Mineral
Resources,

Division of
Waters, Soils
aod Minerals.
ll I i nn e sot a
t.onsi rvstior
Department,

Department
of Resources
aod llconomic
Development.

De pa rtin en t
of Conserva-
tion and
Economic
Development
Bureau of
N aid gati on,

Conservation
Department
Commissioner
ot General
Science,

Department
of   onserva-
tion and
Development�
Division of
.'llo.eral
Resources,

Licensing of K.S. N.S.
orderly explor-
ation with
pub li c hearing.

N.S. License
expires at
cnd of
each year.
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hfining Permit  Lease!~ Authorizing
Method of Exclu- Environmental Artigcial Conf icting Uses Statutes and
Obtaining sive? Area Protection Structures Provisions Regulations

MAss. Gxu Laws
Aux ch. 21, $$ 54.
56  Supp 1970!

Establish les.ses
allowing a fiiir
prndt for !esses.

Yes. N.S.

N.S.

Msvis
5 5 93 34 93 352
�969!,

Must obtain N.S. N.S. N.S.
permit.

N.S.

Miss. Cone. Ann.
ff 5947, 5948
�942!,as
amended �953!.

56 minimuni N.S, N.S. N.S.
royalty; must
obtain lcasc

Permit required. N.S. N.S. Bond is normally N.S.
required by per.
mit agrccmcnt,

Policy to protect
shell fishery beds
and recreational
uses.

N.Y. Pos. Lsnos
Law f 3�!
 MiKsnney 1951!,

$50 appbca" ion N.S. N.S. N.S.
tee snd cubic
yard r at e.

N.S.

Sriliject to rights Ni.i'. Gan. Srsr.
uf navigation and 5 146.8 �964!.
~ ther terms that
ma.y he imposed
by the state.

Leases are mego. N.S. N.S,
c i a ted ad hie w it h
Departmen'..

0 R. R s V. S T 4 T.
5 273.551�!
�969!,

N.S.N.S. N.S, N.S.

N,S. N.S. N.S. Protects free R I Gru. Laws
right of fishing. Aiin. $5 2-1-13,

46ii1 4662
�956!,

Must get ap-
proval of De-
pa i t men t for
any structure.

N.S.

Lease agrerment
reached on "con-
ditions agreed
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APPENDIX C: Regulatory Proposals

The follouing regulatory proposals reflect the
management suggestions niade in this study, the
l>est features of pertirie»t state and federal regula-
tions and the suggestions of those experienced in
their administration. They are presented in standard
legal form t<i clarify organizational relationships
1>eticeen indi ui<lual clauses.

A Proposed Regulatory System for Rhode island

 I! Authority;
Th» Coast,il Resources 'Af ar agernent Council

establishes a»d adopts the following Rules and
liegulatioiis piirsuarit t< the authority granted by
Chapter 2,'>, Secti<in 6, Part B of An Act Creati>ig
A Coastal Resources .ilana gement Council and
,'<inking an Appropriation Therefor.   State of Rhode
Island Public I�ovs 1971, Chapter 279, Title 46,
Chapter 23, H2440 "B"! .

�! Statement of Policy:
It is tleclar<d tn be the policy of the State of

Rhod<. Islaiid that �! the development, utilization,
and c<»itr<it of all hard mineral resources on the
ocean bed iinder the jurisdiction of this state shall
bc directed  a! to make the maximum contribu-
tion to the public benefit,  b! to preserve, protect,
develop, and xvhere possible r<.store c<iastal re-
sources,  c! to preseive and restore ecological sys-
tems, and  d! to increase public iisc of water bod-
ies for a wide variety of purposes, and �! the
state, in the exercise nf its sovereign power, acting
through the Coastal Resources Management Coun-
cil, should control the d<:velopment and use of said
resources of the State so as to effectuate full utiliza-
tion, conservation, and protection of the same.

These Rules and Regulations are based upon the
best inforination presently available, It is antici-
pated that they will be subject to review and revi-
sion periodically as additional information and
methods of extraction become available,

The terms "shall" and "will," where used herein,
indicate a mandatory requirement, The terms "reg-
ulation," "requirement" and "rule" are used inter-
changeably. If any part of these Rules and Regu-
lations, or the application of any part thereof, is
held invalid or unconstitutional, the application of
such part to other persons or circumstances, and

the remainder of these Rules and Regiilatioiis, shall
not be affected thereby and shalI be deemed valid
and effective.

The failure of the State to enforce any of these
Rules and Regulations shall not constitute a waiver
by the State of;my such Rule or Regulation,

�! Scope and Applicability:
The regulations herein shall apply to all projects

and the aspects thereof dealing with the exploration
and exploitation of sand, gravel, [and other hard
minerals   optionaI! J occurring within the boun-
daries of the State of Rhode Island.

�! General Definitions:

4.1 Applicant: Any person who files an applica-
tion under these rules,

4,2 Council: The Coastal Resources Manageinent
Council.

4,3 Conservation; The conserving, preserving,
guarding or protecting of the marine resources of
the State by o'btaining maximal efllciency and mini-
mal waste in their use.

4,4 Exploration: Geologieai, geophysical and
other surveys and investigations including seismic
methods.

4.5 Inspector; Any employee of the State duly
authorized to act in that capacity.

4.6 Person: Any individual, firm, co-partnership
company, business trust, association, private cor-
poration, municipal corporation, public or quasi-
public operatiori, county, city and county, district,
political subdivision, department or other instru-
mentality of government, receiver, tutor, curator,
executor, administrator, fiduciary, trustee, guardian,
or representative of any kind.

4,7 Seismic Explorations: Any geophysical ex-
ploration method which involves the use of ex-
plosives or energy sources.

4,8 State: The state of Rhode Island.

�! Exploration;

5.1 Preliminary Application
5,1-01. The Council shall divide the coastal

and offshore waters oi the State into plats of a
size it considers appropriate to exploratory
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surveying. Groupings of more than one con-
tiguous plat may be opened to exploration as
a single unit. Not less than an entire plat will
be opened.

5.1-02 The Counc.l reserves to itself the right
to determine the number of plats and their
location to be opened for exploratory permits
at anv given time.

5.1-03, The Council, upon application by any
person, may issue a permit for the geological,
geophysical, or seismic survey, including the
taking of cores an<I other samples, of any statc-
owned offshore lar..ds,

5.1-04. The Council may, at its discretion, hold
any such permits in abevance until such tiine
as it determines that enough have been sub-
mitted to justify collective exploration.

5.1-05. Applicatioiis for permits to conduct
expl<>ratory work shall be Bled in triplicate on
approved forms at least sixty �0! days prior
to the desired approval date, and shall be ac-
companied by an application fee of $250.00,
Applications shall include:  a! the name and
address of thc applicant or applicants,  b!
either an original or certified copy of a birth
certificate or other docum»nt substantiating
proof of citizenship  Please note that certified
copies of documentary evidence must bear an
original certificatinn by the legal custodian of
thc original dneuinent!, or corporation papers
if applicant is a corporation,  c! evidence of
Snancial responsibility,  d! such other infor-
mation as shall be considered desirable.

5.2 Public Hearing

5.2-01. On determination that sufhcient permit
applications have been filed, the Council will
cause to be published legal notice of intent to
open the described area to exploratory survey.
Such notification will bc published in the
press and posted in prominent locations in each
city and town at least 30 days prior to the
holding of a public hearing,

5.202, A public Iiearing shall be held prior to
approval of any application to explore state wa-
ters for iiiineral resources and before any desig-

nated permit area is actually opened to ex-
pIoration.

5.2-03. This public hearing shall be held ac-
cording to Rules and Re«ulations Adopted Pur-
suant to Chapter 42-35 <>f the General Laws of
Rhode Island, 1956.

5.2-04, After notification and consultation with
other State agencies and parties having an in-
terest in such matters, the Coiincil shall in-
clude such conditions in the permit as it dccms
necessary to protect the fish, garne, wildlife,
natural resources and private interests within
the State.

5.3 Granting of an Zxplorator<t Permit

5.3-01. Upon satisfaction that the public inter-
est will be served by the opening of a desig-
nated area to exploration and after acceptance
of any special modifiieations or conditions as
in 5.2-03 and 04 bv the permittees, the Coun-
cil will notify them of its approval.

5.3-02. Exploration will commence no sooner
than 30 days after Cuuricii approval is granted
and is conditional upon:  a! posting of lia-
bility bond  for each permittee! � amount to
be negotiated,  b! prepayment of one year's
rent computed at a negotiated rate per acre
  for each permittee ! .

5.3-03. Permits issued under this Section shall

not exceed two years, and may be renewed
for like periods upon application to the Coun-
cil,

5.3-04, Permits are issued onlv for exploratory
surveys.

5.4 Execution of the Fxploratory Permit

5,4-01. All parties to a lease sale for the right
to extract hard mineral resources from any
portion of the seabottom of the State shall be
required to cooperate iri a collectively Bnainced
survey of that portion, as defined by the Coun-
cil. The results of such survey wiII be public
knowledge. No individual or concern not party
to the collective survey will be allowed to sub-
mit a bid.

5.4-02. Such survey wiII be by an independent
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Arm approved by the State or, if carried out by
the permittees, shall bc supervised by state in-
spectors whose expenses will be paid in ad-
vance for each month of exploration.

5.4-03. Such surv»y will define the deposits
proposed to be developed, describe range of
probable ore values and estimate cost of proc-
essing th» ore to a salable product.

5,4-04. Such survelr will produce an Environ-
mental Impact Statement which shall address
itself to questions o:! biological, chemical, physi-
cal and aesthetic elfects of mining on the ma-
rine environment.  See Chapter 2, Impact on
the Natural Environment and Impact on the
IIuman Environment, accompanying studv.!

5.4-05, Monthly records of all survey activity
and results including information generated
under 5.4-03 and 04 shall be submitted to the
Council or its designated rcprcsentative before
thc cnd of each month following that for which
the report is issued.

5,4-06. The Council reserves to itself the right
to rulc orr the acceptability of survey methods,

5.4-07. Seismic explorations involving explo-
sives shall not be permitted unless it can be
substantiated to th«satisfaction of the Council
that the use of explosives is essential to the
nature of the exploration and there will be no
resultant damages, KVhere explosives are per-
mitted, tlie Council reserves to itself the right
to set such conditions na their use as it deems
necessary to protect human life and other
marine resources. A State inspector will be on
board any vessel;ipproved to discharge ex-
plosives and will be empowered to teriainate
their use if unacceptable results are observed,

5.4-08, Exploratory pilot production is not con-
sidered an acceptable survey method and ex-
traction of material for this purpose shall re-
quire specific application to the Council for
each site proposed Approval will be condi-
tional upon justification under the provisions
of 5.4-03 and upon reasonable assurance that
conditions of 5.4-04 will not be violated. Ap-
proval will be by written notice and shall be
valid for a period determined at the Council's

discretion, The Council shall set adrlitional
conditions on pilot production as shall be
deeined necessary.

5.4-09, The issuance of permits shall be sub-
ject to any future rules and regulations which
may be adopted by the Council, Wh«n such
changes or additions are proposed, all peiiait-
tees shall be given due written notice.

5.4-10. No permit, or portion thereof, shall be
assignable without the prior writteii consent
of the Couiicil, Assignees will be bound by all
obligations assumed by thc original permittee.

5.4-11. A' ny permittee may voluntarily re-
nounce his exploratory rights. but will not be
eiititled to refund of any rentals paid thc State
and will be prohibited from submitting a bid
for an extracting lease to the plat or plats in
question.

5.4-12. The Council may terminate the rights
granted by permit for non-compliance or non-
payment of legal rents and charges.

5,4-13. The Council shall fine the permittee
for non-compliance with permit conditions,
Such fine will be $2,000 for each violation,
with each day of a continuing violation con-
sidered independently, The permittee rnav ap-
peal such fines through State District Courts.

5.4-14, No permit shall be granted to any per-
son then in violation of any laws or regulations
applicable to such operations.

5.4-15. Avoidable pollution of the ocean, the
waters covering submerged lands, the beaches,
land underlying the ocean or other ground or
surface waters or any substantial impairment
of or interference with the enjoyment and use
thereof, including but not limited to bathing,
boating, fishing, Bsh and wildlife production
and navigation shall be prohibited, and the
permittee or lessee shall exercise a high degree
of care to provide that no refuse of any kind
from any works shall be permitted to be de-
posited on or pass into the waters of the ocean,
any bay or inlet thereof, or any other waters
of the State; provided, however, that this Sec-
tion does not apply to the deposit on or pass-
ing into such waters of water containing bot-
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tom sediments in quantities and of chemical
composition determined acceptable by the
Council, Avoidable poHution means pollution
arising from;
a. the acts or omissions of the lessee or perrnit-

tee or its office., employees or agents; or
b. events that could have been prevented by

the lessee or permittee or its ofllcers, em-
ployees or agents through the exercise of a
high degree of care.

Methods acceptable to and approved by the
Council must be used for the containment
and release of any and all wastes generated by
members of the working crew and from the
operations. The lessee or permittee shall be
held responsible for any damages resulting
from avoidable pollution caused by the ex-
ploration and shall immediately notify the
Council of such damages or pollutiorr and
move immediately to correct, alleviate or elimi-
nate such damages or pollution. AH such ac-
tions shall be srlbject to the direction of a
Council representative.

5.4-16. All permits or leases granted pursuant
to this Regulatioil. shall be subject to prior ap-
proval by the Department of Defense.

5.4-17. The Council reserves to itself the right
to set aside sanch~aries within areas opened to
exploration. These shall be delineated when
permits are negotiated under 5.3-01 and shall
include:  a! shcreline areas of a depth less
than 80 feet below mean low water,  b! active
and inactive dumping grounds,  c! shellfis
beds and fish spawning and nursery areas,  d!
areas of polluted sediment,  e! cable and pipe-
line areas,  f! restricted navigation channels.

r'6! Fxtraction:

6.1 Preliminary Application
6,1-01. Parties tc joint exploratory permits to
areas opened to exploration under Section 5,1-
01, 02 and 03 shall notify the Council of their
intention to submit bids for extraction rights
upon completion of exploration under 5.4.

6,1-02, No persons not party to joint explora-
tion under 5.4-0J shall be aIIowed to submit a
bid.

6.1-03. Applications for the right to submit
bids shaH provide the following information at
least 90 days prior to the time Council action
is desired:

a. All information required under 5.1-05  origi-
nal information shall sufIIce!.

b. Department of the Army permit, issued by
the United States Army Corps of Engineers,
authorizing the proposed dredging.

c. Description of the deposit to be mined.
d, Statements as to the amount of material to

be removed annually.
e. Final estimates of probable ore values and

cost of processing under 5.4-03 including
results of all pilot production activities car-
ried out under 5.4-08,

f. AH monthly reports of activity and results
under 5,4-05.

g. Complete results of Environmental Impact
Statement as defined under 5.4-04,

6,1-04, Applications wiH be accompanied by a
$2,000 filing fee.

6.l-05. Applications will not be entertained for
any areas not included in the original explora-
tory permit issued under 5,4,

6.2 Pub/ic Hearing

6.2-01. Notice of intention to entertain bids
for extraction will be made as in 5.241.

6.2-02. A public hearing will be held prior to
consideration of bids as in 5.2-02; such hearing
to be held under procedures as in 5.2-03.

6.2-03. All records and results of exploratory
survey work, including alI material submitted
in support of applications submitted under
6.1-03, but most especially the Environmental
Impact Statement, shall be open to public in-
spection for a period not less than 30 days prior
to the date of the public hearing. SrrfIIcient
copies of pertinent material will be made
available to allow free access.

6.2-04. Any members of the interested public,
state agency, or other organization may submit
evidence or testify to its opinion before this
public hearing under provisions of the Ad-
ministrative Procedures Act,
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6.3 Lease Terms

6.3-01, Upon consultation with interested State
agencies, personnel of the Division of Coastal
Resources and the Coastal Resources Center,
and other interested parties, and after the
holding of a public hearing under Section 6,2,
the Council shall include such conditions in
the lease terms as it deems necessary to pro-
tect the fish, game, wiIdlifc, natural resources
and private interest.' within the State.

6.3-02, The Council, in setting such conditions,
shall pay particular attention to the Environ-
mental Impact Sta.'ement and to the several
management recommenclations and guidelines
issued for its use by thc Coastal Resources
Center. Effects of proposed activity on other
users of the marine environment shall be a
primary consideration.

6.3-03. Lease conditions shall set forth areas
closed to mining activity under Section 5.4-17
and shall delineate the size and shape of the
parcel offered for lease.

6.3-04. A rental of <1,00 per acre per year mill
be charged for rights to areas covered by the
lease and shall bc credited towards royalty
payments.

6.3-05. A lease shall grant the exclusive right
to remove sand and gravel or other designated
minerals in the leased land and shall be for
a primary term of ten �0! years and for so
long thereafter as minerals are produced in
paying quantities from thc leased land, or the
lessee is diligently conducting, producing, re-
pairing or other necessary lease maintenance
operations on the leased land, or is excused
from conducting such operations under the
terms of the lease.

6,3-06. The State reserves the right to permit
reasonable nonconflicting use  including seis-
mic surveys but excluding core hole drilling of
lands under lease! so long as:  a! such uses
do not unreasonable' impair or interfere with
operations of the lessee, and  b! requirement
is made that the pemiittee indemnify the lessee
against any damage c:aused by such use.

6.347. The issuance of leases is subject to any

future rules and regulations which may be
adopted by the Council. XVhen such changes
or additions are proposed, all lessees shall bc
given duc written notice.

6.3-08. Leases are f«rthcr subject to approval
by the Department of Defense as in 5.4-16,

6.4 Lease Bidding
6,4-01. Bids may be for the whole or any par-
ticularly described portion of the land adver-
tised.

6.4-02. Upon written notffication of proposed
lease conditions and restrictions, applicants
under 6.1 shall have 30 clays to submit sealed
bids for extraction rights to all deposits identi-
fied in such notification,

6.4-03. Bidding shall be for a lump sum bonus
to be paid to thc State of Rhode Island under
such conditions as the Council shall deem ap-
propriate and for royalties to be paid to the
State based on gross revenue generated by pro-
duction.

6,4-04. The Council is empowered to establish
what shall be considered a minimum rovalty.
6.4-05. Submitting of a bid shall be construed
as acceptance of any and all lease terms, con-
ditions and restrictions.

6.4-06. The bid shall be enclosed in a sealed
envelope. shall be on the form provided by the
Council and shall be accompanied by a certi-
fied or cashier's check or checks payablc to
the State of Rhode Island in the amount of 25
percent of the bonus bid which sum shall he
deposited as evidence of good faith and, ex-
cept in the case of the successful bidder, shall
be returned promptly, If the successful bidder
fails to pay the balance. of the cash bonus bid
within a period determined by the Council or
the annual rental within 15 days after the
award of the lease, or fails to post any bond
required by the lease within the time pre-
scribed, the amount of the deposit shall be
forfeited to the State and the lease rebid,

6.5 Au'arding Lease

6.5-01. At the time and place specified in the
notice to bidders, the Council shall publicly

42



open the sealed bids and shall within thirty
�0! davs reject all bids or award the lease to
a responsible bidder who, in addition to corn-
plying with all of the conditions for bid-
ding, offers the highest cash bonus and royalty
bid. The Council rriay reject any or all bids,

6.5-02. A bond in thc amount of $100,000 for
liability as a result of activities under the lease
shall be posted by the successful bidder within
such time as shall be determined hy the Coun-
cil, but no later than the beginning of opera-
tions. Failure to post bond in the specified
time will lead to forfeiture of lease rights under
6.4-06.

6.6 Lease Revenues

6.6-01. Annual rent as set forth in 6.3-04 shall
be payable in advance on the first day of each
lease year. Amount paid will be credited to-
wards r<>yalty pay>nents.

6.6-02. Royalty payments as set forth in 6,4-04
and 05 shall be payable at the end of each
lease year beginning with the first year of re-
covery,

6,6-03, If thc Council or its designated repre-
sentative directs:he suspension of operations
and production in the interest of conservation,
no royaltv or rental payments will be payable
for this period, provided that suspension is not
necessitated by vii>lation of lease provisions.

6.6-04. Royalties will be subject to renegotia-
tion, at the Council's discretion, upon termina-
tion of the prim iry ten year lease term and
Bve year intervals thereafter.

6,6-05. The Council may reduce rental or roy-
alty on a lease-hald or any portion of it if it is
determined that the lease cannot be success-
fully operated under original terms and if pro-
motion of further development is deemed de-
sirable.

6.6-05. Revenues accruing to the state from ap-
plication fees, royalties, rentals and other
charges shall be disposed of as follows:

a, Application fees shall be applied to the
costs associated with public hearings and
shall include cost of publishing notices,

copies of application materials, and holding
hearings themselves. Any balance shall re-
vert to the General Fund.

b. Royalty and rental revenues shall revert
to the General Fund except that 25 percent
of revenues generated shall be placed in a
Marine Environmental Conservation Fund
to be used to financc continued researcl>
directed towards enhancement of the State' s
marine resources.

6.6-06. Costs associated with the peri odic
monitoring of operational activities and audit-
ing of production records by designated repre-
sentatives of the Council shall be borne by the
lessee.

6,6-07. The State shall have a lien upon all
production for unpaid royalties.

6.6-08, When it appears to the satisfaction of
the Council that any person has made a pay-
ment to the State of Rhode Island in excess of
the amount he was lawfully required to pay,
such excess shall be repaid without interest to
such person if a request is Bled within two
years after the making of the payment,

6.7 Operational Obbgations and Liability
6,7-01. The lessee shall be held accountable to
observe all conditions set forth in his lease. In
addition, he shall be held accountable for
avoidable pollution as defined, and under con-
ditions set forth in 5.4-15,

6.7-02. The lessee shall be held ace<>untablc to
future rules issued under conditions of 6.3-07.

6.7-03. Subject to the right to surrender, the
lessee shall commence operations for thc ex-
traction of the minerals specified in his lease
within five �! years from date of thc lease,
unless the Council shall have, for cause,
granted an extension of time for such act. In
addition, the lessee shall observe such produc-
tion requirements as the Council deer»s neces-
sary to encourage the exercise of due diligence
on his part.

6.7-04. Periodic mutual negotiations bet>veen
lessee and lessor may be carried out tr> make
conditions, rules arid regulations current as



warranted by changes in environment or op-
erational methods,

6.7-05. The lessee may at any time Sle with
the Council a written surrender of all rights
under the lease or any portion thereof or any
separate or distinct zone or geological horizon
or any portion thereof. Such surrender shall be
e]fective as of the Rate of its Sling subject to
the continuing obligation of the ]essee to pay
all rentals and royalties theretofor accrued and
to restore the production site to a condition
acceptable to the Council. Thereupon the les-
see shaH be be released from all obligations
under such lease with respect to the lands,
zones or horizons surrendered, but no such sur-
render shall release . uch lessee from any lia-
bility for breach of any monetary ob]igation of
the lease with respect to which such lessee is
in default at the time of the Sling of such
surrender.

6.7-06. The lessee may not assign title to his
lease to any person without prior written per-
mission of the Council as set forth in 5,4-10,
The assignee is then bound by all conditions of
the original lease and such additional condi-
tions as may be set by the Council.

6.7-07, The lessee shall keep open at all rea-
sonable times for inspection by any du]y au-
thorized representative of the Council the
leased area and al] extraction sites, production
units and machinery and Bxtures thereon and
all books, accounts, maps and records re]ative
to operations and surveys or investigations on
or with regard to the leased area or under the
lease.

6.7-08. The lessee shaH cause to be Sled with
the Council by the last day of each succeeding
month a separate report of operations for each
production site on his leased area for each
calendar month beginning with the start of
production. This report will disclose all op-
erations, indicate their status to date, indicate
the number of days of actual production and
the quantity of mineral produced, the depth
of operations, dates and reasons for shutdowns
and any other information that the Council
shall deem necessary.

6,7-09, In the event production on the lease-
hold shall cease at any time or from time to
time after the expiration of the primary term
of the lease, the lease shall nevertheless con-
tinue in full force and effect if the lessee shall
within six �! months after the cessation of
production or within such longer period of
time as the Council may authorize commence
and thereafter prosecute with reasonable dili-
gence repairing or other operations for the
restoration of production.

6.8 Enforcement

6.8-01. The Council shall have the right to
suspend production under 6,7-07 if it is deter-
mined that activities pose an unacceptable
threat to the marine environment, whether by
accident or design, Production may be recom
menced upon satisfaction that adequate reme-
dial steps have been taken.

6,8-02. Willful violation of lease provisions or
legally binding Council directives shall be
considered a misdemeanor and punished under
5.4-13 with a Sne of two thousand dol]ars
 $2,000! for each o8'ense, each day of contin-
ued violation being considered a separate of-
fense,

68-03. The Council shall reserve and may ex-
ercise the authority to cancel any lease upon
failure of the lessee after thirty �0! days'
written notice and demand for performance to
comply with anv of the provisions of the lease
or of laws or regulations applicable thereto
and in force at the date of the invitation for
bids in pursuance of which the lease was
awarded; provided, however, that in the event
of any such cancellation the lessee shall have
the right to retain under such lease any and
all production sites as to which no default ex-
ists. In the event of cancellation of any lease,
the lessee shall have a reasonable time within
which to remove any property, equipment, and
facilities owned or used by the lessee in con-
nection with operations under the lease.

6,8-04. Cancellation shall be by legal action
taken in State District Courts by the OIBce of
the Attorney General at the request of the
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Council. The lessee may contest cancellation
of his lease at this time,

6.8-05. The Court will be asked to issue a tern-
porary restraining order preventing continued
production while cancellation proceedings are
in progress.

6.8-06. The initiation of cancellation proceed-
ings will have no bearing on the lessee's lia-
bility to fines levied under 6,8-02.

6.8-0T. The Council may summarily cancel any
lease determined to have been obtained by
fraud of misrepresentation.

6.8-08. Any person complaining of cancellation
of a lease may have such action reviewed in
State District Court by filing a petition for re-
view within sixty �0! days after the action,

6.9 Additional Pou;ers

6.9-01. Aggregate off loading, storage and proc-
essing facilities shall be included among those
specific activities and land uses which the
Council is empowered to regulate under the
provisions of "46-23-6H" of Chapter 279, Public
Laws 1971, where these facilities are deter-
mined to be dependent on marine aggregate
supplies.

6.9-02. Recognizing the delicate balance of
forces constituting an active beach and fur-
ther recogruzing the importance of said beaches
to the State, it shall be considered a violation
of law to alter existing topography for the
purpose of mineral extraction from th» face,
berm, back slope or adjacent dunes of any
coastal beach or shore without the express con-
sent of the Council.
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